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Welcome Address

Dear Colleagues,

On behalf of the ISE Executive Committee, Organizing Committee and Symposium Organizers, we are honoured 

to welcome you in Bologna, from Sunday 2 September to Friday 7 September, for the 69th Annual Meeting of the 

International Society of Electrochemistry. We already know that it will be the largest ISE meeting, so far, and we 

are confident that it will be memorable for its scientific quality, thanks to your contributions.
Bologna, a prestigious seat of learning, is the home of the oldest university in Europe, Alma Mater Studiorum, 

founded in 1088. Bologna, the capital of the Emilia-Romagna Region, is one of the most attractive Italian cities, 

renowned for its friendly atmosphere and joie de vivre, which you will discover by just walking in its old town 

centre, still intact in its medieval layout. You cannot miss Piazza Maggiore, the very heart of the town, surrounded 

by historical monuments including Palazzo d’Accursio, the former city’s Town Hall, the 13th century’s Palazzo 

Re Enzo and the San Petronio Basilica. In summer, Piazza Maggiore becomes the backdrop for cultural events 

and artistic performances. All around you will find restaurants that propose Bologna’s haute cuisine. Do not resist 
to the temptations! Major tourist attractions, like Venice, Florence and Rome, are easily and rapidly reached from 

Bologna by train but, after discovering the beauty of Bologna, you might feel that you need not to travel farther. 

This year in Bologna, Italy hosts the main scientific event of our Society for the fifth time. When our Society 
was still called Comité International de Thermodynamique et Cinétique Electrochimiques, its second meeting 

was held in Milan (1950), organized by Roberto Piontelli, one of the founding fathers of CITCE, who according 

to Marcel Pourbaix “transformed our little committee into a truly international organisation”. The attendance 

included Giuseppe Bianchi who, almost two decades later, became the first Italian President of the ISE. After an-

other CITCE meeting, the 13th in the series, held in Rome (1962), the time intervals between ISE meetings held 

in Italy became longer, as a result of the expansion of the society’s membership to a larger number of countries 

that volunteered to host ISE meetings. The 31st ISE Annual Meeting took place in Venice (1980) in the magnifi-

cent scenery of the Isola di San Giorgio, facing the Palazzo Ducale and San Marco. In 1999, 200th anniversary of 

the most famous experiments that led Alessandro Volta to the invention of the electric pile, the 50th ISE Annual 

Meeting was held in Pavia. This medium-size town of Lombardy was chosen because Volta’s name is indissolu-

bly linked with it and its University where Volta taught experimental physics and was elected Rector. This year in 

Bologna, we celebrate another giant who greatly contributed to the birth of electrochemistry, Luigi Galvani, who 

lived here his entire life (1737-1798), working at the local University and Academy of Sciences.

We do hope that you will enjoy your scientific and human experience in Italy. Welcome to Bologna! 

Marco Musiani, Francesco Paolucci

Co-chairs of the Organizing Committee of the 69th ISE Annual Meeting
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Organizing Committee
 
Plamen Atanassov, Albuquerque, NM, USA
Philip N. Bartlett, Southampton, UK
Salvatore Daniele, Venezia, Italy
Francesco Di Quarto, Palermo, Italy
Katharina Krischer, Munich, Germany
Tomokazu Matsue, Sendai, Japan
Marco Musiani, Padova, Italy (co-chair)
Francesco Paolucci, Bologna, Italy (co-chair)
Sandra Rondinini, Milano, Italy
Gunther Wittstock, Oldenburg, Germany
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Symposium Organizers

Symposium 1 Nanomaterials for Electroanalytical Chemistry and Electroanalytical Tools for 
Studying Nanomaterials
Daniel Mandler (Coordinator), The Hebrew University of  Jerusalem, Israel
Shuping Bi, Nanjing University, China
Luigi Falciola, University of  Milan, Italy
Luisa Torsi, University of  Bari, Italy

Symposium 2 Hyphenated-Techniques Incorporating Analytical Electrochemistry
Fethi Bedioui (Coordinator), Chimie ParisTech, France
Massimo Marcaccio, University of  Bologna, Italy
Fabien Miomandre, ENS Cachan, France
Renato Seeber, University of  Modena and Reggio Emilia, Italy

Symposium 3 Bioelectrochemistry Returns to the Home of  Galvani
Wolfgang Schuhmann (Coordinator), University of  Bochum, Germany
Fabiana Arduini, University of  Rome Tor Vergata, Italy
Renata Bilewicz, University of  Warsaw, Poland
Ilaria Palchetti, University of  Florence, Italy 

Symposium 4 Bipolar Electrochemistry, from Bioanalysis to Materials Science
Alexander Kuhn (Coordinator), University Bordeaux 1, France
Fredrik Björefors, Uppsala University, Sweden
Richard Crooks, University of  Texas at Austin, USA
Paolo Ugo, University of  Venice, Italy 

Symposium 5 Photobioelectrochemistry - from Basic Concepts and Materials to Devices
Fred Lisdat (Coordinator), Wildau Technical University, Germany
Danilo Dini, University of  Rome La Sapienza, Italy
Lars Jeuken, University of  Leeds, UK
Frank Marken, University of  Bath, UK
Riccardo Ruffo, University of  Milan Bicocca, Italy

Symposium 6 Batteries into the Future: from Advanced Lithium-Ion Systems to Novel 
Chemistries and Architectures
Catia Arbizzani (Coordinator), University of  Bologna, Italy
Claudio Gerbaldi, Politechnic of  Torino, Italy
Robert Kostecki, Lawrence Berkeley National Laboratory, USA
Stefano Passerini, Helmholtz Institute Ulm, Germany 

Symposium 7 Electrochemical Systems for Energy Conversion: Fuel Cells and Electrolysers
Vito Di Noto (Coordinator), University of  Padova, Italy
Antonino Aricò, ITAE CNR Messina, Italy
Deborah Jones, University of  Montpellier 2, France
Hiroyuki Uchida, University of  Yamanashi, Japan

Symposium 8 Supercapacitors: from Double-Layer Electrochemical Capacitors to Faradaic-
Based High Power Systems
Francesca Soavi (Coordinator), University of  Bologna, Italy
Andrea Balducci, Friedrich-Schiller-University Jena, Germany
Elzbieta Frackowiak, Poznan University of  Technology, Poland

Symposium 9 Photo-Electrochemical Energy Conversion: Symposium in Honor of  Prof. Jan 
Augustynski
Robert Kostecki, (Coordinator), Lawrence Berkeley National Laboratory, USA 
Federico Bella, Politechnic of  Torino, Italy
Stefano Caramori, University of  Ferrara, Italy
Clara Santato, Polytechnic of  Montreal, Canada
Renata Solarska, University of  Warsaw, Poland

Symposium 10 Materials for and from Electrochemistry: State of  the Art and Future Trends
Giovanni Zangari (Coordinator), University of  Virginia, USA
Sandro Cattarin, ICMATE CNR Padova, Italy
Silvia Franz, Politechnic of  Milan, Italy
Massimo Innocenti, University of  Florence, Italy
Mikhail A. Vorotyntsev, Mendeleev University of  Chemical Technology, Russia
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Symposium 11 Corrosion, Passivation, and Protection Strategies
Sannakaisa Virtanen (Coordinator), University of  Erlangen-Nuremberg, Germany
Flavio Deflorian, University of  Trento, Italy
Shinji Fujimoto, Osaka University, Japan
Philippe Marcus, ENSCP, France
Monica Santamaria, University of  Palermo, Italy

Symposium 12 Electrophoretic Deposition of  Functional Coatings: from Materials Science to 
Biotechnology
Aldo R. Boccaccini (Coordinator), University of  Erlangen-Nuremberg, Germany 
Begoña Ferrari, CSIS Madrid, Spain
Carmen Galassi, ISTEC CNR Faenza, Italy

Symposium 13 Electrochemistry Applied to Cultural Heritage
Susana C. de Torresi (Coordinator), University of  Sao Paulo, Brazil
Cristina Chiavari, University of  Bologna, Italy
Kurt Kalcher, University of  Graz, Austria
Ligia Moretto, University of  Venice, Italy

Symposium 14 Electrochemical Engineering: Research towards Deployable Technology
Karel Bouzek (Coordinator), University of  Chemistry and Technology Prague, Czech Republic
Henry Bergman, Anhalt University, Germany
Maarten Biesheuvel, Wetsus Leeuwarden, Netherlands
Geoffrey Kelsall, Imperial College London, UK
Simonetta Palmas, University of  Cagliari, Italy
Onofrio Scialdone, University of  Palermo, Italy

Symposium 15 New Trends in (Bio)-Molecular Electrochemistry
Olivier Buriez (Coordinator), Ecole Normale Superieure Paris, France
Christian Durante, University of  Padova, Italy
Jiri Ludvik, J. Heyrovsky Institute Prague, Czech Republic
Patrizia Mussini, University of  Milan, Italy

Symposium 16 Micro- and Nano-Scale Platforms to Study Electron Transport in (Bio) Molecular 
Systems: from Fundamentals to Molecular Devices
Ismael Díez-Pérez,(Coordinator), University of  Barcelona, Spain
Sabrina Antonello, University of  Padova, Italy
Angel Cuesta Ciscar, University of  Aberdeen, UK
Nadim Darwish, Curtin University, Australia
Giovanni Valenti, University of  Bologna, Italy

Symposium 17 Physical Electrochemistry: Recent Developments in Spectroscopy, Microscopy 
and Theory for the Rational Design of  Electrochemical Interfaces
Robert Hillman (Coordinator), University of  Leicester, UK
Maria Escudero-Escribano, University of  Copenhagen, Denmark
Alessandro Minguzzi, University of  Milan, Italy
Piercarlo Mustarelli, University of  Pavia, Italy

Symposium 18 Theory: from Understanding to Optimization and Prediction
Alejandro A. Franco (Coordinator), Université de Picardie Jules Verne, France
Marc Koper, Leiden University, Netherlands
Pawel Kulesza, University of  Warsaw, Poland
Claudio Fontanesi, University of  Modena and Reggio Emilia, Italy
Fabio La Mantia, University of  Bremen, Germany
Petr Vanysek, Northern Illinois University, USA

Symposium 19 Single Entity Electrochemistry
Pat Unwin (Coordinator), University of  Warwick, UK
Paolo Actis, University of  Leeds, UK
Damian Arrigan, Curtis University, Australia
Stefania Rapino, University of  Bologna, Italy

Symposium 20 Interfacial Electrochemistry in Non-Aqueous Electrolytes
Helmut Baltruschat (Coordinator), University of  Bonn, Germany
Nuria Garcia-Araez, University of  Southampton, UK
Alessandro Lavacchi, ICCOM CNR Florence, Italy
Maria Assunta Navarra, University of  Rome La Sapienza, Italy

Symposium 21 General Session
Bernard Tribollet (Coordinator), LISE CNRS Paris, France
Daniel Belanger, Université du Quebec Montreal, Canada
Hua Cui, University of  Science and Technology Hefei, China
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Tutorial Lectures

Sunday, 2 September 2018

Tutorial 1
Room : Sala Bianca  

13:30 to 17:00

Computational Electrochemistry
Richard G. Compton, Oxford University, UK
Enno Kaetelhoen, Oxford University, UK
Eduardo Laborda, University of Murcia, Spain

15:30 to 15:45 Coffee break (Foyer Sala Italia, 1st Floor)

Tutorial 2
Room : Sala Avorio  

13:30 to 17:00

Differential Electrochemical Mass Spectrometry (DEMS)
Helmut Baltruschat, University of Bonn, Germany
Zenonas Jusys, University of Ulm, Germany

15:30 to 15:45 Coffee break (Foyer Sala Italia, 1st Floor)

Tutorial 3
Room : Sala Italia 
 
13:30 to 17:00 

Impedance Spectroscopy for the Diagnostic of  Electrochemical Energy Storage/
Conversion Systems

Mark Orazem, University of Florida at Gainesville, USA 

15:30 to 15:45 Coffee break (Foyer Sala Italia, 1st Floor)

Workshop
Room : Sala Azzura

13:30 to 17:00

Electrochimica Acta / ISE Author and Reviewer Workshop
Robert Hillman, Editor in Chief Electrochimica Acta, University of Leicester, UK

15:30 to 15:45 Coffee break (Foyer Sala Italia, 1st Floor)
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Plenary Lectures
Room: Europauditorium  

 
Sunday, 2 September 2018

 18:00 to 19:00  
Doron Aurbach
(Bar-Ilan University, Israel)

Novel Electrochemical Methodologies for Analyzing Composite Electrodes in  Devices for 

Energy Storage 

Monday, 3 September 2018
 08:15 to 09:15  

Steven Chu
(Stanford University, USA)

The Role of Electrochemistry in Providing Technical Solutions to the Climate Challenge

Tuesday, 4 September 2018
 08:15 to 09:15    

Justin Gooding 
(University of New South Wales, Australia) 

Well-defined Nanoscale Architectures Provide New Opportunities in Bioelectrochemistry 
Down to Single Entities

Wednesday, 5 September 2018
08:15 to 09:15    
Shelley Minteer
(University of Utah, USA)

Electrocatalytic Cascades for Energy Conversion and Electrosynthesis Applications

Thursday, 6 September 2018
08:15 to 09:15    
Marc Koper
(Leiden University, Netherlands)
Electrochemistry of platinum: new views on an old problem

Friday, 7 September 2018
08:15 to 09:15
Flavio Maran  
(University of Padova, Italy) 

Electrochemistry of Monolayer Protected Gold Nanoclusters
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ISE Prize Winners 2017

Frumkin Memorial Medal
Doron Aurbach, Bar-Ilan University, Ramat Gan, Israel

Sunday, 2 September 2018 - 18:00 to 19:00, Plenary Lecture, Europauditorium

Novel Electrochemical Methodologies for Analyzing Composite Electrodes in  Devices for Energy Storage

The Frumkin Memorial Medal is awarded to Doron Aurbach for sustained seminal contributions across physical 

electrochemistry, notably for his work on the electrochemistry of semi-conductors, on photoelectrochemistry, on 

electron emission into electrolytes, and on the electrochemistry of synthetic diamond.

Tajima Prize
Xile Hu, Ecole Polytechnique Fédérale de Lausanne, Switzerland

Monday 3 September 2018 - 10:00-10:30, Symposium 7a, Europauditorium

Nickel- and Iron-Containing Oxides as Oxygen Evolution Catalysts
The Tajima Prize was awarded to Xile Hu, Ecole Polytechnique Fédérale de Lausanne, Switzerland, for his 

outstanding researches on catalysts composed of earth-abundant elements for chemical transformations of relevance 

to synthesis, energy, and sustainability.

Alexander Kuznetsov Prize for Theoretical Electrochemistry
Michael Eikerling, Simon Fraser University, Burnaby, Canada

Thursday 6 September 2018 - 17:45-18:15, Symposium 18, Sala Bianca

Hierarchical Modeling of PEFC Catalyst Layers: From the Theory of Interfaces to Porous Electrode Models 
The Alexander Kuznetsov Prize for Theoretical Electrochemistry was awarded to Michael Eikerling, Simon Fraser 

University, Burnaby, Canada, in recognition of his groundbreaking work on modelling polymer electrolyte/proton 

exchange fuel cells with an emphasis on water management, transport, and electrocatalysis.

Jaroslav Heyrovsky Prize for Molecular Electrochemistry
Armando Gennaro, University of Padova, Italy

Tuesday 4  September 2018 - 09:30-10:00, Symposium 15, Sala Verde

The Why of Fundamental Research: the Case of Electrochemistry and Atom Transfer Radical 
Polymerization Joint Venture

The Jaroslav Heyrovsky Prize was awarded to Armando Gennaro, University of Padova, Italy, in recognition of his 

outstanding contributions to molecular electrochemistry ranging from the very fundamentals of electron transfer 

mechanisms to the development of electrosynthetic processes.

ISE Prize for Electrochemical Materials Science
Csaba Janaky, University of Szeged, Hungary

Wednesday 5 September 2018 - 10:00-10:15, Symposium 10, Sala Italia

Rational Design of Semiconductor/Nanocarbon Photoelectrodes for Solar Fuel Generation
The ISE Prize for Electrochemical Materials Science was awarded to Csaba Janaky, Hungarian Academy of 

Sciences, for his contributions in the synthesis and characterization of solar conversion and storage hybrid devices, 

as well as the understanding and implementation of novel photoelectrosynthetic processes.

Zhaowu Tian Prize for Energy Electrochemistry 
Xiangfeng Duan, University of California Los Angeles, USA

Thursday 6 September 2018 - 16:00-16:30, Symposium 10, Sala Italia

Tailoring Charge Transport for Efficient Electrochemical Energy Conversion and Storage
The Zhaowu Tian Prize for Energy Electrochemistry was awarded to Xiangfeng Duan, UCLA, Los Angeles, CA, 

USA for his studies that opened a new direction of materials science by rational design and synthesis of novel 

nanostructured materials.
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ISE Prize Winners 2017

ISE-Elsevier Prize for Green Electrochemistry
Abdoulaye Thiam, Universidad Tecnologica Metropolitana, Santiago, Chile

Monday 3 September 2018 - 15:30-15:45, Symposium 14, Sala Indaco

Recent Development of Integrated Electrochemical Processes as Plausible Technology for the Treatment of 
Wastewater
The ISE-Elsevier Prize for Green Electrochemistry was awarded to Abdoulaye Thiam, Universidad Tecnológica 

Metropolitana, Santiago, Chile, for his work on Electrochemical Advanced Oxidation Processes, in particular the 

development of the electro-Fenton process.

ISE-Elsevier Prize for Experimental Electrochemistry
Patrick Unwin, University of Warwick, UK

Tuesday 4 September 2018 - 17:15-17:45  Symposium 17, Sala Bianca

New Ways of Visualizing Electrochemical Interfaces and Processes

The ISE-Elsevier Prize for Experimental Electrochemistry was awarded to Patrick Unwin, University of Warwick, 

UK, for his experimental approach contributions for the understanding of interfacial dynamics.

Early Career Analytical Electrochemistry Prize of  ISE Division 1 
Kristina Tschulik, Ruhr University Bochum, Germany

Monday 3 September 2018 - 15:00-15:15, Symposium 19, Sala Avorio

Nano-Electrochemistry – Bridging Large Ensemble and Single Particle Studies
The Early Career Analytical Electrochemistry Prize of ISE Division 1 was awarded to Kristina Tschulik, Ruhr-

University Bochum, Germany, in recognition of her excellent work applying electrochemistry for the physical and 

chemical characterization of nanostructures and in particular single nanoparticles.

ISE-Elsevier Prize for Applied Electrochemistry
Federico Bella, Politecnico di Torino, Italy

Friday 7 September 2018 - 09:30-10:00, Symposium 9, Sala Magenta B

Biopolymers, Water, and Integrated Systems: the New Frontier of Dye-Sensitized Solar Cells

The ISE-Elsevier Prize for Applied Electrochemistry was awarded to Federico Bella, Politecnico di Torino, Italy, 

for his outstanding achievements in the fields of solar cells and batteries.

Katsumi Niki Prize for Bioelectrochemistry
Justin Gooding, University of New South Wales, Sydney, Australia

Tuesday 4 September 2018 - 08:15-09:15, Plenary Lecture, Europauditorium

Well-defined Nanoscale Architectures Provide New Opportunities in Bioelectrochemistry Down to Single 
Entities 

The Katsumi Niki Prize for Bioelectrochemistry was awarded to Justin Gooding, University of New South Wales, 

Sydney, Australia, for his creative and truly innovative contributions in areas of bioelectrochemistry such as 

peptide- based electrodes, DNA biosensors, “wiring” of enzymes to electrodes, antifouling coatings, disposable 

electrodes with low detection limits or hyphenated methods for detecting cell response to therapeutics.

Oronzio and Niccolò De Nora Foundation Young Author Prize
Jilei Liu, College of Materials Science and Engineering, Hunan University, Changsha, China

Thursday 6 September 2018 - 09:30-09:45, Symposium 6b, Sala Cobalto

Unraveling the Potassium Storage Mechanism in Graphite
The De Nora Foundation Young Author Prize was awarded to Jilei Liu, Nanyang Technological University, 

Singapore, author of the article “Electrocatalytically Active Graphene supported MMo Carbides (M=Ni, Co) for 
Oxygen Reduction Reaction”, Electrochimica Acta 216 (2016) 246-252.
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Poster presentation session 1 - Monday

Symposia: s1, s2, s3, s4, s7

Poster set-up Monday: 08:30-10:30 See poster locations map on page 267

Poster Presentation:  Monday, 3 September 2018: 10:30-12:30 
Sala Maggiore

Poster take-down Monday: 18:00-19:00

Poster presentation session 2 - Tuesday

Symposia: s5, s6, s8, s9, s11, s12, s13, s16

Poster set-up Tuesday: 08:30-10:30 See poster locations map on page 268

Poster Presentation:  Tuesday, 4 September 2018: 10:30-12:30 
Sala Maggiore

Poster take-down Tuesday: 18:00-19:00

Poster presentation session 3 - Wednesday

Symposia: s10, s14, s15, s17, s18, s19, s20, s21

Poster set-up Wednesday: 08:30-10:30 See poster locations map on page 269

Poster Presentation:  Wednesday, 5 September 2018: 10:30-12:30
Sala Maggiore

Poster take-down Thursday: 14:00-16:00

Electrochimica Acta Travel Awards  
for Young Electrochemists 2018
 Corina Andronescu, Germany

 Hadar Ben-Yoav, Israel

 Matteo Grattieri, USA

ISE Travel Awards  
for Young Electrochemists 2018
 Marco Altomare, Germany

 Oana - Alexandra Hosu, Romania

 Kasinath Ojha Israel

 Peter S. Toth, Hungary

 Wei Jin, China

 Zexing Wu, China

 Giorgia Zampardi, UK
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ISE Society Meetings

Sunday, 2 September 2018
Opening Ceremony

17:00 to 18:00 › Europauditorium

Monday, 3 September 2018
Division Officers Luncheon Meeting

12:40 to 13:40 › Sala Verde 

Regional Representatives Luncheon Meeting
12:40 to 13:40 › Sala Azzurra

Tuesday, 4 September 2018
Council Meeting

12:40 to 13:40 › Sala Azzurra

Thursday, 6 September 2018
General Assembly

11:00 to 12:00 › Europauditorium

Division Meetings
12:40 to 13:40
Division 1 Analytical Electrochemistry › Sala Avorio
Division 2 Bioelectrochemistry › Sala Ciano
Division 3 Electrochemical Energy Conversion and Storage › Sala Cobalto
Division 4 Electrochemical Materials Science › Sala Azzurra
Division 5 Electrochemical Process Engineering and Technology › Sala Indaco
Division 6 Molecular Electrochemistry › Sala Verde
Division 7 Physical Electrochemistry › Sala Bianca

Friday, 7 September 2018
Closing Ceremony

12:00 to 12:15 › Europauditorium

See room locations on back cover
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General Information

Publications
A special issue of the Society’s journal, Electrochimica Acta, is planned based on selected original contributions made at the 

conference. Selection will be made by an international editorial Committee comprising the following Editors* and Guest 

Editors, one for each of the Symposia in which the meeting is articulated:

Symposium 1 Daniel Mandler, Symposium 2 Fethi Bedioui, Symposium 3 Wolfgang Schuhmann, Symposium 4 Paolo 

Ugo, Symposium 5 Frank Marken, Symposium 6 Robert Kostecki*, Symposium 7 Vito Di Noto, Symposium 8 Elzbieta 

Frackowiak, Symposium 9 Federico Bella, Symposium 10 Mikhail A. Vorotyntsev, Symposium 11 Sannakaisa Virtanen, 

Symposium 12 Aldo R. Boccaccini, Symposium 13 Christopher Brett, Symposium 14 Karel Bouzek, Symposium 15 Jiri 

Ludvik, Symposium 16 Nadim Darwish, Symposium 17 Robert Hillman*, Symposium 18 Petr Vanysek, Symposium 19 
Paolo Actis, Symposium 20 Helmut Baltruschat

The Special Issues Editor, Sergio Trasatti, will co-ordinate the action of the editorial Committee and will be directly 

responsible for the review procedure. The Special Issue is planned to accommodate up to 200 papers.

Submission only on invitation of one of the Editors/Guest Editors.

Submission of contributions: From September 08, 2018 with deadline December 23, 2018.

Social Program

RecePTionS
Welcome Reception
Sunday, 2 September 2018, 19:00-20:00 

After the Opening Ceremony at Nuovo Polo Congressuale, Foyer Europa 

Monday Reception
Monday, 3 September 2018, 18:45-20:00 Nuovo Polo Congressuale, Sala Maggiore

Thursday Banquet
Thursday, 6 September 2018, 19:00
At Palazzo Isolani

via S. Stefano 16, Bologna

Price per person: EURO 105.-, Places are limited. All tickets for the banquet must be pre-booked and are non-refundable.

excuRSionS
Wednesday, 5 September 2018
FOOD TOUR AND COOKING DEMONSTRATION CLASS
Walking tour of the historical centre and medieval market with stops at the most typical food shops. Cooking demonstration 

with preparation of pasta (Tagliatelle and Tortelloni). 

TOWER BREAK FOOD EXPERIENCE 

Tower break is a totally unique experience: the splendor of Bologna medieval towers meets the flavors of the most renowned 
Italian culinary tradition. Tower break offers an unusual itinerary: from the towers of the historical city centre up to the 

panoramic terrace of the Prendiparte. 

RAVENNA TOUR
Discover Ravenna, one of the most important cities of art, with an extraordinary historic, cultural and artistic heritage and 

a glorious past. Ravenna was the seat of the Roman Empire in the 5th century, of Theodoric King of the Goths in the 6th 

century and then of Byzantine Italy until the 8th century. The magnificence of this period has left Ravenna with a great 
heritage of historical buildings and a unique collection of early Christian mosaics and monuments. 

FERRARA TOUR
Enjoy this 3 hours city center private walking tour with a local guide. This tour is a great way to visit Ferrara and learn about 

its history. You will have the opportunity to see the Estense Castle, Cathedral of St. Geroge, Certosa Complex, Diamond 

Palace...and much more!
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2017 Award winner presentations

 

Plenary
Room: Europauditorium

Chaired by: Philip Bartlett
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Doron Aurbach (Department of Chemistry, Bar-Ilan University, Ramat-Gan, Israel)

Novel Electrochemical Methodologies for Analyzing Composite Electrodes in  Devices for Energy Storage 
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Monday 3 September 2018 - Morning

Plenary Lecture
Room: Europauditorium

Chaired by: Zhong-Qun Tian

08:15 to 09:15  
Steven Chu (Physics, Stanford University, Stanford, USA)

The role of electrochemistry in providing technical solutions to the climate challenge 

Symposium 1  Nanomaterials for Electroanalytical Chemistry and 
Electroanalytical Tools for Studying Nanomaterials 

Room: Sala Celeste
Chaired by: Daniel Mandler

09:30 to 10:00 Keynote  
Martin Pumera (Faculty of Chemical Technology, University of Chemistry and Technology, Prague, Czech 
Republic)

Electrochemistry of 2D Materials: Sensing and energy Applications 

10:00 to 10:15  
Marcin Opallo (Electrode Processes, Institute of Physical Chemistry PAS, Warsaw, Poland), Marcin Holdynski, 

Joanna Dolinska

Strirring redox active nanoobjects 

10:15 to 10:30  
Joanna Dolinska (Department of Electrode Processes, Institute of Physical Chemistry  PAS, Warsaw, Poland), 
Marcin Holdynski, Marcin Opallo

Electrochemical detection of suspended Ag nanoparticles at Rotating Disc Electrode 
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Symposium 3  Bioelectrochemistry Returns to the Home of Galvani
Room: Ciano

Chaired by: Ilaria Palchetti and Wolfgang Schuhmann

09:30 to 09:45 invited 
Marco Bresadola (Humanities, University of Ferrara, Ferrara, Italy)

Shocking Frogs: Luigi Galvani and the Emergence of Modern Science 

09:45 to 10:15 Keynote  
Luisa Torsi (Dipartimento di Chimica, Università degli Studi di Bari Aldo Moro, Bari, Italy)

From the Frogs of Luigi Galvani to Bioelectronics: an Electrifying Journey Through a Blooming Field   

10:15 to 10:30  
Benoît Piro (Chemistry Dept, ITODYS, Paris, France), Khue Nguyen, Tuan Nguyen, Guillaume Anquetin, 

Steeve Reisberg, Vincent Noël, Giorgio Mattana, Jérémy Touzeau, Florent Barbault, Minh-Chau Pham

Gate Functionalization of a Water-Gated Organic Field-Effect Transistor: Application to an Immunosensor

 

Symposium 4  Bipolar Electrochemistry, from Bioanalysis to 
Materials Science

Room: Sala Indaco
Chaired by: Alexander Kuhn and Steen Uttrup Pedersen

09:30 to 10:00 Keynote  
Paul Bohn (Chemical and Biomolecular Engineering, University of Notre Dame, Notre Dame, USA), Garrison 

Crouch, Donghoon Han

Nanoparticle-Mediated Bipolar Electrochemistry for Addressable Direct-Write Nanoscale Filament 

Formation and Dissolution 

10:00 to 10:15  
Jun Gao (Physics, Engineering Physics and Astronomy, Queen’s University, Kingston, Canada), Shiyu Hu

Solid-State Bipolar Electrochemistry-Doping, Electroluminescence and Photovoltaic Actions in Polymer 

Light-Emitting Electrochemical Cells 

10:15 to 10:30  
Bhavana Gupta (Groupe Nanosystèmes Analytiques, Univ. Bordeaux, ISM UMR CNRS 5255, Bordeaux INP, 
ENSCBP, Pessac, France), Bertrand Goudeau, Patrick Garrigue, Alexander Kuhn

Efficient wireless actuation of conducting polymers with bipolar electrochemistry 
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Symposium 6a  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures 

Room: Sala Magenta A
Chaired by: Takeshi Abe and Catia Arbizzani

09:30 to 10:00 Keynote  
Margret Wohlfahrt-Mehrens (Accumulators Materials Research, ZSW - Zentrum für Sonnenenergie- und 
Wasserstoff-Forschung, Ulm, Germany)

Advanced Lithium Ion batteries 

10:00 to 10:15  
Betar Gallant (Mechanical Engineering, MIT, Cambridge, USA), Mingfu He, Rui Guo

By-Design Growth of Solid Electrolyte Interphases on Lithium 

10:15 to 10:30  
Katharina Thanner (Department of Physical Chemistry (KIT), Helmholtz Institute Ulm (HIU), Ulm, Germany), 
Daniel Buchholz, Stefan Sedlmaier, Stefano Passerini

Development of an artificial Interphase on Lithium metal electrodes for All-Solid State Batteries 

Symposium 7a  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Europauditorium
Chaired by: Vito Di Noto and Luca Merlo

09:30 to 10:00 Keynote  
Kunal Karan (Chemical and Petroleum Engineering, University of Calgary, Calgary, Canada)

The role, structure and properties of ionomer in fuel cell electrodes 

10:00 to 10:30 Keynote  
Tajima Prize
Xile Hu (Institute of Chemical Sciences and Engineering, Ecole Polytechnique Federale de Lausanne , 
Lausanne, Switzerland)

Nickel- and Iron-Containing Oxides as Oxygen Evolution Catalysts 
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Symposium 7b  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Sala Avorio
Chaired by: Antonino Salvatore Arico and Hiroyuki Uchida

09:30 to 09:45 invited 
Hubert Gasteiger (Chair of Technical Electrochemistry, Chemistry Department, Technical University of 
Munich, Garching, Germany), Maximilian Bernt, Julien Durst, Hany El-Sayed, Katharina Freyer, Timon 

Geppert, Yelena Gorlin, Frédéric Hasché, Olivier Proux, Philipp Rheinländer, Jan N. Schwämmlein, Armin 

Siebel, Björn Stühmeier, Moniek Tromp, Alexandra Weiß

H
2
 Oxidation/Evolution Kinetics in PEM Fuel Cells and Electrolyzers

09:45 to 10:00  
David Eisenberg (Schulich Faculty of Chemistry, Grand Technion Energy Program, Technion, Israel Institute of 
Technology, Haifa, Israel)

Serendipity out, “Designability” in: Nano-structuring of carbon electro-catalysts for optimized flow 

10:00 to 10:15  
Wendy Shaw (Physical Sciences Division, Pacific Northwest National Laboratory, Richland, USA), Nilusha 

Priyadarshani, Arnab Dutta, Aaron Walsh

Controlling Electrocatalysts for H
2
 Oxidation/Production by Mimicking Features of Enzymes 

10:15 to 10:30  
Amir Bolouri (Bristol BioEnergy Centre - Bristol Robotics Laboratory, University of the West of England, 
Bristol, United Kingdom), Pavlina Theodosiou, Ioannis Ieropoulos

Cast Aluminum Anodes for Microbial Fuel Cells 

Symposium 9  Photo-Electrochemical Energy Conversion: 
Symposium in Honor of Prof. Jan Augustynski

Room: Sala Magenta B
Chaired by: Robert Kostecki

09:30 to 10:00 Keynote   
Jingshan Luo (ISIC, EPFL, Lausanne, Switzerland) Michael Graetzel

Photoelectrochemical and Photovoltaic Systems for the Generation of Fuels from Sunlight x 

10:00 to 10:15 invited 
Kazuhiro Sayama (Research Center for Photovoltaics, National Institute of Advanced Industrial Science and 
Techno, Tsukuba, Japan)

Production of Valuable Chemicals Using Oxide Semiconductor Photoanodes 

10:15 to 10:30  
Teresa Andreu (Advanced Materials for Energy Area, Catalonia Institute for Energy Research, Sant Adrià del 
Besòs, Spain), Carles Ros, Sebastián Murcia-López, Nina Carretero, Joan R. Morante

Role of protective layers and charge transfer kinetics of photoelectrodes for solar energy storage  
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Symposium 10  Materials for and from Electrochemistry:  
State of the Art and Future Trends

Room: Sala Italia
Chaired by: Giovanni Zangari

09:30 to 10:00 Keynote  
Philip Bartlett (Department of Chemistry, University of Southampton, Southampton, United Kingdom)

Through-Template Electrodeposition on the Nanoscale for Device Applications 

10:00 to 10:15  
Walter Giurlani (Dipartimento di Chimica, Università degli Studi di Firenze, Sesto Fiorentino, Italy), Emanuele 

Salvietti, Maurizio Passaponti, Antonio De Luca, Martina Vizza, Lorenzo Fabbri, Emanuele Piciollo, Massimo 

Innocenti

Thin Film Electrodeposition of Technological Interesting Materials and 2D Materials Under Morphological 

Control  

10:15 to 10:30  
Luigi Falciola (Department of Chemistry, Università degli Studi di Milano, Milano, Italy), Valentina Pifferi, 

Luca Rimoldi, Daniela Meroni, Guido Soliveri, Silvia Ardizzone

Electroanalytical signal amplification and selectivity features of “insulating” and mesoporous solid-
templated silica films 

Symposium 11 Corrosion, Passivation, and Protection Strategies
Room: Sala Azzurra

Chaired by: Sannakaisa Virtanen

09:30 to 10:00 Keynote  
John R. Scully (Material Science Engineering, University of Virginia, Charlottesville, USA), Angela Y. Gerard, 

Kathleen F. Quiambao, Katie Lutton Cwalina, Keren Freedy, Stephen McDonnell, Daniel Schreiber, James Saal, 

Pin Lu, Gerald Frankel

Passivation and Protection Phenomena in Recently-synthesized Highly Corrosion Resistant Compositional 

Alloys 

10:00 to 10:15  
Achim Walter Hassel (COMBOX and CEST, Johannes Kepler University Linz, Linz, Austria)

Ionic Leakage Current during Anodization of Valve Metals 

10:15 to 10:30  
Koji Fushimi (Faculty of Engineering, Hokkaido University, Sapporo, Japan), Tomomi Kanazawa, Yuichi 

Kitagawa, Takayuki Nakanishi, Yasuchika Hasegawa, Takashi Doi

Mass-transport Effect for Passivation of Fe-6Cr Surface in Acidic Na
2
SO

4
 Aqueous Solution 
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Symposium 15 New Trends in (Bio)-Molecular Electrochemistry
Room: Sala Verde

Chaired by: Olivier Buriez

09:30 to 09:45  
Tadaharu Ueda (Marine Resources Science, Kochi University, Nankoku, Japan), Yohei Eguchi, Kentaro Urata, 

Takuya Hasegawa, Kazumichi Yanagisawa, Hiromi Ota, Masahiro Sadakane, Si-Xuan Guo, John Boas, Jie 

Zhang, Alan Bond

Voltammetric behavior of novel Keggin-type Iron-substituted Tungstosulphate, [SFe(OH)W
11

O
39

]3-, in 

acetonitrile in the presence of various organic ligands 

09:45 to 10:00  
Laurent Ruhlmann (Chemsitry, University of Strasbourg, Strasbourg, France)

Redox-Switchable Resorcin[4]arene Cavitands: Radical Control of Molecular Gripping Machinery via 

Hydrogen Bonding 

10:00 to 10:15  
Agnieszka Wieckowska (Faculty of Chemistry, University of Warsaw, Warsaw, Poland), Mateusz Wozny, 

Jaroslaw Kowalski, Karolina M. Tomczyk

Intertwined structures – electrochemical detection of intramolecular movement 

10:15 to 10:30  
Christophe Bucher (Laboratoire de Chimie UMR CNRS 5182, Ecole Normale Supérieure de Lyon, Lyon, 
France), Christophe Kahlfuss, Elise Dumont, Eric Saint-Aman, Guy Royal, Shagor Chowdhury, Floris 

Chevallier

Electron-Triggered Metamorphism in Self-Assembled Metal-Organic Architectures 

Symposium 17  Physical Electrochemistry: Recent Developments 
in Spectroscopy, Microscopy and Theory for the 
Rational Design of Electrochemical Interfaces

Room: Sala Bianca
Chaired by: Richard McCreery

09:30 to 09:45 invited 
Kristina Edström (Department of Chemistry - Angstroem Laboratory, Uppsala University, Uppsala, Sweden)

Spectroscopic Studies of the Electrode/Electrolyte Interphases in Lithium and Sodium Batteries 

09:45 to 10:00  
Jorge Correia (Centro de Química e Bioquímica; Centro de Química Estrutural, University of Lisbon, Lisbon, 
Portugal), Daniel Santos, Ariana Silva

Individually Resolved Mass Transfer Events in the Redox Conversion of PEDOT:PSS - Versatile Cathodes 

for Alkali Metal-Ion Batteries 

10:00 to 10:15 invited 
Vincent Artero (Laboratoire de Chimie et Biologie des Métaux, Univ Grenoble Alpes, CNRS & CEA, Grenoble, 
France)

Molecular-based H
2
-Evolving Photocathodes 

10:15 to 10:30  
Julia Kunze-Liebhäuser (Institute of Physical Chemistry, University of Innsbruck, Innsbruck, Austria), Niusha  

Shakibi Nia, Celine Rüdiger, Andrea Paduano, Gonzalo García, Alessandro Martucci, Gaetano Granozzi, Elena 

Pastor

Electrochemical and surface science studies of CO and ethanol oxidation on flat TiOC supported Pt catalysts 
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Symposium 21  General Session
Room: Sala Cobalto

Chaired by: Daniel Belanger and Vincent Vivier

09:30 to 09:45  
Federica Mariani (Chimica Industriale, Università di Bologna, Bologna, Italy), Isacco Gualandi, Marta 

Tessarolo, Beatrice Fraboni, Erika Scavetta

A novel Bioelectronic Sensor for pH detection 

09:45 to 10:00  
Patcharawat Charoen-Amornkitt (Department of Mechanical Engineering, Osaka University, Suita, Japan), 
Takahiro Suzuki, Shohji Tsushima

Effective Capacitance of Constant Phase Element in Cyclic Voltammetry 

10:00 to 10:15  
Sotiris Sotiropoulos (Department of Chemistry, Aristotle University of Thessaloniki, Thessaloniki, Greece), 
Athanasios Papaderakis, Nikolaos Pliatsikas, Aikaterini Touni, Dimitrios Tsiplakides, Stella Balomenou, 

Panagiotis Patsalas

Hydrogen Evolution and Hydrogen Adsorption at Ir-Ni Electrodes 

10:15 to 10:30  
Sebastian Watzele (Physics, Technical University of Munich (TUM), Garching, Germany), Pascal Hauenstein, 

Yunchang Liang, Batyr Garlyyev, Daniel Scieszka, Aliaksandr Bandarenka

Determination of real electro-active surface area of common metal oxide catalysts for the OER 
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Monday 3 September 2018 - Afternoon

Symposium 1  Nanomaterials for Electroanalytical Chemistry and 
Electroanalytical Tools for Studying Nanomaterials 

Room: Sala Celeste
Chaired by: Luigi Falciola and Luisa Torsi

14:00 to 14:15 invited 
Manfred Buck (School of Chemistry, University of St Andrews, St Andrews, United Kingdom)

Molecular Assemblies, Electrochemistry and the Nanoscale: Opportunities and Challenges 

14:15 to 14:30  
Daniel Mandler (Institute of Chemistry, Safra campus, Jerusalem, Israel), Linoy Dery, Netta Bruchiel-Spanier, 

Maria Hitrik

The Size, Shape and Shell Matter: Nanoparticles Imprinted Matrices (Naim) 

14:30 to 14:45  
Alain Walcarius (LCPME, CNRS - Université de Lorraine, Villers-les-Nancy, France), Cheryl Karman, Tauqir 

Nasir, Neus Vilà, Grégoire Herzog, Mathieu Etienne

Size and Charge Selectivity with Electrogenerated Mesoporous Silica Thin Films on Electrodes 

14:45 to 15:00  
Joshua Whittam (Department of Chemistry, The University of Southampton, Southampton, United Kingdom), 
Andrew Hector, Christopher Kavanagh, John Owen, Gillian Reid

Combination of Solid State and Electrochemical Impedance Spectroscopy to Explore the Effects of Porosity 

in Sol-Gel Derived Barium Titanate Thin Films 

15:00 to 15:15  
Shuping Bi (Chemistry Department, Nanjing University, Nanjing, China), Ran Chen, Qiang Miao

A Simple Theoretical Model Describing The Flexible Single-Stranded DNA Guided Gold Nanoparticle 

Crystallization Assembly 

15:15 to 15:30  
James Edmondson (Department of Chemistry, University of Warwick, Coventry, United Kingdom), Giovanni 

Costantini, Patrick Unwin

Development of a Combined Scanning Tunnelling Microscope - Scanning Electrochemical Microscope 

(STM- SECM) 

15:30 to 15:45  
Magdalena Michalak (Department of Electrode Processes, Institute of Physical Chemistry, Warsaw, Poland), 
Aleksandra Szymanska, Martin Jönsson-Niedziólka, Gunther Wittstock, Marcin Opallo, Wojciech Nogala

Localized Generation of Catalytic Nanostructures and Their Activity Mapping with pH-sensitive SECM 

Nanoprobes 

15:45 to 16:00  
Coffee Break

16:00 to 16:15 invited 
Zhixiong Cai (Department of Chemistry, Xiamen University, Xiamen, China), Qiuhong Yao

CsPbBr
3
 Perovskite Nanocrystal Films as an ECL Emitter 
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16:15 to 16:30  
Benjamin Austen (Department of Chemistry, Curtin University, Curtin Institute for Functional Molecules and 
Interfaces, Bentley, Australia), Yang Liu, Benjamin O’Sullivan, T. Jane Stockmann, Alan O’Riordan, Micheal D. 

Scanlon, Damien Arrigan

Ion-Transfer Across Nano-Channel Confined Liquid-Liquid Interfaces 

16:30 to 16:45  
Debbie Silvester (School of Molecular and Life Sciences, Curtin University, Perth, Australia), Ghulam Hussain, 

Leigh Aldous

Enhanced Ammonia Detection in Ionic Liquids by Electrodeposition of 3-D Nanostructured Platinum into 

the Recessed Holes of Microelectrode Arrays 

16:45 to 17:00  
Orlando Fatibello-Filho (Department of Chemistry, Federal University of São Carlos, São Carlos, Brazil), 
Tiago Almeida Silva

Electroanalytical potentialities of modified electrodes based on carbon black and chitosan-stabilized 
platinum nanoparticles  

17:00 to 17:15  
Rasa Pauliukaite (Department of Nanoengineering, Center for Physical Science and Technology, Vilnius, 
Lithuania), Evaldas Stankevicius, Mantas Garliauskas, Lukas Laurinavicius, Romualdas Trusovas, Nikolai 

Tarasenko

Application of Periodic Nanoparticles Created on Electrode Surface Using Nanosecond Laser Treatment for 

Electrochemical Sensing 

17:15 to 17:30  
Anna Testolin (Department of Chemistry, Università degli Studi di Milano, Milano, Italy), Valentina Pifferi, 

Luigi Falciola, Chiara Ingrosso, Michela Corricelli, Angela Agostiano, Marinella Striccoli, Maria Lucia Curri, 

Francesca Bettazzi, Ilaria Palchetti

Exploring the Potentiality of RGO-AuNPs Hybrids Towards Electroanalytical Sensor Applications 

17:30 to 17:45  
Arpad Ferenc Szoke (Faculty of Chemistry and Chemical Engineering, Babes-Bolyai University, Cluj-Napoca, 
Romania, Cluj-Napoca, Romania), Zoltán Zsebe, Graziella Liana Turdean, Liana Maria Muresan

Selective detection of ascorbic acid and dopamine at AuNPs - electrochemically reduced graphene oxide 

modified glassy carbon electrode  

17:45 to 18:00  
Abhishek Kumar (Fundamental Chemistry, Sao Paulo University, Sao Paulo, Brazil), Josué Martins Gonçalves, 

Anandhakumar Sukeri, Koiti Araki, Mauro Bertotti

Correlating surface growth of nanoporous gold with electrodeposition parameters: A study based on theory 

of nucleation and diffusion 

18:00 to 18:15  
Bernardo Patella (Dipartimento Della Innovazione Industriale e Digitale, University of Palermo, Palermo, 
Italy), Rosalinda Inguanta, Carmelo Sunseri, Salvatore Piazza

NiO@Ni core shell for electrochemical detection of Hg ions 

18:15 to 18:30  
Matej Velicky (Department of Chemistry and Chemical Biology, Cornell University, Ithaca, USA), Sheng Hu, 

Colin Woods, Peter Toth, Andre Geim, Kostya Novoselov, Robert Dryfe

Electrochemical Tunneling through Atomically-Flat Hexagonal Boron Nitride 

18:30 to 18:45  
Masoud Taleb (Department of Materials Engineering, Akadeemia tee 7A-16, Tallinn, Estonia)

Alumina/graphene/Cu hybrids as highly selective sensor for simultaneous determination of Epinephrine, 

Acetominophene and Tryptophan 
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Symposium 3  Bioelectrochemistry Returns to the Home of Galvani
Room: Sala Ciano

Chaired by: Elisabeth Lojou, Edmond Magner, Ana Maria Oliveira-Brett and Wolfgang Schuhmann

14:00 to 14:30 Keynote  
Raoul Frese (Physics and Astronomy, Vrije Universiteit Amsterdam, Amsterdam, Netherlands)

Investigation and application of photosynthetic biobatteries 

14:30 to 14:45  
Fabian Fischer (Life Technologies Institute, University of Applied Sciences and Arts Western Switzerland, Sion, 
Switzerland), Marc Sugnaux, Cyrille Savy, Gérald Hugenin

Microbial fuel cell power to lithium polymer batteries  

14:45 to 15:00  
Nicolas Mano (CRPP- UMR 5031, Univ Bordeaux, Pessac, France), Sindhu Kr, Sébastien Gounel, Alexander 

Kuhn, Philippe Barthélemy, Olivier Chassande

Biocompatible and Biofunctional Electrodes For Miniaturized Enzymatic Biofuel cells 

15:00 to 15:15  
Matteo Grattieri (Chemistry and Materials Science and Engineering, University of Utah, Salt Lake City, USA), 
David P. Hickey, Shelley Minteer

Microbial Self-Powered Biosensors: Increasing Sensitivity with an On-Demand, Disposable Cathode 

15:15 to 15:30  
Ievgen Mazurenko (School of Biomedical Sciences, University of Leeds, Leeds, United Kingdom), Pascale 

Infossi, Marie-Therese Giudici-Orticoni, Nicolas Mano, Elisabeth Lojou

Electrochemical and Modelling Approaches to Study Substrate Diffusion and Enzyme Distribution in a 

Thermostable H
2
/O

2
 Enzymatic Fuel Cell 

15:30 to 15:45  
Edmond Magner (Chemical Sciences, Bernal Institute, University of Limerick, Limerick, Ireland), Xinxin Xiao, 

Till Siepenkoetter, Urszula Salaj-Kosla

Dealloyed nanoporous gold as a platform for bioelectrochemical applications 

15:45 to 16:00  
Coffee Break

16:00 to 16:15 invited 
Seiya Tsujimura (Faculty of Pure and Applied Sciences, University of Tsukuba, Tsukuba, Japan)

Effects of electrolytes on the mediated bioelectrocatalysis of FAD-glucose dehydrogenase 

16:15 to 16:30  
Ana Maria Oliveira-Brett (Department of Chemistry, University of Coimbra, Coimbra, Portugal)

Caveolin Proteins Electrochemical Oxidation and Interaction with Cholesterol  

16:30 to 16:45  
Elisabeth Lojou (BIP, CNRS, Marseille, France), Xie Wang, Magali Roger, Romain Clément, Sophie Lecomte, 

Ievgen Mazurenko, Marianne Ilbert

Life in acid? Electron transfers in a respiratory chain working at pH 2 

16:45 to 17:00  
Gilbert Nöll (Chemistry and Biology, University of Siegen, Siegen, Germany)

UV/VIS-Spectroelectrochemical Investigation of Flavoenzymes 

17:00 to 17:15  
Lars Jeuken (Faculty of Biological Sciences, University of Leeds, Leeds, United Kingdom), Joseph Oram

Electrochemical investigation of taxis and extracellular electron transfer of Shewanella oneidensis MR-1 
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17:15 to 17:30  
Enrico Marsili (Singapore Centre for Environmental Life Sciences Engineering, Nanyang Technological 
University, Singapore, Singapore), Ling Ning Lam, Pui Man Low, Kimberly Kline

Bioelectrochemical characterization of Enterococcus faecalis biofilms with soluble Fe as redox mediator 

17:30 to 17:45  
Estelle Lebegue (Institut des Sciences Chimiques de Rennes, University of Rennes, CNRS, Rennes, France), 
Ricardo Louro, Frédéric Barrière

Charge Transfer Properties of Membrane Proteins Probed at Modified Electrodes 

17:45 to 18:00  
Lucie Rivier (Lavoisier Institute, Université de Versailles, Versailles, France), Nathalie Steunou, Clémence 

Sicard, Gaël Zucchi, Anne-Marie Goncalves, Christine Mousty

Design of biofuel cells based on enzyme-Metal Organic Frameworks (MOFs) bioelectrodes 

18:00 to 18:15  
Vincent Fourmond (BIP, Aix-Marseille Univ / CNRS, Marseille, France), Ting Zeng, Axel Magalon, Silke 

Leimkühler, Ulla Wollenberger

Protein Film Voltammetry studies of molybdenum enzymes 

18:15 to 18:30  
Antonio L. De Lacey (Instituto de Catálisis, CSIC, Madrid, Spain), Chiara Di Bari, Marcos Pita, Nicolas Mano, 

Sergey Shleev

FTIR Spectroelectrochemichal Study of Multicopper Oxidases Inhibition Using Azide as an Active Infrared 

Probe 

18:30 to 18:45  
Marco Malferrari (Dept. of Chemistry Giacomo Ciamician, University of Bologna, Bologna, Italy), Anna 

Ghelli, Francesco Roggiani, Francesco Paolucci, Stefania Rapino

Reactive Oxygen Species Produced by Mitochondrial Respiratory Complexes Monitored with Modified 
Microelectrodes  
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Symposium 6a  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures 

Room: Sala Magenta A
Chaired by: Riccardo Ruffo and Margret Wohlfahrt-Mehrens

14:00 to 14:15 invited 
Takeshi Abe (Graduate School of Engineering, Kyoto University, Kyoto, Japan)

Lithium and Sodium Chemistry for Graphite 

14:15 to 14:30  
Engelbert Portenkirchner (Physical Chemistry, University Innsbruck, Innsbruck, Austria), Daniel Werner, 

Sebastian Liebl, Dogukan Apaydin

Electrochemical performance of carbonyl pigments as promising anode materials for sodium-ion batteries 

14:30 to 14:45  
Naoaki Yabuuchi (Department of Applied Chemistry, Tokyo Denki University, Adachi, Japan), Shinichi Tanaka, 

Raizo Umezawa, Takuya Narutomi, Shigeru Suzuki

Titanium-based Negative Electrode Materials for Rechargeable Sodium Batteries 

14:45 to 15:00  
Ruben-Simon Kühnel (Laboratory Materials for Energy Conversion, Empa, Dübendorf, Switzerland), David 

Reber, Corsin Battaglia

Towards Stable 2 V Class Sodium-Ion Batteries Based on Aqueous Electrolytes 

15:00 to 15:15  
Nicolas Eshraghi (Chemistry Department, University of Liege, Liege, Belgium), Jérôme Bodart, Abdelfattah 

Mahmoud, Bénédicte Vertruyen, Cédric Malherbe, Rudi Cloots, Frédéric Boschini

Study the influence of carbon source on morphology and electrochemical behavior of Na
3
V

2
(PO

4
)
2
F

3
/carbon 

composites used as positive electrode material in Na-ion batteries 

15:15 to 15:30  
Jongsoon Kim (Nanotechnology and Advanced Materials Engineering, Sejong University, Seoul, Korea)

Development of new 4V-class and zero-strain cathode material for Na ion batteries 

15:30 to 15:45  
David Rehnlund (Department of Chemistry, Angstroem Laboratory, Uppsala University, Uppsala, Sweden), 
Fredrik Lindgren, Jean Pettersson, Kristina Edström, Leif Nyholm

Lithium Trapping in Alloy forming Electrodes and Current Collectors for Lithium based Batteries 

15:45 to 16:00  
Coffee Break

16:00 to 16:15  
Ryo Sakamoto (Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, Fukuoka, 
Japan), Kosuke Nakamoto, Ayuko Kitajou, Daiki Murakami, Haruka Hirai, Masaru Tanaka, Yongquan Zhou, 

Toshio Yamaguchi, Shigeto Okada

Local Structure of Highly Concentrated NaClO
4
 Electrolyte for Aqueous Sodium-ion Battery 

16:15 to 16:30  
Riccardo Ruffo (Scienza dei Materiali, Università degli Studi di Milano Bicocca, Milano, Italy), Michele Fiore

Reaction mechanisms and structure properties correlations in carbonaceous anode materials for sodium ion 

batteries 

16:30 to 16:45  
Arianna Moretti (Helmholtz Institute Ulm, Karlsruhe Institute of Technology, Ulm, Germany), Varvara Sharova, 

Maral Hekmatfar, Willy Porcher, Adrien Boulineau, Iratxe de Meatza, Aitor Eguia-Barrio, Stefano Passerini

Electrolyte Formulations and Formation Protocols for Lithium-Ion Batteries  
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16:45 to 17:00  
Damien Monti (Solid State Chemistry, Institut de Ciència de Materials de Barcelona (ICMAB-CSIC), 
Barcelona, Spain), Andrea Boschin, Alexandre Ponrouch, Patrik Johansson

Sodium-Ion Batteries: A Closer Look at Electrolyte Properties 

17:00 to 17:15  
Yoichi Tominaga (Graduate School of Bio-Applications and Systems Engineering, Tokyo University of 
Agriculture and Technology, Tokyo, Japan), Kento Kimura

Ion-Conductive and Electrochemical Properties of Concentrated Poly(ethylene carbonate)-based Electrolytes 

17:15 to 17:30  
Yonatan Horowitz (School of Chemistry, Faculty of Exact Sciences, Tel Aviv University, Tel Aviv, Israel), Meital 

Goor-Dar, Johannes Kasnatscheew, Paul Meister, Mariano Grünebaum, Diana Golodnitsky, Martin Winter, 

Emanuel Peled

Investigation of Novel Siloxane-Based Electrolytes for High Power Lithium Batteries 

17:30 to 17:45  
Zhigang Xue (School of Chemistry and Chemical Engineering, Huazhong University of Science and Technology, 
Wuhan, China)

High-Performance Polymer Electrolytes Fabricated by Host-Guest Recognition for Lithium-Ion Batteries 

17:45 to 18:00  
Maria Assunta Navarra (Department of Chemistry, Sapienza University of Rome, Rome, Italy), Akiko 

Tsurumaki, Ruggero Poiana, Marco Agostini, Priscilla Reale, Aleksandar Matic, Stefania Panero

Long cycle-life high-voltage Lithium Batteries based on Ionic Liquid electrolyte mixtures 

18:00 to 18:15  
Cyril Marino (Electrochemistry Laboratory, Paul Scherrer Institut, Villigen PSI, Switzerland), Joel Cabanero, 

Mauro Povia, Claire Villevieille

Biowaste Lignin-Based Carbonaceous Materials as Anodes for Na-ion Batteries 

18:15 to 18:30  
Patrick Gerlach (Center for Energy and Environmental Chemistry, Friedrich Schiller University Jena, Jena, 
Germany), Rene Burges, Alexandra Lex-Balducci, Ulrich S. Schubert, Andrea Balducci

The Influence of the Electrolyte Composition on the Electrochemical Behaviour of Organic Radical 
Polymers 

18:30 to 18:45  
Liam Furness (Department of Chemistry, University of Southampton, Southampton, United Kingdom), Rinaldo 

Raccichini, John Owen, Nuria Garcia-Araez

Measurements of the conductivity of electrolytes contained within porous electrodes and separators 
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Symposium 7a  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Europauditorium
Chaired by: Andrew Herring, Kunal Karan, Luca Merlo and Nick van Dijk

14:00 to 14:15 invited 
Luca Merlo (RD&T, Solvay Specialty Polymers Italy SpA, Bollate, Italy), Claudio Oldani, Stefano Tonella

Novel Aquivion® PFSA membranes for PEM water electrolysis  

14:15 to 14:30  
Rakel Wreland Lindström (Chemical Engineering, KTH Royal Institute of Technology, Stockholm, Sweden), 
Petri Kanninen, Fatemeh Davodi, Björn  Eriksson, Marthe Buan, Olli Sorsa, Tanja Kallio

Carbon Corrosion Properties and Performance of Multi-Walled Carbon Nanotube Support with and without 

Nitrogen-Functionalization in Fuel Cell Electrodes 

14:30 to 14:45  
Renate Hiesgen (Faculty of Basic Science, University of Applied Sciences Esslingen, Esslingen, Germany), 
Tobias Morawietz, Michael Handl, K. Andreas Friedrich

Structure, Properties, and Degradation of Ultrathin Ionomer Films in Catalytic Layers of Fuel Cells 

14:45 to 15:00  
Tatyana Reshetenko (Hawaii Natural Energy Institute, University of Hawaii, Honolulu, USA), Bonnie Ben

Effect of NO
2
 as Air Pollution on Spatial Performance of High- and Low-Pt Loaded PEM Fuel Cells  

15:00 to 15:15  
Tsuyohiko Fujigaya (Applied Chemistry, Kyushu University, Fukuoka, Japan), Rei Nakayama, Samindi 

Jayawickrama

Effect of Polymer Coating on Different Carbon Supports for Polymer Electrolyte Membrane Fuel Cells 

Electrocatalyst 

15:15 to 15:30  
Yongyao Xia (Department of Chemistry, Fudan University, Shanghai, China)

Applying the Battery Electrode Materials for Electrolysis 

15:30 to 15:45  
Takuya Mabuchi (Frontier Research Institute for Interdisciplinary Sciences, Tohoku University, Sendai, Japan), 
Takashi Tokumasu

Ionomer Aggregate Structure in Water/Alcohol Solutions Using Coarse-Grained Molecular Dynamics 

15:45 to 16:00  
Coffee Break

16:00 to 16:15  
Yuhui Hou (Department of Chemistry and Biochemistry, University of Bern, Bern, Switzerland)

Electrocatalytic CO
2
 Reduction on Robust Cu@CuPd Core-shell Nanowire 

16:15 to 16:30  
Tintula Kottakkat (Institute for Chemistry and Biochemistry, Freie Universitaet Berlin, Berlin, Germany), 
Katharina Klingan, Zarko P. Jovanov, Holger Dau, Christina Roth

Electrodeposited Nanostructured Ag-Cu Catalysts forEnhanced Reduction of CO
2
 to CO  

16:30 to 16:45  
Youngkook Kwon (Carbon Resources Institute, Korea Research Institute of Chemical Technology, Daejeon, 
Korea)

New Active Sites for Enhanced Electrochemical Carbon Dioxide Reduction on Copper Catalyst 
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16:45 to 17:00  
Mintaek Im (Carbon Resources Institute, Korea Research Institute of Chemical Technology, Daejeon, Korea), 
Youngkook Kwon

Effect of Mass Transfer and Kinetics in Ordered Cu-Mesostructures for Electrochemical CO
2
 Reduction 

17:00 to 17:15  
Shahid Rasul (Engineering, Newcastle University, Newcastle, United Kingdom), Hang Xiang, Eileen Yu

Highly Efficient and Selective Cu-Sn Electrocatalysts for Affordable Production of CO from 
Electrochemical Reduction of CO

2
 

17:15 to 17:30  
Si Young Lee (Clean Energy Research Center, Korea University of Science and Technology & KIST, Seoul, 
Korea), Yun Jeong Hwang

Dependence of Copper Initial State in Anodized Cu Electrocatalyst for Durable and Selective Ethylene 

Formation from CO
2
 reduction 

17:30 to 17:45  
Paul Kenis (Chemical and Biomolecular Engineering, University of Illinois at Urbana-Champaign, Urbana, 
USA)

Replacing the Oxygen Evolution Reaction on the Anode to Enable Energy Efficient Electrolysis of CO
2
 to 

Value-Added Intermediates 

17:45 to 18:00  
Alexander Rudnev (Department of Chemistry and Biochemistry, Freiestrasse 3, Bern, Switzerland), Kiran 

Kiran, Ilche Gjuroski, Dmitry Vasilyev, Paul Dyson, Julien Furrer, Peter Broekmann

Mass Transport Effects in Electrochemical CO
2
 Conversion from Ionic Liquids 

18:00 to 18:15  
Ichiro Yamanaka (Department of Chemical Science and Engineering, Tokyo Institute of Technology, Meguroku, 
Japan), Yuji Ogishima, Yuta Inami, Hitoshi Ogihara

Conversion of CO
2
 and water to CO and O

2
 by Electrolysis using Co-N-C Electrocatalysts 

18:15 to 18:30  
Nick Daems (Advanced Reactor Technology, Universiteit Antwerpen, Wilrijk, Belgium), Miguel Duarte, Bert De 

Mot, Jonas Hereijgers, Tom Breugelmans

Sn or Ni-containing doped graphitic carbons as electrocatalysts for the electrochemical reduction of CO
2
 

18:30 to 18:45  
Marcel Schreier (Department of Chemistry, Massachusetts Institute of Technology, Cambridge, USA), Yogesh 

Surendranath

Achieving selective CO reduction by understanding the role of proton transfer 
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Symposium 9  Photo-Electrochemical Energy Conversion: 
Symposium in Honor of Prof. Jan Augustynski

Room: Sala Magenta B
Chaired by: Giuseppina Meligrana and Patrik Schmuki

14:00 to 14:30 Keynote  
Lionel Vayssieres (School of Energy & Power Engineering, Xian Jiaotong University, Xian, China)

Clean Sustainable Energy (& More) from Seawater 

14:30 to 14:45  
Delphine Schaming (ITODYS, University Paris Diderot, Paris, France), Souad Ammar, Antonino Madonia, 

Mercé Martin-Sabi, Samiha Chaguetmi

Photoelectrodes using carbon dots photosensitizers for photoelectrocatalytic applications

14:45 to 15:00  
Andreas Hajduk (Institute of Materials Science, Darmstadt University of Technology, Darmstadt, Germany), 
Mikhail V. Lebedev, Thorsten Cottre, Bernhard Kaiser, Wolfram Jaegermann

Interface Engineering of the p-GaInP
2
(100)/n-Metal Oxide Junction for Photoelectrochemical Water 

Splitting 

15:00 to 15:15  
Loic Assaud (ICMMO, University Paris-Sud, University Paris-Saclay, Orsay, France), Alexandre Pradon, 

Joumada Al Cheikh, Parviz Allazov, Alireza Ranjbari, Renaud Cornut, Emmanuel Cadot, Pierre Millet

Nano-architectured Electrode based on Electrochemical Interfaces for H
2
 Generation from Water (photo)

Splitting 

15:15 to 15:30  
Gabriel Loget (Institut des Sciences Chimiques de Rennes, CNRS, Universite de Rennes 1, Rennes, France), 
Kiseok Oh, Bruno Fabre

Partially Coated Water-Splitting Silicon Photoanodes 

15:30 to 15:45  
Simone Pokrant (School of Engineering, htw saar, Saarbrucken, Germany), Stefan Dilger

Scale-up of electrodes for photoelectrochemical watersplitting: Fabrication processes and performance of  

40 cm2 photoanodes  

15:45 to 16:00  
Coffee Break

16:00 to 16:15 invited 
Kevin Sivula (Institute of Chemical Sciences and Engineering, Ecole Polytechnique Fédérale de Lausanne, 
Lausanne, Switzerland)

Oxide semiconductors for photoelectrochemical water splitting 

16:15 to 16:30  
Kenji Sakamaki (Department of Applied Chemistry and Biochemistry, Fukushima College, National Institute 
of Technology, Iwaki, Fukushima, Japan), Ayana Watanabe, Honoka Matsuda, Sayuri Usui, Wakana Sakashita, 

Ryoko Kato, Haruka Endo, Masataka Sato

Photoelectrochemical Supercontinuum SolarLight Zero Bias Hydrogen Generation with Membrane-Based 

Cells Designed for Decreasing Overall Water Electrolysis Voltage and Water Dissociation (20) 

16:30 to 16:45  
Grzegorz Sulka (Department of Physical Chemistry and Electrochemistry, Jagiellonian University in Krakow, 
Krakow, Poland), Karolina Syrek, Joanna Kapusta-Kolodziej, Leszek Zaraska, Marta Zych, Karolina Gawlak, 

Joanna Grudzien, Monika Soltys

Photoelectrochemical and Photocatalytic Applications of Nanostructured Metal Oxides Formed by 

Anodization 



Program of the 69th Annual Meeting of the International Society of Electrochemistry 21

M
O

ND
AY

 P
M

16:45 to 17:00  
Daniel Grave (Materials Science and Engineering, Technion, Israel Institute of Technology, Haifa, Israel), 
David Ellis, Hen Dotan, Avner Rothschild

Mobile Carrier Generation vs. Localized Excitations in Ultrathin Film Hematite Photoanodes 

17:00 to 17:15  
Konrad Trzcinski (Faculty of Chemistry, Gdank University of Technology, Gdansk, Poland), Mariusz Szkoda, 

Kamil Szulc, Anna Lisowska-Oleksiak

Photoelectrochemical performance of BiVO
4
 thin layers modified by cobalt hexacyanocobaltate 

17:15 to 17:30  
Peter Toth (Department of Physical Chemistry and Materials Science, University of Szeged, Szeged, Hungary), 
Csaba Janáky

Investigation of the structure-dependent photoelectrochemical properties of two-dimensional transition metal 

chalcogenides  

17:30 to 17:45  
Alessandro Minguzzi (Department of Chemistry, Università degli Studi di Milano, Milano, Italy), Alberto 

Vertova, Sandra Rondinini, Paolo Ghigna

(Photo)electrode Materials as Studied by Time-Resolved Operando X-Ray Absorption Spectroscopy 

17:45 to 18:00  
Dodzi Zigah (Institute of Molecular Sciences, University of Bordeaux, Pessac, France), Vasilica Badets, Gabriel 

Loget, Neso Sojic

Rapid Generation and Screening of TiO
2
 by Scanning Photoelectrochemical Microscopy 

18:00 to 18:15  
Sang Youn Chae (Clean Energy Research Center, Korea Institute of Science and Technology, Seoul, Korea), Yun 

Jeong Hwang, Oh-Shim Joo

Chalcopyrite Materials with Semiconductor Interface Engineering for Photoelectrochemical Hydrogen 

Production 

18:15 to 18:30  
Petr Krtil (Electrocatalysis, J. Heyrovsky Institute of Physical Chemistry, Prague, Czech Republic), Monika 

Klusácková, Roman Nebel

Particle Size dependence of the Photo-Electrochemical Behavior of Nanosized SrTiO
3
 

18:30 to 18:45  
Safeer Ahmed (Department of Chemistry, Quaid -i- Azam University, Islamabad, Pakistan), Niaz Muhammad, 

Sadia Shahbaz

Texture Tuning of Photoanode in DSCs Using Anatase and Rutile Phase TiO
2
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Symposium 10  Materials for and from Electrochemistry:  
State of the Art and Future Trends

Room: Sala Italia
Chaired by: Sandro Cattarin and Giovanni Zangari

14:00 to 14:15 invited 
Jay Switzer (Department of Chemistry, Missouri University of Science and Technology, Rolla, USA), Meagan 

Kelso, John Tubbesing

Epitaxial Electrodeposition of Chiral Metal Films on Si(643) 

14:15 to 14:30  
Chularat Wattanakit (Department of Chemical and Biomolecular Engineering, Vidyasirimedhi Institute of 
Science and Technology, Rayong, Thailand), Thittaya Yutthalekha, Sunpet Assavapanumat, Veronique Lapeyre, 

Somkiat Nokbin, Chompunuch Warakulwit, Jumras Limtrakul, Alexander Kuhn

Highly Enantioselective Electrosynthesis at Chiral-Encoded Mesoporous Metal Surface 

14:30 to 14:45  
Mirko Magni (Department of Chemistry, Università degli Studi di Milano, Milano, Italy), Serena Arnaboldi, 

Claudia Malacrida, Tiziana Benincori, Francesco Sannicolò, Patrizia Romana Mussini

Electroactive Inherently Chiral Surfaces at Work: Clues toward the Elucidation of the Enantioselection 

Mechanism 

14:45 to 15:00 invited 
Takayuki Homma (Applied Chemistry, Waseda University, Tokyo, Japan), Masahiro Kunimoto, Morten Bertz, 

Mikiko Saito, Masahiro Yanagisawa

Electrochemical Fabrication of Micro/nano Structured Plasmonic Sensors for Surface Enhanced Raman 

Scattering Analysis 

15:00 to 15:15  
Piyush Sindhu Sharma (Department of Supramolecular Complexes, Institute of Physical Chemistry, Polish 
Academy of Sciences, Warsaw, Poland), Marcin Dabrowski, Maciej Cieplak, Agnieszka Ziminska, Krzysztof 

Noworyta, Wojciech Lisowski, Shuai Shao, Francis DSouza, Alexander Kuhn, Wlodzimierz Kutner

Macroporous Molecularly Imprinted Films for Chemosensing of Macromolecule 

15:15 to 15:30  
Bertold Rasche (Department of Chemistry, University of Oxford, Oxford, United Kingdom), Simon J. Clarke, 

Richard G. Compton

Polyselenides on the anodic route to selenium deposits 

15:30 to 15:45  
Thomas Hersbach (Leiden Institute of Chemistry, Leiden University, Leiden, Netherlands), Dimitra 

Anastasiadou, Rianne Wever, Marc Koper

Structurally Shaping Surfaces: Electrolyte Effects in Cathodic Corrosion and Their Role in Catalysis 

15:45 to 16:00  
Coffee Break



Program of the 69th Annual Meeting of the International Society of Electrochemistry 23

M
O

ND
AY

 P
M

16:00 to 16:15 invited 
Philippe Allongue (Physique de la Matiere Condensee, Ecole Polytechnique, CNRS, Palaiseau, France), Fouad 

Maroun, Finn Reikowski, Ivan Pacheco-Bubi, Tim Wiegmann, Jochim Stettner, Olaf Magnussen

Epitaxial Oxide layers as Catalysts for Oxygen Evolution Reaction: Operando Structural Studies 

16:15 to 16:30  
Manon Bertram (Physical Chemistry II, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, 
Germany), Firas Faisal, Corinna Stumm, Fabian Waidhas, Yaroslava Lykhach, Serhiy Cherevko, Feifei Xiang, 

Maximilian Ammon, Mykhailo Vorokhta, Bretislav Smid, Tomas Skala, Nataliya Tsud, Armin Neitzel, Klára 

Beranová, Kevin C. Prince, Simon Geiger, Olga Kasian, Tobias Waehler, Ralf Schuster, M. Alexander Schneider, 

Vladimír Matolín, Karl J.J. Mayrhofer, Olaf Brummel, Jörg Libuda

Atomically-Defined Pt/Co
3
O

4
(111) Model Electrocatalysts 

16:30 to 16:45 invited 
Olaf Magnussen (Experimental and Applied Physics, Kiel University, Kiel, Germany)

High-energy X-ray Scattering: A Novel Tool for Operando Studies of Electrochemical Materials 

16:45 to 17:00  
Yan-Xia Jiang (Department of Chemistry, Xiamen University, Xiamen, China), Bin-WeI Zhang, Shi-Gang Sun

Platinum–Cobalt Bimetallic Nanoparticles with Pt Skin for Electro-Oxidation of Ethanol 

17:00 to 17:15  
Victor Costa Bassetto (LEPA - ISIC, École Polytechnique Fédérale de Lausanne, Sion, Switzerland), Hubert 

Girault, Andreas Lesch

Print-Light-Synthesis of Electrocatalysts for Oxygen Evolution Reaction  

17:15 to 17:30  
José Solla-Gullón (Institute of Electrochemistry, University of Alicante, Alicante, Spain), Leticia García-Cruz, 

Miguel A. Montiel, Francisco José Vidal-Iglesias, Vicente Montiel

Shape-Controlled Metal Nanoparticles for Electrocatalytic Applications: Advances and Remaining Challenges 

17:30 to 17:45  
Mikhail Vorotyntsev (LKM, D. I. Mendeleev University of Chemical Technology of Russia, Moscow, Russia), 
Dmitry Konev, Olga Istakova, Beata Dembinska, Magdalena Skunik-Nuckowska, Charles Devillers, Olivier 

Heintz, Pawel J. Kulesza

Electrochemical Route to Co(II) and Mn(II) Polyporphines and Their Electrocatalytic Properties Towards 

Oxygen Reduction Reaction 

17:45 to 18:00  
Maida Aysla Costa de Oliveira (Department of Chemical Science and Technologies, University of Rome Tor 
Vergata, Rome, Italy), Barbara Mecheri, Alessandra D’Epifanio, Silvia Licoccia

Nanostructured Carbon Materials for Oxygen Reduction Electrocatalysts in Bioelectrochemical Systems 

18:00 to 18:15  
Tim-Patrick Fellinger (Department of Chemistry, Technical University of Munich, Munich, Germany), Asad 

Mehmood, Jonas Pampel, Ghulam Ali, Heung Yong Ha, Francisco Ruiz-Zepeda

Active-site imprinted nitrogen doped carbons as a platform to study non-precious oxygen reduction 

electrocatalysts 

18:15 to 18:30  
Jonathan Quinson (Department of Chemistry, University of Copenhagen, Copenhagen, Denmark), Masanori 

Inaba, Jan Bucher, Francesco Bizzotto, Soren Simonsen, Luise Theil Kuhn, Sebastian Kunz, Matthias Arenz

Surfactant-Free Colloidal Syntheses of Precious Metal Nanoparticles for the Design of Electrocatalysts with 

Enhanced Performances  

18:30 to 18:45  
Giorgia Daniel (Department of Chemical Science, University of Padova, Padua, Italy), Federico Brombin, 

Gaetano Granozzi, Armando Gennaro, Christian Durante

Highly graphitized Fe-Nitrogen doped carbon derived from biomass as electrocatalyst for oxygen reduction 

reaction 
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Symposium 11  Corrosion, Passivation, and Protection Strategies
Room: Sala Azzurra

Chaired by: Shinji Fujimoto

14:00 to 14:30 Keynote  
Gerald Frankel (Fontana Corrosion Center, The Ohio State University, Columbus, USA), Tianshu Li, John R. 

Scully

A New Model for Critical Pitting Temperature 

14:30 to 14:45  
Shinji Fujimoto (Materials and Manufacturing Science, Osaka University, Suita, Japan), Masashi Odahara, 

Hiroaki Tsuchiya

Numerical Modeling for Growth of Pitting Corrosion on Type304 Stainless Steel under Droplet of 

Concentrated Chloride Solution 

14:45 to 15:00  
Arash Azimi Dastgerdi (Dipartimento di Chimica, Materiali e Ingegneria Chimica, Politecnico di Milano, 
Milano, Italy), Fabio Bolzoni, Andrea Brenna, Marco Ormellese, MariaPia Pedeferri

Study of Pedeferri’s Diagram of stainless steel by means of design of experiment  

15:00 to 15:15  
Hiroaki Tsuchiya (Graduate School of Engineering, Osaka University, Suita, Osaka, Japan), Natsuko Yamada, 

Satoshi Tokuoka, Masakazu Tabuchi, Shinji Fujimoto

Corrosion fatigue of surface-modified stainless steel 

15:15 to 15:30  
En-Hou Han (Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research, Chinese 
Academy of Sciences, Shenyang, China)

The in-situ scratching repassivation behavior of materials in high-temperature pressurized water for nuclear 

power plant 

15:30 to 15:45  
Benjamin Wilson (Department of Chemical and Metallurgical Engineering, Aalto University, Espoo, Finland), 
Arman Dastpak, Kirsi Yliniemi, Mariana C.O. Monteiro, Sarah Höhn, Sannakaisa Virtanen, Mari Lundström

Environmentally Friendly Coatings Derived from Biorefinery Side Streams for Improved Stainless Steel 
Corrosion Resistance 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15 invited 
Michael Rohwerder (Interface Chemistry and Surface Engineering, Max-Planck-Institut für Eisenforschung 
GmbH, Düsseldorf, Germany)

Delamination of organic coatings: unraveling the underlying mechanisms 

16:15 to 16:30  
Nadine Pebere (CIRIMAT / CNRS, ENSIACET, 4, Toulouse, France), Aurelien Roggero, Laura Villareal, Audrey 

Santos, Nicolas Causse, Eric Dantras

Thermally activated processes involved in barrier properties of an organic coating for the corrosion 

protection of steel 

16:30 to 16:45  
Maryam Eslami (Industrial Engineering, University of Trento, Trento, Italy), Flavio Deflorian, Sasha 
Omanovic, Nils-Eric Andersson, Michele Fedel, Caterina Zanella

Studying electropolymerization and corrosion protection mechanism of polypyrrole coating on aluminium 

16:45 to 17:00  
Mohsen Saeedikhani (Mat. Sci. & Eng., National University of Singapore, Singapore, Singapore), Sudesh 

Wijesinghe, Daniel J. Blackwood

Evolution of the Corrosion Products under the Damaged Single Layer Zinc Rich Protective Coatings 

17:00 to 17:15 invited 
Marie-Georges Olivier (Materials Science, University of Mons, Mons, Belgium), Justine Rodriguez

Corrosion mechanisms and inhibition protection of Zn-Mg coated steel 

17:15 to 17:30  
Masatoshi Sakairi (Faculty of Engineering, Hokkaido University, Sapporo, Japan), Takumi Hashimoto

Role of Scratch on Hydrogen Permeation Behavior of Zinc Coated Steel During Wet-dry Cycle Corrosion 

Tests 

17:30 to 17:45  
Atsushi Nishikata (Department of Materials Science and Engineering, Tokyo Insitute of Technology, Tokyo, 
Japan), Yipeng Liu, Azusa Ooi, Eiji Tada

Monitoring of Degradation Process of Zin-Coated Steel in Simulated Atmospheric Environments 

17:45 to 18:00 invited 
Christofer Leygraf (Department of Chemistry, KTH Royal Institute of Technology, Stockholm, Sweden), Tingru 

Chang, Ying Jin, Inger Odnevall Wallinder

Characterization of a Multi-oxide Film on the Golden Alloy Cu5Zn5Al1Sn based on Selective Oxide 

Stripping and Surface Analysis 

18:00 to 18:15  
Enrico Daviddi (Department of Chemistry, University of Warwick, Coventry, United Kingdom), Cameron Luke 

Bentley, Patrick Unwin

Revealing the relationship between (electro)chemical reactivity and grain orientation at polycrystalline 

copper surfaces with galvanostatic scanning electrochemical cell microscopy 

18:15 to 18:30 invited 
Vincent Maurice (IRCP, CNRS - Chimie ParisTech, Paris, France), Mohamed Bettayeb, Lorena H. Klein, 

Linsey Lapeire, Kim Verbeken, Philippe Marcus

Early Intergranular Corrosion at the Nanoscale and Relation with Local Grain Boundary Character Studied 

In Situ on Copper 

18:30 to 18:45  
Noemie Ott (Laboratory for Joining Technologies and Corrosion, Empa, Duebendorf, Switzerland), Thomas 

Suter, Nick Birbilis, Patrik Schmutz

Local electrochemical characterization of surface reactivity on multiphase alloys 
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Symposium 14  Electrochemical Engineering:  
Research towards Deployable Technology

Room: Sala Indaco
Chaired by: Henry Bergmann and Manuel Andres Rodrigo

14:00 to 14:30 Keynote  
Manuel Andres Rodrigo (Chemical Engineering, Ciudad Real, Spain), Martin Muñoz, Cristina Sáez, Javier 

Llanos, Justo Lobato, Pablo Cañizares

Combined soil washing and electrolysis: what are the challenges that have to be faced before full-scale 

application? 

14:30 to 14:45  
Cristina Sáez (Chemical Engineering, University of Castilla La Mancha, Ciudad Real, Spain), Vicente Navarro, 

Pablo Cañizares, Manuel A. Rodrigo

Scale-up of Electrokinetic Adsorption Barriers for the Removal of Organochlorine Herbicide from Spiked 

Soils: Lessons Learned 

14:45 to 15:00 invited 
Carlos Alberto Martínez-Huitle (Institute of Chemistry, Federal University of Rio Grande do Norte, Natal, 
Brazil), Karla C. de F. Araújo, Jéssica P. de P. Barreto, Jussara C. Cardozo, Elisama Vieira dos Santos, Florymar 

Escalona Durán, Danyelle M. de Araújo

Evidence for electrochemical production of persulfate by oxidizing sulfate released by the surfactant sodium 

dodecyl sulfate 

15:00 to 15:15  
Francois Lapicque (Reaction and Chemical Engineering Laboratory, CNRS - Univ. Lorraine, Nancy, France)

Removal of fluoride by electrocoagulation with Al electrodes-Effect of the water treated 

15:15 to 15:30  
Changyong  Zhang (School of Civil and Environmental Engineering, University of New South Wales, Sydney, 
Australia), Jinxing Ma, Jingke Song, Calvin He, David Waite

Capacitive membrane stripping for ammonia recovery (CapAmm) from dilute wastewaters 

15:30 to 15:45  
ISE-Elsevier Prize for Green Electrochemistry
Abdoulaye Thiam (Programa Institucional de Fomento a la I+D+i, Universidad Tecnológica Metropolitana, 
Santiago, Chile), Ignasi Sires, Enric Brillas, Ricardo Salazar

Recent Development of Integrated Electrochemical Processes as Plausible Technology for the Treatment of 

Wastewater 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Ignasi Sires (Department of Materials Science and Physical Chemistry, University of Barcelona, Barcelona, 
Spain), José Luis Nava, Enric Brillas

Solar Photoelectro-Fenton Treatment of Organic Contaminants of Emerging Concern with Very High 

Current Efficiency 

16:15 to 16:30  
Zhihong Ye (Department of Materials Science and Physical Chemistry, University of Barcelona, Barcelona, 
Spain), Enric Brillas, Pere Cabot, Francesc Centellas, Ignasi Sires

Enhancement of Photoelectro-Fenton Process with Fe(III)-EDDS: A Case Study on the Fast Degradation of a 

Fluorinated Antidepressant at Near-Neutral pH 

16:30 to 16:45  
Ricardo Salazar (Chemical of Materials, University of Santiago of Chile, Santiago, Chile)

Elimination of Textile Dye Acid Blue 29 from industrial Wastewater by Solar Photoelectro-Fenton Process: 

Influence of Applied Current and Solar Radiation 

16:45 to 17:00  
Simonetta Palmas (Department of Mechanical, Chemical and Material Engineering, University of Cagliari, 
Cagliari, Italy), Laura Mais, Michele Mascia, Annalisa Vacca, Simona Corgiolu

Photoelectrocatalytic Oxidation of Organic Compounds by Synthesized TiO
2
 of Different Nanotube Lengths 

under Solar Irradiation 

17:00 to 17:15  
Andrea Massa (Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy), Simone 

Ansaloni, Simelys Hernandez, Nunzio Russo, Debora Fino

The Effect of High Temperature and Pressure on the Electro-Oxidation of Phenol on Nanostructured MnOx / 

Ti electrodes 

17:15 to 17:30  
Elisabetta Petrucci (Department Chemical Materials Environmental Engineering, Sapienza, University of 
Rome, Rome, Italy), Irene Bavasso, Luca Di Palma, Daniele Montanaro

Electrochemically assisted decomposition of ozone for degradation of emerging pollutants 

17:30 to 17:45  
Minghua Zhou (College of Environmental Science and Engineering, Nankai University, Tianjin, China)

Graphene as a superior promoter for organic pollutant degradation by cathodic electrochemical advanced 

oxidation process 

17:45 to 18:00  
Henry Bergmann (Electrical Engineering and Process Engineering, Anhalt University, Koethen/Anh., 
Germany)

New Options for Obtaining Disinfectants from Diluted Chlorite Solutions 

18:00 to 18:15  
Xiao Su (Department of Chemical Engineering, Massachusetts Institute of Technology, Cambridge, USA), 
T. Alan Hatton

Electrochemical Engineering of Advanced Redox-Systems for Water Purification and Environmental 
Remediation 

18:15 to 18:30  
Locklsey Castañeda (Geomatic and Hydraulic Engineering, University of Guanajuato, Guanajuato, Mexico), 
José Luis Nava

Degradation of orange reactive 16 dye by Electro-peroxone process using an air diffusion chamber 

18:30 to 18:45  
Yeray Asensio (Innovación y Tecnología, FCC Aqualia, Madrid, Spain), Juan Arévalo, José M. Viñas, Víctor M 

Monsalvo, Frank Rogalla, Marina Ramirez, Pau Rodenas, Juan M Ortiz, Abraham Esteve, Patricia Zamora

MIDES Project: merging biolectrochemical systems and membrane technology for low-energy drinking 

water production  
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Symposium 15 New Trends in (Bio)-Molecular Electrochemistry
Room: Sala Verde

Chaired by: Christian Durante, Robert Francke and Alan Liska

14:00 to 14:15  
Siegfried Waldvogel (Institute of Organic Chemistry, Johannes Gutenberg-University, Mainz, Germany)

Dehydrogenative Anodic Cross-coupling of Aryls: Sustainable, Disruptive, and Scalable!  

14:15 to 14:30  
Sebastian Sobottka (Institut für Chemie und Biochemie, Freie Universitàt Berlin, Berlin, Germany), Biprajit 

Sarkar

Mechanistic Aspects of the Electrocatalytic Dimerisation of Aryl Halides 

14:30 to 14:45  
Robert Francke (Institute of Chemistry, Rostock University, Rostock, Germany), Benjamin Schille, Niels 

Giltzau

On the Use of Polyelectrolytes and Polymediators in Electrosynthesis 

14:45 to 15:00  
Renata Bilewicz (Department of Chemistry, University of Warsaw, Warsaw, Poland), Ewa Nazaruk, Martina 

Zatloukalova, Monika Szlezak, Ehud Landau

Lipidic cubic mesophase as confined biomimetic environment for hosting membrane proteins  

15:00 to 15:15  
Isabella Chiarotto (Scienze di Base e Applicate per l’Ingegneria (SBAI), Sapienza Università di Roma, Roma, 
Italy), Marta Feroci, Leonardo Mattiello, Fabiana Pandolfi

The electrochemical methodology as useful tool in organic synthesis; the second step of the Corey-Fuchs 

reaction  

15:15 to 15:30  
Elodie Anxolabéhère (Laboratoire d’Electrochimie Moléculaire UMR 7591 CNRS, Université Paris Diderot - 
Sorbonne Paris Cité,  Paris, France)

Breaking and Forming Bonds with Electrons and Protons using Earth Abundant Metal Complexes as 

Catalysts 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Diane Smith (Chemistry and Biochemistry, San Diego State University, San Diego, USA), Hyejeong Choi

Using Electron-Transfer-Induced Proton Transfer to Ratchet Up Binding Strength in H-Bond Dimers 

16:15 to 16:30  
Alexander Hildebrandt (Inorganic Chemistry, TU Chemnitz, Chemnitz, Germany)

Electrostatic Interactions in Mixed-Valent Di- and Oligoferrocenes  

16:30 to 16:45  
Alan Liska (Department of Molecular Electrochemistry and Catalysis, J. Heyrovsky Institute of Physical 
Chemistry of the CAS, Praha, Czech Republic), Jiri Ludvik, Pavel Vojtisek, Krunal Modi

Stereoelectrochemistry of Calixarenes 

16:45 to 17:00  
Carlos Frontana (Electroquimica, Materiales y Sensores, CIDETEQ SC, Pedro Escobedo, Mexico), Jose Luis 

Rivas-Rodriguez, Eduardo Martinez-Gonzalez, Camila Vasconcelos, Marcela Lopes, Renata Oliveira, Marilia 

Goulart

Intramolecular Hydrogen Bonding effects in the Entropy of Electron Transfer 

17:00 to 17:15  
Heinrich Lang (Institute of Chemistry, Inorganic Chemistry, Technische Universität Chemnitz, Chemnitz, 
Germany)

5-Membered Heterocycles with Directly-Bonded Ferrocenyl Termini as Multi-Redox Systems: Synthesis, 

Electrochemistry, Structure and Bonding 

17:15 to 17:30  
Marilia Goulart (Instituto de Química e Biotecnologia, Universidade Federal de Alagoas, Maceio, Brazil), 
Andresa de Almeida, Shaiani Melo, Lucas Rezende, Thaissa Silva, Andre Xavier, Flavio Emery

Unprecedented nitrosation of BODIPY dyes, applications and electrochemical investigation 

17:30 to 17:45  
Federico Polo (Experimental and Clinical Pharmacology Division, CRO - National Cancer Institute, Aviano, 
Italy), Silvia Voci, Jonathan Daniel, Jean-Baptiste Verlhac, Mireille Blanchard-Desce, Neso Sojic

Bright Green Photoluminescence and Electrochemiluminescence of Symmetric Organic Dyes 

17:45 to 18:00  
Serena Carrara (Institute for Molecular Sciences, La Trobe University, Melbourne, Australia), Alessandro 

Aliprandi, Luisa De Cola, Conor F. Hogan

Revealing Aggregation-Induced Electrochemiluminescence of Supramolecular Assemblies 

18:00 to 18:15  
Nicolas Le Poul (UMR CNRS 6521, University of Brest, Brest, France), Federica Gennarini, Isidoro Lopez, 

Laurianne Wojcik

Cryo-spectroelectrochemistry: a powerful tool for the characterization of transient copper-oxygen adducts 

18:15 to 18:30  
Susana Campuzano Ruiz (Analytical Chemistry, Universidad Complutense de Madrid, Madrid, Spain), Víctor 

Ruiz-Valdepeñas Montiel, Eloy Povedano, Magda Barros, Eva Vargas, Rebeca M. Torrente-Rodríguez, Sara 

Benedé, Laura Martín-Pedraza, Rosario Linacero, Francisco J. Gallego, A. Julio Reviejo, Fátima Barroso, João 

Miguel Ferreira Rocha, Mayte Villalba, José Manuel Pingarrón

PCR-free electrochemical biosensing of animal or plant-food derived nucleic acids in raw mitochondrial and 

genomic DNA extracts 

18:30 to 18:45  
Sander Neukermans (ART, University of Antwerp, Antwerp, Belgium), Danny Pauwels, Jonas Hereijgers, 

Mohammad Samanipour, H. Y. Vincent Ching, Sabine Van Doorslaer, Tom Breugelmans

In-situ EPR-measurements of electrocatalytically formed radicals as a spectro-electrochemical technique to 

investigate reaction mechanisms  
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Symposium 17 Physical Electrochemistry: Recent Developments 
in Spectroscopy, Microscopy and Theory for the 
Rational Design of Electrochemical Interfaces

Room: Sala Bianca
Chaired by: Kristina Edström, Alessandro Minguzzi and Andrea Russell

14:00 to 14:15  
Zhong-Qun Tian (College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, China), Chao 

Zhan, Bowen Liu, Jun Yi

The photoelectrochemical behavior of surface plasmon-based metal nanostructured electrodes 

14:15 to 14:30  
Valentina Pifferi (Dipartimento di Chimica, Universita  degli Studi di Milano, Milan, Italy), Giovanni Di 

Liberto, Leonardo Lo Presti, Michele Ceotto, Luigi Falciola

Interlayer Charge Transfer At Metal/Semiconductor Interface: A Concerted Investigation for Ag/TiO
2
 

14:30 to 14:45  
Matteo Duca (EMT, Institut National de la Recherche Scientifique, Varennes, Canada), Gaetan Buvat, Nicolas 

Sacre, Andrew Wang, Cybelle Soares, Sebastien Garbarino, Ana Tavares, Daniel Guay

Taking the Pulse of Thin Metal Films: the Electrochemistry of Preferentially-Oriented Surfaces Prepared by 

Pulsed Laser Deposition 

14:45 to 15:00  
Susana Cordoba de Torresi (Instituto de Quimica, Universidade de São Paulo, São Paulo, Brazil), Fabian 

Patrian, Anderson Marques da Silva, André H.B. Dourado, Ana Batista, Antonio Sampaio Filho, Pedro Camargo

Controlled Materials in Electrochemical Sensing: How does the Nature of Exposed Facets at the Surface of 

Cu
2
O Crystals Affect their Activities and Stabilities? 

15:00 to 15:15 invited 
Ezequiel Leiva (Quimica Teorica y Computacional, Universidad Nacional de Cordoba, Cordoba, Argentina), 
Agustin Alvarez, Germán Lener, Guillermina Luque, Laura Para, Patricio Vélez, Alexis Paz, Maximiliano 

Gavilán, Oscar Oviedo, Oscar Pinto, Beatriz López de Mishima, Fabiana Oliva, Osvaldo Cámara, Daniel 

Barraco

The role of interfaces(interphases) in Li-ion batteries: theoretical considerations 

15:15 to 15:30  
Francesco Di Quarto (Electrochemical Materials Science Laboratory, DICAM, Università degli Studi di 
Palermo, Palermo, Italy), Andrea Zaffora, Maria Agostino, Francesco Di Franco, Monica Santamaria

Anodic Oxide Films on Ta-Nb Alloys. A Photocurrent Spectroscopy Study of the Dependence of Optical 

Band Gap from the Metallic Substrate Composition and Anodizing Solution 

15:30 to 15:45  
Federico Calle-Vallejo (Ciencia de Materials i Quimica Fisica & IQTCUB, Universitat de Barcelona, 
Barcelona, Spain)

Importance of Solvation in Computational Electrocatalysis Models 

15:45 to 16:00  
Coffee Break
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16:00 to 16:30 Keynote  
Marta Figueiredo (Renwable Chemistries, Avantium, Amsterdam, Netherlands)

Electro-catalytic synthesis: from fundamentals to application 

16:30 to 16:45  
Ludwig Kibler (Institut für Elektrochemie, Universität Ulm, Ulm, Germany), Johannes Hermann, Heiko Müller, 

Timo Jacob

Electrooxidation of Formic Acid on SAM-modified Au(111) 

16:45 to 17:00  
Masatoshi Osawa (Institute for Catalysis, Hokkaido University, Sapporo, Japan), Momo Yaguchi

Effects of Anion Adsorption and Solution pH on Formic Acid Electrooxidation on Pt  

17:00 to 17:15  
Ioannis Katsounaros (Forschungszentrum Juelich GmbH, Helmholtz-Institut Erlangen-Nuernberg, Erlangen, 
Germany), Peyman Khanipour, Andreas Reichert, Mario Loeffler, Marcus D. Pohl, Karl J.J. Mayrhofer

Introducing Electrochemical Real-Time Mass Spectrometry (EC-RTMS): A New Method for Monitoring 

Gaseous and Liquid Products During Electrochemical Reactions 

17:15 to 17:30  
Kim Degn Jensen (Department of Chemistry, University of Copenhagen, Copenhagen, Denmark), Logi 

Arnarson, Jan Rossmeisl, Ib Chorkendorff, Ifan Erfyl Lester Stephens, Maria Escudero-Escribano

Studies of the Oxygen Reduction Reaction on Pt-based Single-Crystal Electrodes in Alkaline Media 

17:30 to 18:00 Keynote  
Thomas Jaramillo (Chemical Engineering, Stanford University, Stanford, USA)

Design and development of catalytic interfaces for electrochemical and photoelectrochemical processes 

18:00 to 18:15  
Paramaconi Rodriguez (School of Chemistry, University of Birmingham, Birmingham, United Kingdom), 
Elizabeth Sargeant, Adam Kolodziej

Electrocatalysis of gas hydrates at subfreezing conditions 

18:15 to 18:30  
Ian McCrum (Leiden Institute of Chemistry, Leiden University, Leiden, Netherlands), Xiaoting Chen, Michael 

Janik, Marc Koper

The Effect of pH and Alkali Metal Cations on H/OH Adsorption and the HOR/HER on Pt 

18:30 to 18:45  
Elisabet Ahlberg (Chemistry and Molecular Biology, University of Gothenburg, Gothenburg, Sweden), Adriano 

Gomes, Zareen Abbas, Michael Busch

Hydrogen evolution in alkaline solution: The effect of electrolyte concentration and temperature 
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Symposium 19  Single Entity Electrochemistry
Room: Sala Avorio

Chaired by: Patrick Unwin

14:00 to 14:30 Keynote  
Katherine Willets (Department of Chemistry, Temple University, Philadelphia, USA), Vignesh Sundaresan, Yun 

Yu, Joseph Monaghan

Optical Methods for Studying Nanoscale Electrochemical Phenomena 

14:30 to 14:45  
Frederic Kanoufi (ITODYS Lab. CNRS UMR 7086, Universite Paris Diderot, Paris, France), Jean-Francois 

Lemineur, Jean-Marc Noel, Catherine Combellas

Backside Absorbing Layer Microscopy: An ultrasensitive optical platform for imaging single nanoparticle 

electrodeposition 

14:45 to 15:00  
Wolfgang Schuhmann (Analytical Chemistry - Center for Electrochemical Sciences, Ruhr-Universität Bochum, 
Bochum, Germany), Patrick Wilde, Thomas Quast, Tobias Löffler, Denis Oehl, Jan Clausmeyer, Yen-Ting Chen, 
Harshitha Barike, Corina Andronescu, Tsvetan Tarnev, Justus Masa, Stefan Barwe, Alexander Botz

From reproducible formation of carbon nanoelectrodes tocatalytic activity of single oxygen reduction 

catalyst nanoparticles to single catalyst particles at the stick 

15:00 to 15:15  
Early Career Analytical Electrochemistry Prize of  ISE Division 1
Kristina Tschulik (Chemistry and Biochemistry, Ruhr-University Bochum, Bochum, Germany)

Nano-Electrochemistry – Bridging From Large Ensembles to Single Particle Studies 

15:15 to 15:30 invited 
T. Jane Stockmann (ITODYS, Université Paris Diderot, Paris, France), Catherine Combellas, Frederic Kanoufi

Single LiBH
4
 nanocrystal impacts at a water|ionic liquid micro-interface 

15:30 to 15:45  
Cameron Bentley (Department of Chemistry, University of Warwick, Coventry, United Kingdom), Minkyung 

Kang, Patrick Unwin

Nanoscale Electrochemical Movies and Synchronous Topographical Mapping of Electrocatalytic Materials 

15:45 to 16:00  
Coffee Break
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16:00 to 16:30 Keynote  
Lane Baker (Department of Chemistry, Indiana University, Bloomington, USA)

Single Entity Quantitation through Differential Measurements with Scanning Ion Conductance Microscopy 

16:30 to 16:45  
David Fermin (School of Chemistry, University of Bristol, Bristol, United Kingdom), Robert Harniman, Daniela 

Plana, Mervyn Miles

Tracking Electrochemical Events via Local Perturbations of Hydration Layers at Electrode Surfaces 

16:45 to 17:00  
Giorgia Zampardi (Department of Chemistry, PTCL, University of Oxford, Oxford, United Kingdom), Stanislav 

Sokolov, Christopher Batchelor-McAuley, Enno Kaetelhoen, Richard G. Compton

Electrode-Particle Collisions for Metal-Ion Battery Applications: Understanding the Intrinsic Single Particle 

(De-)Insertion Kinetics 

17:00 to 17:15  
Mukhil Raveendran (Pollard Institute, Electronic and Electrical Engineering, University of Leeds, Leeds, 
United Kingdom), Andrew J. Lee, Aleksandar Ivanov, Joshua Edel, Christoph Walti, Paolo Actis

Analysis of DNA Origami with Nanopipettes 

17:15 to 17:30 invited 
Paolo Cadinu (Department of Chemistry, Imperial College London, London, United Kingdom), Binoy Paulose 

Nadappuram, Aleksandar Ivanov, Joshua Edel

Novel strategies in single molecule and single cell screening 

17:30 to 17:45  
Tomaso Zambelli (Laboratory of Biosensors and Bioelectronics, ETH Zurich, Zurich, Switzerland), Livie 

Dorwling-Carter, Dmitry Momotenko, Janos Vöros

FluidFM and Electrophysiology: Simultaneous Recording of the Force and the Ionic Current with a 

Microchanneled AFM Cantilever 

17:45 to 18:00 invited 
Yi-Tao Long (School of Chemistry and Molecular Engineering, East China University of Science and 
Technology, Shanghai, China), Yi-Lun Ying, Yong-Xu Hu

Confining electrochemical process inside a nanopore 

18:00 to 18:15  
Yi-Lun Ying (Key Laboratory for Advanced Materials & School of Chemistry, East China University of Science 
and Technology, Shanghai, China), Yong-Xu Hu

Asymmetric Nanopore Electrode-Based Amplification for Electron Transfer Imaging in Live Cells 

18:15 to 18:30  
Nadim Darwish (Department of Chemistry, Curtin University, Perth, Australia), Ismael Diez Perez, Albert C. 

Aragonès, Michelle Coote, Simone Ciampi

Single-Molecule Chemical Transformation Using Scanning Probe Microscopy Approaches  

18:30 to 18:45  
Ismael Diez-Perez (Physical Chemistry, University of Barcelona, Barcelona, Spain)

Understanding Charge Transport in a Single-Protein Contact 
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Symposium 21 General Session
Room: Sala Cobalto

Chaired by: Philippe Hapiot and Bernard Tribollet

14:00 to 14:15  
Isacco Gualandi (Dipartimento di Chimica Industriale Toso Montanari, Università di Bologna, Bologna, Italy), 
Marta Tessarolo, Federica Mariani, Domenica Tonelli, Tobias Cramer, Erika Scavetta, Beatrice Fraboni

Organic Electrochemical Transistor to Measure Electrochemical Potentials  

14:15 to 14:30  
Priyamvada Goyal (Department of Engineering Science, University of Oxford, Oxford, United Kingdom), 
Charles Monroe

Non-Isobaric Electrochemical Transport Modelling: Case Study for Nafion 

14:30 to 14:45  
Micheal D. Scanlon (Department of Chemical Sciences, Bernal Institute, University of Limerick, Limerick, 
Ireland), Andres F. Molina-Osorio

Electrochemically Induced Nanoscale Self-Assembly of Porphyrin Aggregates at Defect-Free Immiscible 

Water-Oil Interfaces 

14:45 to 15:00  
Madis Lüsi (Institute of Chemistry, University of Tartu, Tartu, Estonia), Heiki Erikson, Maido Merisalu, Aarne 

Kasikov, Leonard Matisen, Väino Sammelselg, Kaido Tammeveski

Oxygen Reduction in Alkaline Medium on Palladium Coatings Prepared by Galvanic Exchange of Copper 

15:00 to 15:15  
Luis Fernando Arenas (Electrochemical Engineering Laboratory, University of Southampton, Southampton, 
United Kingdom), Carlos Ponce de Leon, Frank Walsh

Practical evaluation of MEAs as proton pumps using a modified fuel cell test station 

15:15 to 15:30  
Keisuke Ogumi (Advanced materials development sensor, Tokyo Metropolitan Industrial Technology Research 
Institute, 2-4-10, Aomi, Koutou-ku, Tokyo, Japan), Takafumi Nakagawa, Hiroshi Okada, Yutaka Matsuo

Magnesium Tetraethynylporphyrin Derivatives for Small Molecule Organic Solar Cells 

15:30 to 15:45  
Philippe Hapiot (Institut des Sciences Chimiques de Rennes, CNRS - University of Rennes 1, Rennes, France), 
Stephanie Fryars, Marceau Bally, Emmanuelle Limanton, Fabienne Gauffre, Ludovic Paquin, Corinne Lagrost, 

Jia-Wei Yan, Bing-Wei Mao

Redox active molecules in Deep Eutectic Solvents 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Nana Arai (Graduate School of Science and Technology, Niigata University, Niigata, Japan), Hikari Watanabe, 

Shiro Seki, Seiji Tsuzuki, Erika Nozaki, Kazuhide Ueno, Kaoru Dokko, Masayoshi Watanabe, Yasuo Kameda, 

Yasuhiro Umebayashi

Thermodynamics and Speciation Analysis of Non - Equimolar Lithium - Glymes Solvate Ionic Liquids as 

the Electrolyte for the Lithium - Sulfur Battery 

16:15 to 16:30  
Barbara Ballarin (Chimica Industriale Toso Montanari, Alma Mater Studiorum UNIBO, Bologna, Italy), 
Maria Cristina Cassani, Chiara Parise, Elisa Boanini, Davide Barreca, Giorgio Carraro, Daniele Nanni, Alberto 

Riminucci, Ilaria Bergenti, Vittorio Morandi, Andrea Migliori, Nicola Sangiorgi

AuNPs-supported propynylcarbamate-modified magnetite nanoparticles: a composite material for catalysis 
and energy storage 

16:30 to 16:45  
James  Behan (School of Chemistry, Trinity College Dublin, Dublin, Ireland), Md. Khairul Hoque, Serban 

Stamatin, Tatiana Perova, Laia Vilella, Max Garcia-Melchor

An Experimental and Computational Study of Dopamine as an Electrochemical Probe of the Surface 

Structure of Carbon Surfaces  

16:45 to 17:00  
Agustin Bolzan (Electrochemistry, Inst. de Investigaciones Fisicoquímicas Teóricas y Aplicadas, La Plata, 
Argentina), Leticia Azpeitia, Claudio Gervasi

Electrochemical Behaviour of Sn on Cu Substrates in Acid Solutions at Different  Temperatures 

17:00 to 17:15  
Viktor Colic (Department of Physics, Technical University of Denmark, Kongens Lyngby, Denmark), 
Sungeun Yang, Suzanne Z. Andersen, Kasper Enemark-Rasmussen, Peter C.K. Vesborg, Ifan E.L. Stephens, Ib 

Chorkendorff

Ammonia Synthesis under Ambient Conditions by Electrochemical Nitrogen Reduction: A Critical 

Consideration 

17:15 to 17:30  
Takashi Kakiuchi (Functional Molecular Chemistry, Konan University, Kobe, Japan), Keiji Nakano, Yuki 

Onishi, Masahiro Yamamoto

Potentiometric Titration of Ionic Liquid Formation in Aqueous Solutions - Preparation of High Purity Ionic 

Liquids and Beyond 

17:30 to 17:45  
Erika Nozaki (Graduate School of Science and Technology, Niigata University, Niigata, Japan), Hikari 

Watanabe, Kazuhide Ueno, Kenta Fujii, Nana Arai, Shiro Seki, Kaoru Dokko, Masayoshi Watanabe, Yasuo 

Kameda, Yasuhiro Umebayashi

Transport Properties and Liquid Structure of the Super-Concentrated Lithium Salt Aqueous Solutions 

17:45 to 18:00  
Ana Fernandez-la-Villa (Micrux Technologies, Micrux Technologies, Oviedo, Spain), Mario Castaño-Alvarez, 

Diego F. Pozo-Ayuso

Novel multiplexing platforms based on single-electrode chips and multi-electrode chips 

18:00 to 18:15  
Jong-In Hong (Department of Chemistry, Seoul National University, Seoul, Korea), Hoon Jun Kim, Kyoung-

Rok Kim, Seo-Yeon Kim

Electrochemiluminescent Chemodosimetric Sensors for Selective Detection of Biological and 

Environmental Targets 

18:15 to 18:30  
Guobao Xu (State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, 
CAS, Changchun, China), Chao Wang, Pan Hui, Feng Liang

Electrochemical Detection Based on Selective Boronate Deprotection 

18:30 to 18:45  
Carlos Pereira (Chemistry and Biochemistry, Faculty of Sciences University of Porto, Porto, Portugal), Ana 

Brandão, Oana Tutunaru, Aurora Petica, Liana Anicai, A. Fernando Silva

Sn and Sn-Ni alloy electrodeposition in choline chloride-based IL (ethaline) - nucleation studies and surface 

analysis 



Tu
es

da
y, 

4 
Se

pt
em

be
r 2

01
8

R
O

O
M

S
:

E
u

ro
p

a
u

d
it

o
ri

u
m

S
a
la

 A
v
o

ri
o

S
a
la

 I
ta

lia
S

a
la

 A
zz

u
rr

a
S

a
la

 C
ia

n
o

S
a
la

 I
n

d
a
co

S
a
la

 C
e

le
st

e
S

a
la

 V
e

rd
e

S
a
la

 B
ia

n
ca

S
a
la

 C
o

b
a
lt

o
S

a
la

 M
a
g

e
n

ta
 A

S
a
la

 M
a
g

e
n

ta
 B

SY
MP

OS
IU

M
Sy

mp
os

ium
 7a

 
Sy

mp
os

ium
 7b

Sy
mp

os
ium

 10
Sy

mp
os

ium
 11

Sy
mp

os
ium

 3
Sy

mp
os

ium
 14

Sy
mp

os
ium

 1
Sy

mp
os

ium
 15

Sy
mp

os
ium

 17
 

Sy
mp

os
ium

 6b
Sy

mp
os

ium
 6a

Sy
mp

os
ium

 9
08

:15
 - 

09
:15

P
le

na
ry

 L
ec

tu
re

: J
us

tin
 G

oo
di

ng
 (A

ud
ito

riu
m

)
09

:30
 - 

09
:45

Ni
ck

 va
n D

ijk
 P

lam
en

 A
tan

as
so

v
  S

tan
ko

 B
ra

nk
ov

ic
Ma

ry 
Ry

an
 C

ec
ilia

 C
ris

tea
Na

tal
ia 

Ko
va

lsk
a

Ju
lie

 M
ac

ph
er

so
n

Ar
ma

nd
o G

en
na

ro
 C.

M.
 Sa

nch
ez-

Sa
nch

ez
Yi

 C
ui

Xi
n X

ia
Pa

trik
 S

ch
mu

ki
09

:45
 - 

10
:00

 M
ich

ele
 P

ian
a

W
lod

zim
ier

z K
utn

er
Ja

cq
ue

s W
ije

nb
er

g
Ka

tha
rin

a K
ris

ch
er

Ma
tte

o D
es

tro
Qi

ng
ho

ng
 Z

ha
ng

10
:00

 - 
10

:15
Lu

is 
Ca

sta
nh

eir
a

Ma
teu

sz
 Z

lob
ins

ki
 N

ata
sa

 V
as

ilje
vic

Ro
be

rt 
Lin

ds
ay

Jo
hn

 H
or

sle
y

St
aff

an
 S

an
din

Fa
bia

na
 A

rd
uin

i
Sa

br
ina

 A
nto

ne
llo

Na
ga

hir
o H

os
hi

M.
 Jo

ha
nn

es
 A

nte
O. 

Me
nd

oza
-He

rna
nd

ez
M.

 V.
 B

old
rin

 Za
no

ni
10

:15
 - 

10
:30

Jin
g L

i
Ze

xin
g W

u
Ki

rsi
 Y

lin
iem

i
Le

wi
s Y

ule
Ja

me
s R

us
lin

g
W

ei 
Jin

Fe
thi

 B
ed

iou
i

Be
len

 B
ata

ne
ro

Gu
y D

en
ua

ult
Sa

nd
ra

 M
ein

ha
rd

Am
ir T

ah
ma

sb
i

Th
om

as
 C

ott
ine

au
10

:30
 - 

10
:45

PO
ST

ER
 S

ES
SI

O
N

 2
 (w

ith
 c

of
fe

e 
br

ea
k)

:
Tu

es
da

y 
4 

Se
pt

em
be

r, 
fro

m
 1

0:
30

 to
 1

2:
30

Sy
m

po
si

um
 5

Sy
m

po
si

um
 6

Sy
m

po
si

um
 8

Sy
m

po
si

um
 9

Sy
m

po
si

um
 1

1
Sy

m
po

si
um

 1
2

Sy
m

po
si

um
 1

3
Sy

m
po

si
um

 1
6

Na
tal

ia 
Le

be
de

va
10

:45
 - 

11
:00

11
:00

 - 
11

:15
11

:15
 - 

11
:30

11
:30

 -1
1:4

5
11

:45
 - 

12
:00

12
:00

 - 
12

:15
12

:15
 - 

12
:30

12
:30

 - 
12

:45
  

 

12
:45

 - 
13

:45
Co

un
cil

 M
ee

tin
g

Lu
nc

h

13
:45

 - 
14

:00

Sy
mp

os
ium

 7a
 

Sy
mp

os
ium

 7b
Sy

mp
os

ium
 10

Sy
mp

os
ium

 11
Sy

mp
os

ium
 3

Sy
mp

os
ium

 14
Sy

mp
os

ium
 1

Sy
mp

os
ium

 16
Sy

mp
os

ium
 17

 
Sy

mp
os

ium
 6b

Sy
mp

os
ium

 6a
Sy

mp
os

ium
 8

14
:00

 - 
14

:15
 A

nd
re

w 
He

rri
ng

Fr
ied

em
an

n H
eg

ge
Ca

tia
 A

rb
izz

an
i

Hi
ro

ki 
Ha

ba
za

ki
C.

 A
jo-

Fr
an

kli
n

Ma
rk 

E.
 O

ra
ze

m
Ch

iar
a Z

an
ar

di
Ro

n N
aa

ma
n

An
dr

ea
 R

us
se

ll
 R

ob
er

t D
om

ink
o

Br
ett

 Lu
ch

t 
Yu

an
 C

he
n

14
:15

 - 
14

:30
A.

 S
alv

ato
re

 A
ric

o
Zh

i-Y
ou

 Z
ho

u
Le

if N
yh

olm
An

ca
 A

lde
a

Ke
nta

ro
 H

ira
ka

Ka
yly

n K
. L

eu
ng

Ma
cie

j D
zw

on
ek

Vi
ve

k P
ra

tap
 H

ita
ish

i 
Mi

ch
al 

Ki
zli

ng
Al

ex
an

dr
a M

ar
tin

Ma
ria

 K
om

ko
va

Al
aa

 A
bb

as

Ma
ria

 S
. P

ala
go

nia
Ho

ng
xia

 Lu
o

To
mo

na
ri T

ak
eu

ch
i

14
:30

 - 
14

:45
 M

on
ika

 D
rak

se
lov

a
An

ne
-L

uc
ie 

Te
illo

ut
J. 

Ma
rce

l A
teb

a M
ba

 A
rja

n M
ol

 Jo
sé

 F.
 P

ér
ez

  T
ati

an
a P

es
sa

nh
a

Ni
kh

il M
alv

an
ka

r
 K

ats
uy

os
hi 

Ike
da

 C
he

n-
Ju

i H
ua

ng
Fu

-M
ing

 W
an

g  
Ilo

na
 F

elh
os

i 
14

:45
 - 

15
:00

Na
k W

on
 K

on
g

 H
am

ish
 M

ille
r

Ya
su

hir
o F

uk
un

ak
a

 P
hil

ipp
e M

ar
cu

s
 R

oe
l B

iss
eli

nk
 E

leo
no

ra 
Pa

rgo
let

ti
Ka

trin
 F.

 D
om

ke
Ma

rtin
a F

ra
cc

hia
Pa

tric
k S

ch
ön

 C
lau

dio
 G

er
ba

ldi
Me

eli
s H

är
ma

s
15

:00
 - 

15
:15

To
sh

ihi
ro

 Ta
nu

ma
Zh

ao
xio

ng
 X

ie
 M

ar
tin

 S
jöd

in
 F.

 D
i F

ra
nc

o
Jo

na
s H

er
eij

ge
rs

 K.
 Sc

hw
arz

ov
a-P

.
 M

. L
op

ez
-M

ar
tin

ez
 M

ar
ce

l R
isc

h
Ma

rtin
 O

pit
z

 C
an

da
ce

 C
ha

n
 R

icc
ar

do
 B

ra
nd

iel
e

15
:15

 - 
15

:30
Aa

ron
 M

ars
ha

ll
He

be
 M

. V
illu

lla
s

 Ju
lia

 Li
nn

em
an

n
M.

 G
on

za
lez

-C
as

tañ
o

En
ric

o V
olp

i
 A

ga
ta 

Mi
ch

als
ka

 J. 
Lu

is O
lloq

ui-
Sa

rie
go

 R
ik 

Mo
m

 N
ejc

 P
av

lin
M.

 M
ar

tin
ez

-Ib
añ

ez
 Jo

hn
 R

. M
ille

r
15

:30
 - 

15
:45

 E
nr

ico
 V

er
lat

o
Jo

 H
um

ph
re

y
 Ta

o L
iu

 Ta
ku

mi
 H

ar
un

a
El

en
a B

ar
an

ov
a

V.
 M

az
za

ra
cc

hio
Au

rel
io 

Ma
teo

-A
lon

so
Fa

bio
 La

 M
an

tia
Ca

rm
en

 C
av

all
o

 Lu
ca

 P
or

ca
re

lli
Kr

zy
sz

tof
 F

ic
15

:45
 - 

16
:00

 C
of

fe
e 

Br
ea

k
16

:00
 - 

16
:15

 T.
 A

. Z
aw

od
zin

sk
i

  J
un

ji I
nu

ka
i

 R
olf

 S
ch

us
ter

 F
ati

ma
 M

on
tem

or
An

n-
So

fie
 C

an
s

Ho
wi

e N
. C

hu
 

 E
rik

a S
ca

ve
tta

 C
hr

ist
ian

 N
ijh

uis
Mi

ch
ae

l D
es

ch
am

ps
Ch

un
gu

an
g C

he
n

 B
er

na
rd

 Le
str

iez
A.

 C
ho

jna
ck

a
16

:15
 - 

16
:30

 S
ev

er
in 

Vi
er

ra
th

 W
en

-B
in 

Ca
i

Ni
co

la 
Co

mi
ss

o
Ko

tar
o D

oi
St

ep
ha

ne
 A

rb
au

lt
Ph

ilip
p M

ar
za

k
Pr

isc
illa

 B
ak

er
Me

ng
me

ng
 Li

u
Ah

ma
d O

ma
r

Te
re

sa
 A

. C
en

ten
o

16
:30

 - 
16

:45
 La

ur
a M

ed
a

De
li W

an
g

 V
er

a S
mu

lde
rs

 M
on

ica
 S

an
tam

ari
a

Ha
da

r B
en

-Y
oa

v
Mi

n D
en

g
Kr

zy
sz

tof
 N

ow
or

yta
Jo

sh
ua

 H
iha

th
Al

va
ro

 C
oli

na
 

Sa
ra

 D
rva

ric
 Ta

lia
n

Ro
be

rt 
Ko

ste
ck

i
La

rs 
He

nn
ing

 H
es

s 
16

:45
 - 

17
:00

Ja
rek

 P
ete

r S
ab

aw
a

 M
ino

ru
 In

ab
a

  M
ao

zh
on

g A
n

Vi
nc

en
t V

ivi
er

Ar
ka

dy
 K

ar
ya

kin
 H

. A
. F

igu
er

ed
o R

.
Gu

ze
l Z

iya
tdi

no
va

Si
mo

ne
 C

iam
pi

 M
au

ro
 P

ov
ia

 Ju
lia

 A
mi

ci
 M

ar
io 

Ma
rin

ar
o

Jo
se

 M
. R

ojo
17

:00
 - 

17
:15

An
dr

ea
 Z

aff
or

a
 V

lad
im

ir G
ute

rm
an

 Te
tsu

ya
 Ts

ud
a

 S
an

na
ka

isa
 Vi

rta
ne

n
 N

. C
as

añ
-P

as
tor

 E
lad

 H
alf

o
 S

er
en

a A
rn

ab
old

i
 P

as
ca

l M
ar

tin
Ke

lse
y S

toe
rzi

ng
er

 
 Ju

se
f H

as
so

un
A.

 W
or

ek
a N

em
ag

a
 R

i X
u

17
:15

 - 
17

:30
Vi

to 
Di

 N
oto

Jo
ha

nn
es

 F
ich

tne
r

Ev
an

ge
los

 B
ou

rb
os

Ai
sh

wa
rya

 S
rin

ath
Ri

tu 
Ka

tak
y

Da
nie

lle
 R

ag
on

is
 D

av
id 

W
illi

am
s

Ri
ch

ar
d N

ich
ols

Pa
tric

k U
nw

in
Je

nn
ife

r S
ch

ae
fer

Ka
zu

ki 
Ya

ma
gu

ch
i

Vi
tor

 L.
 M

ar
tin

s
17

:30
 - 

17
:45

Lia
nq

in 
W

an
g

Bj
ör

n W
ick

ma
n

M.
 H

as
he

mp
ou

r Ig
de

ri
Qu

nji
e X

u
Du

sty
 M

ille
r

Fe
de

ric
o P

oli
Ma

ria
 C

ua
rte

ro
Hi

sa
no

ri A
nd

o
Vi

cto
r V

an
pe

en
e

An
ett

a P
lat

ek
17

:45
 - 

18
:00

Ar
mi

n S
ieb

el
Da

e J
on

g Y
ou

El
ise

 D
uq

ue
sn

e
Be

nn
y W

ou
ter

s
Ma

nu
ela

 R
ue

da
Ka

tha
rin

a S
ch

afn
er

Ve
ro

nik
a U

rb
an

ov
a

W
en

jin
g H

on
g

Le
on

 Ja
co

bs
e

Ha
o W

en
 Li

u
Jin

g G
uo

Br
idg

et 
Mu

tum
a

18
:00

 - 
18

:15
Fo

tei
ni 

Sa
po

un
tzi

Do
ng

yo
on

 S
hin

Do
me

nic
a T

on
ell

i
An

tho
ny

 S
om

er
s

El
en

a S
up

ru
n

Ro
na

 R
on

en
E.-

Mi
ha

ela
 U

ng
ure

an
u

Ma
gd

a. 
Hr

om
ad

ov
a

An
dr

ea
 S

or
re

nti
no

Ru
iju

n P
an

M.
 P

an
ag

op
ou

lou
St

ev
en

 Le
 V

ot
18

:15
 - 

18
:30

Ja
dr

a M
os

a
An

dr
ea

 P
er

eg
o

Al
be

rto
 A

da
n-

ma
s

Da
nie

l J
. B

lac
kw

oo
d

An
dr

ea
s L

es
ch

Fa
br

izi
o V

ica
ri

Ab
de

lha
fed

 Ta
leb

Jo
rg

e P
av

e
Su

su
mu

 K
uw

ab
ata

He
e-

Ta
k K

im
Fa

bia
n J

es
ch

ull
Ca

rlo
 S

an
tor

o
18

:30
 - 

18
:45

Ju
er

ge
n G

iffi
n

An
tho

ny
 O

’M
ull

an
e

Jin
qiu

 Z
ha

ng
Yo

ng
sh

en
g H

ao
W

oo
ns

up
 S

hin
Gi

ov
an

ni 
So

tgi
u

S.
 Ja

me
el 

Fe
lem

ba
n

St
ijn

 F.
 L.

 M
er

ten
s

Yu
nc

ha
ng

 Li
an

Mi
ch

ele
 F

ior
e

Bo
ks

oo
n K

wo
n

Fr
an

ce
sc

a S
oa

vi



37Program of the 69th Annual Meeting of the International Society of Electrochemistry

TU
ES

DA
Y 

AM

Tuesday 4 September 2018 - Morning

Plenary Lecture
Room: Europauditorium

Chaired by: Alison Downard

08:15 to 09:15  
Katsumi Niki Prize for Bioelectrochemistry
Justin Gooding (School of Chemistry, The University of New South Wales, Sydney, Australia), Yanfang Wu, 

Kyloon Chuah, Stephen Parker, Ying Yang, Roya Tavallaie, Jiaxin Lian, Simone Ciampi, Vinicius Goncales, 

Richard Tilley

Well-defined nanoscale architectures provide new opportunities in bioelectrochemistry down to single 
entities

Symposium 1  Nanomaterials for Electroanalytical Chemistry and 
Electroanalytical Tools for Studying Nanomaterials 

Room: Sala Celeste
Chaired by: Shuping Bi

09:30 to 10:00 Keynote  
Julie Macpherson (Department of Chemistry, University of Warwick, Coventry, United Kingdom), Haytham 

Hussein, Mark Newton

Boron Doped Diamond Membrane Electrodes for Quantifying and Visualizing Metal Electrodeposition 

10:00 to 10:15 invited 
Fabiana Arduini (Department of Chemical Science and Technologies, University of Rome Tor Vergata, Rome, 
Italy), Stefano Cinti, Danila Moscone, Giuseppe Palleschi

Carbon Black as Successful and Cost-effective Nanomaterial for the Design of Printable Electrochemical 

(Bio)sensors  

10:15 to 10:30  
Fethi Bedioui (Unite de Technologies Chimiques et Biologiques pour la Sante, Chimie ParisTech-PSL/CNRS/
INSERM/Univ Paris Descartes , Paris, France), Patricia Olmos Moya, Minerva Martínez Alfaro, Rezvan 

Kazemi, Rezvan Kazemi, Mario Alpuche-Aviles, Sophie Griveau, Silvia Gutierrez Granados

Simultaneous Electrochemical Speciation of Oxidized and Reduced Glutathione. Redox Profiling of 
Oxidative Stress in Biological Fluids with a Modified Carbon Electrode  
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Symposium 3  Bioelectrochemistry Returns to the Home of Galvani
Room: Sala Ciano

Chaired by: Cecilia Cristea and Wlodzimierz Kutner

09:30 to 09:45 invited 
Cecilia Cristea (Analytical Chemistry, Faculty of Pharmacy, Iuliu Hatieganu University of Medicine and 
Pharmacy, Cluj-Napoca, Romania), Bianca Ciui, Mihaela Tertis, Andreea Cernat, Islem Gandouzi

Screening of Pseudomonas Aeruginosa Virulence Factors by Electrochemical Sensors 

09:45 to 10:00  
Wlodzimierz Kutner (Dept of Physical Chemistry of Supramolecular Complexes, Inst of Physical Chemistry, 
Polish Academy of Sciences, Warsaw, Poland)

Biomimetic Electrochemical Sensing with Molecularly Imprinted Polymer Selective Chemical Sensors 

10:00 to 10:15  
John Horsley (Centre of Excellence for Nanoscale BioPhotonics, University of Adelaide, Adelaide, Australia), 
Jingxian Yu, Andrew Abell

Photoswitchable Peptide-Based On-Off Biosensor for Electrochemical Detection and Control of Protein-

Protein Interactions 

10:15 to 10:30  
James Rusling (Department of Chemistry, Univ. of Connecticut, Storrs, USA)

Evaluating DNA damage from E-cigarettes and tobacco cigarettes using 3D-printed Genotoxicity Sensor 

Arrays 

Symposium 6a  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures 

Room: Sala Magenta A
Chaired by: Silvia Bodoardo and Bernard Lestriez

09:30 to 09:45 invited 
Xin Xia (Engineering and Research Institute, GuoXuan High-Tech Power Energy Co Ltd, Hefei, China), Yong 

Cao, Xulai Yang, XingWu Xu

Way to “300 Wh/kg” 

09:45 to 10:00  
Matteo Destro (R&D, Lithops, Torino, Italy)

A new European player perspective on Li-ion cell production: the “E-Lithium” project 

10:00 to 10:15  
Omar S. Mendoza-Hernandez (Institute of Space and Astronautical Science, Japan Aerospace Exploration 
Agency, Sagamihara, Japan), Yoshitsugu Sone, Linda J. Bolay, Birger Horstmann, Arnulf Latz, Eiji Hosono, 

Daisuke Asakura, Hirofumi Matsuda, Minoru Umeda

The REIMEI Satellite Li-ion Batteries after more than 12 Years of Operation in Space 

10:15 to 10:30  
Amir Tahmasbi (Department of Chemistry, Simon Fraser University, Burnaby, Canada), Michael H. Eikerling

Statistical Physics-based Model of Mechanical Degradation in Lithium Ion Batteries 

10:30 to 10:45  
Natalia Lebedeva (Directorate for Energy, Transport and Climate, Joint Research Centre of the European 
Commission, Petten, Netherlands), Franco Di Persio, Theodora Kosmidou, Denis Dams, Andreas Pfrang, 

Algirdas Kersys, Lois Boon-Brett

Amount of Free Liquid Electrolyte in Large Format Prismatic Li-ion Battery Cells 
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Symposium 6b  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures

Room: Sala Cobalto
Chaired by: Robert Dominko and Robert Kostecki

09:30 to 10:00 Keynote  
Yi Cui (Materials Science and Engineering, Stanford University, Stanford, USA)

Nanoscale Materials Design And Interphases For Next Generation of Batteries 

10:00 to 10:15  
Mirko Johannes Ante (Electrochemistry, Forschungsinstitut Edelmetalle + Metallchemie, Schwaebisch 
Gmuend, Germany), Seniz Soergel, Sandra Meinhard, Timo Soergel, Andreas Bund

Development of a Sulfur flow cathode for a scalable Li-S battery 

10:15 to 10:30  
Sandra Meinhard (Research Institute for Innovative Surfaces (FINO), Aalen University of Applied Sciences, 
Aalen, Germany), Sebastian Pohl, David Buehlmeyer, Oliver Kesten, Timo Soergel, Mirko Johannes Ante, Seniz 

Soergel

Highly structured Cobalt-coated Aluminum alloy particles for a novel Lithium/Sulfur semi flow battery 

Symposium 7a  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Europauditorium
Chaired by: Vito Di Noto and Andrew Herring

09:30 to 10:00 Keynote  
Nick van Dijk (PV3 Technologies, Launceston, United Kingdom)

Understanding Failure Mechanisms in Titanium Bipolar Plates for PEM Electrolysers 

10:00 to 10:15  
Luis Castanheira (Electrochemistry, National Physical Laboratory, London, United Kingdom), Maxime 

Bedouet, Anthony Kucernak, Gareth Hinds

Influence of micro-porous layer on corrosion of PEMFC bipolar plates 

10:15 to 10:30  
Jing Li (Pen-Tung Sah Institute of Micro-Nano Science and Technology, Xiamen University, Xiamen, China)

The Construction of Integrated Si-based Proton Exchange Membrane Fuel Cells (PEMFCs) 
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Symposium 7b  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Sala Avorio
Chaired by: Junji Inukai and Yong-Tae Kim

09:30 to 09:45  
Plamen Atanassov (Center for Micro-Engineered Materials, The University of New Mexico, Albuquerque, 
USA), Alexey Serov, Kateryna Artyushkova, Ivana Matanovic, Iryna Zenyuk

Platinum Group Metal-free Anode Catalysts for Alkaline Membrane Fuel Cells 

09:45 to 10:00  
Michele Piana (Department of Chemistry and Catalysis Research Center, Technical University of Munich, 
Garching bei Muenchen, Germany), Pankaj Madkikar, Davide Menga, Gregor Harzer, Thomas Mittermeier, 

Armin Siebel, Friedrich Wagner, Michael Merz, Stefan Schuppler, Peter Nagel, Ana B. Muñoz-García, Michele 

Pavone, Hubert Gasteiger

Nanometric Fe-substituted ZrO
2
 on Carbon Black as Novel PGM-Free ORR Catalyst for PEMFCs 

10:00 to 10:15  
Mateusz Zlobinski (Electrochemistry Laboratory (LEC), Paul Scherrer Institute, Villigen, Switzerland), Ugljesa 

Babic, Thomas J. Schmidt, Pierre Boillat

Contamination of Proton Exchange Membrane and Regeneration Strategies 

10:15 to 10:30  
Zexing Wu (School of Chemistry and Molecular Engineering, Qingdao University of Science and Technology, 
Qingdao, China), Min Song, Qing Qin, Xien Liu, Deli Wang

Molybdenum based nanomaterials as electrocatalyst for HER

Symposium 9  Photo-Electrochemical Energy Conversion: 
Symposium in Honor of Prof. Jan Augustynski

Room: Sala Magenta B
Chaired by: Alessandro Minguzzi and Kevin Sivula

09:30 to 09:45 invited 
Patrik Schmuki (Materials Science, University of Erlangen-Nuremberg, Erlangen, Germany)

TiO
2
 Nanotube Arrays:Photoelectrochemical and Photocatalytic Applications  

09:45 to 10:00  
Qinghong Zhang (College of Materials and Engineering, Donghua University, Shanghai, China)

Ellipsoidal TiO
2
 Mesocrystals as Better Packed and Scattering Photoanode for Dye-Sensitized Solar Cells 

10:00 to 10:15  
Maria Valnice Boldrin Zanoni (Analytical Chemistry, UNESP, Araraquara, Brazil), Juliana Ferreira de Brito, 

Siglinda Perathoner, João Angelo Perini

CO
2
 Reduction Simultaneously to Benzyl Alcohol Oxidation by Photoelectrocatalysis using NtTiO

2
-ZrO

2
 as 

Photoanode-Driven and GDL-Cu
2
O as Cathode 

10:15 to 10:30  
Thomas Cottineau (ICPEES, CNRS / University of Strasbourg, Strasbourg, France), Thomas Favet, Florian 

Gelb, Valérie Keller, My Ali El Khakani

(M,N) co-alloyed titanium dioxide nanotubes with improved visible light photo-electrochemical properties 
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Symposium 10  Materials for and from Electrochemistry:  
State of the Art and Future Trends

Room: Sala Italia
Chaired by: Massimo Innocenti

09:30 to 10:00 Keynote  
Stanko Brankovic (ECE, University of Houston, Houston, USA)

Metal Deposition Assisted by UPD Monolayers-Methods and Applications 

10:00 to 10:15 invited 
Natasa Vasiljevic (School of Physics, University of Bristol, Bristol, United Kingdom)

Controlled Electrodeposition of Metal Films and Alloys Using Surface Limited Redox Replacement Method 

10:15 to 10:30  
Kirsi Yliniemi (School of Chemical Engineering, Aalto University, Aalto (Espoo), Finland), Ivan Korolev, 

Petteri Halli, Pyry-Mikko Hannula, Zulin Wang, Benjamin Wilson, Mari Lundström

Sustainable Precious Metal Recovery by Electrodeposition–Redox Replacement (EDRR)  

Symposium 11 Corrosion, Passivation, and Protection Strategies
Room: Sala Azzurra

Chaired by: Monica Santamaria

09:30 to 10:00 Keynote  
Mary Ryan (Dept Materials, Imperial College London, London, United Kingdom), Jiahui Qi, Noora Al Qatani, 

Ahmed Shamso, M. Hassan Sk, A.M. Abdullah, David Williams, Nicholoas J. Laycock

Nano- and micro- scale Studies of Scale Formation and Breakdown of Steels in H
2
S Environments  

10:00 to 10:15 invited 
Robert Lindsay (School of Materials, University of Manchester, Manchester, United Kingdom), Gaurav Joshi, 

Karyn Cooper, Matthew Acres, Hadeel Hussain, Mohammed Al Kindi, Raunaq Singh, Marek Nikiel, Christopher 

Muryn, Ehsan Ahmad, Nicholas Harrison

Understanding Sweet and Sour Oilfield Corrosion Scaling 

10:15 to 10:30  
Lewis Yule (Department of Chemistry, University of Warwick, Coventry, United Kingdom), Cameron Bentley, 

Digvijay Thakur, Barbara Shollock, Patrick Unwin

Scanning Electrochemical Cell Microscopy highlights grain dependent oxygen reduction, cathodic film 
reduction and anodic film formation on low carbon steel in sulphuric acid 



Program of the 69th Annual Meeting of the International Society of Electrochemistry42
TU

ES
DA

Y 
AM

Symposium 14 Electrochemical Engineering: Research towards 
Deployable Technology

Room: Sala Indaco
Chaired by: Martin Paidar and Onofrio Scialdone

09:30 to 09:45  
Natalia Kovalska (Hirtenberger Engineered Surfaces, GmbH, Hirtenberg, Austria), Wolfgang Hansal, Wolfgang 

Kautek

Electrodeposition of Fe-W-P coatings under direct current and pulse plating 

09:45 to 10:00  
Jacques Wijenberg (Research & Development, Tata Steel, IJmuiden, Netherlands), Arnoud de Vooys, Marc 

Koper

Cyclic Voltammetry Study of Trivalent Basic Chromium Sulphate Electrolytes Contaminated with Sulphite 

10:00 to 10:15  
Staffan Sandin (Applied Electrochemistry, school of CBH, KTH Royal Institute of Technology, Stockholm, 
Sweden), Balazs Endrodi, Mats Wildlock, Nina Simic, Ann Cornell

The importance of the oxygen forming side reaction in a chromium(VI) free chlorate process 

10:15 to 10:30  
Wei Jin (School of Chemical and Material Engineering, Jiangnan University, Wuxi, China), Yi Zhang

Sustainable Metal Recovery from Waste Streams via Mass Transport-enhanced Electrodeposition 

Symposium 15  New Trends in (Bio)-Molecular Electrochemistry
Room: Sala Verde

Chaired by: Patrizia Romana Mussini

09:30 to 10:00 Keynote  
Jaroslav Heyrovsky Prize for Molecular Electrochemistry
Armando Gennaro (Chemical Sciences, University of Padova, Padova, Italy)

The Why of Fundamental Research: the Case of Electrochemistry and Atom Transfer Radical 

Polymerization Joint Venture 

10:00 to 10:15  
Sabrina Antonello (Department of Chemistry, University of Padova, Padova, Italy), Tiziano Dainese, Mikhail 

Agrachev, Flavio Maran

Electrocrystallization of Alkanethiolate-Protected Gold Nanoclusters 

10:15 to 10:30  
Belen Batanero (Organic Chemistry, University of Alcalá, Alcala de Henares, Spain)

Generation of Carbenes by Electrochemical Methods and their Application in Organic Synthesis 
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Symposium 17  Physical Electrochemistry: Recent Developments 
in Spectroscopy, Microscopy and Theory for the 
Rational Design of Electrochemical Interfaces

Room: Sala Bianca
Chaired by: Julia Kunze-Liebhäuser

09:30 to 09:45 invited 
Carlos M. Sanchez-Sanchez (Laboratoire Interfaces et Systèmes Electrochimiques (LISE), Sorbonne Université, 
CNRS, Paris, France), Lin Zhang, Beatriz Puga, Vincent Vivier

Locally Addressed Photoelectrocatalysts for CO
2
 Reduction in Non-conventional Solvents 

09:45 to 10:00  
Katharina Krischer (Department of Physics, Technical University of Munich, Garching, Germany), Simon 

Filser, Thomas Maier, Robin Nagel, Josef Zimmermann, Andreas Ulrich, Werner Schindler, Markus Becherer

Enhancement of Electrochemical CO
2
 Reduction through Plasmon-Driven Excitation of Molecular 

Vibrations 

10:00 to 10:15  
Nagahiro Hoshi (Graduate School of Engineering, Chiba University, Chiba, Japan), Masashi Nakamura, 

Keiichiro Saikawa

Water Structures Enhancing the Oxygen Reduction Reaction on Pt Single Crystal Electrodes Modified with 
Alkyl Amines 

10:15 to 10:30  
Guy Denuault (Department of Chemistry, University of Southampton, Southampton, United Kingdom), Oliver 

Rodriguez, Tammy Nimmo

Studies of the oxygen reduction reaction: Investigation of adsorbed oxygen species due to dissolved oxygen 
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Tuesday 4 September 2018 - Afternoon

Symposium 1  Nanomaterials for Electroanalytical Chemistry and 
Electroanalytical Tools for Studying Nanomaterials 

Room: Sala Celeste
Chaired by: Julie Macpherson and Martin Pumera

14:00 to 14:15  
Chiara Zanardi (Chemical and Geological Sciences, Università di Modena e Reggio Emilia, Modena, Italy), 
Fabio Vulcano, Manuela Melucci, Cristian Bettini, Zhenyuan Xia, Alessandro Kovtun, Andrea Liscio, Fabio 

Terzi, Aranzazu Heras, Alvaro Colina, Vincenzo Palermo, Renato Seeber

Electrochemically exfoliated graphene oxide as highly tunable sensing element for efficient electrochemical 
sensors 

14:15 to 14:30  
Hongxia Luo (Department of Chemistry, University of China, Beijing, China), Danyu He

A Flexible CVD Graphene Platform Electrode Modified with PtAu Hybrid Nanoparticles and L-Cysteine for 
the Determination of Epinephrine  

14:30 to 14:45  
Tatiana Pessanha (Department of Analytical Chemistry, Institute of Chemistry of State University of Campinas, 
Campinas, Brazil), Cecilia Castro e Silva, Sergio Kogikoski Jr, Lauro Kubota

Investigation of Interfacial Capacitance of Graphene Oxide Deposited onto Electrode Surface 

14:45 to 15:00  
Eleonora Pargoletti (Chimica, Universita  degli Studi di Milano, Milan, Italy), Antonio Tricoli, Silvia Orsini, 

Mariangela Longhi, Guglielmi Vittoria, Giuseppina Cerrato, Giuseppe Cappelletti

Detection of VOCs Traces by Graphene Oxide-Metal Oxide Gas Sensors  

15:00 to 15:15  
Karolina Schwarzova-Peckova (Department of Analytical Chemistry, Charles University, Faculty of Science, 
Prague 2, Czech Republic), Simona Baluchova, Vincent Mortet, Andrew Taylor

Porous Boron-Doped Nanocrystalline Diamond Films: Sensitive Electrochemical Sensors for Detection of 

Dopamine 

15:15 to 15:30  
Agata Michalska (Faculty of Chemistry, University of Warsaw, Warsaw, Poland)

Porphyrinoids modified carbon nanotube - transducers for improved potential reproducibility and 
performance of all-solid-state ion-selective electrodes 

15:30 to 15:45  
Vincenzo Mazzaracchio (Department of Science and Chemical Technologies, University of Rome Tor Vergata, 
Rome, Italy), Maria Rita Tomei, Fabiana Arduini, Danila Moscone

Electrochemical and morphological characterization of printed sensors modified with different types of 
Carbon Black  

15:45 to 16:00  
Coffee Break 
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16:00 to 16:15 invited 
Erika Scavetta (Industrial Chemistry, University of Bologna, Bologna, Italy)

Organic ElectroChemical Transistors as a Platform for Chemical Sensing 

16:15 to 16:30  
Priscilla Baker (Chemistry Department, University of the Western Cape, Bellville, South Africa), Olwethu 

Ngwanya

Molecularly imprinted polymers for the detection of polycyclic aromatic hydrocarbons 

16:30 to 16:45  
Krzysztof Noworyta (Department of Physical Chemistry of Supramolecular Complexes, Institute of Physical 
Chemistry Polish Academy of Science, Warsaw, Poland), Anna Checinska, Katarzyna Dudek, Pawel Borowicz, 

Wojciech Lisowski

Application of the Surface-Imprinted Polymer Films Deposited via Electrochemically Initiated 

Polymerization for Determination of the Protein Biomarkers 

16:45 to 17:00  
Guzel Ziyatdinova (Analytical Chemistry Department, Kazan Federal University, Kazan, Russia), Ekaterina 

Kozlova, Herman Budnikov

Novel electrodes based on the electropolymerized gallic and ellagic acids for the sensitive determination of 

flavonoids 

17:00 to 17:15  
Serena Arnaboldi (Dipartimento di Chimica, Università degli Studi di Milano, Milano, Italy), Silvia 

Cauteruccio, Emanuela Licandro, Mariangela Longhi, Sara Grecchi, Simona Rizzo, Cinzia Chiappe, Lorenzo 

Guazzelli, Patrizia Romana Mussini

Strategies for High Enantioselectivity on Achiral Electrode Surfaces: Implementing Inherent Chirality in 

Electrode|(Ionic Liquid) Interfaces 

17:15 to 17:30  
David Williams (School of Chemical Sciences, University of Auckland, Auckland, New Zealand), Eddie Chan, 

Nihan Aydemir, Thomas Kerr-Phillips, Paul Baek, David Barker, Jadranka Travas-Sejdic

Conducting Polymer Precursors: Versatile Tools for Fabrication of Electrochemical Biosensors and 

Functional Materials 

17:30 to 17:45  
Maria Cuartero (Applied Physical Chemistry Division, KTH Royal Institute of Technology, Stockholm, Sweden), 
Kequan Xu, Roland de Marco, Jose Antonio Real, Gaston A. Crespo

Voltammetry Nanomembranes for Anions Detections. Challenges and New Perspectives 

17:45 to 18:00  
Veronika Urbanova (RCPTM, Palacky University, Olomouc, Czech Republic)

Electrochemical aptasensor for thrombin based on hybrid nanostructure platform of metal-organic gel and 

fluorinated graphene oxide. 

18:00 to 18:15  
Eleonora-Mihaela Ungureanu (Inorganic Chemistry, Physical Chemistry and Electrochemistry, University 
Politehnica of Bucharest, Bucharest, Romania), George-Octavian Buica, Liviu Birzan

Mercury Ions Detection by Using Azulene-EDTA 

18:15 to 18:30  
Abdelhafed Taleb (Department of Chemistry, Sorbonne Université, IRCP/ENSCP/UMR8247, Paris, France)

Functionalized Nanomaterials Modified Electrode for Electrochemical Nanosensing Applications   

18:30 to 18:45  
Shifa Jameel Felemban (Sensing and Separation Group,Chemistry Department, Life Science Interface 
Group,Tyndall National Institute,UCC, Cork, Ireland), Patricia Vazquez

Development of a lab-on-chip electrochemical immunosensor for detection of Polycyclic Aromatic 

Hydrocarbons (PAH) in environmental water 
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Symposium 3  Bioelectrochemistry Returns to the Home of Galvani
Room: Sala Ciano

Chaired by: Caroline Ajo-Franklin, Renata Bilewicz, Arkady Karyakin and Manuela Rueda

14:00 to 14:15 invited 
Caroline Ajo-Franklin (Molecular Foundry, Lawrence Berkeley National Laboratory, Berkeley, USA), Moshe 

Baruch, Jose Cornejo, Lin Su

Engineering Electronic Actuation and Sensing into Microorganisms Using Synthetic Biology 

14:15 to 14:25  
Anca Aldea (Laboratory of Multifunctional Materials and Structures, National Institute of Materials Physics, 
Magurele, Romania), Victor Diculescu, Ionut Enculescu, Nicoleta Preda, Mihaela Beregoi, Alexandru 

Evanghelidis, Ileana Rau

High Surface Flexible Electrodes for Biomedical Applications 

14:25 to 14:35  
Kentaro Hiraka (Department of Biotechnology and Life Science, Tokyo University of Agriculture and 
Technology, Tokyo, Japan), Wakako Tsugawa, Katsuhiro Kojima, Koji Sode

Rational Enzyme Engineering for Development of 2.5th Generation Biosensor 

14:35 to 14:45  
Kaylyn K. Leung (Department of Chemistry, University of British Columbia, Vancouver, Canada), Hua-Zhong 

Yu, Dan Bizzotto

Electrochemical Fluorescence Imaging to Investigate DNA Self Monolayers Assembled Using Potential-

Assisted Deposition  

14:45 to 14:55  
Maciej Dzwonek (Faculty of Chemistry, University of Warsaw, Warsaw, Poland), Michal Kizling, Agnieszka 

Wieckowska, Renata Bilewicz

Influence of the Gold Nanoparticles Size in Bioelectrocatalytic Systems 

14:55 to 15:05  
Vivek Pratap Hitaishi (CNRS Laboratoire de Bioenergetique et d’Ingenierie des protéines, University Aix-
Marseille, Marseille, France), Ievgen Mazurenko, Romain Clément, Marie-Therese Giudici-Orticoni, Anne De 

Poulpiquet, Philippe Delaporte, Elisabeth Lojou

Functional Immobilization of Bilirubin Oxidase on Electrodes: Correlation Between Orientation on Carbon 

Nanotubes and on Self-Assembled-Monolayers on Gold 

15:05 to 15:15  
Michal Kizling (College of Inter-Faculty Individual Studies, University of Warsaw, Warsaw, Poland), Maciej 

Dzwonek, Lukasz Tymecki, Leif Nyholm, Renata Bilewicz

Biosupercapacitor based on multi-enzyme anode to operate in sucrose solutions 

15:15 to 15:25  
Alexandra Martin (Department of Chemistry, University of Birmingham, Birmingham, United Kingdom), Elena 

Madrid, David Burgess, Sarah Horswell

The electrochemical behaviour of a model bacterial membrane 

15:25 to 15:35  
Maria Komkova (Materials Science faculty, M.V. Lomonosov Moscow State University, Moscow, Russia), 
Natalya Sitnikova, Elena Karpova, Arkady Karyakin

Advanced Electrochemical (Bio)sensors Based on Transition Metal Hexacyanoferrates 

15:35 to 15:45  
Alaa Abbas (School of Science and Engineering, Cairo, Egypt), Ehab El Sawy

Nanoporous Stainless Steel Anode for Enhanced Microbial Fuel Cells 

15:35 to 15:45
Serife Ustuner (Department of Electrical and Electronic Engineering, University of Bath, Bath, United 
Kingdom), Pawan Jolly, Gaigi Houda, Sean Goggins, Sinead Hayes, Christopher Frost, James Blaxland, Les 

Baillie, Pedro Estrela

PNA Probes and Novel Intercalators for Impedance and Field-Effect based DNA Detection
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15:45 to 16:00  Coffee Break

16:00 to 16:15 invited 
Ann-Sofie Cans (Department of Chemistry and Chemical Engineering, Chalmers University of Technology, 
Gothenburg, Sweden), Yuanmo Wang, Devesh Mishra, Jenny Bergman, Jacqueline Keighron, Karolina Skibicka

Ultra-fast Amperometric Recording of Fusion Pore Dynamics Regulating Exocytosis during Spontaneous 

Glutamate Release in Rodent Brain Slice  

16:15 to 16:30  
Stephane Arbault (ISM, CNRS UMR5255, NSysA group, University of Bordeaux, Pessac, France), Pauline 

Lefrancois, Bertrand Goudeau, Jerome Santolini

Electroanalysis of Enzymatic Activities at a Single Biomimetic Microreactor 

16:30 to 16:45  
Hadar Ben-Yoav (Biomedical Engineering, Ben-Gurion University of the Negev, Beer Sheva, Israel), Stav 

Biton, Rajendra P. Shukla, Alon Mazafi, Anat Friedman, Avia Lavon
Intelligent Multi-Electrode Arrays as the Next Generation of Electrochemical Biosensors for Real-Time 

Analysis of Biomarkers in Biofluids 

16:45 to 17:00  
Arkady Karyakin (Chemistry Faculty, M.V. Lomonosov Moscow State University, Moscow, Russia)

Advanced electrochemical (bio)sensors for non-invasive diagnostics 

17:00 to 17:15  
Nieves Casañ-Pastor (ICMAB, ICMAB-CSIC, Campus UAB, Bellaterra, Spain), Ann Rajnicek, Javier Moral 

Vico, Ana M. Cruz, Zhiqiang Zhao, Colin McCaig

Remote Neural Electrostimulation by Mixed Conducting Material Substrates 

17:15 to 17:30  
Ritu Kataky (Department of Chemistry, Durham  University, Durham, United Kingdom), Bongiwe Silwane

Electrochemistry at a liquid-liquid interface for studying the efficacy of a drug for Alzheimer’s disease 

17:30 to 17:45  
Dusty Miller (Department of Chemistry, Vanderbilt University, Nashville, USA), Ethan McClain, Jacquelin 

Brown, John Wikswo, David Cliffel

Neurovascular Response to Chlorpyrifos for Predictive Toxicology 

17:45 to 18:00  
Manuela Rueda (Department of Physical Chemistry, University of Seville, Seville, Spain), Francisco Prieto, 

Nabila Naitlho, Marcos Vazquez-Gonzalez, Maria Luisa Gonzalez-Rodriguez, Antonio M. Rabasco

Electrochemical Impedance Spectroscopy Characterization of a Mixed Lipid Monolayer for Doxorubicin 

Delivery 

18:00 to 18:15  
Elena Suprun (Laboratory of Bioelectrochemistry, Institute of Biomedical Chemistry, Moscow, Russia), Sergey 

Radko, Vladimir Mitkevich, Alexander Makarov, Alexander Archakov, Victoria Shumyantseva

Aggregation, Complex Formation, and Post-translational modification of Alzheimer’s Amyloid-beta Peptide 

18:15 to 18:30  
Andreas Lesch (Laboratory of Physical and Analytical Electrochemistry, Ecole Polytechnique Federale de 
Lausanne (EPFL), Sion, Switzerland), Tzu-En Lin, Sorour Darvishi, Hubert Girault

Electrochemical Mapping of Skin Cancer Biomarkers in Tissue 

18:30 to 18:45  
Woonsup Shin (Chemistry and Biomedical Engineering, Sogang University, Seoul, Korea), Enhua Zhu

Flow Rate Control of Nongassing Electroosmotic Pump for Drug Delivery 
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Symposium 6a  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures 

Room: Sala Magenta A
Chaired by: Sergio Brutti and Diana Golodnitsky

14:00 to 14:30 Keynote  
Brett Lucht (Department of Chemistry, University of Rhode Island, Kingston, USA), Sunhyung Jurng, Brown 

Zachary

Effect of electrolyte composition on the Solid Electrolyte Interface (SEI) and electrochemical cycling of 

lithium metal anodes 

14:30 to 14:45  
Fu-Ming Wang (Graduate Institute of Applied Science and Technology, National Taiwan University of Science 
and Technology, Taipei, Taiwan)

An alternative solution of internal short and safety problems in lithium ion battery 

14:45 to 15:00  
Claudio Gerbaldi (Department of Applied Science and Technology - DISAT, Politecnico di Torino, Torino, 
Italy), Marisa Falco, Laurent Castro, Jijeesh R. Nair, Federico Bella, Giulia Piana, Fanny Bardé, Giuseppina 

Meligrana

High-performing hybrid composite polymer electrolytes for safe ambient temperature lithium metal batteries 

15:00 to 15:15  
Candace Chan (Materials Science and Engineering, Arizona State University, Tempe, USA), Jon Mark Weller, 

Justin Whetten

Preparation of Fine Cubic Li
7
La

3
Zr

2
O

12
 Powders Using Molten Salt Synthesis and Application in Ceramic 

Solid Electrolytes and Composite Polymer Electrolytes 

15:15 to 15:30  
Maria Martinez-Ibañez (Polymer Electrolytes, CICEnergigune, Vitoria-Gasteiz, Spain), Itziar Aldalur, Eduardo 

Sánchez-Diez, Michal Piszcz, Michel Armand, Heng Zhang, Lide M. Rodriguez-Martinez

Solid Polymer Electrolytes for Lithium Batteries: Enhancing the Li-ion Conductivity at Ambient 

Temperature 

15:30 to 15:45  
Luca Porcarelli (POLYMAT, University of the Basque Country, Donostia-San Sebastian, Spain), Alexander 

Shaplov, Laurent Rubatat, Federico Bella, Jijeesh R. Nair, Claudio Gerbaldi, David Mecerreyes

Recent Advancements in Single-Ion Polymer Electrolytes for Energy Storage in Lithium Metal Batteries 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15 invited 
Bernard Lestriez (Institut des Materiaux Jean Rouxel, CNRS/University of Nantes, Nantes, France), Zouina 

Karkar, Cuauhtemoc Reale Hernandez, Alix Tranchot, Aurelien Etiemble, Driss Mazouzi, Thierry Douillard, Eric 

Maire, Dominique Guyomard, Lionel Roué

A Film Maturation Process for Boosting the Mechanical Strength and the Cyclability of Si-Based Electrodes 

16:15 to 16:30  
Ahmad Omar (Institute for Complex Materials, Leibniz Institute for Solid State and Materials Research , 
Dresden, Germany), Tony Jaumann, Lars Giebeler

Study of electrolyte additive combinations towards SEI formation at nanostructured Si inside hollow carbon 

anodes for Li-ion batteries 

16:30 to 16:45  
Robert Kostecki (ESDR, LBNL, Berkeley, USA), Atetegeb M. Haregewoin, Lydia Terborg, Liang Zhang, 

Sunhyung Jurng, Brett Lucht, Jinghua Guo, Philip N. Ross

The Electrochemical Behavior of Binders and their Effect on the Interfacial Chemistry of a Silicon Electrode 

16:45 to 17:00  
Mario Marinaro (Accumulators Materials Research, ZSW, Ulm, Germany), Dong-hwan Yoon, Raam 

Kasinathan, Algirdas Kersys, Akos Kriston, Andreas Pfrang, Peter Axmann, Margret Wohlfahrt-Mehrens

The Role of Electrolyte Consumption, Anode Volume Variation and Selection of Binder on the 

Electrochemical Performance of High Capacity Si-alloy and Si-alloy/Graphite Electrodes 

17:00 to 17:15  
Abirdu Woreka Nemaga (Physics, University of Reims Champagne-Ardenne, Reims, France), Jeremy Mallet, 

Claude Guery, Michael Molinari, Mathieu Morcrette

All Electrochemical Process for Synthesis of Si Coating on TiO
2
 Nanotubes as Durable Negative Electrode 

Material for Li-Ion Batteries 

17:15 to 17:30  
Kazuki Yamaguchi (Graduate School of Engineering, Tottori University, Tottori, Japan), Yasuhiro Domi, 

Hiroyuki Usui, Hiroki Sakaguchi

Elucidation of the reaction behavior of silicon negative electrodes in a bis(fluorosulfonyl)amide-based ionic 

liquid electrolyte 

17:30 to 17:45  
Victor Vanpeene (Energy Material and Telecommunication, Institut National de la Recherche Scientifique, 
Varennes, Canada), Lionel  Roué, Eric Maire, Julie Villanova, Andrew King, Aurelien Etiemble

Monitoring the Morphological Changes of Si-based Anodes by X-Ray Computed Tomography: A Multiscale 

Approach 

17:45 to 18:00  
Jing Guo (Institute for Complex Materials, Leibniz Institute for Solid State and Materials Research, Dresden, 
Germany), Ahmad Omar, Anna Urbanski, Petra Uhlmann, Lars Giebeler

Study on the electrochemical behavior of silicon anode in ether-based electrolytes: why does LiNO
3
 affect 

negatively? 

18:00 to 18:15  
Marianthi Panagopoulou (Lab. PMC, CNRS-Ecole Polytechnique, Palaiseau, France), Yue Feng, Bon-Min 

Koo, Abdelhak Cheriet, Daniel Alves Dalla Corte, Catherine Henry de Villeneuve, Fouad Maroun, Jean-Noel 

Chazalviel, Michel Rosso

First Lithiation and Mechanical Stability of Methylated Amorphous-Silicon Electrodes for Lithium-Ion 

Batteries 

18:15 to 18:30  
Fabian Jeschull (Electrochemistry Laboratory, Paul Scherrer Institut, Villigen PSI, Switzerland), Sigita 

Trabesinger

Understanding the Improved Capacity Retention of Silicon Electrodes Prepared in Buffered Electrode Slurries 

18:30 to 18:45  
Boksoon Kwon (Analytical Engineering Group, Samsung Advanced Institute of Technology, Suwon-si, Korea), 
Heechul Jung, Seongho Jeon, Sungsoo Han, Eunha Lee, Woosung Jeon

Mechanical Properties of Silicon-Carbon Composite Anodes in Lithium Ion Batteries 
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Symposium 6b Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures

Room: Sala Cobalto
Chaired by: Yi Cui and Pekka Peljo

14:00 to 14:15 invited 
Robert Dominko (Department of Materials Chemistry, National Institute of Chemistry, Ljubljana, Slovenia), 
Jernej Bobnar, Alen Vizintin, Andrea Calderon, Daniel Barraco, Manuel Otero, Ezequiel Leiva, Bostjan Genorio

Lithium metal protection interlayers 

14:15 to 14:30  
Tomonari Takeuchi (Department of Energy and Environment, National Institute of AIST, Ikeda, Japan), Koji 

Nakanishi, Hisao Kiuchi, Masashi Yoshimura, Keisuke Yamanaka, Toshiaki Ohta, Toshiharu Fukunaga, Hikari 

Sakaebe, Hironori Kobayashi, Eiichiro Matsubara

Preparation of lithium halide-doped Fe-containing Li
2
S-based positive electrode material for Li-S battery 

14:30 to 14:45  
Chen-Jui Huang (Chemical Engineering, National Taiwan University of Science and Technology, Taipei, 
Taiwan), Ju-Hsiang Cheng, Wei-nien Su, Pouya Partovi-Azar, Liang-Yin Kuo, Sara Panahian Jand, Ting-Shan 

Chan, Payam Kaghazchi, Bing Joe Hwang

Spectroscopic Characterization revealed Structural Properties of Sulfur-Polyacrylonitrile Cathode Material 

for Lithium-Sulfur Battery 

14:45 to 15:00  
Patrick Schön (Institute for Energy and Process Systems Engineering, Technische Universität Braunschweig, 
Braunschweig, Germany), Ulrike Krewer

Identifying Sulfur Reduction Kinetics for Li-Sulfur Batteries 

15:00 to 15:15  
Martin Opitz (Electrochemistry, Forschungsinstitut Edelmetalle + Metallchemie (fem), Schwaebisch Gmuend, 
Germany), Seniz Soergel

3D structured Lithium anodes for Li/S batteries 

15:15 to 15:30  
Nejc Pavlin (Department for Materials Chemistry, National Institute Of Chemistry, Ljubljana, Slovenia), Silvo 

Hribernik, Gregor Kapun, Christian Njel, Rémi Dedryvère, Robert Dominko

Nano-fibrillated Cellulose Separator for Lithium – Sulphur Batteries 

15:30 to 15:45  
Carmen Cavallo (Condensed Matter Physics, Chalmers University of Technology, Göteborg, Sweden), James P. 

Genders, Muhammad E. Abdelhamid, Marco Agostini, Aleksandar Matic

Freestanding r-GO aerogel discs and their performance as electrodes in fluorine free Li-S battery catholyte 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Chunguang Chen (Department of Chemistry, Fudan University, Shanghai, China), Xiang Chen, Xiuhui Zhang

A New Type of Cyclic Silicone Additive for Improving Energy Density and Power Density of Li-O
2
 

Batteries

16:15 to 16:30  
Mengmeng Liu (Laboratory of Advanced Materials, Fudan University, Shanghai, China), Wei Li

Three-Dimensional Porous Graphene Aerogel Embedded Superbly Dispersive Titanium Oxide 

Nanoparticles/Sulfur Cathode for Advanced Lithium-Sulfur Batteries 

16:30 to 16:45  
Sara Drvaric Talian (Department of Materials Chemistry, National Institute of Chemistry Slovenia, Ljubljana, 
Slovenia), Joze Moskon, Rok Kaufman, Robert Dominko, Miran Gaberscek

Impedance Spectroscopy Investigation of Polysulfide Electrochemistry on Carbon Surfaces in Li–S Batteries 

16:45 to 17:00  
Julia Amici (DISAT, Politecnico di Torino, Torino, Italy), Mojtaba Alidoost, Usman Zubair, Daniele Versaci, 

Carlotta Francia, Silvia Bodoardo

Polymer Composite Membranes as a Solution to Every LiS Battery Issue 

17:00 to 17:15  
Jusef Hassoun (Department of Chemical and Pharmaceutical Sciences, University of Ferrara, Ferrara, Italy)

Glyme Electrolyte Enables Lithium-Metal Battery 

17:15 to 17:30  
Jennifer Schaefer (Department of Chemical & Biomolecular Engineering, University of Notre Dame, Notre 
Dame, USA), Hunter Ford, Laura Merrill, Peng He

Crosslinked Ionomers for Use as Magnesium-Sulfur Battery Cathode Coatings 

17:30 to 17:45  
Hisanori Ando (Research Institute of Electrochemical Energy, AIST, Ikeda, Japan), Toshikatsu Kojima, 

Nobuhiko Takeichi, Hiroshi Senoh

Full-cell Performance of Sulfur-Carbon Composite Material Prepared from Sulfur and Polyethylene Glycol 

17:45 to 18:00  
Hao Wen Liu (Department of Chemical Engineering,  National Taiwan University, Taipei, Taiwan), Jing Luo, 

Nae-Lih Wu

Investigation on Solvent and Surface modification Effects for Li Metal Anodes 

18:00 to 18:15  
Ruijun Pan (Department of Chemistry - The Ångström Laboratory, Uppsala University, Uppsala, Sweden), 
Zhaohui Wang, Jonas Lindh, Maria Strømme, Kristina Edström, Leif Nyholm

Functionalized Separators for Lithium Metal Batteries 

18:15 to 18:30  
Hee-Tak Kim (Chemical and Biomolecular Engineering, Korea Advanced Institute of Science and Technology, 
Daejon, Korea)

Inducing Uniform Li Deposition on Cu Current Collector 

18:30 to 18:45  
Michele Fiore (Material Science, University of Milano Bicocca, Milano, Italy), Saveria Santangelo, Fabiola 

Pantò, Patrizia Frontera, Pierluigi Antonucci, Riccardo Ruffo

Iron based materials for electrochemical energy storage 
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Symposium 7a  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Europauditorium
Chaired by: Kunal Karan, Thomas A. Zawodzinski, Iryna Zenyuk and Nick van Dijk

14:00 to 14:15 invited 
Andrew Herring (Chemical and Biological Engineering, CSM, Golden, USA), Andrew Motz, Mei-Chen Kuo

Heteropoly Acid Functionalized Polymers to Solve the PEM Fuel Cell Durability Issue 

14:15 to 14:30  
Antonino Salvatore Arico (ITAE - Institute of Advanced Energy Technologies, CNR, Messina, Italy)

The Effect of Turnover Frequency on the Stability of a High Performance Nanostructured Oxygen Evolution 

Catalyst for Water Electrolysis 

14:30 to 14:45  
Monika Drakselová (Department of Inorganic Technology, University of Chemistry and Technology Prague, 
Prague 6, Czech Republic), Anna Tochácková, Adam Giurg, Roman Kodym, Karel Bouzek

Gas flow through the gas diffusion layer under flow-field ribs in PEM type fuel cell 

14:45 to 15:00  
Juergen Giffin (IEK-3, Forschungszentrum Juelich GmbH, Juelich, Germany), Fosca Conti, Carsten Korte, 

Werner Lehnert

Temperature and water activity related properties of phoshoric acid  

15:00 to 15:15  
Toshihiro Tanuma (Research Center, Asahi Glass Co., Ltd., Yokohama, Japan)

Catalyst Coated Membrane (CCM) with a Microporous Layer (MPL) Attached for PEFCs 

15:15 to 15:30  
Aaron Marshall (Department of Chemical and Process Engineering, University of Canterbury, Christchurch, 
New Zealand), Hani Taleshi Ahangari

Electrocatalytic reduction of CO
2
 to CO at Au cathodes in a continuous flow-cell: Effect of process 

parameters 

15:30 to 15:45  
Enrico Verlato (ICMATE, CNR - Università di Bologna, Padova, Italy), Simona Barison, Yasuaki Einaga, 

Marco Musiani, Keisuke Natsui, Francesco Paolucci, Giovanni Valenti

Study of CO
2
 reduction over nanostructured catalysts: effect of ceria as co-catalyst 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Thomas A. Zawodzinski (Department of Chemical and Biomolecular Engineering, University of Tennessee, 
Knoxville, USA), Ming Qi, Asa Roy, Reed Wittman, Shane Foister, Gabriel Goenaga

Reversible Oxygen Electrochemistry and Application in Energy Storage 

16:15 to 16:30  
Severin Vierrath (IMTEK, Microsystems Engineering, University of Freiburg, Freiburg, Germany), Matthias 

Klingele, Simon Thiele, Roland Zengerle, Matthias Breitwieser

Tailoring the membrane|electrode interface: a review and perspective of novel engineering approaches 

16:30 to 16:45  
Laura Meda (Renewable Energy & Environment, ENI SpA, Novara, Italy), Chuanyu Sun, Agnieszka 

Zlotorowicz, Giuseppe Pace, Vito Di Noto, Thomas A. Zawodzinski, Chiara Gambaro, Fabio Oldani

Study of the Interplay between the State of Charge, the Composition of the Feeds and the Performance of 

Vanadium Redox Flow Batteries. 

16:45 to 17:00  
Jarek Peter Sabawa (Physics of Energy Conversion and Storage, Technische Universität München, Garching, 
Germany), Aliaksandr Bandarenka

Investigation of degradation mechanism during freezing process with a Peltier-element tempered PEM 

single cell 

17:00 to 17:15  
Andrea Zaffora (Dipartimento Innovazione Industriale e Digitale (DIID), Università degli Studi di Palermo, 
Palermo, Italy), Francesco Di Franco, Giuseppe Burgio, Monica Santamaria

Chitosan-Heteropolyacid Membranes for Direct Methanol Fuel Cells 

17:15 to 17:30  
Vito Di Noto (Department of Industrial Engineering, University of Padova, Padova, Italy), Keti Vezzù, Federico 

Bertasi, Enrico Negro, Gioele Pagot, Giuseppe Pace

Broadband Electrical Spectroscopy (BES) to Investigate the Mechanisms of Ion Conduction in Electrolyte 

Membranes for Low-Temperature Fuel Cells 

17:30 to 17:45  
Lianqin Wang (Department of Chemistry, University of Surrey, Guildford, United Kingdom), John Varcoe

High performance and high-stability polyethylene-based anion exchange membranes for fuel cells 

17:45 to 18:00  
Armin Siebel (Chair of Technical Electrochemistry, Technical University of Munich, Garching, Germany), 
Maximilian Bernt, Hubert Gasteiger

PEM Water Electrolysis with Low Platinum Group Metal Loadings 

18:00 to 18:15  
Foteini Sapountzi (Syncat@DIFFER, Syngaschem BV, Eindhoven, Netherlands), Valerio Di Palma, Georgios 

Zafeiropoulos, Hristo Penchev, Marcel Verheijen, M. (Adriana) Creatore, Filip Ublekov, Vesko Sinigersky, Wim 

Arnold Bik, Hans Fredriksson, Michail Tsampas, J.W. (Hans) Niemantsverdriet

Material considerations for making alcohol electrolysis more efficient: acidic vs alkaline polymer 
electrolytes and novel anode architectures 

18:15 to 18:30  
Jadra Mosa (Glass department, Institute of Ceramic and Glass (ICV), Madrid, Spain), Mario Aparicio, Pilar G. 

Escribano, Enrique Morales, Carmen del Río

Infiltration of 40SiO
2
−40P

2
O

5
−20ZrO

2
 sol-gel in sSEBS membranes for PEMFCs application 
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Symposium 7b  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Sala Avorio
Chaired by: Hubert Gasteiger, Michele Piana and Hiroyuki Uchida

14:00 to 14:15  
Friedemann Hegge (Laboratory for MEMS Applications, IMTEK, University of Freiburg, Freiburg, Germany), 
Ed Wright, Jonathan Sharman, Simon Thiele, Severin Vierrath

Catalyst Support Ageing of Polymer Electrolyte Fuel Cells Investigated with Tomography 

14:15 to 14:30  
Zhi-You Zhou (College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, China), Tao 

Wang, Li-Na Chen, Na Tian, Shi-Gang Sun

Anti-CO Pt electrocatalysts for H
2
 oxidation by surface modification 

14:30 to 14:45  
Anne-Lucie Teillout (Laboratoire de Chimie Physique, Universite Paris Sud, Orsay, France), Dita Floresyona, 

Srabanti Ghosh, Laurence Ramos, Pedro de Oliveira, Daniel Bahena Uribe, Hynd Remita

Porous PdPt Nanostructures for Ethanol Oxidation Electrocatalysis in Alkaline Media 

14:45 to 15:00  
Hamish Miller (Istituto di Chimica dei Composti OrganoMetallici, Consiglio Nazionale delle Ricerche, Sesto 
Fiorentino, Italy), Marco Bellini, Maria Pagliaro, Maria Folliero, Andrea Marchionni, Jonathan Filippi, Anna 

Lenarda, Paolo Fornasiero, Marcello Marelli, Claudio Evangelisti, Dario Dekel, Qingying Jia, Sanjeev Mukerjee, 

Lianqin Wang, John Varcoe, Francesco Vizza

Anion Exchange Membrane Fuel Cells: Enhanced Alkaline Hydrogen Oxidation Activity of Ceria-Palladium 

Nanoparticle Catalysts 

15:00 to 15:15  
Zhaoxiong Xie (Department of Chemistry, Xiamen University, Xiamen, China), Jiawei Zhang, Meishan Chen, 

Huang Huang, Lansun Zheng

Synthesis of Stable Palladium Hydride Nanocrystals and Their Electro-catalytic Property toward the 

HCOOH Electro-oxidation 

15:15 to 15:30  
Hebe M. Villullas (Físico-Química, Universidade Estadual Paulista (UNESP), Instituto de Química, 
Araraquara, Brazil), Gabriel M. Alvarenga

Transition-Metal Oxides Induce Pd Electronic Changes that Affect the Catalytic Activity for Ethanol 

Oxidation 

15:30 to 15:45  
Jo Humphrey (Electrochemistry, National Physical Laboratory, Teddington, United Kingdom), Michael 

O’Connell, Andrew Wain

Electrodeposition of Molybdenum Disulfide Films for Application as Hydrogen Evolution Electrocatalysts 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15 invited 
Junji Inukai (Clean Energy Research Center, University of Yamanashi, Kofu, Japan), Hiroyuki Uchida

Pt-Co(111) Single-Crystal Electrodes Prepared under H
2
 Atmosphere: Alloying, Surface Structure, and 

Oxygen Reduction Reaction Activity 

16:15 to 16:30  
Wen-Bin Cai (Department of Chemistry, Fudan University, Shanghai, China), Yu Dong, Jin-Jing Huang, Ya-Wei 

Zhou

Pt
3
Ni-B/C as an efficient ORR Catalyst: Facile Synthesis, Characterization and Performance 

16:30 to 16:45  
Deli Wang (Chemistry and Chemical Engineering, Huazhong University of Science and Technology, Wuhan, 
China)

Controllable Synthesis of Ultralow Content of Pt/Au Decorated Pd-Based Electrocatalysts for ORR 

16:45 to 17:00  
Minoru Inaba (Department of Molecular Chemistry and Biochemistry, Doshisha University, Kyotanabe, 
Japan), Reiko Yoshiura, Takayuki Doi, Hideo Daimon, Naoya Aoki, Hideo Inoue

A New Preparation Method for Mass Production of Pt Shell-Pd Core Structured Catalyst 

17:00 to 17:15  
Vladimir Guterman (Chemistry Faculty, Southern Federal University, Rostov-on-Don, Russia), Anastasya 

Alekseenko, Elisaveta Moguchikh, Serezja Kirakosyan, Angelina Pavlets

De-alloyed M@Pt/C Electrocatalysts for PEMFC Based on Nanoparticles of Gradient Structure 

17:15 to 17:30  
Johannes Fichtner (Physics, Technical University of Munich, Garching, Germany), Sebastian Watzele, Batyr 

Garlyyev, Hany El-Sayed, Jan N. Schwämmlein, Aliaksandr Bandarenka

Active Nanostructured PEM Fuel Cell Oxygen Reduction Reaction Catalysts Produced by Cathodic 

Corrosion 

17:30 to 17:45  
Björn Wickman (Department of Physics, Chalmers University of Technology, Göteborg, Sweden), Niklas 

Lindahl, Björn Eriksson, Henrik Grönbeck, Rakel Wreland Lindström, Göran Lindbergh, Carina Lagergren

PEMFC Cathode Catalysts of Sputtered Pt3Y: Material Properties and High Activity in Fuel Cell 

Measurements 

17:45 to 18:00  
Dae Jong You (Core Eco Technology Team, Hyundai Mobis Co LTD, Yongin-si, Korea), Eunyoung You, 

Sungchul Lee

Ordered Intermetallic PtFeIr Catalyst for Oxygen Reduction Reaction in Proton Exchange Membrane Fuel 

Cells 

18:00 to 18:15  
Dongyoon Shin (Heterogeneous reactions, Max Planck Institute for Chemical Energy Conversion, Mülheim an 
der Ruhr, Germany), Nastaran Ranjbar Sahraie, Frédéric Jaouen, Robert Schlögl, Anna K. Mechler

Mechanistic Investigation of Platinum Decorated Iron-Based Electrocatalysts for the Oxygen Reduction 

Reaction 

18:15 to 18:30  
Andrea Perego (Center for Nano Science and Technology, Istituto Italiano di Tecnologia, Milano, Italy), 
Giorgio Giuffredi, Piero Mazzolini, Massimo Colombo, Rosaria Brescia, Dinesh Sabarirajan, Iryna Zenyuk, 

Mirko Prato, Filippo Bossola, Vladimiro Dal Santo, Andrea Casalegno, Fabio Di Fonzo

Titanium Nitride Nanostructured Thin Film with Tailored Morphology as stable PEMFC Catalyst Supports 

18:30 to 18:45  
Anthony O’Mullane (School of Chemistry, Physics and Mechanical Engineering, Queensland University of 
Technology, Brisbane, Australia), Ummul Khair Sultana

Electrochemical Formation of Homogeneous Molybdenum Phosphosulfide Catalysts for Hydrogen 
Evolution under Alkaline Conditions



Program of the 69th Annual Meeting of the International Society of Electrochemistry56
TU

ES
DA

Y 
PM

Symposium 8  Supercapacitors: from Double-Layer Electrochemical 
Capacitors to Faradaic-Based High Power Systems

Room: Sala Magenta B
Chaired by: Andrea Balducci and Francesca Soavi

14:00 to 14:30 Keynote  
Yuan Chen (School of Chemical and Biomolecular Engineering, The University of Sydney, Sydney, Australia)

Carbon Composite Fibers for Fiber Supercapacitors  

14:30 to 14:45  
Ilona Felhosi (Institute of Materials and Environmental Chemistry, Research Centre for Natural Sciences, HAS, 
Budapest, Hungary), Tamás Marek, Tamás Pajkossy, Lajos Nyikos

Properties of Electrochemical Double Layer Capacitors with Carbon Nanotube Layers 

14:45 to 15:00  
Meelis Härmas (Institute of Chemistry, University of Tartu, Tartu, Estonia), Thomas Thomberg, Tavo Romann, 

Alar Jänes, Enn Lust

Synthesis and Characterization of Hard Carbons from Commercial Granulated White Sugar 

15:00 to 15:15  
Riccardo Brandiele (Chemical Science, University of Padova, Padova, Italy), Jacopo Seri, Armando Gennaro, 

Luca Picelli, Gian Andrea Rizzi, Francesca Soavi, Christian Durante

Nitrogen doped mesoporous carbons, prepared from templating propylamine functionalized silica, as 

interesting material for supercapacitors 

15:15 to 15:30  
John R. Miller (JME, Inc. and, Case Western Reserve University, Beachwood, USA), Susannah Marie Butler

Electrical Characteristics of Large State-of-the-Art Electrochemical Capacitors 

15:30 to 15:45  
Krzysztof Fic (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, Poznan, 
Poland), Przemyslaw Galek, Elzbieta Frackowiak

Impact of the Electrolyte Concentration on the Capacitor Performance 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Teresa A. Centeno (Instituto Nacional del Carbón, CSIC, Oviedo, Spain), Belén Lobato, Loreto Suárez, Laura 

Guardia

Searching for the Missing Link Between the Electrochemical Capacitance and the Specific Surface Area of 
Carbons in Supercapacitors 

16:15 to 16:30  
Agnieszka Chojnacka (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Pawel Jezowski, Francois Beguin

Electrochemical Performance of a Novel Hybrid Sodium-Ion Capacitor Using a Tin-Based Negative 

Electrode

16:30 to 16:45  
Lars Henning Hess (Institut of Technical Chemistry and Environmental Chemistry, Friedrich Schiller University 
Jena, Jena, Germany), Andrea Balducci

Comparison of Propylene Carbonate and Butylene Carbonate based Electrolytes in High Voltage EDLCs 

16:45 to 17:00  
Jose M. Rojo (Energia, Medio Ambiente y Salud, Instituto de Ciencia de Materiales de Madrid, CSIC, Madrid, 
Spain), Gelines Moreno-Fernandez, Susana Perez-Ferreras, Laura Pascual, Irene Llorente, Joaquin Ibañez

Electrochemical Response of Cations and Anions of Organic Electrolytes in Combination with Microporous 

and Mesoporous Carbons 

17:00 to 17:15  
Ri Xu (Engineering Physics, Polytechnique Montreal, Montreal, Canada), Abdelaziz Gouda, Francesca Soavi, 

Alessandro Pezzella, Clara Santato

Eumelanin photocapacitors: Principle and Perspectives 

17:15 to 17:30  
Vitor L. Martins (Depto. Química Fundamental, Instituto de Química, Universidade de São Paulo, São Paulo, 
Brazil), Anthony Rennie, Nedher Sanchez-Ramirez, Peter Hall, Roberto M. Torresi

Development of Supercapacitors Containing Ionic Liquids as Electrolyte 

17:30 to 17:45  
Anetta Platek (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Justyna Piwek, Krzysztof Fic, Elzbieta Frackowiak

Insight into ageing phenomena of redox active electrolytes in the electrochemical capacitors 

17:45 to 18:00  
Bridget Mutuma (Physics, Institute of Applied Materials, Department of Physics, Pretoria, South Africa), Neil 

Coville, Ncholu Manyala

The Structural and Electrochemical Properties of Onion-like Carbon Nanostructures  

18:00 to 18:15  
Steven Le Vot (Department of Chemistry, University of Montpellier, Montpellier, France)

Storage by the electrolyte using biredox ionic liquids for better supercapacitors 

18:15 to 18:30  
Carlo Santoro (Bristol BioEnergy Center, Unviersity of The West of England, Bristol, United Kingdom)

Self-powered and self-stratified micro supercapacitor operating with human urine 

18:30 to 18:45  
Francesca Soavi (Department of Chemistry Giacomo Ciamician, Alma Mater Studiorum - University of 
Bologna, Bologna, Italy), Jacopo Seri, Antonio Terella, Francesca De Giorgio, Federico Poli, Alessandro 

Brilloni, Davide Fabiani, Maria Letizia Focarete, Clara Santato

Bio-Inspired Components of Supercapacitors 
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Symposium 10 Materials for and from Electrochemistry:  
  State of the Art and Future Trends

Room: Sala Italia
Chaired by: Stanko Brankovic and Martin Sjödin

14:00 to 14:15 invited 
Catia Arbizzani (Chemistry Giacomo Ciamician, Alma Mater Studiorum  University of Bologna, Bologna, 
Italy), Francesca De Giorgio, Federica Temperini

Coatings and electrode protection: new needs from next-generation battery technology 

14:15 to 14:30  
Leif Nyholm (Department of Chemistry, Angstroem Laboratory, Uppsala University, Uppsala, Sweden), David 

Rehnlund, Charlotte Ihrfors

Electrodeposition of Lithium on Nanostructured Electrodes for Lithium Metal Batteries 

14:30 to 14:45  
Jean Marcel Ateba Mba (Department of Material Chemistry, University, Ljubljana, Slovenia), Robert Dominko

Lithium-Rich Transistion Metal Oxyfluorides with Cubic Dense Packing as High Energy Density Cathode 
Material for Li-ion Batteries 

14:45 to 15:00 invited 
Yasuhiro Fukunaka (Nanotechnology Research Center, Waseda University, Tokyo, Japan), Masahiro Kunimoto, 

Siggi Wodarz, Takayuki Homma

Review: Modeling Study on Gravitational Effects to Electrochemical Interfacial Phenomena during 

Charging/Discharging Operation with Cu-Electrodes Symmetry Cell 

15:00 to 15:15  
Martin Sjödin (Dept. of Engineering Sciences, Uppsala University, Uppsala, Sweden), Rikard Emanuelsson, 

Mia Sterby, Hao Huang, Xiao Huang, Adolf Gogoll, Maria Strømme

Quinone-Substituted Conducting Polymers as Electrode Materials for All-Organic Proton Batteries 

15:15 to 15:30  
Julia Linnemann (Institute for Complex Materials, Leibniz Institute for Solid State and Materials Research, 
Dresden, Germany), Lars Giebeler

Electrodeposition of Metal-organic Framework Films for Energy Technology Applications 

15:30 to 15:45  
Tao Liu (Chemistry Dept, University of Cambridge, Cambridge, United Kingdom), James Frith, Gunwoo Kim, 

Rachel Kerber, Nicolas Dubouis, Nuria Garcia-Araez, Clare Grey

The Synergistic Effects of Water and Benzoquinone on the Oxygen Electrochemistry in Non-aqueous 

Lithium Oxygen Batteries 

15:45 to 16:00  
Coffee Break



Program of the 69th Annual Meeting of the International Society of Electrochemistry 59

TU
ES

DA
Y 

PM

16:00 to 16:15  
Rolf Schuster (Institute of Physical Chemistry, Karlsruhe Institute of Technology, Karlsruhe, Germany), Stefan 

Frittmann, Marco Schönig

Microcalorimetric investigation of anionic side processes during metal underpotential and bulk deposition on 

Au(111) 

16:15 to 16:30  
Nicola Comisso (ICMATE, CNR, Padova, Italy), Lidia Armelao, Sandro Cattarin, Paolo Guerriero, Luca 

Mattarozzi, Marco Musiani, Marzio Rancan, Lourdes Vazquez-Gomez, Enrico Verlato

Preparation of porous oxide electrocatalysts for OER via gas bubble templated deposition and galvanic 

displacement steps 

16:30 to 16:45  
Vera Smulders (Photocatalytic Synthesis, MESA+ Institute for Nanotechnology, University of Twente, 
Enschede, Netherlands), Bastian Mei, Guido Mul

The case of the missing electrons: correlating charge transferred to film mass during Cr(VI) reduction for 

chlorate production 

16:45 to 17:00  
Maozhong An (School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin, China), 
Peixia Yang, Jinqiu Zhang

Electrodeposition of functional metal and alloy materials from room temperature ionic liquids electrolytes 

17:00 to 17:15  
Tetsuya Tsuda (Department of Applied Chemistry, Osaka University, Suita, Japan), Ryutaro Miyakawa, Akihiro 

Konda, Yuichi Ikeda, Susumu Kuwabata

Aluminum Nanoplatelets Electrochemically Produced in Lewis Acidic AlCl
3
-Urea Solvate Ionic Liquids 

17:15 to 17:30  
Evangelos Bourbos (School of Mining and Metallurgical Engineering, National Technical University of Athens, 
Athens, Greece), Dimitrios Panias, Stavroula Koutalidi, Ioannis Paspaliaris

Electrodeposition of Scandium from the ionic liquid BMPTFSI 

17:30 to 17:45  
Mazdak Hashempour Igderi (Department of Chemistry, Materials and Chemical Engineering, Politecnico Di 
Milano, Milan, Italy), Antonello Vicenzo, Massimiliano Bestetti

Reduced Graphene Oxide–Chitosan Hybrid for Supercapacitors 

17:45 to 18:00  
Elise Duquesne (Laboratoire Interfaces et Systèmes Electrochimiques, Sorbonne University, Paris, France), 
Ozlem Sel, Hubert Perrot, Cyrille Bazin, Alain Seron, Stéphanie Betelu, Ioannis Ignatiadis, Catherine 

Debiemme-Chouvy

In situ study of the ionic exchanges in the Ni/Fe Lamellar Double Hydroxide (LDH) under polarization 

18:00 to 18:15  
Domenica Tonelli (Industrial Chemistry Toso Montanari, University of Bologna, Bologna, Italy), Erika Scavetta, 

Marco Giorgetti, Isacco Gualandi, Elisa Musella

Electrosynthesis of Layered Double Hydroxides as active materials for sensing, energy, and catalysis 

18:15 to 18:30  
Alberto Adan-mas (Centro Química Estrutural, Instituto Superior Técnico, Lisboa, Portugal), Maryna Taryba, 

Teresa M. Silva, Liliane Guerlou-Demourgues, Fatima Montemor

Charge-discharge mechanism of Ni
x
Co

1-x
(OH)

2
: new insights by means of in-situ localized micro-

potentiometry 

18:30 to 18:45  
Jinqiu Zhang (School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin, China), 
Jianhua Deng, Qiao Zhou, Peixia Yang, Maozhong An

Effect of 1,4-Bis(2-hydroxyethoxy)-2-butyne on Structures and Mechanical Properties of Ni /diamond 

Composite Coatings for Dicing Silicon Wafers 
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Symposium 11 Corrosion, Passivation, and Protection Strategies
Room: Sala Azzurra

Chaired by: Philippe Marcus

14:00 to 14:30 Keynote  
Hiroki Habazaki (Faculty of Enginering, Hokkaido University, Sapporo, Japan)

Nanostructured Oxide Films Formed by Anodizing 

14:30 to 14:45 invited 
Arjan Mol (Materials Science and Engineering, Delft University of Technology, Delft, Netherlands), Shoshan 

Abrahami, Tom Hauffman, Kristof Marcoen, John De Kok, Visweswara Gudla, Rajan Ambat, Herman Terryn

Cr(VI)-free anodizing for adhesive bonding applications 

14:45 to 15:00  
Philippe Marcus (Institut de Recherche de Chimie Paris, PCS Group, CNRS Chimie ParisTech, PSL University, 
Paris, France), Alexandre Romaine, Anca-Iulia Stoica, Francesco Di Franco, Sandrine Zanna, Antoine Seyeux, 

Benoit Fori, Jolanta Swiatowska

Relation between improved corrosion performance and the TCP post-treatment applied on aluminium alloys  

15:00 to 15:15  
Francesco Di Franco (Electrochemical Materials Science Laboratory, DICAM, University of Palermo, 
Palermo, Italy), Paolo Ceraulo, Ehsan Akbari, Keyvan Raeissi, Monica Santamaria, Amin Hakimizad

The effect of electrochemically-induced TiO
2
 incorporation on corrosion and tribocorrosion properties of 

PEO coating produced on 7075 Al alloy 

15:15 to 15:30  
Mirian Gonzalez-Castaño (Laboratory for Joining Technologies and Corrosion, EMPA, Swiss Federal Labs 
Materials Science and Technology, Dübendorf, Switzerland), Max Döbeli, Lars P.H. Jeurgens, Patrik Schmutz, 

Claudia Cancellieri

Electronic/electrochemical properties and corrosion susceptibility of amorphous anodic barrier Al
2
O

3
 grown 

on different substrate purities  

15:30 to 15:45  
Takumi Haruna (Department of Chemistry and Materials Engineering, Kansai University, Suita, Japan), 
Masanori Imamura, Youhei Hirohata

Effect of Passivation Time on Stability of Passive Film Formed on Titanium in Sulfuric Acid Solution above 

323 K 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15 invited 
Fatima Montemor (CQE-DEQ, Instituto Superior Tecnico, Lisboa, Portugal), Maria Carmezim

Novel Self-Healing Ormosil Coatings for Corrosion Protection of Mg Alloys 

16:15 to 16:30  
Kotaro Doi (International Center for Young Scientists, National Institute for Materials Science, Tsukuba, 
Japan), Sachiko Hiromoto

Effect of Polymers on Self-Healing Behavior of Hydroxyapatite Coating of Magnesium Alloy in 

Physiological Solution 

16:30 to 16:45  
Monica Santamaria (Electrochemical Materials Science Laboratory, DICAM, University of Palermo, Palermo, 
Italy), Riccardo Lo Dico, Francesco Di Franco

Anodizing of Mg and AZ31 alloys for biomedical applications 

16:45 to 17:00  
Vincent Vivier (Laboratoire Interfaces et Systèmes Electrochimiques, Sorbonne Université, Paris, France), 
Maurilio Pereira Gomes, Isolda Costa, Nadine Pebere, Bernard Tribollet

On the corrosion mechanism of Mg investigated by electrochemical impedance spectroscopy 

17:00 to 17:15  
Sannakaisa Virtanen (Materials Science, University of Erlangen-Nuremberg, Erlangen, Germany)

Biocorrosion Behaviour of Mg in Different Types of Simulated Body Fluids 

17:15 to 17:30  
Aishwarya Srinath (Department of Chemistry, Uppsala University, Uppsala, Sweden), León Zendejas Medina, 

Stefan Fritze, Kristina Johansson, Erik Lewin, David Rehnlund, Ulf Jansson, Leif Nyholm

Corrosion in High Entropy Carbides and Nitrides 

17:30 to 17:45  
Yongsheng Hao (School of Materials Science and Engineering, Shenyang University of Chemical Technology, 
Shenyang, China)

The synergistic inhibition effect of tannic acid and iodine ions in acid solutions 

17:45 to 18:00  
Benny Wouters (Research Group Electrochemical and Surface Engineering, Vrije Universiteit Brussel, 
Brussels, Belgium), Raf Claessens, Herman Terryn

Instantaneous impedance as a tool for in situ monitoring of surface modification processes 

18:00 to 18:15  
Anthony Somers (Institute for Frontier Materials, Deakin University, Burwood, Australia), Yu Peng, Caspar 

deBruin-Dickason, Schirin Hanf, Oliver Heilmann, Cornelius Gaertner, Glen Deacon, Peter Junk, Maria Forsyth

Investigations of Rare Earth Carboxylate Inhibitors for Mild Steel 

18:15 to 18:30  
Daniel J. Blackwood (Materials Science & Engineering, National University of Singapore, Singapore, 
Singapore), Kenneth Tan

Microbiological Influenced Corrosion of Carbon Steel by Methanogens  
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Symposium 14 Electrochemical Engineering: Research towards 
Deployable Technology

Room: Sala Indaco
Chaired by: Geoff Kelsall and Mark E. Orazem

14:00 to 14:15  
Mark E. Orazem (Department of Chemical Engineering, University of Florida, Gainesville, USA), Arthur 

Dizon

Mathematical Model and Optimization for Electrokinetic Dewatering of Phosphatic Clays 

14:15 to 14:30  
Maria Sofia Palagonia (Production Engineering, University of Bremen, Bremen, Germany), Doriano Brogioli, 

Fabio La Mantia

Investigation on the Working Parameters in a Flow-Through-Electrodes Cell for Lithium Recovery 

14:30 to 14:45  
José Fernando Pérez (Department of Chemical Engineering, University of Castilla-La Mancha, Ciudad Real, 
Spain), Cristina Sáez, Javier Llanos, Conrado López, Pablo Cañizares, Manuel A. Rodrigo

A Pressurized-jet Aerated Microfluidic-through H
2
O

2
 Electrolyzer: Concept, Construction Details and 

Experimental Results 

14:45 to 15:00  
Roel Bisselink (Food and Biobased Research, Wageningen University and Research, Wageningen, Netherlands), 
Martin Zijlstra, Earl Goetheer

Improving the electrochemical production of hydrogen peroxide 

15:00 to 15:15  
Jonas Hereijgers (Advanced Reactor Technology, University of Antwerp, Antwerp, Belgium), Jonathan Schalck, 

Jonas Lölsberg, Matthias Wessling, Tom Breugelmans

Indirect 3D printing towards mixer-electrodes 

15:15 to 15:30  
Enrico Volpi (ESP department, Università degli Studi di Milano, Chemical Newtech S.p.a., Milano, Italy), 
Andrea Grassi, Paolo Rossi, Stefano Trasatti

Development of a testing procedure for MMO electrodes used in polarity reversal electrochlorination cells

15:30 to 15:45  
Elena Baranova (Department of Chemical and Biological Engineering, University of Ottawa, Ottawa, Canada), 
Mohamed Houache, Kara Hughes, Abdulgadir Ahmed

Electrochemical Valorization of Glycerol on Bimetallic Nickel-Rich Nanoparticles: The Role of Pd and Bi 

on Product Selectivity 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Howie N. Chu (Department of Engineering Science, University of Oxford, Oxford, United Kingdom), Charles 

Monroe

Parameterizing Large-Format Prismatic Lithium-Ion Cells with Lock-In Thermography 

16:15 to 16:30  
Philipp Marzak (Department of Physics, Technical University of Munich, Garching, Germany), Jeongsik Yun, 

Albrecht Dorsel, Armin Kriele, Ralph Gilles, Oliver Schneider, Aliaksandr Bandarenka

Electrodeposited Na
2
Ni[Fe(CN)

6
] Thin Film Cathodes Exposed to Simulated Aqueous Na-ion Battery 

Conditions 

16:30 to 16:45  
Min Deng (MagIC-Magnesium Innovation Centre, Helmholtz-Zentrum Geesthacht, Geesthacht, Germany), 
Daniel Höche, Sviatlana Lamaka, Mikhail Zheludkevich

Novel Mg-Ca Alloys as Anodes for Primary Mg-air Batteries 

16:45 to 17:00  
Horacio Antonio Figueredo Rodriguez (Faculty of Engineering and Environment, University of Southampton, 
Southampton, United Kingdom), Rachel McKerracher, Carlos Ponce de Leon

Iron air batteries: design and characterisation of the iron electrodes  

17:00 to 17:15  
Elad Halfon (Grand Technion Energy Program, Technion - Israel Institute , Haifa, Israel), Matthew Suss

Highly Conductive Metal-based Flowable Electrodes 

17:15 to 17:30  
Danielle Ragonis (Chemical Engineering, Technion, Haifa, Israel), Ilya Loiferman, Robert Gloukhovski, 

Matthew Suss

Zinc bromine flow batteries with suspension electrode  

17:30 to 17:45  
Federico Poli (BETTERY  s.r.l., Massafra, Italy), Alessandro Brilloni, Francesca De Giorgio, Francesca Soavi

Design of Novel Redox Flow Batteries 

17:45 to 18:00  
Katharina Schafner (Institute of Chemical and Electrochemical Process Engineerin, Clausthal University of 
Technology, Clausthal-Zellerfeld, Germany), Thomas Turek

Improvement of the long-term VFB operation by modelling crossover processes and development of 

capacity balancing methods 

18:00 to 18:15  
Rona Ronen (Grand Technion Energy Program, Technion, Haifa, Israel), Matthew Suss

Extending Flow Battery Theory to include Homogeneous Reactions  

18:15 to 18:30  
Fabrizio Vicari (Dipartimento dell’Innovazione Industriale e Digitale (DIID), University of Palermo, Palermo, 
Italy), Alessandro Galia, Onofrio Scialdone

Thermally Regenerative Ammonia Batteries for Waste-Heat Exploitation 

18:30 to 18:45  
Giovanni Sotgiu (Department of Engineering, Roma Tre University, Rome, Italy), Elisabetta Petrucci, Daniele 

Montanaro, Monica Orsini

Tuning the Composition of Mixed Transition Metal Oxide Electrodes Containing Manganese for Energetic 

and Environmental Applications 
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Symposium 16 Micro- and Nano-Scale Platforms to Study Electron 
Transport in (Bio) Molecular Systems:  
from Fundamentals to Molecular Devices

Room: Sala Verde
Chaired by: Nadim Darwish and Stijn F. L. Mertens

14:00 to 14:30 Keynote  
Ron Naaman (Chemical and Biological Physics, Weizmann Institute, Rehovot, Israel)

Molecular Chirality and the Electron’s Spin- Different Perspective on Electron Transfer and Chirality 

14:30 to 14:45 invited 
Nikhil Malvankar (Molecular Biophysics and Biochemistry, Yale University, West Haven, USA)

Metallic Conductivity in Proteins: A New Paradigm for Biological Electron Transfer and Bioelectronics 

14:45 to 15:00 invited 
Katrin F. Domke (Electrochemical Surface Science Group, Max Planck Institute for Polymer Research, Mainz, 
Germany)

Probing potential-dependent redox state, geometry and chemical conversion of (bio)molecules with 

nanoscale resolution with EC-TERS 

15:00 to 15:15  
Montserrat Lopez-Martinez (Department of Material Science and Physical Chemistry, University of 
Barcelona, Barcelona, Spain), Manuel Lopez Ortiz, Maria Elena Antinori, Emilie Wientjes, Roberta Croce, Pau 

Gorostiza

Long-range electron transfer in Photosystem I 

15:15 to 15:30  
José Luis Olloqui-Sariego (Physical Chemistry, University of Sevilla, Sevilla, Spain), Galina S. Zakharova, 

Andrey A. Poloznikov, Juan José Calvente, Dmitry M. Hushpulian, Lo Gorton, Rafael Andreu

Site-directed L157W and F140Y Mutations Accelerate the Direct Electron Transfer of Immobilized Tobacco 

Peroxidase 

15:30 to 15:45  
Aurelio Mateo-Alonso (POLYMAT, University of the Basque Country/Ikerbasque, San Sebastian, Spain)

Piling Up Polycyclic Aromatic Hydrocarbons: Stacks, Foldamers and Supramolecular Polymers with 

Enhanced Charge Transport Properties 

15:45 to 16:00  
Coffee Break
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16:00 to 16:30 Keynote  
Christian Nijhuis (Department of Chemistry, National University of Singapore, Singapore, Singapore)

Electrochemistry inside Molecular Tunnel Junctions: Transition from Direct to Inverted Marcus Regions via 

Molecular Orbital Gating 

16:30 to 16:45 invited 
Joshua Hihath (Electrical and Computer Engineering, University of California, Davis, Davis, USA), Haipeng 

B. Li, Behabitu E. Tebikachew, Kasper Moth-Poulsen

Bidirectional Electrical Control of a Single-Molecule Memory 

16:45 to 17:00 invited 
Simone Ciampi (Department of Chemistry, School of Molecular and Life Sciences, Curtin University, Bentley, 
Australia), Yan Vogel, Nadim Darwish

Facet-resolved Electrical Wiring Controls Rectification Switch within a Single Nanocrystal 

17:00 to 17:15  
Pascal Martin (Chemistry Dept, University of Paris Diderot - ITODYS, Paris, France), Quyen Van Nguyen, 

Denis Frath, Maria Luisa Della Rocca, Frederic Lafolet, Clement Barraud, Philippe Lafarge, Vineetha Mukunda, 

David James, Richard McCreery, Jean Christophe Lacroix

Control of Rectification in Molecular Junctions: Contact Effects and Molecular Signature 

17:15 to 17:45 Keynote  
Richard Nichols (Department of Chemistry, The University of Liverpool, Liverpool, United Kingdom), Edmund 

Leary, Cécile Roche, Hua-Wei Jiang, Iain Grace, M. Teresa González, Gabino Rubio-Bollinger, Yaoyao Xiong, 

Qusiy Al-Galiby, Maria A. Lebedeva, Kyriakos Porfyrakis, Nicolás Agrait, Andrew Hodgson, Simon J. Higgins, 

Colin J. Lambert, Harry L. Anderson

The Electrical Properties of Porphyrin Single Molecule Wires 

17:45 to 18:00  
Wenjing Hong (Department of Chemical and Biochemical Engineering, Xiamen University, Xiamen, China)

Quantum Interference Effects in the Charge Transport through Single-molecule Junctions 

18:00 to 18:15  
Magdalena Hromadova (Electrochemistry at Nanoscale, J. Heyrovsky Institute of Physical Chemistry of CAS, 
Prague, Czech Republic), Stepanka Novakova Lachmanova, Viliam Kolivoska, Jakub Sebera, Jindrich Gasior, 

Gregory Dupeyre, Philippe Laine, Gabor Meszaros

Effect of Solvent on Single Molecule Conductance and Junction Formation of Charged Molecules

18:15 to 18:30  
Jorge Pavez (Materials Chemistry Department, Universidad de Santiago de Chile, Santiago, Chile), Mireya 

Santander-Nelli, Carlos P. Silva, Camila F. Olguin, Javier Espinoza-Vergara, Geraldine Jara, Carolina Morales C.

Self-assembled electrode systems; Platforms for Electrocatalysis and Electron transfer studies 

18:30 to 18:45 invited 
Stijn F. L. Mertens (Institute of Applied Physics, TU Wien, Vienna, Austria)

Electrochemistry of Boron Nitride Nanomesh: Intercalation Switching and Molecular Trapping 
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Symposium 17 Physical Electrochemistry: Recent Developments 
in Spectroscopy, Microscopy and Theory for the 
Rational Design of Electrochemical Interfaces

Room: Sala Bianca
Chaired by: Daren Caruana, Michael Deschamps and Shi-Gang Sun

14:00 to 14:30 Keynote  
Andrea Russell (Department of Chemistry, University of Southampton, Southampton, United Kingdom), 
Veronica Celorrio, Calvillo Laura, Stephen Price, Stephen Thompson, Turgut Sonmez, Peter Richardson, Andrew 

Leach, Haoliang Huang

Operando XAS of oxide electrocatalysts 

14:30 to 14:45  
Katsuyoshi Ikeda (Department of Physical Science and Engineering, Nagoya Institute of Technology, Nagoya, 
Japan), Motoharu Inagaki, Kenta Motobayashi

Ultra-Low Frequency SERS Observation of Molecular Monolayers onAtomically Defined Gold Surfaces 
under electrochemical conditions 

14:45 to 15:00  
Martina Fracchia (Dipartimento di Chimica, Università di Pavia, Pavia, Italy), Francesco Malara, Alberto 

Naldoni, Alberto Vertova, Sandra Rondinini, Alessandro Minguzzi, Paolo Ghigna

Observing the Oxidation State Turnover of Nickel in α-Fe
2
O

3
/NiO

x
 Photoanodes Through Operando XAS 

15:00 to 15:15  
Marcel Risch (Institute of Materials Physics, University of Goettingen, Goettingen, Germany), Daniel 

Mierwaldt, Janis Geppert, Julius Scholz, Majid E. Abrishami, Christian Jooss

In situ spectroscopy and microscopy on manganese oxides during oxygen evolution from water 

15:15 to 15:30  
Rik Mom (Inorganic Chemistry, Fritz-Haber-Institut, Berlin, Germany)

Electrochemical XPS Using Confined Electrolyte and Graphene Windows: the Case of Pt Oxidation 

15:30 to 15:45 invited 
Fabio La Mantia (Energiespeicher- und Energiewandlersysteme, Universität Bremen, Bremen, Germany)

Dynamic impedance spectroscopy: looking at the time evolution of electrochemical phenomena in a broad 

range of time constants 

15:45 to 16:00  
Coffee Break
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16:00 to 16:30 Keynote  
Michael Deschamps (CNRS-CEMHTI, University of Orleans, Orleans, France), Victor Chaudoy, Fouad 

Ghamouss, François Tran Van, Tan Vu Huynh, Renaud Bouchet, Pierre-Alexandre Martin, Luke O’Dell, 

Maria Forsyth, Sacris Jeru Tambio, Bernard Lestriez, Laurence Croguennec, Michel Menetrier, Dany Carlier, 

Christian Masquelier, Robert Messinger, Vincent Sarou-Kanian, Mallory Gobet, Catherine Bessada, Encarnacion 

Raymundo-Pinero, Ghenima Oukali, Mingxue Tang, Elodie Salager

NMR for the characterization of electrolytes, batteries and supercapacitors: molecular structure, diffusion 

and in situ behaviour 

16:30 to 16:45  
Alvaro Colina (Department of Chemistry, Universidad de Burgos, Burgos, Spain), Joaquin Barrera, David 

Ibanez, Juan Victor Perales-Rondón, Aranzazu Heras, Virginia Ruiz

Spectroelectrochemistry of Graphene Quantum Dots 

16:45 to 17:00  
Mauro Povia (Electrochemistry Laboratory, Paul Scherrer Institut, Villigen, Switzerland), Juan Herranz, Tobias 

Binninger, Maarten Nachtegaal, Ana Diaz, Joachim Kohlbrecher, Daniel F. Abbott, Bae-Jung Kim, Thomas J. 

Schmidt

Operando Electrochemical Characterization of Pt on Carbon Catalyst combining XAS and SAXS 

17:00 to 17:15 invited 
Kelsey Stoerzinger (Physical and Computational Sciences Directorate, Pacific Northwest National Laboratory, 
Richland, USA), Le Wang, Ryan Comes, Steven Spurgeon, Yingge Du, Scott Chambers

Spectroscopic Insight into the Oxide Electrocatalyst/Water Interface 

17:15 to 17:45 Keynote  
ISE-Elsevier Prize for Experimental Electrochemistry
Patrick Unwin (Department of Chemistry, University of Warwick, Coventry, United Kingdom)

New Ways of Visualizing Electrochemical Interfaces and Processes 

17:45 to 18:00  
Leon Jacobse (Catalysis and Surface Chemistry, Leiden Institute of Chemistry - Leiden University, Leiden, 
Netherlands), Marcel J. Rost, Marc Koper

Reactivity of Individual ‘Defect’-Sites on Electrochemically Roughened Pt(111) 

18:00 to 18:15  
Andrea Sorrentino (ALBA Synchrotron Light Source, ALBA-CELLS, Cerdanyola del Valles, Spain), Mara 

Olivares-Marin, Imanol Landa-Medrano, Eva Pereiro, Alexandre Ponrouch, Deyana S. Tchitchekova, Roberta 

Verrelli, Laura Simonelli, Maria Rosa Palacin, Dino Tonti

Energy resolved soft X-ray transmission microscopy displays battery discharge products chemical state at 

the nanometer scale 

18:15 to 18:30 invited 
Susumu Kuwabata (Department of Applied Chemistry, Osaka University, Suita, Japan), Taro Uematsu, Tetsuya 

Tsuda

In-situ Microscope Observation of Electrochemical Reactions of Battery-related Materials 

18:30 to 18:45  
Yunchang Liang (Department of Physics, Technical University Munich, Garching, Germany), Jonas Pfisterer, 
Oliver Schneider, David McLaughlin, Christoph Csoklich, Aliaksandr Bandarenka

What Can Electrochemical Scanning Tunneling Microscopy Reveal for Heterogeneous Catalysis? 
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Wednesday 5 September 2018 - Morning

Plenary Lecture
Room: Europauditorium

Chaired by: Plamen Atanassov

08:15 to 09:15  
Shelley Minteer (Chemistry and Materials Science & Engineering, University of Utah, Salt Lake City, USA)

Electrocatalytic Cascades for Energy Conversion and Electrosynthesis Applications

Symposium 3  Bioelectrochemistry Returns to the Home of Galvani
Room: Sala Ciano

Chaired by: Elena Ferapontova and Jan Vacek

09:30 to 09:45  
Elena Ferapontova (Interdisciplinary Nanoscience Center, Aarhus University, Aarhus, Denmark), Laszlo 

Kekedy-Nagy

Directional Sequence-Specific Electron Transfer in Gold-Tethered DNA Duplexes  

09:45 to 10:00  
Haesik Yang (Department of Chemistry, Pusan National University, Busan, Korea)

Enhanced Electron Transfer Mediated by Conjugated Polyelectrolyte and Its Application to Washing-Free 

DNA Detection 

10:00 to 10:15  
Miroslav Fojta (Department of Biophysical Chemistry and Molecular Oncology, Institute of Biophysics of the 
CAS, Brno, Czech Republic), Jan Spacek, Ales Danhel, Martina Hejdukova, Stanislav Hason

Reduction and Oxidation of Unlabeled Nucleic Acids at Graphite Electrodes: Improved Resolution of 

Canonical DNA Bases, 5-Methyl Cytosine and Uracil 

10:15 to 10:30  
Jan Vacek (Department of Medical Chemistry and Biochemistry, Faculty of Medicine and Dentistry, Palacky 
University, Olomouc, Czech Republic), Martin Kabelac, Jan Storch

Electrochemistry of Helical DNA-binding Probe with Chiral Recognition 
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Symposium 4  Bipolar Electrochemistry, from Bioanalysis to 
Materials Science

Room: Sala Azzurra
Chaired by: Paul Bohn and Shinsuke Inagi

09:30 to 09:45 invited 
Steen Uttrup Pedersen (Dept. of Chemistry, Aarhus University, Aarhus, Denmark), Line Koefoed, Monica 

Rohde Madsen, Lena Thyssen, Kim Daasbjerg

Bipolar Electrografting of Surfaces and Graphene 

09:45 to 10:00 invited 
Robbyn Anand (Department of Chemistry, Iowa State University, Ames, USA)

Single-Cell Capture, Electrical Lysis and Analysis at an Array of Bipolar Electrodes 

10:00 to 10:15  
Robert Dryfe (Department of Chemistry, University of Manchester, Manchester, United Kingdom), Peter Toth, 

Andrew Rodgers, Samuel Booth

Bipolar Electrochemistry at the Oil/Water Interface 

10:15 to 10:30  
Kumi Y. Inoue (Graduate School of Environmental Studies, Tohoku University, Sendai, Japan), Shinichiro 

Takano, Miho Ikegawa, Ryoto Tsuga, Siti Masturah Binti Fakhrunddin, Hitoshi Shiku

Liquid-junction-free Amperometric Sensing System Based on Closed Bipolar Electrode System 

Symposium 6a  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures 

Room: Sala Magenta A
Chaired by: Ilias Belharouak and Dominic Bresser

09:30 to 09:45  
Rafael Trócoli (Solid State Chemistry, ICMAB-CSIC , Barcelona, Spain), Alex Morata, Marcus Fehse, Michel 

Stchakovsky, Alfonso Sepulveda, Albert TarancoÌn

Dual-Metal-Ion Rechargeable Microbatteries Based on LiMn
2
O

4 
and Zinc for Miniaturized Applications 

09:45 to 10:00  
Dong Ok Shin (Multidisciplinary Sensor Research Group, Electronics and Telecommunication Research 
Institute (ETRI), Daejeon, Korea), Myeong Ju Lee, Young-Gi Lee

Fast Li-ion Conducting Cubic Li
7
La

3
Zr

2
O

12
 Solid Electrolyte Based All Solid State Batteries 

10:00 to 10:15  
Tugce Ates (Electrochemistry for Batteries, Helmholtz Institute Ulm (HIU), Ulm, Germany), Marlou Keller, 

Joern Kulisch, Torben Adermann

Development of an All-Solid-State Battery Using a Sulfidic Electrolyte 

10:15 to 10:30  
Hui Zhang (Qian Xuesen Laboratory of Space Technology, China Academy of Space Technology (CAST), 
Beijing, China), Shimeng Hao, Xiaohe Li, Wei Yao

Modification of Oxide and Sulfide Solid Electrolytes for Solid-State Lithium Ion Batteries 
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Symposium 6b Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures

Room: Sala Cobalto
Chaired by: Jusef Hassoun and Hirokazu Ishitobi

09:30 to 09:45 invited 
Stefan Freunberger (Institute for Chemistry and Technology of Materials, Graz University of Technology, Graz, 
Austria), Nika Mahne, Lukas Schafzahl, Eleonore Mourad, Yann Petit, Bettina Schafzahl, Sara Renfrew, Denis 

Kramer, Olivier Fontaine, Martin Wilkening, Christian Slugovc, Bryan McCloskey, Sergey Borisov

Singlet oxygen in non-aqueous battery chemistries 

09:45 to 10:00  
Urmimala Maitra (Institute of Physical Chemistry, Justus Leibig University, Giessen, Germany), Adrian 

Schürmann, Daniel Langsdorf, Daniel Schröder, Jürgen Janek

Digging deeper to achieve practical Li-O
2
 batteries  

10:00 to 10:15  
Pawel Peter Bawol (Department for Physical Chemistry, University of Bonn, Bonn, Germany), Philip 

Reinsberg, Jan Hendrik Thimm, Tabea Lohrmann, Helmut Baltruschat

Kinetics of O
2
 reduction in metal-O

2
 Batteries by a redox mediator:A DEMS and RRDE Study 

10:15 to 10:30  
Joshua Bates (Mechanical Engineering Sciences, University of Surrey, Guildford, United Kingdom), 
Constantina Lekakou, Qiong Cai, Robert Slade, Hinds Gareth

Optimisation of Cathode Material and Cell Performance in Li-Air Batteries 

Symposium 7a  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Europauditorium
Chaired by: Deborah Jones and Thomas A. Zawodzinski

09:30 to 10:00 Keynote  
Steven Holdcroft (Department of Chemistry, Simon Fraser University, Burnaby, Canada), David Novitski

Solid Polymer Electrolytes for Acidic and Alkaline Electrochemical Devices 

10:00 to 10:15  
Carlos A. Campos-Roldán (IC2MP, UMR-CNRS 7285 - Chemistry, Univ. Poitiers, Instituto Politécnico 
Nacional, Poitiers, France), Rosa Guadalupe González-Huerta

The Carbon-Support Bifunctional Effect favors Hydrogen Evolution/Oxidation Reactions in Alkaline 

Medium 

10:15 to 10:30  
Iryna Zenyuk (Department of Mechanical Engineering, Tufts University, Medford, USA), Dinesh Sabarirajan, 

Prantik Saha

Understanding Ion Transport at Charged Interfaces with Application to Polymer Electrolyte Fuel Cells   
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Symposium 7b Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Sala Avorio
Chaired by: Antonino Salvatore Arico and Junji Inukai

09:30 to 09:45 invited 
Yong-Tae Kim (Mechanical Engineering, Pusan National University, Busan, Korea)

Balancing activity, stability and conductivity of nanoporous core-shell iridium/iridium oxide oxygen 

evolution catalysts 

09:45 to 10:00  
Pawel Gazdzicki (Electrochemical Energy Technology, German Aerospace Center (DLR), Stuttgart, Germany), 
Pedro Gama da Rocha, Daniel Garcia Sanchez, Tobias Morawietz, Renate Hiesgen

Degradation behavior of PEMFC MEA under load cycling and constant operation conditions  

10:00 to 10:15  
Katsuyoshi Kakinuma (Fuel Cell Nanomaterials Center, University of Yamanashi, Kofu, Japan), Mizuki 

Hayashi, Akihiro Iiyama, Makoto Uchida

Enhancement of the catalytic activity and durability of Pt and Pt alloy catalysts on SnO
2
 

10:15 to 10:30  
Ivan Khalakhan (Department of Surface and Plasma Science, Charles University, Prague, Czech Republic), 
Marco Bogar, Mykhailo Vorokhta, Peter Kús, Roman Fiala, Yurii Yakovlev, Heinz Amenitsch, Vladimír Matolín

In Situ Investigation of Potential-Dependent Degradation of PtNi Fuel Cell Catalyst During Potentiodynamic 

Cycling

Symposium 8  Supercapacitors: from Double-Layer Electrochemical 
Capacitors to Faradaic-Based High Power Systems

Room: Sala Magenta B
Chaired by: Thierry Brousse and Elzbieta Frackowiak

09:30 to 09:45  
Francois Béguin (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Patryk Przygocki, Paula Ratajczak

Quantitative and Qualitative Analysis of Carbon/Carbon Supercapacitors Ageing by Electrochemical On-line 

Mass Spectrometry 

09:45 to 10:00  
Francesco Lufrano (Energy,  CNR-ITAE, Istituto di Tecnologie Avanzate per l Energia, Messina, Italy), 
Alessandra Carbone, Irene Gatto, Gaetano Squadrito, Pietro Staiti

State-of-Health Monitoring of Hybrid Solid-State Supercapacitors through Electrochemical Impedance 

Spectroscopy 

10:00 to 10:15  
Mathijs Janssen (Max Planck Institute for Intelligent Systems, Stuttgart, Germany), Markus Bier

Transient Dynamics of Electric Double Layer Capacitors - Exact Expressions within the Debye-Falkenhagen 

Approximation  

10:15 to 10:30  
Christophe Lethien (IEMN, Université de Lille, Villeneuve d’ascq, France), Kevin Robert, Botayna Bounor, 

Saliha Ouendi, Camille Douard, Dominique Deresmes, Antonela Iadecolla, Frederic Favier, Jean Le Bideau, 

Thierry Brousse

Operando X-ray Absorption Spectroscopy and Atomic Force Microscopy for thin film micro-supercapacitors 
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Symposium 10 Materials for and from Electrochemistry: State of the 
Art and Future Trends

Room: Sala Italia
Chaired by: Sandro Cattarin

09:30 to 10:00 Keynote  
Wolfram Jaegermann (Materials Science, TU Darmstadt, Darmstadt, Germany)

Surface engineering of charge transfer reactions in photoelectrochemical and photocatalytic devices 

10:00 to 10:15  
ISE Prize for Electrochemical Materials Science
Csaba Janáky (Department of Physical Chemistry and Materials Science, University of Szeged, Szeged, 
Hungary), Egon Kecsenovity, Balazs Endrodi, Maria Molnar

Rational Design of Semiconductor/Nanocarbon Photoelectrodes for Solar Fuel Generation 

10:15 to 10:30  
Derck Schlettwein (Institute of Applied Physics, Justus-Liebig-University Giessen, Giessen, Germany), Thi Hai 

Quyen Nguyen, Raffael Ruess, Andreas Ringleb

Metal Complexes as Redox Mediators for Dye-sensitized Solar Cells based on Electrodeposited ZnO: 

Tuning of the Pore System in the Photoanode 

Symposium 13 Electrochemistry Applied to Cultural Heritage
Room: Sala Verde

Chaired by: Virginia Costa and Ligia Moretto

09:30 to 09:45 Keynote  
Antonio Doménech-Carbó (Analytical Chemistry, University of Valencia, Burjassot, Spain), María Teresa 

Doménech-Carbó

Recent Applications of the Voltammetry of Immobilized Particles for Studies in Cultural Heritage 

09:45 to 10:00 Keynote  
Virginia Costa (LACOR, UFRGS, Porto Alegre, Brazil)

Electrochemistry for the Conservation of Metal Artifacts: An Overview 

10:00 to 10:15 invited 
Emmanuel Rocca (Dept CP2S, Institut Jean Lamour, Université de Lorraine, CNRS, Vandoeuvre-Les-Nancy, 
France)

Long-term corrosion of iron artefacts: electrochemical behavior of thick rust layers on industrial cultural 

heritage 

10:15 to 10:30 invited 
Hercilio G. de Melo (Metallurgical and Materials, University of Sao Paulo, Sao Paulo, Brazil), Celia R. 

Tomachuk, Maite R. Moura, Sandra J. Travassos

EIS investigation and microstructural characterization of the patina layer formed on weathering steel during 

atmospheric exposure to each of the four seasons in Sao Paulo metropolitan area 
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Symposium 14 Electrochemical Engineering: Research towards 
Deployable Technology

Room: Sala Indaco
Chaired by: Alexandros Katsaounis and Simonetta Palmas

09:30 to 09:45 invited 
Sophia Haussener (Mechanical Engineering, EPFL, Lausanne, Switzerland)

Modelling, experimentation and scaling of solar fuel processing devices 

09:45 to 10:00  
Franky Esteban Bedoya Lora (Department of Chemical Engineering, Imperial College London, London, 
United Kingdom), Nick Farandos, Anna Hankin, Geoffrey Kelsall

Spontaneous Hydrogen Sulfide Splitting Using Geometrically Optimised Photo-electrodes 

10:00 to 10:15  
Ana S. Fajardo (Centro de Ciências Exatas e da Terra, Universidade Federal do Rio Grande do Norte, Natal, 
Brazil), Alexsandro J. dos Santos, Djalma R. da Silva, Carlos Alberto Martínez-Huitle

Effect of anode materials on solar photo-electro-Fenton process 

10:15 to 10:30  
Erno Kemppainen (PVcomB, Helmholtz-Zentrum Berlin fuer Materialien und Energie, Berlin, Germany), 
Stefan Aschbrenner, Sebastian Stickel, Rutger Schlatmann, Sonya Calnan

Performance Limits and Trends of an Integrated Photovoltaic-Electrolyser System 

Symposium 17 Physical Electrochemistry: Recent Developments 
in Spectroscopy, Microscopy and Theory for the 
Rational Design of Electrochemical Interfaces

Room: Sala Bianca
Chaired by: Patrick Unwin

09:30 to 09:45 invited 
Richard McCreery (Department of Chemistry, University of Alberta, Edmonton, Canada), Scott R. Smith, 

Mustafa Supur

Raman, UV-Vis Spectroscopy, and Photocurrents in Redox-activeMolecular Junctions 

09:45 to 10:00  
Robert Hillman (Department of Chemistry, University of Leicester, Leicester, United Kingdom), Rachel 

Sapstead, Virginia Ferreira, Karl Ryder, Charlotte Beebee, Erik Watkins

Neutron Reflectivity Determination of the Effect of Electrodeposition Control Function on Spatial 
Distribution of Solvent in PEDOT Films  

10:00 to 10:15  
Enrique Herrero (Instituto de Electroquimica, Universidad de Alicante, Alicante, Spain), Jose M. Gisbert-

Gonzalez, Juan M. Feliu, Adolfo Ferre-Vilaplana

Citrate Adsorption on Platinum and its Relationship with Preferentially Shaped Nanoparticles

10:15 to 10:30 invited 
Daren Caruana (Department of Chemistry, University College London, London, United Kingdom), M. Emre 

Sener

Gaseous Plasma: Electrode or Electrolyte? 
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Symposium 20 Interfacial Electrochemistry in  
Non-Aqueous Electrolytes

Room: Sala Celeste
Chaired by: Helmut Baltruschat and Maria Assunta Navarra

09:30 to 09:45  
Andrew Gewirth (Department of Chemistry, University of Illinois, Urbana, USA)

Electrode Processes for Mg and Zn Electrodeposition in Non-aqueous Electrolytes 

09:45 to 10:00  
Ahmad Bahramian (MADIREL, Aix-Marseille Université, Marseille, France), Marielle Eyraud, Philippe 

Knauth, Florence Vacandio

Electrodeposition of Ni alloys and Ni composites in DMSO 

10:00 to 10:15  
Anna Endrikat (Electrochemistry and Electroplating Group, Technische Universitaet Ilmenau, Ilmenau, 
Germany), Natalia Borisenko, Adriana Ispas, Ralf Peipmann, Viktor Hoffmann, Frank Endres, Andreas Bund

Ionic liquid based electrolytes for electrochemical niobium deposition 

10:15 to 10:30  
Enrico Berretti (Chemistry Department, University of Florence, Florence, Italy), Andrea Giaccherini, Stefano 

M. Martinuzzi, Massimo Innocenti, Stefano Caporali

Effect of process parameters on the electrodeposition of aluminium from 1st generation ionic liquids 
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Thursday 6 September 2018 - Morning

Plenary Lecture
Room: Europauditorium

Chaired by: Katharina Krischer

08:15 to 09:15  
Marc Koper (Leiden Institute of Chemistry, Leiden University, Leiden, Netherlands)

Electrochemistry of platinum: new views on an old problem

Symposium 3  Bioelectrochemistry Returns to the Home of Galvani
Room: Sala Ciano

Chaired by: Fabiana Arduini and Victor Diculescu

09:30 to 09:45  
Severino Carlos Oliveira (Department of Chemistry, Universidade Federal Rural de Pernambuco, Recife, 
Brazil), Raphael Nascimento, José Nascimento, João Montenegro, Valberes Nascimento

Electrochemical Detection of DNA Methylation Using a DNA-Electrochemical Biosensor 

09:45 to 10:00  
Victor Diculescu (Laboratory of Multifunctional Materials and Structures, National Institute of Materials 
Physics-Bucharest, Magurele, Romania), Madalina Barsan, Teodor Enache

DNA-based Electrochemical Biosensors on Conductive Electrospun Polymeric Fibers  

10:00 to 10:15  
Paolo Bertoncello (Engineering, Swansea University, Swansea, United Kingdom), Francesco Graglia, Sandra 

Hernandez-Aldave, Elena Dellacasa, Laura Pastorino

Enzyme-encapsulated alginate-based hydrogels: Emerging Biosensors via Electrochemiluminescence (ECL) 
detection 

10:15 to 10:30  
Jose H. Zagal (Chemistry of Materials, University of Santiago de Chile, Santiago, Chile), Nataly Silva, C. 

Castro-Castillo, Maria Paz Oyarzun, Sara Ramirez, Jose Marco, Juan F. Silva

Tuning Metalloporphyrins and Metallophthalocyanines Redox Potentials via Axial Ligation to Optimize 

their Electrocatalytic Activity for Reactions of Biological Relevance 

10:30 to 10:45  
Paolo Bollella (Chemistry and Drug Technologies, Sapienza University of Rome, Rome, Italy), Yuya Hibino, 

Kenji Kano, Lo Gorton, Riccarda Antiochia

Direct electrodeposition of highly porous gold (h-PG) onto gold electrode as potential on-line biosensor 

based on D-Fructose Dehydrogenase (FDH) 

10:45 to 11:00  
Coffee Break
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Symposium 4  Bipolar Electrochemistry, from Bioanalysis to 
Materials Science

Room: Sala Azzurra
Chaired by: Robbyn Anand and Robert Dryfe

09:30 to 09:45 invited 
Shinsuke Inagi (School of Materials and Chemical Technology, Tokyo Institute of Technology, Yokohama, 
Japan)

Bipolar Patterning for Conducting Polymer Films 

09:45 to 10:00 invited 
Jing Li (State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, 
Chinese Academy of, Changchun, China), Xiaowei Zhang, Qingfeng Zhai, Huanhuan Xing, Erkang Wang

The construction of the bipolar electrochemistry system- from analytics to the characterization of the 

materials 

10:00 to 10:15  
Curtis Shannon (Department of Chemistry and Biochemistry, Auburn University, Auburn, USA), Masoud 

Mehrgardi, Songyan Yu

A Bipolar Electrochemical Sensor with Square Wave Excitation and ECL Readout 

10:15 to 10:30  
Alexander Oleinick (CNRS-ENS-UPMC UMR8640 Pasteur, Ecole Normale Superieure, Dept. de Chimie, Paris, 
France), Dingwen He, Jiawei Yan, Feng Zhu, Yongliang Zhou, Bing-Wei Mao, Irina Svir, Christian Amatore

Enhancing the Bipolar Redox Cycling Efficiency of Plane-Recessed Microelectrode Arrays by Adding a 
Chemically Irreversible Interferent 

10:30 to 10:45  
Joshua Byers (Department of Chemistry, Université du Québec à Montréal, Montréal, Canada), Laurent Lizotte 

Lavallée, Romaric Charles Beugré, Kenz Zaghib

Local electrocatalytic activity of electrodeposited NiFe thin films prepared using bipolar electrochemistry 

10:45 to 11:00  
Coffee Break

Symposium 6a Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures 

Room: Sala Magenta A
Chaired by: Sandro Cattarin and Xin Xia

9:30 to 10:00 Keynote  
Diana Golodnitsky (School of Chemistry, Tel Aviv University, Tel Aviv, Israel), Heftsi Ragones, Svetlana 

Menkin, Yossi Kamir, Alex Gladkikh, Tzach Mukra, Gabor Kosa

Towards Smart Free Form-Factor 3D Printable Battery 

10:00 to 10:15  
Vinsensia Ade Sugiawati (Electrochemistry of Materials Research Group, Aix-Marseille Université, Marseille, 
France)

Conformal Electrodeposition of Polymer Electrolyte into 3D Nanoarchitectured Electrodes for Improved 

Electrochemical Performance of All-Solid-State Microbatteries  
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10:15 to 10:30  
Muhammad E. Abdelhamid (Mineral Resouces, Commonwealth Scientific and Industrial Research 
Organistaion, Clayton, Australia), Paulo de Souza, Theo Rodopoulos, Mike Horne, Thomas Rüther

A Step Closer to Integrated 3D-Microbatteries for Medical Microsensor Arrays through The 

Electropolymerisation of Thin Film Polymer Electrolytes 

10:30 to 10:45  
Fouad Ghamouss (Department of Chemistry, University of Tours, Tours, France), Victor Chaudoy, François 

Tran Van, Michael Deschamps

A Quasi-solid State Thin Film Lithium µ-Battery using a Polymer Electrolyte 

10:45 to 11:00  
Coffee Break

Symposium 6b  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures

Room: Sala Cobalto
Chaired by: Vincenzo Baglio and Jilei Liu

09:30 to 09:45  
Oronzio and Niccolò De Nora Foundation Young Author Prize
Jilei Liu (College of Materials Science and Engineering, Hunan University, Changsha, China), Zexiang Shen

Unraveling the Potassium Storage Mechanism in Graphite 

09:45 to 10:00  
Bing-Wei Mao (Chemistry Department, Xiamen University, Xiamen, China), Yu Gu, Wei-Wei Wang, Shuai 

Tang, Yi-Juan Li, Xue-Ying Wang, Qi-Hui Wu, De-Yin Wu, Jia-Wei Yan, Ming-Sen Zheng, Quan-Feng Dong

Electrochemical Polishing and Interfacing of Alkali Metal Surfaces  

10:00 to 10:15  
Romain Dugas (Solid State Chemistry, Icmab, Bellaterra, Spain), Alexandre Ponrouch

Towards reliable electrochemical setups for Ca and Mg cells 

10:15 to 10:30  
Giovanni Battista Appetecchi (Department for Sustainability (SSPT), ENEA, S. Maria di Galeria, Italy), 
Mariangela Bellusci, Francesca Varsano, Elisabetta Simonetti

Large-Capacity ZnFe
2
O

4
 Anode Material Synthesized by Solvent-Free, High-Energy Ball Milling 

10:30 to 10:45  
Elena Marchante (Solid State Chemistry, Instituto de Ciencia de Materiales de Barcelona (ICMAB-CSIC), 
Bellaterra, Spain), Juan Forero, Romain Dugas, Alexandre Ponrouch

Electrolytes for Ca and Mg based batteries 

10:45 to 11:00  
Coffee Break
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Symposium 7a Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Europauditorium
Chaired by: Detlef Stolten and Ana C. Tavares

09:30 to 10:00 Keynote  
Mogens Bjerg Mogensen (Energy Conversion and Storage, Technical University of Denmark, Roskilde, 
Denmark), Anne Hauch, Karin Vels Hansen, Theis Løye Skafte, Christopher Graves, Ming Chen, Søren 

Højgaard Jensen

Solid Oxide Electrolysis Cell Status 

10:00 to 10:15  
Roman Kodym (Department of Inorganic Technology, University of Chemistry and Technology Prague, Prague, 
Czech Republic), Petr Vágner, Dimitrios Niakolas, Martin Paidar, Karel Bouzek

Kinetic modeling of Solid Oxide Co-Electrolysis Process 

10:15 to 10:30  
Antonio Bertei (Department of Civil and Industrial Engineering, University of Pisa, Pisa, Italy), Enrique Ruiz-

Trejo, Vladimir Yufit, Farid Tariq, Nigel Brandon, Davide Clematis, Maria Paola Carpanese, Antonio Barbucci, 
Cristiano Nicolella

Unveiling the Complex Interplay between Nanoscale Electrochemical Reactions and Microscale Electrode 

Architecture in Solid Oxide Fuel Cells via Physically-based Modeling 

10:30 to 10:45  
Josef Schefold (Distributed Energy Group, European Institute for Energy Research (EIFER), Karlsruhe, 
Germany), Annabelle Brisse

Performance and Long-Term Stability of Electrolyte Supported Solid Oxide Cells Operated in the Steam 

Electrolysis Mode 

10:45 to 11:00  
Eiji Higuchi (Applied Chemistry, Osaka Prefecture University, Sakai, Japan), Hiroshi Inoue, Akihisa Ochi, 

Masanobu Chiku

Effect of Silver Modification on Glycerol Oxidation Reaction Activity and Mechanism of Platinum 
Electrode in Alkaline Medium 

Symposium 7b Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Sala Avorio
Chaired by: Katsuyoshi Kakinuma and Yong-Tae Kim

09:30 to 09:45  
Sang Hoon Joo (School of Energy and Chemical Engineering, Ulsan National Institute of Science and 
Technology (UNIST), Ulsan, Korea)

Generalized Route to M–N/C Electrocatalysts with Atomically Dispersed M-N
x
 Sites for Energy Conversion 

Reactions 

09:45 to 10:00  
Sajid Hussain (Institute of Chemistry, University of Tartu, Tartu, Estonia), Heiki Erikson, Nadezda Kongi, Aivar 

Tarre, Peeter Ritslaid, Mihkel Rähn, Leonard Matisen, Maido Merisalu, Väino Sammelselg, Kaido Tammeveski

Improved ORR Activity and Long-Term Durability of Pt Nanoparticles Sputter-Deposited on TiO
2
/MWCNT 

Composites Prepared by Atomic Layer Deposition 
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10:00 to 10:15  
Filippo Farina (ICGM-AIME, University of Montpellier-CNRS, Montpellier, France), Giorgio Ercolano, Sara 

Cavaliere, Deborah Jones, Jacques Rozière

Hierarchical Nanofibrous Electrodes As Tailored PEMFC Electrocatalyst Layers 

10:15 to 10:30  
Gui-Rong Zhang (Department of Chemistry, Technical University of Darmstadt, Darmstadt, Germany), 
Macarena Munoz, Bastian J.M. Etzold

Tuning the Electrocatalytic Performance of Ionic Liquid Modified Pt Catalysts for Oxygen Reduction 
Reaction via Cationic Chain Engineering 

10:30 to 10:45  
Svitlana Pylypenko (Department of Chemistry, Colorado School of Mines, Golden, USA), Sarah Zaccarine, 

Chilan Ngo, Sarah Shulda, Scott Mauger, Shaun Alia, K.C. Neyerlin, Bryan Pivovar

Optimizing Extended Surface Catalysts and Electrodes through Multitechnique Multiscale Characterization 

10:45 to 11:00  
Coffee Break

Symposium 8  Supercapacitors: from Double-Layer Electrochemical 
Capacitors to Faradaic-Based High Power Systems

Room: Sala Magenta B
Chaired by: Francois Beguin and John R. Miller

09:30 to 10:00 Keynote  
Thierry Brousse (IMN, CNRS-Université Nantes, Nantes, France)

Improving the safety and the recyclability of lithium-ion capacitors 

10:00 to 10:15  
Jon Ajuria (Electrical Energy Storage, CIC Energigune, Miñao, Spain), Maria Arnaiz, Vinod Nair, Shantanu 

Mitra

High-End, Low-Cost Carbons for Ultrafast Dual Carbon Lithium Ion Capacitor 

10:15 to 10:30  
Maria Arnaiz (Power Storage, Batteries and Supercaps, CIC energiGUNE, Vitoria-Gasteiz, Spain), Juan Luis 

Gómez-Cámer, Teofilo Rojo, Eider Goikolea, Jon Ajuria
Novel Lithium ion capacitor with outstanding gravivolumetric energy-to-power densities based on an 

ultrafast TiSb
2 

alloy negative electrode 

10:30 to 10:45  
Jiangmin Jiang (College of Material Science and Engineering, Nanjing University of Aeronautics and 
Astronautics, Nanjing, China), Xiaogang Zhang

Lithium ion capacitor enabled by hierarchical polyimide derived carbon microspheres with 3D porous 

current collector 

10:45 to 11:00  
Coffee Break



Program of the 69th Annual Meeting of the International Society of Electrochemistry82
TH

UR
SD

AY
 A

M

Symposium 10 Materials for and from Electrochemistry:  
State of the Art and Future Trends

Room: Sala Italia
Chaired by: Massimo Innocenti

09:30 to 10:00 Keynote  
Pawel J. Kulesza (Department of Chemistry, University of Warsaw, Warsaw, Poland), Iwona A. Rutkowska

Hybrid and Selective Systems for Electrocatalytic and Photoelectrochemical Conversion of Carbon Dioxide 

10:00 to 10:15  
Giovanni Zangari (Materials Science and Engineering, University of Virginia, Charlottesville, USA), Yin Xu

Self-limiting Electrodeposition of Ni on GaAs for Photoelectrochemical Water Splitting 

10:15 to 10:30  
Alison Downard (School of Physical and Chemical Sciences, University of Canterbury, Christchurch, New 
Zealand), Alexandra McNeill, Joel Schuurman, Adam Hyndman, Rodrigo Gazoni, Roger Reeves, Martin Allen

Controlling the Band Bending and Electron Accumulation Layer at ZnO Surfaces using Electrografted Aryl 

Layers: a Metal-to-Insulator Transition 

10:30 to 10:45  
Sara Dale (Department of Physics, University of Bath, Bath, United Kingdom), Simon Bending

Changing the Polymorphs of MoS
2
 with Ionic Liquid Field Effect Transistors 

10:45 to 11:00  Coffee Break

Symposium 13  Electrochemistry Applied to Cultural Heritage
Room: Sala Verde

Chaired by: Cristina Chiavari and Christian Degrigny

09:30 to 09:45 Keynote  
Karolien De Wael (Department of Chemistry, Antwerp University, Antwerp, Belgium)

Fading Colors: Please Mind the Gap! Electrochemistry as a Tool to Understand the (in)Stability of Pigments 

09:45 to 10:00 invited 
Christian Degrigny (Research Unit, Haute Ecole Arc Conservation-Restauration, Neuchâtel, Switzerland), Eva 

Menart, Guillaume Erny

Easy to use and low-cost electrochemical open-source hardwares to analyse heritage metals: possibilities and 

limits 

10:00 to 10:15  
Laura Micheli (Dipartimento di Scienze e Tecnologie Chimiche, Università di Roma Tor Vergata, Rome, Italy), 
Claudia Mazzuca, Mattia Titubante, Alessandra Operamolla, Francesca Di Benedetto, Laura Capodieci, Silvia 

Sotgiu, Simonetta Iannucelli

Conservation of paper artworks: the development of a smart tool obtained by the combination of 

nanocellulose and electrochemical biosensors  

10:15 to 10:30  
Suzanne Joiret (LISE UMR 8235, Sorbonne Université, Paris, France), Veronique Bouteiller, Elisabeth Marie-

Victoire, Yolaine Tissier, Yunyun Tong

Corrosion of steel rebars in carbonated and/or chlorinated reinforced concrete. Electrochemical repair effects

10:30 to 10:45  
Chiara Gaetani (DSMN Department of Molecular Science and Nanosystem, Universitá Ca’ Foscari, Venezia, 
Italy), Paolo Ugo, Karolien De Wael, Ligia Maria Moretto

Ovalbumin electrochemical immunosensor: identification of historical albumen photographic prints 

10:45 to 11:00  Coffee Break
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Symposium 14 Electrochemical Engineering: Research towards 
Deployable Technology

Room: Sala Indaco
Chaired by: Ann Cornell and Francois Lapicque

09:30 to 10:00 Keynote  
Nigel Brandon (Earth Science and Engineering, Imperial College, London, United Kingdom)

The role of electrode microstructure in fuel cells and batteries 

10:00 to 10:15  
Kenji Kawaguchi (Organization for Research Initiatives and Development, Doshisha University, Kyotanabe, 
Japan), Shuhei Kimura, Masatsugu Morimitsu

Kinetics of Nano RuO
2
 Prepared by Thermal Decomposition for Oxygen Evolution in Acidic Aqueous 

Solution 

10:15 to 10:30  
Georgios Bampos (Department of Chemical Engineering, University of Patras, Patras, Greece), Alexandros 

Safakas, Symeon Bebelis

Oxygen Reduction Reaction on La
0.8

Sr
0.2

CoxFe
1-x

O
3-δ in Alkaline Medium  

10:30 to 10:45  
Alexandros Katsaounis (Chemical Engneering, University of Patras, Patras, Greece), Alexandros Kotsiras, 

Ioanna Kalaitzidou, Dimitrios Grigoriou, Alexandros Symillidis, Marialena Makri, Constantinos Vayenas

Electrochemical Promotion of Nanodispersed Ru-Co Catalysts for the Hydrogenation of CO
2
 

10:45 to 11:00  Coffee Break

Symposium 18  Theory: from Understanding to Optimization  
and Prediction

Room: Sala Bianca
Chaired by: Claudio Fontanesi and Pawel J. Kulesza

09:30 to 10:00 Keynote  
Perla Balbuena (Chemical Engineering, Texas A&M University, College Station, USA), Saul Perez Beltran, 

Ethan Kamphaus, Roberto Longo-Pazos, Ana Torres

Cathode Architecture and Chemistry: Effects on Discharge and Charge Reactions of the Li/S Battery  

10:00 to 10:15  
Timo Danner (Institute of Engineering Thermodynamics, German Aerospace Center (DLR), Stuttgart, 
Germany), Arnulf Latz

Insights on the Formation of Solid Charge & Discharge Products in Lithium-Sulfur Batteries 

10:15 to 10:30  
Nuria Garcia-Araez (Department of Chemistry, University of Southampton, Southampton, United Kingdom), 
James W. Dibden, Nina Meddings, Rinaldo Raccichini, Liam Furness, John Owen

Understanding the effect of electrolyte in Li-S batteries: analytical and electrochemical tools to quantify 

polysulfide formation 

10:30 to 10:45  
Amangeldi Torayev (Laboratoire de Reactivite et Chimie des Solides, University of Picardie, Amiens, France), 
Pieter C.M.M. Magusin, Clare Grey, Celine Merlet, Alejandro Franco

Role of Pore Mesostructure and Li
2
O

2
 Growth Mechanism on Li-O

2
 Battery Performance 

10:45 to 11:00  Coffee Break
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Symposium 20 Interfacial Electrochemistry in  
Non-Aqueous Electrolytes

Room: Sala Celeste
Chaired by: Gary Attard and Nuria Garcia-Araez

09:30 to 09:45 invited 
Andrea Balducci (Center for Energy and Environmental Chemistry Jena, Friedrich-Schiller-University Jena, 
Jena, Germany), Christoph Schuetter, Lars Henning Hess, Jakob Krummacher

The influence of the electrolyte composition on the stability of Al current collectors in high voltage 
supercapacitors  

09:45 to 10:00  
Alessandro Lavacchi (Institute of Chemistry of the OrganoMetallic Compounds, National Research Council 
(CNR), Sesto Fiorententino, Italy), Andrea Giaccherini, Stefano Caporali, Serena Cinotti, Paolo Giusti, Massimo 

Innocenti, Giordano Montegrossi, Emanuele Piciollo

Understanding Mass Transport in Ionic Liquids: a Rotating Disk Electrode Approach 

10:00 to 10:15  
Ken-ichi Fukui (Materials Engineering Science, Osaka University, Toyonaka, Japan), Akihiro Takahashi, 

Chiaki Katayama, Taiki Sato, Saeyun Kim, Akihito Imanishi

Diffusion of Mg2+ Ions at Interfacial Ionic Liquid on Au Electrode Analyzed by AR-XPS and EC-XPS 

10:15 to 10:30  
Naoya Nishi (Department of Energy and Hydrocarbon Chemistry, Kyoto University, Kyoto, Japan), Takashi 

Yamazawa, Hiroyuki Miyatake, Ken-ichi Amano, Tetsuo Sakka

Electrode Reactions in Ionic Liquids Probed by Electrochemical Surface Plasmon Resonance 

10:30 to 10:45  
Kenta Motobayashi (Department of Physical Science and Engineering, Nagoya Institute of Technology, 
Nagoya, Japan), Yuhei Shibamura, Katsuyoshi Ikeda

In-situ Spectroscopic Observation of Metal Electrodeposition in an Ionic Liquid Triggered by Interfacial 

Restructuring 

10:45 to 11:00  
Coffee Break
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Thursday 6 September 2018 - Afternoon

Symposium 2  Hyphenated-Techniques Incorporating Analytical 
Electrochemistry

Room: Sala Ciano
Chaired by: Fethi Bedioui, Aranzazu Heras, Fabien Miomandre and Daniel Scherson

14:00 to 14:30 Keynote  
Daniel Scherson (Department of Chemistry, Case Western Reserve University, Cleveland, USA), Boguslaw 

Pozniak, Imre Treufeld, Jonathan Strobl

Applications of Hyphenated Techniques to Electroanalysis  

14:30 to 14:45 invited 
Aranzazu Heras (Department of Chemistry, Universidad de Burgos, Burgos, Spain), Alvaro Colina, Juan Victor 

Perales-Rondón, Sheila Hernández, Luis Romay

Time-resolved Raman Spectroelectrochemistry for analysis 

14:45 to 15:00 invited 
Emmanuel Maisonhaute (Department of Chemistry, Sorbonne Universite, Paris, France)

Raman spectroscopy at the nanometer scale for electrochemical mechanisms determination 

15:00 to 15:15  
Noah Schorr (Department of Chemistry, Rodger Adams laboratory, Urbana, USA), Jingshu Hui, Zachary 

Gossage, Kenneth Hernández-Burgos, Joaquín Rodríguez-López

Probing Energy Storage Interfaces with Coupled Scanning Electrochemical Microscopy and in situ Raman 

Spectroscopy  

15:15 to 15:30  
Kevin Jaouen (LICSEN / NIMBE, CEA, Gif sur Yvette, France), Stephane Campidelli, Bruno Jousselme, 

Vincent Derycke, Renaud Cornut

Watching electrochemistry with BALM optical microscopy 

15:30 to 15:45  
Frank Matysik (Institute of Analytical Chemistry, University of Regensburg, Regensburg, Germany)

Hyphenation of Electrochemistry and Electrospray Ionization-Mass Spectrometry (ESI-MS) 

15:45 to 16:00  
Coffee Break

16:00 to 16:30 Keynote  
Hubert Girault (LEPA, EPFL Valais, Sion, Switzerland), Yingdi Zhu, Milica Jovic, Andreas Lesch

Bacteria electrochemical sensors 

16:30 to 16:45  
Baohong Liu (Department of Chemistry, Fudan University, Shanghai, China)

Electroanalysis for Sensitive Biosensing and Real-time Electrochemical Reaction Study 

16:45 to 17:00 invited 
Laurent Bouffier (ISM, Univ. Bordeaux, Pessac, France), Thomas Doneux, Anne De Poulpiquet, Pauline 

Lefrancois, Bertrand Goudeau, Patrick Garrigue, Neso Sojic, Stephane Arbault

Imaging the Electrochemical Reaction Layer by Using 3-Dimensional Fluorescence Microscopy 
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17:00 to 17:15  
Paolo Ghigna (Chimica, Università di Pavia, Pavia, Italy), Martina Fracchia, Alessandro Minguzzi, Daniela 

Meroni, Giuseppe Cappelletti, Piero Torelli, Valentina Bonanni

Operando and in situ soft X-ray Absorption Spectroscopy in Electrochemistry 

17:15 to 17:30  
Liang Liu (LCPME, CNRS-Université de Lorraine, Villers-lès-Nancy, France), Ning Dang, Mathieu Etienne, 

Alain Walcarius

Gel Probes for Scanning Force-Electrochemical Measurements in Air 

17:30 to 17:45  
Marcel J. Rost (Leiden Institute of Chemistry & Huygens-Kamerlingh Onnes Lab, Leiden University, Leiden, 
Netherlands), Leon Jacobse, Yi-Fan Huang, Marc Koper

Correlation of Surface Site Formation to Nano-Island Growth in the Electrochemical Roughening of Pt(111) 

17:45 to 18:15 Keynote  
Alexey Popov (Nanoscale Chemistry, Leibniz Institute for Solid State and Materials Research, Dresden, 
Germany)

Spectroelectrochemistry of the Exohedrally and Endohedrally Functionalized Carbon Cages  

Symposium 5  Photobioelectrochemistry - from Basic Concepts and 
Materials to Devices

Room: Sala Azzurra
Chaired by: Dini Danilo, Lars Jeuken and Fred Lisdat

14:00 to 14:30 Keynote  
Hiroshi Nishihara (Department of Chemistry, School of Science, The University of Tokyo, Tokyo, Japan), 
Mariko Miyachi, Yoshinori Yamanoi, Tatsuya Tomo

Photoelectron Conversion Using Combination of Bio-components with Artificial Molecules 

14:30 to 14:45 invited 
Barry Bruce (BCMB, UTK, Knoxville, USA)

Emerging Approaches for PSI-Based Bio-hybrid Devices 

14:45 to 15:00  
Felipe Conzuelo (Analytical Chemistry - Center for Electrochemical Sciences, Ruhr-University Bochum, 
Bochum, Germany), Fangyuan Zhao, Volker Hartmann, Steffen Hardt, Huijie Zhang, Marc M. Nowaczyk, 

Matthias Rögner, Adrian Ruff, Nicolas Plumeré, Wolfgang Schuhmann

Scanning Photoelectrochemical Microscopy as a Versatile Tool in the Study of Photosystem 1-based 

Photocathodes - From Recombination Processes to the Evaluation of Long-Term Stability 

15:00 to 15:15 invited 
Nicolas Plumeré (Center for Electrochemical Sciences, Ruhr-University Bochum, Bochum, Germany)

Photosystems in Redox Matrices 

15:15 to 15:30  
Yuya Takekuma (Graduate School of Engineering, Tokyo University of Science, Shinjuku-ku, Japan), Haruki 

Nagakawa, Morio Nagata

Enhancement of Photocurrent by Perylene Derivative as Artificial Light-Harvesting Antenna for 
Photosystem I-based Photovoltaic Device 
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15:30 to 15:45 invited 
Massimo Trotta (Istituto per i Processi Chimico Fisici, Consiglio Nazionale delle Ricerche, Bari, Italy), Simona 

la Gatta, Massimo Dell’Edera, Francesco Milano, Roberta Ragni, Angela Agostiano, Gianluca Maria Farinola, 

Roberto Rocco Tangorra

Energy conversion in biohybrids composed by organic molecules and photosynthetic enzymes 

15:45 to 16:00  
Coffee Break

16:00 to 16:30 Keynote  
David Cliffel (Department of Chemistry, Vanderbilt University, Nashville, USA), Kane Jennings, Dilek 

Dervishogullari, Chris Stachurski

Advances in Applied Photosynthesis using Photosystem I 

16:30 to 16:45  
Matteo Grattieri (Chemistry and Materials Science and Engineering, University of Utah, Salt Lake City, USA), 
David P. Hickey, Shelley Minteer

Tuning Redox Mediators Properties for Extracellular Electron Transfer in the Photosynthetic Purple 

Bacterium Rhodobacter Capsulatus 

16:45 to 17:00  
Takehisa Dewa (Department of Life Science and Applied Chemistry, Nagoya Institute of Technology, Nagoya, 
Japan)

Biohybrid Light-Harvesting/Reaction Center Systems: Light Harvesting and Charge Separation Driven by 

Ultrafast Dynamics and Photocurrent Generation on Electrodes 

17:00 to 17:15  
Rafal Bialek (Molecular Biophysics Department, Faculty of Physics, Adam Mickiewicz University, Poznan, 
Poland), David J.K. Swainsbury, Maciej Wiesner, Michael R. Jones, Krzysztof Gibasiewicz

Modelling of the Cathodic and Anodic Photocurrents from Rhodobacter sphaeroides Reaction Centers 

Immobilized on Titanium Dioxide 

17:15 to 17:30  
Francesco Milano (Italian National Research Council, Institute for Physical and Chemical Processes, Bari, 
Italy)

Photo-electrochemical cell based on detergent-solubilized photosynthetic reaction centers. 

17:30 to 18:00 Keynote  
Jenny Zhang (Department of Chemistry, University of Cambridge, Cambridge, United Kingdom), Erwin 

Reisner

Semi-artificial Photosynthesis 

18:00 to 18:15  
Volker Hartmann (Plant Biochemistry, Ruhr-University Bochum, Bochum, Germany), Adrian Ruff, Nicolas 

Plumeré, Matthias Rögner, Wolfgang Schuhmann, Marc M. Nowaczyk

Optimization of a photosystem 2 based photovoltaic half-cell 
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Symposium 6a  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures 

Room: Sala Magenta A
Chaired by: Claudio Gerbaldi and Sigita Trabesinger

14:00 to 14:15 invited 
Ilias Belharouak (Energy and Transportation Science Division, Oak Ridge National Laboratory, Oak Ridge, 
USA)

Fast Charging via Zirconia Modified LiNi
0.5

Mn
1.5

O
4
 Cathode Material 

14:15 to 14:30  
Yasushi Idemoto (Department of Pure and Applied Chemistry, Tokyo University of Science, Noda-shi, Japan), 
Takuya Hiranuma, Naoya Ishida, Naoto Kitamura

Dependence of Local and Average Structure Change during First Discharge Process of 0.4Li
2
MnO

3-

0.6LiMn1/3Ni
1/3

Co
1/3

O
2
  

14:30 to 14:45  
Marie Bichon (CEA, Liten, Grenoble, France), Adrien Boulineau, Eric De Vito, Nicolas Dupré, Dane Sotta, 

Willy Porcher, Bernard Lestriez

Aqueous Processing of Cathodes for Lithium-Ion Batteries 

14:45 to 15:00  
Nataly Carolina Rosero Navarro (Division of Applied Chemistry, Faculty of Engineering, Hokkaido University, 
Sapporo, Japan), Akira Miura, Kiyoharu Tadanaga

Composite cathode prepared from sulfide-type electrolyte precursor solution for all-solid-state battery  

15:00 to 15:15  
Barbara Laik (ICMPE-GESMAT, UPEC, Thiais, France), Da Huo, Pierre Bonnet, Rita Baddour-Hadjean, Jean-

Pierre Pereira-Ramos

Exfoliated and Nanostructured V
2
O

5
 Derived Compounds Obtained by Fluorination / Defluorination as 

Cathode Material for Lithium Batteries. 

15:15 to 15:30  
Byungjin Choi (SAIT, Samsung Electronics, Suwon, Korea), Sukgi Hong, Byongyong Yu, Donghee Yeon, Jinsu 

Ha, Kwangjin Park

Enhanced electrochemical properties of Ni-rich layered oxide cathode by modification of surface lithium 
impurities 

15:30 to 15:45  
Dominic Bresser (Helmholtz Institute Ulm (HIU), Karlsruhe Institute of Technology (KIT), Ulm, Germany), 
Matthias Kuenzel, Arefeh Kazzazi, Stefano Passerini

Aqueous Electrode Processing for High-Energy Lithium-Ion Cathodes 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15 invited 
Dong Wang (Institute of Chemistry, Chinese Academy of Sciences, Beijing, China)

Structure and Reaction at the Electrode/Electrolyte Interface by In-situ Scanning Probe Microscopy 

16:15 to 16:30  
Alejandro Franco (Laboratoire de Réactivité et Chimie des Solides - UMR CNRS, Université de Picardie Jules 
Verne, Amiens, France), Alain Ngandjong, Alexis Rucci, Mariem Maiza, Garima Shukla, Emiliano N. Primo

Advancing the next generation of batteries through multi-scale modeling: predicting the link between the 

electrode fabrication parameters and the battery performance 

16:30 to 16:45  
Sergio Brutti (Dipartimento di Scienze, Università della Basilicata, Potenza, Italy), Isaac Capone, Bernardino 

Tirri, Michele Pavone, Ana B. Muñoz-García

Single-Phase Li+ Deinsertion/Insertion Redox Mechanism in the LiCo
1/3 

Fe
1/3

 Mn
1/3

 PO
4
 Olivine Lattice 

16:45 to 17:00  
Frank Uwe Renner (Institute for Materials Research, Hasselt University, Diepenbeek, Belgium), Yueming 

Zheng, K.G. Pradeep

Bulk Study of a Li-ion Battery Silicon-Based Alloy Anode by Atom Probe Tomography  

17:00 to 17:15  
Timo Stettner (Center for Energy and Environmental Chemistry, Friedrich-Schiller-UniversitÃ¤t, Jena, 
Germany), Peihua Huang, Mustafa Goktas, Philipp Adelhelm, Andrea Balducci

Mixtures of Glyme and Aprotic-Protic Ionic Liquids as Electrolytes for Energy Storage Devices 

17:15 to 17:30  
Nino Schön (Institute of Energy and Climate Research, IEK-9, Forschungszentrum Jülich, Jülich, Germany), 
Deniz Cihan Gunduz, Roland Schierholz, Florian Hausen

Probing the local Li-ion conductivity of LATP using Electrochemical Strain Microscopy 

17:30 to 17:45  
Jorge Seminario (Chemical Engineering, Texas A&M University, College Station, USA), Victor Ponce, Diego 

Galvez, Luis Selis, Cristhian Vicharra, Franz Gallo, Milenka Gamero

Molecular Dynamics Simulations of Solid Electrolytes for Li-ion nanoBatteries 

17:45 to 18:00  
Xinhua Zhu (Materials and Chemistry, Vrije Universiteit Brussels, Brussels, Belgium), Reynier Revilla, Annick 

Hubin

On the Use of Kelvin Probe Force Microscopy for the Characterization of Lithium Ion Batteries  

18:00 to 18:15  
Philipp Jehnichen (IEK-3, Forschungszentrum Juelich, Juelich, Germany), Carsten Korte

Operando Raman analysis on HV cathodes in Li-Ion-Batteries 
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Symposium 6b Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures

Room: Sala Cobalto
Chaired by: Giovanni Battista Appetecchi and Stefan Freunberger

14:00 to 14:15  
Aishui Yu (Department of Chemistry, Fudan University, Shanghai, China), Liangyu Li, Chunguang Chen

Design and Synthesis of Catalysts and Cathode Structure for Lithium-Oxygen Batteries 

14:15 to 14:30  
Rosy Sharma (Department of Chemistry, B-732, Building 206, Bar Ilan University, Ramat Gan, Israel), Malachi 

Noked

Online Electrochemical mass spectrometry as an analytical tool for investigating gaseous evolution in 

rechargeable Li-O
2
 batteries

14:30 to 14:45  
Vadim Lvovich (Materials and Structures, NASA, Cleveland, USA), John Lawson

Integrated Computational-Experimental Development of Lithium-Air Batteries for Electric Aircraft  

14:45 to 15:00  
Jean-F. Drillet (Chemical Technology, DECHEMA-Forschungsinstitut, Frankfurt am Main, Germany), 
Sakthivel Mariappan

High Performance of Bi-Functional Oxygen Electrode in Ionic Liquid Based Rechargeable Zinc/Air Battery 

15:00 to 15:15  
Francisco Jose Perez-Alonso (Research&Development, Albufera Energy Storage, Madrid, Spain), Ana López 

Cudero, Mikel Pino, Paloma Rodríguez, Joaquín Chacón

High efficient non-precious metal catalyst as air cathode of Aluminum-air batteries  

15:15 to 15:30  
Vincenzo Baglio (Istituto di Tecnologie Avanzate per l’Energia (ITAE), CNR, Messina, Italy), Cinthia Alegre, 

Esterina Modica, Orazio Di Blasi, Concetta Busacca, Giuseppe Monforte, Antonino Salvatore Arico, Vincenzo 

Antonucci, Alessandra Di Blasi

Cobalt-based Spinel-type Oxides Supported on Carbon Nanofibers as Bifunctional Oxygen Electrodes for 
Metal-air Batteries 

15:30 to 15:45  
Afshin Pendashteh (Electrochemical Processes Unit, IMDEA Energy Institute, Mostoles, Spain), Jesus Palma, 

Marc Anderson, Juan Jose Vilatela, Rebeca Marcilla

Defect/Doping Engineering of CNT Fibers as Self-standing Air Cathodes for Rechargeable Zn-Air Batteries 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Giuseppe Antonio Elia (Research Center for Microperipheric Technologies, Technische Universität Berlin, 
Berlin, Germany), Krystan Marquardt, Robert Hahn

Aluminum Batteries: Sustainable Alternative to Lithium-Ion Systems 

16:15 to 16:30  
Jan Majchel (Institute of Engineering Thermodynamics, German Aerospace Center (DLR), Stuttgart, Germany), 
Norbert Wagner, K. Andreas Friedrich

Incorporation of Iron into Nickel-Based Phosphide as a Forward-Looking Electrocatalyst for the Oxygen 

Evolution Reaction in Metal-Air Batteries 

16:30 to 16:45  
Deyana S. Tchitchekova (Solid State Chemistry, Institute of Materials Science of Barcelona (ICMAB - CSIC), 
Bellaterra, Spain), Alexandre Ponrouch, Carlos Frontera, Roberta Verrelli, Thibault Broux, Andrea Sorrentino, 

Maria Elena Arroyo-de Dompablo, Fanny Bardé, Maria Rosa Palacín

Cathode Materials for Calcium Rechargeable Batteries 

16:45 to 17:00  
Hongyi Li (Institute for Materials Research, Tohoku University, Sendai, Japan), Norihiko L. Okamoto, Yu 

Kumagai, Fumiyasu Oba, Tetsu Ichitsubo

Concerted Motion of Li-Mg Dual Ions in Intercalation Cathode Materials 

17:00 to 17:15  
Angelo Mullaliu (Industrial Chemistry ‘Toso Montanari’, University of Bologna, Bologna, Italy)

The peculiar redox mechanism of copper nitroprusside disclosed by a multi-technique approach 

17:15 to 17:30  
Juan Manriquez (Department of Science, CIDETEQ, Pedro Escobedo, Queretaro, Mexico)

Efficient electricity generation from the electrochemical decomposition of H
2
O

2
 in a membraneless 

electrochemical cell containing a prussian blue-modified glassy carbon anode and a gold oxides-based 
cathode 

17:30 to 17:45  
Seung-Taek Myung (Department of Nano Technology and Advanced Materials Enginee, Sejong University, 
Seoul, Korea), Jae-Sang Park, Jae Hyeon Jo, Jongsoon Kim

Approach to Prove the Active Sites on VO
2
(B) for Ultrahigh Energy Zn-Ion Aqueous Battery: Combined 

Studies Using First-Principles Calculation and Experiment 

17:45 to 18:00  
Rachel McKerracher (Engineering & the Environment, University of Southampton, Southampton, United 
Kingdom), Alex Holland, Richard Wills, Andrew Cruden

Development of Carbon-Based Cathodes for Aluminium-ion Batteries 

18:00 to 18:15  
Roberta Verrelli (Solid State Chemistry, ICMAB-CSIC, Bellaterra, Spain), Deyana S. Tchitchekova, Alexandre 

Ponrouch, Maria Elena Arroyo-de Dompablo, Ashley Philipp Black, Carlos Frontera, Amparo Fuertes, Maria 

Rosa Palacin

On the Challenging Quest for Positive Electrodes for Mg Batteries:Case Studies of Novel and Traditional 

Intercalation Layered Materials 
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Symposium 7a  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Europauditorium
Chaired by: Vito Di Noto, Emiliana Fabbri, K. Andreas Friedrich and Mogens Bjerg Mogensen

14:00 to 14:15  
Chiyoung Jung (Buan Fuel Cell Center, Korea Institute of Energy Research, Haseo-myeon, Buan-gun, Korea), 
Younggi Yoon, Taeyoung Kim, Hyunguk Choi, Seowon Choi, Sungchul Yi

Electrospray-assisted fabrication of high oxygen permeable electrode under hot and humid environment

14:15 to 14:30  
Kasinath Ojha (Schulish Faculty of Chemistry, Technion-Israel Institute of Technology, Haifa, Israel), Eliyahu 

Farber, Tomer Burshtein, David Eisenberg

Multi-doped Carbon Nanostructures: Bio-inspired Electrocatalysts for Hydrazine Oxidation 

14:30 to 14:45  
Ioannis Spanos (Heterogeneous Reactions, Max Planck Institute for Chemical Energy Conversion, Mülheim an 
der Ruhr, Germany), Shyam Bandlamudi, Alexander A. Auer, Robert Schlögl, Anna K. Mechler

Investigation of Fe-induced Performance Changes and Corrosion Behavior of a Ni-Co-Oxide Catalyst for 

Oxygen Evolution 

14:45 to 15:00  
Gaetan Buvat (INRS Energie, Materiaux et Telecommunications, Institut National de la Recherche Scientifique, 
Varennes, Canada), Azza Hadj Youssef, Andreas Ruediger, Sebastien Garbarino, Daniel Guay

Revisiting Iridium- and Iridium/Nickel- based Oxide Structure through Heteroepitaxy by Pulsed Laser 

Deposition for the Oxygen Evolution Reaction 

15:00 to 15:15  
Ana C. Tavares (Centre Énergie, Matériaux et Telecommunications, Institut National de la Recherche 
Scientifique , Varennes, Canada), Gaixia Zhang, David Sebastián, Carmelo Lo Vechio, Qilian Wei, Vincenzo 

Baglio, Shuhui Sun, Antonino Salvatore Arico

Insights on the Activity of Graphene-supported Tantalate Oxides as Non Noble Metal Catalyst for the 

Electroreduction of Oxygen 

15:15 to 15:30  
Edita Vernickaite (Physical Chemistry, Vilnius University, Vilnius, Lithuania), Natalia Tsyntsaru, Henrikas 

Cesiulis

Electrodeposited High W-content Co-W, Ni-W and Fe-W Cathodes for Efficient Hydrogen Evolution in 
Alkaline Medium

15:30 to 15:45  
David Sebastián (Energy and Environment, Instituto de Carboquimica (CSIC), Zaragoza, Spain), Juan Carlos 

Ruiz Cornejo, Maria Victoria Martinez Huerta, Maria Jesus Lazaro

Ta-based Electrocatalysts for the Oxygen Reduction and Evolution Reactions 

15:45 to 16:00  
Coffee Break



Program of the 69th Annual Meeting of the International Society of Electrochemistry 93

TH
UR

SD
AY

 P
M

16:00 to 16:15 invited 
Emiliana Fabbri (Energy and Environment Research Division, Paul Scherrer Insitut, Villigen, Switzerland)

Insights into Perovskite Nano-Catalysts as Oxygen Electrodes for the Electrochemical Splitting of Water 

16:15 to 16:30  
Chuan Zhao (School of Chemistry, The University of New South Wales, Sydney, Australia)

Nanostructuring Earth Abundant Electrocatalysts for Water Splitting 

16:30 to 16:45  
Xiaoming Sun (State Key Laboratory of Chemical Resource Engineering, Beijing University of Chemical 
Technology, Beijing, China), Wenwen Xu, Zhiyi Lu

Superwetting electrodes for Gas-involved Electrocatalysis 

16:45 to 17:00  
Akari Hayashi (Department of Hydrogen Energy Systems, Kyushu University, Fukuoka, Japan), Marika Muto, 

Kazunari Sasaki

Development of Mesoporous Iridium Electrocatalysts for the Oxygen Evolution Reaction (OER)  

17:00 to 17:15  
Hiroyuki Uchida (Clean Energy Research Center, University of Yamanashi, Kofu, Japan), Hideaki Ohno, Yuki 

Miyamoto, Guoyu Shi, Shinji Nohara, Katsuyoshi Kakinuma, Hiroshi Yano

Highly Active Anode and Cathode Catalysts for Polymer Electrolyte Water Electrolysis with Reduced 

Amounts of Noble Metals 

17:15 to 17:30  
Evelina Slavcheva (IEES, Bulgarian Academy of Sciences, Sofia, Bulgaria), Galin Borisov, Elefteria Lefterova, 

Denis Paskalev, Katerina Maksimova-Dimitrova

Magnelli Pahase Supported Ni-Co Electrocatalysts for Anion Exchange Membrane Electrolysis Cells  

17:30 to 17:45  
Yuto Miyahara (Graduate School of Global Environmental Studies, Kyoto University, Kyoto, Japan), Kanta 

Akane, Tomokazu Fukutsuka, Takeshi Abe

Catalytic Activities for Oxygen Evolution Reaction of Ni-Fe Layered Double Hydroxides with Different 

Cation Ratios 

17:45 to 18:00  
Gareth Keeley (Elektrochemische Verfahrenstechnik, Forschungszentrum Jülich, Jülich, Germany)

The Stability Challenge on the pathway to High-Current-Density Polymer Electrolyte Membrane Water 

Electrolysers 

18:00 to 18:15  
Sangaraju Shanmugam (Energy Science & Engineering, DGIST, Daegu, Korea), Arumugam Sivanantham

Efficient and Ultra-stable Earth Abundant Electrocatalysts for the Oxygen Evolution Reaction in Alkaline 
Electrolyte
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Symposium 7b Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Sala Avorio
Chaired by: Lior Elbaz, Timo Jacob, Svitlana Pylypenko and Piotr Zelenay

14:00 to 14:15 invited 
Piotr Zelenay (Materials Physics and Applications Division, Los Alamos National Laboratory, Los Alamos, 
USA)

Oxygen Reduction at Platinum Group Metal-free Electrocatalysts: Progress in Performance and 

Understanding of Reaction Mechanism 

14:15 to 14:30  
Jin-Song Hu (Key Laboratory of Molecular Nanostructure and Nanotechnology, Institute of Chemistry, Chinese 
Academy of Sciences, Beijing, China), Wen-Jie Jiang, Yun Zhang

Electronic and Structural Engineering of Active Sites for Efficient Non-Precious Metal Electrocatalysts 

14:30 to 14:45  
Diana Fernandes (Chemistry and Biochemistry, REQUIMTE/LAQV, Universidade do Porto, Porto, Portugal), 
Penny Mathuma, Emmanuel Iwuoha, Cristina Freire

Towards Efficient Oxygen Reduction Reaction Electrocatalysts Through Graphene Doping 

14:45 to 15:00  
Mitsuharu Chisaka (Department of Sustainable Energy, Hirosaki University, Hirosaki, Japan)

Enhanced Oxygen Reduction Reaction Activity of Carbon-Support-Free Titanium Oxynitride Catalyst by 

Phosphor Doping 

15:00 to 15:15  
Lior Elbaz (Department of Chemistry, Bar-Ilan University, Ramat-Gan, Israel)

Increasing the Site Density and Overall Performance for the Electrocatalysis of Oxygen Reduction with 3D 

Networks of Molecular Catalysts  

15:15 to 15:30  
Vera Beermann (Department of Chemistry, Technical University Berlin, Berlin, Germany), Megan Holtz, 

Stefanie Kühl, Martin Gocyla, Xingli Wang, Malte Klingenhof, Stefan Rudi, Marc Heggen, Rafal E. Dunin-

Borkowski, David Muller, Peter Strasser

Shape Controlled Pt-Ni Nanoparticles doped with Rh: Using Advanced Spectroscopy and Microscopy to 

Understand Degradation Processes in ORR 

15:30 to 15:45  
Matija Gatalo (Department of Materials Chemistry, National Institute of Chemistry, Ljubljana, Slovenia), 
Francisco Ruiz-Zepeda, Goran Drazic, Nejc Hodnik, Marjan Bele, Miran Gaberscek

Insights into Thermal Annealing of Highly-Active PtCu
3
/C Oxygen Reduction Reaction Electrocatalyst: An 

In-Situ Annealing Transmission Electron Microscopy Study 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Junjie Ge (Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun, China), 
Meiling Xiao, Wei Xing, Changpeng Liu

Transition Metal Cluster Coordination Nitrogen Sites as Efficient Elelctrocatalysts Towards ORR 

16:15 to 16:30  
Enrico Negro (Department of Industrial Engineering, Via Marzolo 1, Padova, Italy), Angeloclaudio Nale, Keti 

Vezzù, Yannick Herve Bang, Federico Bertasi, Gioele Pagot, Giuseppe Pace, Stefano Polizzi, Mirko Prato, Vito 

Di Noto

Interplay between Physicochemical Features and Electrochemical Performance in the ORR of “Platinum-

Free” Electrocatalysts based on Hierarchical Graphene Supports 

16:30 to 16:45  
Natascha Weidler (Material Science, Technische Universität Darmstadt, Darmstadt, Germany), Stephen Paul, 

Heng Pei, Pascal Theis, Markus Kübler, Stephan Wagner, David Wallace, Ulrike Kramm

Effect of Structure Forming Agents on the Porosity of the Carbon Structure of Fe-N-C Catalysts for the 

Oxygen Reduction Reaction  

16:45 to 17:00  
Federico Tasca (Quimica de los Materiales, Universidad de Santiago de Chile, Santiago, Chile), Jose H. Zagal

In Search of the Most Active MN4 and MN5 Catalyst for the Oxygen Reduction Reaction. The case of the 

Perfluorinated Fe Phthalocyanine 

17:00 to 17:15  
Emilia Olsson (Chemical and Process Engineering, University of Surrey, Guildford, United Kingdom), Yaxiang 

Lu, Lianqin Wang, Kathrin Preuss, Maria-Magdalena Titirici, Varcoe John

Halloysite-Derived N-Doped Carbonaceous Materials as Efficient Metal-Free Oxygen Reduction 
Electrocatalysts in Anion Exchange Membrane Fuel Cells  

17:15 to 17:30  
Tania Benedetti (School of Chemistry, University of New South Wales, Sydney, Australia), Corina Andronescu, 

Soshan Cheong, Patrick Wilde, Martin Kientz, Richard D. Tilley, Wolfgang Schuhmann, Justin Gooding

Nanozymes: Nanoparticles that mimic the architecture of enzymes for electrocatalysis 

17:30 to 17:45  
Karina Muñoz-Becerra (Departamento de Química Inorgánica, Pontificia Universidad Católica de Chile, 
Santiago de Chile, Chile), Ricardo Venegas, Luis Lemus, Jose H. Zagal, Alejandro Toro-Labbé, Javier Recio

Substituent effect on the ORR activity of CuI-phen derivatives: an experimental and theoretical study 

17:45 to 18:00  
Hansung Kim (Chemical and Biomolecular Engineering, Yonsei University, Seoul, Korea)

Development of Graphitic Carbon Supported Pt Based Alloy Catalysts with Pt Skin Layer for Oxygen 

Reduction Reaction Using a Protective Coating Method 

18:00 to 18:15  
Heiki Erikson (Institute of Chemistry, University of Tartu, Tartu, Estonia), Jonas Mart Linge, Maido Merisalu, 

Maike Käärik, Jaan Leis, Tiit Kaljuvee, Väino Sammelselg, Kaido Tammeveski

Oxygen Reduction Reaction on Silver Nanoparticles Supported on Carbide-Derived Carbons 
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Symposium 8  Supercapacitors: from Double-Layer Electrochemical 
Capacitors to Faradaic-Based High Power Systems

Room: Sala Magenta B
Chaired by: Sonia Dsoke and Wataru Sugimoto

14:00 to 14:15  
Wataru Sugimoto (Faculty of Textile Science and Technology, Shinshu University, Ueda, Japan), Tomohiro 

Yoshida, Itsuki Nagatani, Daisuke Takimoto, Dai Mochizuki

Textural Control of TiO
2
(B) Electrodes for Fast Li Storage 

14:15 to 14:30  
Sonia Dsoke (Helmholtz Institute Ulm (HIU), KIT, Karlsruhe, Germany), Dominik Stepien, Zijian Zhao, Ziming 

Ding, Helmut Ehrenberg

The shift to post-Li-ion capacitors: electrochemical behavior of activated carbon electrodes in Li, Na and 

K-salt-containing organic electrolytes 

14:30 to 14:45  
Daniel Belanger (Chimie, Universite du Quebec a Montreal, Montreal, Canada)

Hybrid energy storage systems with modified electrode materials 

14:45 to 15:00  
Zhoucheng Wang (Chemical Engineering, Xiamen University, Xiamen, China), Binbin Wei

Porous CrN Thin Films by Selectively Etching CrCuN for Symmetric Supercapacitors 

15:00 to 15:15  
Nutthaphon Phattharasupakun (Department of Chemical and Biomolecular Engineering, Vidyasirimedhi 
Institute of Science and Technology, Rayong, Thailand), Juthaporn Wutthiprom, Montree Sawangphruk

High-performance Sodium-ion Hybrid Capacitors based on an Identical Jasmine-rice Derived Activated 

Carbon: A Hydrodynamic Effect Investigation 

15:15 to 15:30  
Kenneth Ozoemena (School of Chemistry, University of the Witwatersrand, Johannesburg, South Africa), Tobile 

Maphumulo, Nkosikhona Nzimande, Guy Kabongo, Rasmita Barik

Carbon Nanofiber-FeN
4
 Hybrids: Synergistic Interactions for Enhanced Interfacial Electrochemistry and 

Supercapacitance 

15:30 to 15:45  
Ahmed S. Etman (Department of Materials and Environmental Chemistry, Stockholm University, Stockholm, 
Sweden), Ligang Wang, Leif Nyholm, Kristina Edström, Junliang Sun

Aqueous Exfoliation of Molybdenum Oxides: Binder-Free Electrodes for Supercapacitor Applications 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Damilola Momodu (Physics, University of Pretoria, Pretoria, South Africa)

Electrochemical performance of a hybrid supercapacitor based on porous activated carbon nanostructures 

with manganese oxide decorated on functionalized carbon nanotubes  

16:15 to 16:30  
Cassandra Arico (IEMN, Lille University, Villeneuve d’Ascq, France), Saliha Ouendi, Florent Blanchard, Pascal 

Roussel, Pierre-Louis Taberna, Patrice Simon, Christophe Lethien

Sputtered Nb
2
O

5
 thin films for hybrid miniaturized electrochemical energy storage systems 

16:30 to 16:45  
Keyvan Malaie (Department of Chemistry, Faculty of Science, University of Tehran, Tehran, Iran)

A Cost-Effective and Eco-Friendly Asymmetric Supercapacitor Based on Amorphous Iron Oxide-Carbon 

Black and Manganese Oxide Pseudocapacitors Developed in a Single Step 

16:45 to 17:00  
Chi-Chang Hu (Department of Chemical Engineering, National Tsing Hua University, Hsin-Chu, Taiwan), Po-

Yu Chen, Arturas Adomkevicius

Pseudocapacitive Characteristics of Cation-Preintercalated Manganese Oxides for High Performance 

Asymmetric Supercapacitors 

17:00 to 17:15  
Simon Fleischmann (Energy Materials, INM - Leibniz Institute for New Materials, Saarbrücken, Germany), 
Antje Quade, Angela Kruth, Volker Presser

Asymmetric Hybrid Supercapacitors Using Molybdenum Oxide / Carbon Nanotube Hybrid Anodes 

17:15 to 17:30  
Katsuhiko Naoi (Department of Applied Chemistry, Tokyo University of Agriculture and Technology, Tokyo, 
Japan), Etsuro Iwama, Kazuaki Kisu, Wako Naoi

Hybrid Supercapacitors and Their Future Outlook 

17:30 to 17:45  
Christoph Schuetter (Center for Energy and Environmental Chemistry, Friedrich-Schiller-University Jena, 
Jena, Germany), Andrea Balducci

Electrolytes for Electrochemical Double Layer Capacitors based on Cyano Ester 

17:45 to 18:00  
F. Eylul Sarac Oztuna (Material Science and Engineering, Koc University, Istanbul, Turkey), Ozlem Unal, 

Funda Yagci Acar, Ugur Unal

Layer by Layer Grown Ultrathin Graphene-Metal Oxide Films as Electrodes for Electrochemical Capacitors   

18:00 to 18:15  
Qamar Abbas (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Patryk Przygocki, Barbara Gorska, Francois Beguin

High energy hybrid electrochemical capacitors performing down to -40oC in neutral aqueous electrolytes 
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Symposium 10  Materials for and from Electrochemistry:  
State of the Art and Future Trends

Room: Sala Italia
Chaired by: Pawel J. Kulesza and Mikhail Vorotyntsev

14:00 to 14:15 invited 
Magdalena Skompska (Faculty of Chemistry, University of Warsaw, Poland, Poland), Alexander Aragon, 

Walace Kierulf-Vieira, Tomasz Lecki, Kamila Zarebska, Justyna Widera-Kalinowska

Synthesis and Application of a Sustainable TiO
2
/CdS/Conducting Polymer Composite for the Photocatalytic 

Degradation of 4-Chlorophenol under Visible Light 

14:15 to 14:30  
Marco Altomare (Department of Materials Science and Engineering WW4-LKO, University of Erlangen-
Nuremberg, Erlangen, Germany)

Site-Selective Placement of an Electron-Transfer Cascade Cocatalyst on TiO
2
 Nanotubes Yields Enhanced 

Photocatalytic H
2
 Evolution 

14:30 to 14:45  
Jan Macak (Center of Materials and Nanotechnologies, University of Pardubice, Pardubice, Czech Republic), 
Hanna Sopha

Self-Organized Anodic TiO
2
 Nanotubes: Recent advances in the synthesis and properties 

14:45 to 15:00  
Hamed Arab (Department of Chemistry, Materials and Chemical Engineering, Politecnico di Milano 
University, Milan, Italy), Silvia Franz, Gian Luca Chiarello, Elena Selli, Massimiliano Bestettia

Photoactive TiO
2
 Films By Plasma Electrolytic Oxidation 

15:00 to 15:15  
Maria Vittoria Diamanti (Department of Chemistry, Materials and Chemical Engineering, Politecnico di 
Milano, Milan, Italy), Shaochuan Chen, Seyedreza Noori, MariaPia Pedeferri, Mario Lanza

Anodic Titanium Oxides for Resistive Switching Memories 

15:15 to 15:30  
Luca Magagnin (Department of Chemistry, Materials and Chemical Engineering, Politecnico di Milano, 
Milano, Italy), Federico Cuneo, Matteo Rizzotto, Valentina Busini

Electroless deposition of composite materials: from fundamental mechanisms to applications 

15:30 to 15:45  
Luca Mattarozzi (ICMATE, CNR, Padova, Italy), Sandro Cattarin, Nicola Comisso, Rosalba Gerbasi, Paolo 

Guerriero, Marco Musiani, Lourdes Vazquez-Gomez

Comparative Study of the Hydrogen Sorption in Electrodeposited Ag-Rh Alloys and Pd 

15:45 to 16:00  
Coffee Break
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16:00 to 16:30 Keynote  
Zhaowu Tian Prize for Energy Electrochemistry
Xiangfeng Duan (Department of Chemistry and Biochemistry, UCLA, Los Angeles, USA)

Tailoring Charge Transport for Efficient Electrochemical Energy Conversion and Storage 

16:30 to 16:45  
Krishnan Murugappan (Materials, University of Oxford, Oxford, United Kingdom), Martin Castell, Aditya 

Cowsik

The Prospects of Highly Sensitive Chemiresistors on Flexible Substrates at the Electric Percolation 

Threshold

16:45 to 17:00  
Masa-aki Haga (Department of Applied Chemistry, Chuo University, Tokyo, Japan), Kai Yoshikawa, Takumi 

Nagashima, Hiroaki Ozawa

Scalable Redox-Active Coordination Layer-by-Layer Films Based on Ruthenium Complexes Toward 

Electrochemical Devices 

17:00 to 17:15  
Oana  Hosu (Department of Analytical Chemistry, Iuliu Hatieganu University of Medicine and Pharmacy, Cluj 
Napoca, Romania), Madalina M. Barsan, Cecilia Cristea, Robert Sandulescu, Christopher Brett

Nanocomposite Hybrid Materials based on Carbon Nanotubes and Poly(Methylene Blue) Films Synthesized 

in Deep Eutectic Solvents for Biosensor Development 

17:15 to 17:30  
Adriana Ispas (Department of Chemistry, TU Ilmenau, Ilmenau, Germany), Andreas Bund, Igor Efimov

Electrodeposition of PEDOT-PTFE and PEDOT-Nano-diamond composite layers 

17:30 to 17:45  
Linda Gonzalez-Gutierrez (Science, CIDETEQ, Queretaro, Mexico), Guillermo Zoe Velazco-Alvarez, Luis A. 

Romero-Cano, Carlos Frontana

Non-electroactive organic materials (biotemplates) study for metal uptake through carbon paste electrodes 

and electrochemical techniques 

17:45 to 18:00  
Deniz Cakal (Department of Chemistry, Middle East Technical University, Ankara, Turkey), Atilla Cihaner, 

Ahmet M. Onal

Synthesis and Electrochemical Polymerization of D-A-D Monomers Based on Thieno[3,4-c]pyrrole-4,6-

dione Acceptor Unit 

18:00 to 18:15  
Ana S. Viana (Departamento de Química e Bioquímica, Faculdade de Ciências, Universidade de Lisboa, 
Lisboa, Portugal), Luis Almeida, Rui Correia, Andreia Marta, Giuseppe Squillaci, Alessandra Morana, 

Francesco La Cara, Jorge Correia

Electropolymerization of Bio-inspired Catecholamines for Electrochemical Sensors 
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Symposium 12 Electrophoretic Deposition of Functional Coatings: 
from Materials Science to Biotechnology

Room: Sala Verde
Chaired by: Aldo Boccaccini and Zoilo Gonzalez

14:00 to 14:30 Keynote  
Andrew Pascall (Materials Engineering Division, Lawrence Livermore National Laboratory, Livermore, USA), 
Scott Bukosky, Joshua Hammons, Jinkyu Han, Megan Freyman, Elaine Lee, Brian Giera, Kerry Krauter, Joshua 

Kuntz, Marcus Worsley, Thomas Han, William Ristenpart

Structural Color-based Electrophoretic Displays for Flexible Electronics: Correlating Color to Interparticle 

Spacing using in situ USAXS 

14:30 to 14:45  
Fabien Grasset (UMI 3629 LINK, CNRS/NIMS, Tsukuba, Japan), Ngan T.K. Nguyen, Adèle Renaud, Maxence 

Wilmet, Benjamin Dierre, Marion Dubernet, Noée Dumait, Stéphane Cordier, Wanghui Chen, Naoki Ohashi, 

Tetsuo Uchikoshi

Extended Study on Electrophoretic Deposition Process of Inorganic Octahedral Metal Cluster: Advanced 

Multifunctional Nanocomposite Thin Films 

14:45 to 15:00  
Brian Giera (Materials Engineering Department, Lawrence Livermore National Laboratory, Livermore, USA), 
Luis Zepeda-Ruiz, Joshua Kuntz, Andrew Pascall

Modeling Approached in Electrophoretic Deposition 

15:00 to 15:15 invited 
Carlo Baldisserri (Nanotechnology Lab, ISTEC-CNR, Faenza, Italy), Pietro Galizia, Valentina Medri, Elena 

Landi, Carmen Galassi

Electrophoretic Deposition of Aluminum Oxide Powders in Different Matrices for Alkali Bonded Coatings 

15:15 to 15:30  
Svenja Heise (Institute of Biomaterials, Friedrich-Alexander-University Erlangen-Nuremberg, Erlangen, 
Germany), Carola Forster, Hongfei Qi, Qiang Chen, Tingli Lu, Aldo R Boccaccini

Electrophoretic deposition of gelatin/chitosan coatings with drug release capabilities 

15:30 to 15:45  
Ilven Mutlu (Metallurgical and Materials Engineering, Istanbul University, Istanbul, Turkey), Begum Tusgul, 

Tugba Uce, Bilge Turetken, Muhammet Recep Soran, Furkan Yenilmez

Investigation of Biodegradation of Zn Alloy Foam for Scaffold Applications 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15 invited 
Danjela Kuscer (Electronic Ceramics Department, Jozef Stefan Institute, Ljubljana, Slovenia), Hugo Mercier, 

Barbara Malic, Franck Levassort

Sodium potassium niobate-based thick films for piezoelectric energy harvester applications 

16:15 to 16:30  
Zhenyuan Xia (ISOF, CNR, Bologna, Italy), Meganne Christian, Catia Arbizzani, Vittorio Morandi, Massimo 

Gazzano, Vincenzo Palermo

Synthesis of graphene-Fe
2
O

3
 hybrid materials and their application in energy storage 

16:30 to 16:45  
Joaquin Yus (Physical Chemistry of Surfaces and Processes, Institute of Ceramics and Glass (ICV) - CSIC, 
Madrid, Spain), Zoilo Gonzalez, Antonio Javier Sanchez-Herencia, Eva Chinarro, Begoña Ferrari

Electron Transport Through Mesoporous and Interconnected Ni-Based Microstructures Shaped by 

Electrophoretic Deposition 

16:45 to 17:00  
Erika Bustos (Science, CIDETEQ, S. C., Pedro Escobedo, Mexico), Itzel León, Rosa Herrada, Juan Manriquez

Kinetic Study of Oxidation Products of RuO
2
-Ta

2
O

5
│Ti and IrO

2
-Ta

2
O

5
│Ti using Electrochemical 

Impedance Spectroscopy 

17:00 to 17:15 invited 
Guillaume Toquer (Laboratory of Nanomaterials for Energy and Recycling, ICSM, Marcoule, France), Sanaa 

Shehayeb, Xavier Deschanels

Nanoparticle Electrophoretic Deposition designed for Photo-Thermal Solar Receptor 

17:15 to 17:30  
Pina A. Fritz (Food Process Engineering, Wageningen University, Wageningen, Netherlands), Stefanie C. 

Lange, Han Zuilhof, Remko M. Boom, C.G.P.H. Schroën

Simultaneous Silicon Oxide Growth and Electrophoretic Deposition of Graphene Oxide  

17:30 to 17:45  
Gregorio Vargas (Ceramic Engineering, CINVESTAV-Saltillo, Ramos Arizpe, Mexico), David Erives

Optimization of the electrochemical deposition of Co-Cr black oxide coatings on AISI 304 SS in ethaline, 

for solar collection applications 

17:45 to 18:00  
George P. Demopoulos (Materials Engineering, McGill University, Montreal, Canada), Marianna Uceda,

High-Performance Energy Storage Electrodes via Electrophoretic Co-Deposition and Sintering of C/GO/Li-

Ion Active Nanocomposites

18:00 to 18:15  
Pu-Wei Wu (Materials Science and Engineering, National Chiao Tung University, Hsinchu City, Taiwan), Shih-

Cheng Chou, Guang-Ren Wang, Chuan-Jyun Wang, Pei-Sung Hung

High Throughput Fabrication of Large-Area Colloidal Crystals via an Two-Stage Electrophoretic Deposition 

Method 

18:15 to 18:30  
Zoilo Gonzalez (Instituto de Ceramica y Vidrio, CSIC, Madrid, Spain), Joaquin Yus, Antonio Javier Sanchez-

Herencia, Begona Ferrari

Colloidal Strategies to shape Core-Shell based films by EPD and their Electrochemical Performance as 
Pseudocapacitor electrodes 



Program of the 69th Annual Meeting of the International Society of Electrochemistry102
TH

UR
SD

AY
 P

M

Symposium 14 Electrochemical Engineering:  
Research towards Deployable Technology

Room: Sala Indaco
Chaired by: Maarten Biesheuvel and Sophia Haussener

14:00 to 14:30 Keynote  
Volker Presser (Energy Materials, INM - Leibniz Institute for New Materials, Saarbrücken, Germany), 
Pattarachai Srimuk, Juhan Lee

Water desalination with Ion Intercalation Electrode Materials 

14:30 to 14:45  
Maarten Biesheuvel (Wetsus, European Centre of Excellence Sustainable Water Technology, Leeuwarden, 
Netherlands)

Capacitive Deionization with Intercalation Electrodes 

14:45 to 15:00  
Juhan Lee (Energy Materials, INM - Leibniz Institute for New Materials, Saarbrücken, Germany), Pattarachai 

Srimuk, Volker Presser

Faradaic desalination with carbon/metal oxide nanohybrid electrodes 

15:00 to 15:15  
Aranzazu Carmona Orbezo (School of Chemistry, The University of Manchester, Manchester, United 
Kingdom), Robert Dryfe

Flow-Electrode Capacitive Deionization (FCDI) using Suspensions of 2D Materials as Electrodes 

15:15 to 15:30  
Paz Nativ (Civil and Environmental Engineering, Technion, Haifa, Israel), Ori Lahav, Youri Gendel

Combining the Best of Two Worlds: Investigating the Use of Thin Film Composite Membranes in an FCDI 

Processes 

15:30 to 15:45  
Jinxing Ma (School of Civil and Environmental Engineering, UNSW Sydney, Sydney, Australia), Jingke Song, 

Changyong Zhang, Calvin He, David Waite

Fate of nitrate in flow-electrode capacitive deionization: Implications to reclamation in wastewater 
management 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15 invited 
Michele Tedesco (Wetsus, Leeuwarden, Netherlands)

Understanding the role of thickness of ion exchange membranes for enhanced process performance in 

(reverse) electrodialysis 

16:15 to 16:30  
Ramato Ashu Tufa (Department of Inorganic Chemistry, University of Chemistry and Technology Prague, 
Prague, Czech Republic), Theo Piallat, Roman Kodym, Jaromír Hnát, Willem van Baak, Martin Paidar, Karel 

Bouzek

Reducing the Impact of Multivalent Ions on Clean Energy Generation by Reverse Electrodialysis 

16:30 to 16:45  
Amit N. Shocron (Mechanical Engineering, Technion, Israel Institute of Technology, Haifa, Israel), Matthew 

Suss

Do We Need to Pose a Closure Problem to Capture the Dynamics of the Capacitive Charging of Porous 

Electrodes? 

16:45 to 17:00  
Jaehan Lee (Information Technology and Electrical Engineering, ETH Zurich, Zurich, Switzerland), Seonghwan 

Kim, Seoni Kim, Jeyong Yoon

Development of High Performance Electrochemical Ion Separation Technologies using Battery Materials 

17:00 to 17:15  
Eric Guyes (Faculty of Mechanical Engineering, Technion, Israel Institute of Technology, Haifa, Israel), 
Matthew Suss

Size-Based Selectivity of Capacitive Deionization Electrodes in Mixtures of Monovalent Ions 

17:15 to 17:30  
Steven A. Hawks (PLS, Lawrence Livermore National Laboratory, Livermore, USA), Ashwin Ramachandran, 

Juan G. Santiago, Michael Stadermann

The Flow Efficiency as an Important Concept for Understanding Capacitive Deionization Operational 
Performance 

17:30 to 17:45  
Jouke Dykstra (Sub-department of Environmental Technology, Wageningen University, Wageningen, 
Netherlands), Slawomir Porada, Albert van der Wal, Maarten Biesheuvel

Energy consumption in Capacitive Deionization - constant current versus constant voltage operation 

17:45 to 18:00  
Ulrich Hellriegel (Center of Applied Research, University of Applied Sciences, Karlsruhe, Karlsruhe, Germany), 
Edgardo Cañas Kurz, Jan Hoinkis

Making CDI Deployable for Sustainable Drinking Water Production: Modular Pilot Scaled Concepts and 

Modelling Strategies 

18:00 to 18:15  
Martin Paidar (Department of Inorganic Technology, University of Chemistry and Technology Prague, Prague, 
Czech Republic), Adam Giurg, Karel Denk, Ondrej Skorvan

Development and properties of the spiral module for capacitive deionization 
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Symposium 18 Theory: from Understanding to Optimization  
and Prediction

Room: Sala Bianca
Chaired by: Alejandro Franco and Marc Koper

14:00 to 14:15  
Johannes Haverkort (Process and Energy, Mechanical Engineering, Delft University of Technology, Delft, 
Netherlands)

The optimal electrode thickness and porosity 

14:15 to 14:30  
Vincent Laue (Institute of Energy and Process Systems Engineering, Technische Universität Braunschweig, 
Braunschweig, Germany), Nicolas Wolff, Fridolin Röder, Ulrike Krewer

Modeling the Calendering Influence in Lithium-Ion Batteries from Micro to Macro Scale 

14:30 to 14:45  
Manuel Landstorfer (RG 7 (Thermodynamic Modeling and Analysis of Phase Transitio, Weierstrass Institute 
for Applied Analysis and Stochastics, Berlin, Germany)

Modelling and Simulation of Porous Battery Electrodes with Multi-Scale Homogenization Techniques 

14:45 to 15:00  
Ulrike Krewer (Institute of Energy and Process Systems Engineering, TU Braunschweig, Braunschweig, 
Germany), Nina Harting, Wolff Nicolas

Unveiling the Processes in Li ion Batteries with Nonlinear Frequency Response Analysis: Theory and 

Application 

15:00 to 15:15  
Annick Hubin (Chemistry and Materials, Vrije Universiteit Brussel, Brussel, Belgium), Xinhua Zhu, Lucia 

Fernandez Macia, Jelle Smekens, Noshin Omar

Odd Random Phase Electrochemical Impedance Spectroscopy (ORP-EIS) as a tool to provide reliable input 

parameters for battery modeling 

15:15 to 15:30  
Tianhong Hou (Department of Engineering Science, University of Oxford, Oxford, United Kingdom), Charles 

Monroe

A Complete Characterization of Transport and Thermodynamic Properties for LiPF6 Solutions in Propylene 

Carbonate 

15:30 to 15:45  
Masahiro Yamamoto (Department of Chemistry, Konan University, Kobe, Japan), Tatsuya Higuchi, Choka 

Yomomo

The vdW-DFT First-principles Calculation of Graphite Intercalation Compounds of Lithium: Diffusion 

Barrier and Charge Dependence 

15:45 to 16:00  
Coffee Break
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16:00 to 16:15  
Anatoly Golovnev (Mechanical Engineering, Technion Israel Institute of Technology, Haifa, Israel), Matthew 

Suss

Analytical Probabilistic Model of Suspension Electrode Performance 

16:15 to 16:30  
Alexander Bagger (Department of Chemistry, University of Copenhagen, Copenhagen, Denmark), Jan 

Rossmeisl

Electrochemical CO
2
 and CO Reduction,A Complex and Interface Depended Reaction 

16:30 to 16:45  
Iwona A. Rutkowska (Department of Chemistry, University of Warsaw, Warsaw, Poland), Pawel J. Kulesza

Specific Metal-Metal Oxide Interactions in Efficient Electroreduction of Carbon Dioxide in Acid Medium 

16:45 to 17:00  
Eckhard Spohr (Chair of Theoretical Chemistry, University Duisburg-Essen, Essen, Germany), Stéphane 

Kenmoe, Oleg Lisovski, Sergei Piskunov, Dmitry Bocharov, Yuri Zhukovskii

The Interactions of Clean and Defective Anatase Nanotubes With Water and Its Suitability for 

Photoelectrochemical Water Splitting. Ab initio MD Studies

17:00 to 17:15 invited 
Adam Weber (Energy Conversion Group, Lawrence Berkeley National Laboratory, Berkeley, USA)

Modeling Transport in Polymer-Electrolyte Fuel Cells  

17:15 to 17:30  
Thomas Kadyk (Institute of Energy and Process Systems Engineering, Braunschweig University of Technology, 
Braunschweig, Germany)

Integrating Supercapacitor and Fuel Cell by Materials Design 

17:30 to 17:45  
Jürgen Fuhrmann (Numerical Mathematics and Scientific Computing, Weierstrass Institute, Berlin, Germany), 
Alexander Linke, Christian Merdon

Numerical Methods for Electroosmotic Flow Including Finite Ion Size Effects 

17:45 to 18:15 Keynote 
Alexander Kuznetsov Prize for Theoretical Electrochemistry 
Michael H. Eikerling (Department of Chemistry, Simon Fraser University, Burnaby, Canada)

Hierarchical Modeling of PEFC Catalyst Layers: From the Theory of Interfaces to Porous Electrode Models 

18:15 to 18:30  
Andriy Kovalenko (Mechanical Engineering, University of Alberta, Edmonton, Canada)

Multiscale Modeling Framework for Supramolecular Structures, Nanomaterials, and Biomolecules
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Symposium 20 Interfacial Electrochemistry in  
Non-Aqueous Electrolytes

Room: Sala Celeste
Chaired by: Alessandro Lavacchi and Jelena Popovic

14:00 to 14:15  
Juan M. Feliu (Instituto de Electroquimica, Universidad de Alicante, Alicante, Spain), Paula Sebastian Pascual, 

Elvira Gomez, Victor Climent

Laser-induced temperature jump experiments on different Me(hkl)|Ionic Liquid interfaces 

14:15 to 14:30  
Jiawei Yan (Chemistry Department, Xiamen University, Xiamen, China), Li Chen, Shuai Liu, Miangang Li, 

Bing-Wei Mao

Effect of Cation Alkyl Chain Length on the Structure of Au(111)/ Ionic Liquid Interface 

14:30 to 14:45  
Annette Foelske-Schmitz (Analytical Instrumentation Center, TU Wien, Vienna, Austria), Markus Sauer

X-Ray Photoelectron Spectroscopy of ionic liquids – from in situ electrochemical XPS to half-cell 

measurements 

14:45 to 15:00  
Renata Costa (Chemistry and Biochemistry, CIQUP, Porto, Portugal), Emmanuel Benichou, Pierre-François 

Brevet, Carlos Pereira, A. Fernando Silva

Electrochemical and Nonlinear Optics Studies on Ionic Liquids Mixtures with Potential Application on 

Energy Storage Systems 

15:00 to 15:15  
Guanchen Li (Department of Engineering Science, University of Oxford, Oxford, United Kingdom), Charles  

Monroe

Electrochemomechanics of double layer in ionic liquid near electrodes 

15:15 to 15:30  
Thorben Sieling (Department of Chemistry, Carl von Ossietzky University of Oldenburg, Oldenburg, Germany), 
Izabella Brand

In situ Spectroelectrochemical Studies of the Electrical Double Layer at the Ionic Liquid|Electrode Interface 

15:30 to 15:45 invited 
Jelena Popovic (Physical Chemistry of Solids, Max Planck Institute for Solid State Research, Stuttgart, 
Germany)

Interfacial Effects and Charge Carrier Chemistry in Glyme-based Lithium Electrolytes 

15:45 to 16:00  
Coffee Break



Program of the 69th Annual Meeting of the International Society of Electrochemistry 107

TH
UR

SD
AY

 P
M

16:00 to 16:15 invited 
Enn Lust (Institute of Chemistry, University of Tartu, Tartu, Estonia), Mart Väärtnõu, Ove Oll, Karmen 

Lust, Anton Ruzanov, Vladislav Ivanistsev, Rasmus Palm, Heisi Kurig, Tavo Romann, Piret Pikma, Thomas 

Thomberg, Alar Jänes

Adsorption of Ions from Non-aqueous Electrolyte Solutions and Electrical Double Layer Structure at 

Bismuth, Cadmium and Carbon Electrodes 

16:15 to 16:30  
Ahmed S. Shatla (Department for Physical Chemistry, University of Bonn, Bonn, Germany), Philip Reinsberg, 

Abd El Aziz Abd-El-Latif, Helmut Baltruschat

Electrochemical studies of ion adsorption at Au (111) in aprotic solvents 

16:30 to 16:45  
Onagie Ayemoba (Department of Chemistry, University of Aberdeen, Aberdeen, United Kingdom), Angel Cuesta

Spectroscopic Monitoring of the Orientation and Polarisation of Acetonitrile-Solvated cations in the 

Electrochemical Double Layer on a Au Electrode Using ATR-SIERAS 

16:45 to 17:00 invited 
Laurence Hardwick (Department of Chemistry, University of Liverpool, Liverpool, United Kingdom), Richard 

Nichols, Neil Berry, Vivek Padmanabhan

Identification of Oxygen Reduction Reaction Products in Metal-O
2
 Cells using SEIRAS 

17:00 to 17:15  
Gary Attard (Department of Physics, University of Liverpool, Liverpool, United Kingdom), Laurence Hardwick, 

Jian-Feng Li, Thomas Galloway, Jin-Chao Dong

Oxygen reduction at Pthkl electrodes in a alkali metal ion containing aprotic solvent 

17:15 to 17:30  
Shen Ye (Department of Chemistry, Tohoku University, Sendai, Japan)

In Situ Study for Oxygen Reduction and Evolution Reactions (ORR/OER) in DMSO-Based Electrolyte 

Solutions 

17:30 to 17:45  
Philip Reinsberg (Institute of Physical and Theoretical Chemistry, University of Bonn, Bonn, Germany), Helmut 

Baltruschat, Andreas Köllisch

Influencing the Catalytic Activity for Oxygen Reduction and Evolution in Non-Aqueous Electrolytes: Role 
of the Cation and Electrocatalyst 

17:45 to 18:15 Keynote  
Nenad M. Markovic (Materials Science Division, Argonne National Laboratory, Lemont, USA), D. Strmcnik, P. 

Papa Lopes, V. Stamenkovic

The Renaissance of Electrochemistry 
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Friday 7 September 2018 - Morning
 

Plenary Lecture
Room: Europauditorium

Chaired by: Christian Amatore

08:15 to 09:15  
Flavio Maran (Department of Chemistry, University of Padova, Padova, Italy)

Electrochemistry of Monolayer Protected Gold Nanoclusters

Symposium 2  Hyphenated-Techniques Incorporating  
Analytical Electrochemistry

Room: Sala Ciano
Chaired by: Emmanuel Maisonhaute and Massimo Marcaccio

09:30 to 10:00 Keynote  
Dan Bizzotto (Department of Chemistry, University of British Columbia, Vancouver, Canada), Zhinan Landis 

Yu, Kaylyn Leung

Progress in In-Situ Fluorescence Microscopy Studies of Modified Electrode Surfaces with Many 
Crystallographic Regions 

10:00 to 10:15  
Klaus Mathwig (Groningen Research Institute of Pharmacy, University of Groningen, Gronigen, Netherlands), 
Hanan Al-Kutubi, Silvia Voci, Liza Rassaei, Neso Sojic

Electrochemiluminescence Confined to Nanofluidic Electrochemical Transducers 

10:15 to 10:30  
Fabien Miomandre (PPSM, ENS PARIS-SACLAY, Cachan, France), Laetitia Legras, Jean-Frédéric Audibert, 

Galina Dubacheva

Combined scanning electrochemical and fluorescence microscopies using a single electrofluorochromic probe 

10:30 to 10:45  
Samuel Perry (Department of Chemistry, McGill University, Montreal, Canada), Andrew Danis, Karlie Potts, 

Janine Mauzeroll

Combined Spectroelectrochemical and Simulated Insights into the Electrogenerated Chemiluminescence 

Coreactant Mechanism 

10:45 to 11:00  Coffee Break

11:00 to 11:15  
Silvia Voci (Institute of Molecular Sciences, University of Bordeaux, Pessac, France), Giovanni Valenti, Sabina 

Scarabino, Bertrand Goudeau, Andreas Lesch, Milica Jovic, Elena Villani, Stefania Rapino, Stephane Arbault, 

Francesco Paolucci, Neso Sojic

Single Cell Electrochemiluminescence Imaging: From the Proof-of-Concept to Disposable Device-Based 

Analysis 

11:15 to 11:30  
Alexandra Verhaven (CHANI, Universite Libre de Bruxelles, Brussels, Belgium), Dan Bizzotto, Thomas Doneux

Study of DNA Single Nucleotide Polymorphism by Electrochemical In Situ Fluorescence Microscopy 
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11:30 to 11:45  
Giovanni Valenti (Chemistry Ciamician, University of Bologna, Bologna, Italy), Sagar Kesarkar, Massimo 

Marcaccio, Enrico Rampazzo, Luca Prodi, Francesco Paolucci

Electrochemiluminescence meets nanotechnology: theory and practice of the silica nanoparticles approach 

11:45 to 12:00  
Daniele Perego (Laboratory for Electrochemistry, Paul Scherrer Institut, Villigen, Switzerland), Juan Herranz, 

S.M. Taylor, A. Patru, Thomas J. Schmidt

Differential Electrochemical Mass Spectrometry (DEMS) for electrocatalysis 

Symposium 5  Photobioelectrochemistry - from Basic Concepts  
and Materials to Devices

Room: Sala Azzurra
Chaired by: Franf Marken and Nicolas Plumeré

09:30 to 09:45 invited 
Frederic Lemaitre (Department of Chemistry, Ecole Normale Superieure, Paris, France), Guillaume Longatte, 

Adnan Sayegh, Han-Yi Fu, Jérôme Delacotte, Manon Guille-Collignon, Francis-André Wollman, Fabrice 

Rappaport

Extraction of Photosynthetic Electrons from Unicellular Algae Suspension with Exogenous Quinones  

09:45 to 10:00  
Kenji Kano (Graduate School of Agriculture, Kyoto University, Kyoto, Japan)

Photo-Driven Bioanodes Using Thylakoid Membranes and Multi-Walled Carbon Nanotubes 

10:00 to 10:15  
Paolo Bombelli (Department of Biochemistry, University of Cambridge, Cambridge, United Kingdom)

Photosynthetic bio electrochemical systems - possible areas of application 

10:15 to 10:30  
Lo Gorton (Department of Biochemistry and Structural Biology, Lund University, Lund, Sweden), Galina 

Pankratova, Dmitry Pankratov, Qijin Chi, Hans-Erik Akerlund, Dónal Leech

Electrochemical Communication between Thylakoid Membranes and Electrodes for Harvesting Solar Energy 

10:30 to 10:45  
Fred Lisdat (Biosystems Technology, Institute of Applied Life Sciences, Technical University Wildau, Wildau, 
Germany), Kai Stieger, Sven Feifel, Dima Ciornii, Athina Zouni, Elisabeth Lojou

Photobioelectrodes based on photosystem I and small redox proteins and coupling to a biocatalytic reaction   

10:45 to 11:00  Coffee Break

11:00 to 11:15  
Andres F. Molina Osorio (Chemical Sciences, University of Limerick, Limerick, Ireland), Micheal D. Scanlon

Using porphyrins to understand the photo-induced charge transfer process across membrane-like interfaces. 

11:15 to 11:30  
Taek Dong Chung (Department of Chemistry, Seoul National University, Seoul, Korea), Daye Seo, Soo Youn 

Lee, Sung Yul Lim

Ultrathin Polydopamine film for Photoelectrochemical CO
2
 Reduction and Light-driven Virtual Electrode 

based on Hematite 

11:30 to 11:45  
Stanislav Trashin (Department of Chemistry, The University of Antwerp, Antwerp, Belgium), Francisco 

Morales-Yanez, Katja Polman, Serge Muyldermans, Karolien De Wael

Photocatalytic Amplification in Electrochemical Immunoassays with Nanobodies 
11:45 to 12:00  

Xing-Hua Xia (School of Chemistry and Chemical Engineering, Nanjing University, Nanjing, China), Chen 

Wang, Yi Shi, Dong-Rui Yang

Plasmon enhanced electrocatalytic reactions 
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Symposium 6a  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures 

Room: Sala Magenta A
Chaired by: Carmen Cavallo, Alejandro Franco and Jorge Seminario

09:30 to 09:45 invited 
Sigita Trabesinger (Energy and Environment Research Division, Paul Scherrer Institute, Villigen-PSI, 
Switzerland)

Viability of Graphite Electrodes with Performance-Enhancing Additives 

09:45 to 10:00  
Anupriya K. Haridas (Materials Engineering and Convergence Technology, Gyeongsang National University, 
Jinju, Korea), Ying Liu, Jungwon Heo, Xueying Li, Kwon-Koo Cho, Jou-Hyeon Ahn

Electrospun Iron Sulfide Loaded Carbon Nanofibers for High Energy Density Lithium Ion Storage 
Applications

10:00 to 10:15  
Silvia Bodoardo (Applied Science and Technology, Politecnico di Torino, Torino, Italy), Daniele Versaci, 

Carlotta Francia, Georgia Kastrinaki, Dimitrios Zarvalis, Alberto Costanzo, Silvia Maria Ronchetti, Barbara 

Onida

High capacity anode materials for Li-ion cells based on SnO
2
 

10:15 to 10:30  
Louise McGrath (Electrochemical Materials and Energy, Tyndall National Institute, Cork, Ireland), Tomas 

Clancy, James Rohan

Nanoscale Germanium Li-ion Anodes in Ionic Liquid Electrolytes 

10:30 to 10:45  
Silvio Fugattini (Fisica e Scienze della Terra, University of Ferrara, Ferrara, Italy), Alfredo Andreoli, Micol 

Boschetti, Paolo Bernardoni, Donato Vincenzi, Damiano Giubertoni, Giancarlo Pepponi, Pierluigi Bellutti, Remo 

Proietti Zaccaria, Umair Gulzar, Simone Monaco

Binder-free porous germanium anode for Li-ion batteries 

10:45 to 11:00  
Coffee Break

11:00 to 11:15  
Sandro Cattarin (ICMATE, CNR - Consiglio Nazionale delle Ricerche, Padova, Italy), Luca Mattarozzi, Paolo 

Guerriero, Alberto Varzi, Stefano Passerini

Electrodeposited 3D Porous Cu-Zn Alloys as Anode Materials for Li-Ion Batteries with Superior Low T 

Performance 

11:15 to 11:30  
Olga Riedel (Institute of Physical Chemistry, University of Münster, MEET Battery Research Center, Münster, 
Germany), Martin Winter, Tobias Placke

Lithium Storage Properties of Tin-based Intermetallics/Composites as Novel Anode Materials for Lithium 

Ion Batteries 

11:30 to 11:45  
Stefano Marchionna (Power Generation Technologies and Materials, RSE S.p.A., Milan, Italy)

From MAX-phase to MXenes: 2D anodic materials for NIB anodes 
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Symposium 6b  Batteries into the Future: from Advanced Lithium-Ion 
Systems to Novel Chemistries and Architectures

Room: Sala Cobalto
Chaired by: Giuseppe Antonio Elia and Claudio Gerbaldi

09:30 to 09:45 invited 
Hirokazu Ishitobi (Environmental Engineering Science, Gunma University, Kiryu, Japan), Jin Saito, Satoshi 

Sugawara, Kosuke Oba, Nobuyoshi Nakagawa

Kinetic Phenomena in Vanadium Redox Flow Battery 

09:45 to 10:00  
Claudio Oldani (Technology Platforms - Aquivion Development, Solvay Specialty Polymers Italy SpA, Bollate, 
Italy), Luca Merlo, Daniele Facchi, Libero Damen

Aquivion® PFSA Membranes in Vanadium Redox Flow Batteries 

10:00 to 10:15  
Claudia Weidlich (Electrochemistry, DECHEMA-Forschungsinstitut, Frankfurt, Germany), Lucas Holtz, 

Hyunjoon Ji, Arnold Riefer, Mario Markic, Sebastian Schneider, Simon Ressel, Thorsten Struckmann

State of Charge (SoC) Monitoring Methods for All Vanadium Redox-Flow Batteries 

10:15 to 10:30  
Matteo Gigli (Department of Chemical Science and Technologies, University of Rome Tor Vergata, Rome, Italy), 
Valerio C.A. Ficca, Barbara Mecheri, Silvia Licoccia, Alessandra D’Epifanio

Use of Sulfonated Hypercrosslinked Polystyrene nanoparticles in the development of composite membranes 

for Vanadium Redox Flow Batteries 

10:30 to 10:45  
Nataliya Roznyatovskaya (Applied Electrochemistry, Fraunhofer ICT, Pfinztal, Germany), Jens Noack, Heiko 

Mild, Matthias Fühl, Peter Fischer, Jens Tuebke, Karsten Pinkwart

Vanadium electrolyte for all-Vanadium Redox-Flow Batteries: the effect of counter ion on electrochemistry 

and cell performance  

10:45 to 11:00  
Coffee Break

11:00 to 11:15 invited 
Rolf Hempelmann (Transfercentre Sustainable Electrochemistry, Saarland University and KIST Europe, 
Saarbruecken, Germany), Jan Geiser, Bernd Morgenstern, Kaspar Hegetschweiler

State-of-Charge Monitoring for the Vanadium Redox Flow Battery 

11:15 to 11:30  
Michael Kuettinger (Applied Electrochemistry, Fraunhofer Insitute for Chemical Technology ICT, Pfinztal, 
Germany), Raphael Riasse, Karsten Pinkwart, Jens Tuebke

Enhancement of safe H
2
/Br

2
 redox flow battery operation performance by selective electrolyte formulation 

and operation regulation 

11:30 to 11:45  
Pekka Peljo (Laboratoire d’Electrochimie Physique et Analytique, Ecole Polytechnique Fédérale de Lausanne, 
Sion, Switzerland), Sunny Maye

Non-Aqueous Copper Slurry Flow Batteries for Energy Storage and Heat-to-Power Conversion 

11:45 to 12:00  
David Trudgeon (College of Engineering, Mathematics and Physical Sciences, University of Exeter, Penryn, 
United Kingdom)

Screening of Effective Electrolyte Additives for Zinc Based Redox Flow Battery Systems
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Symposium 7a  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Europauditorium
Chaired by: Vito Di Noto, K. Andreas Friedrich, Mogens Bjerg Mogensen and Detlef Stolten

09:30 to 10:00 Keynote  
Detlef Stolten (Electrochemical Process Engineering (IEK-3), Juelich Research Center, Juelich, Germany)

Electrolysis Research in View of Future Energy Requirements 

10:00 to 10:15  
Sanjeev Mukerjee (Chemistry and Chemical Biology, Northeastern University, Boston, USA), Qingying Jia, 

Praveen Kolla, Ian Kendrick, Remi Blanchard, Yushan Yan

Enabling cost Effective Hydrogen at Low Temperatures 

10:15 to 10:30  
Claude Lamy (Institut Europeen des Membranes, CNRS, University of Montpellier, Montpellier, France), Benoit 

Guenot, Marc Cretin

Synthesis by the Hydrothermal Method of Ru
x
Ir

1-x
O

2
 Electrocatalysts for the Oxygen Evolution Reaction in 

a PEMEC or in a URFC: evaluation of the kinetics parameters 

10:30 to 10:45  
Mikael Valter (Department of Physics, Chalmers University of Technology, Göteborg, Sweden), Michael Busch, 

Björn Wickman, Henrik Grönbeck, Jonas Baltrusaitis, Anders Hellman

Electrochemical Dehydrogenation of Glycerol in Acidic Media 

10:45 to 11:00  
Coffee Break

11:00 to 11:15 invited 
K. Andreas Friedrich (Institute of Engineering Thermodynamics, German Aerospace Centre (DLR), Stuttgart, 
Germany), Philipp Lettenmeier, Svenja Stiber, Asif Ansar, Aldo Gago

Cost Effective PEM Electrolysis: The Quest to Achieve Superior Efficiencies with Reduced Investment 

11:15 to 11:30  
Corina Andronescu (Analytical Chemistry, Ruhr-Universitat Bochum, Bochum, Germany), Sabine Seisel, 

Patrick Wilde, Stefan Barwe, Justus Masa, Wolfgang Schuhmann

Electrocatalytic OER activity of NiFe LDH – Influence of temperature and electrolyte concentration 

11:30 to 11:45  
Wei Zhou (School of Chemistry, Beihang University, Beijing, China), Tong Liu, Chengbo Wang, Shijie Liu, Lin 

Guo

Thin-wall Ni
2
P-NiP

2
 Hollow Octahedrons: Synthesis, Characterization, and Their HER Catalysis 

11:45 to 12:00  
Alexis Grimaud (CNRS - College de France,  College de France, Paris, France)

Complex Equilibrium on the Surface of Transition Metal Oxides Used as Oxygen Evolution Reaction 

Catalysts 
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Symposium 7b  Electrochemical Systems for Energy Conversion:  
Fuel Cells and Electrolysers

Room: Sala Avorio
Chaired by: Antonino Salvatore Arico, Lior Elbaz, Akimitsu Ishihara and Piotr Zelenay

09:30 to 09:45 invited 
Timo Jacob (Institute of Electrochemistry, Ulm University, Ulm, Germany), Donato Fantauzzi, Björn Kirchhoff

On the role of Pt-oxides in fuel cell catalysis 

09:45 to 10:00  
Christian Durante (Department of Chemical Sciences, University of Padova, Padova, Italy), Riccardo 

Brandiele, Mirco Zerbetto, Valentina Perazzolo, Gian Andrea Rizzi, Armando Gennaro

New Insights on Metal-Support Interaction in Thiophenic-like Functional Groups supporting Pt NPs for 

Oxygen Reduction Reaction 

10:00 to 10:15  
Kersti Vaarmets (Institute of Chemistry, University of Tartu, Tartu, Estonia), Jaak Nerut, Enn Lust

Electrochemical Impedance Spectroscopy Study of Oxygen Reduction Reaction at Pt(hkl) Rotating Disk 

Electrode in Acid Solution 

10:15 to 10:30  
Vladimir Tripkovic (Energy Conversion and Storage, Technical University of Denmark, Lyngby, Denmark), 
Tejs Vegge

Potential and Rate Limiting Step for Oxygen Reduction on Pt(111) and Active Pt Alloys 

10:30 to 10:45  
Prashant Khadke (Institute for Chemistry and Biochemistry, Freie Universitaet Berlin, Berlin, Germany), Tim 

Tichter, Tim Boettcher, Falk Muench, Wolfgang Ensinger, Christina Roth

Tafel Behaviour of Pt, Ni, Pd and Glassy Carbon in Alkaline Media for Application in Alkaline Membrane 

Fuel Cell 

10:45 to 11:00  
Coffee Break

11:00 to 11:15  
Janaina Souza-Garcia (Center for Natural and Human Sciences, Federal University of ABC, Santo André, 
Brazil), Rafael Oliveira, Julia M. Roquetto, Patricia V.B. Santiago, Camilo Angelucci

Oxide Formation as Probe to Investigate the Competition Between Pt and Alcohol Molecules for OH Species 

11:15 to 11:30  
Akimitsu Ishihara (Institute of Advanced Sciences, Yokohama National University, Yokohama, Japan), Takaaki 

Nagai, Masazumi Arao, Masashi Matsumoto, Yoshiyuki Yamamoto, Shusuke Kasamatsu, Yoshiyuki Kuroda, 

Koichi Matsuzawa, Shigenori Mitsushima, Osamu Sugino, Hideto Imai, Ken-ichiro Ota

Effect of crystalline distortion on oxygen reduction activity of titanium oxide-based compounds as non-

platinum cathode for PEFCs 

11:30 to 11:45  
Maria Escudero-Escribano (Department of Chemistry, University of Copenhagen, Copenhagen, Denmark)

In Situ Elucidation of the Active Surface Phase for Oxygen Electrocatalysis 

11:45 to 12:00  
Matias Villalba (Leiden Institute of Chemistry, Leiden University, Leiden, Netherlands), Marc Koper

Crystallographic sensitivity of electrocatalytic hydrogenation reactions: comparative study of its selectivity 

and efficiency
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Symposium 9  Photo-Electrochemical Energy Conversion: 
Symposium in Honor of Prof. Jan Augustynski

Room: Sala Magenta B
Chaired by: Wojciech Macyk

09:30 to 10:00 Keynote  
ISE-Elsevier Prize for Applied Electrochemistry
Federico Bella (Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy), Simone 

Galliano, Diego Pugliese, Giulia Piana, Elisa Maruccia, Alberto Scalia, Claudia Barolo, Michael Graetzel, 

Claudio Gerbaldi

Biopolymers, Water, and Integrated Systems: the New Frontier of Dye-Sensitized Solar Cells 

10:00 to 10:15 invited 
Wojciech Macyk (Faculty of Chemistry, Jagiellonian University, Kraków, Poland), Marcin Kobielusz, Mateusz 

Trochowski, Krystian Mróz

How Slight Surface Modifications of Titania can Significantly Influence Electronic States Distribution and 
its Photocatalytic Activity 

10:15 to 10:30  
Nikolaos Vlachopoulos (Institute of Chemical Sciences and Engineering, Swiss Federal Institute of Technology 
in Lausanne (EPFL), Lausanne, Switzerland)

Electrochemical methods in dye-sensitized solar cell research

10:45 to 11:00  
Coffee Break

11:00 to 11:15  
Micol Boschetti (Fisica e Scienze della Terra, Università di Ferrara, Ferrara, Italy), Paolo Bernardoni, Alfredo 

Andreoli, Donato Vincenzi, Silvio Fugattini, Vito Cristino, Stefano Caramori, Carlo Alberto Bignozzi

Modular stand-alone photocatalytic reactor for wastewater treatment: results from the HPSolar project 

11:15 to 11:30  
Sebastián Murcia-López (Advanced Materials for Energy, Catalonia Institute for Energy Research (IREC), 
Sant Adrià de Besòs, Spain), Qin Shi, Pengyi Tang, Cristina Flox, Zhaoyong Bian, Hui Wang, Joan R. Morante, 

Teresa Andreu

Role of Tungsten Doping on the Electron Trapping Mechanism of BiVO
4
 Photoanodes for Water Oxidation 

11:30 to 11:45  
Montree Sawangphruk (Chemical and Biomolecular Engineering, Vidyasirimedhi Institute of Science and 
Technology, Rayong, Thailand), Saran Kalasina, Nutthaphon Phattharasupakun

A Single Energy Conversion and Storage Device of Cobalt Oxide Nanosheets and N-doped Reduced 

Graphene Oxide Aerogel 

11:45 to 12:00  
Nhat Truong Nguyen (Department of Materials Science, University of Erlangen-Nuremberg, Erlangen, 
Germany)

Porous Nanoparticles on Anodic TiO
2
 Nanotubes Lead to Significantly Enhanced Photocatalytic H

2 

Generation 



Program of the 69th Annual Meeting of the International Society of Electrochemistry116
FR

ID
AY

 A
M

Symposium 10  Materials for and from Electrochemistry:  
State of the Art and Future Trends

Room: Sala Italia
Chaired by: Mikhail Vorotyntsev and Giovanni Zangari

09:30 to 09:45  
Christopher Brett (Department of Chemistry, University of Coimbra, Coimbra, Portugal), Luciana Tome, 

Melinda David, Mariana Emilia Ghica

New Strategies for the Preparation of Polymer- and Nanomaterial-Modified Electrodes for Sensor Platforms 
Using Deep Eutectic Solvents 

09:45 to 10:00  
Bernhard Gollas (Institute for Chemistry and Technology of Materials, Graz University of Technology, Graz, 
Austria), David Fuchs, Bernhard Bayer

Electrochemistry of Macroscopic CVD-Graphene on Non-Conducting Substrates in Deep Eutectic Solvents 

10:00 to 10:15  
Pei Kang Shen (Collaborative Innovation Center of Sustainable Energy Materi, Guangxi University, Nanning, 
China)

Mass production of stereotaxically constricted graphene powders and their multi-field applications 

10:15 to 10:30  
Gunther Wittstock (Institute of Chemistry, School of Mathematics and Science, Carl von Ossietzky University 
of Oldenburg, Oldenburg, Germany), Pouya Hosseini, Izabella Brand, Engelbert Redel

Spectroelectrochemical Study of Conductive Coordination Network Compounds 

10:30 to 10:45  
Yuri Pleskov (Lab. Electrocatalysis, Frumkin Institute of Physical Chemistry and Electrochemistr, Moscow, 
Russia), Marina Krotova, K.I. Maslakov, V.P. Sirotinkin, Evgenii Ekimov

Synthesis of Boron-doped Carbonado - a New Electrode Material - in C–Metal–B Growth Systems Aimed at 

the Lowering of the Synthesis Temperature without Loss of Electrochemical Activity 

10:45 to 11:00  
Coffee Break

11:00 to 11:15  
Vessela Tsakova (Institute of Physical Chemistry, Bulgarian Academy of Sciences, Sofia, Bulgaria), Aneliya 

Nakova, Maria Ilieva, Tzvetanka Boiadjieva-Scherzer

Conducting Polymer-Mediated Electroless Metal Deposition for Highly Dispersed Pd Nanocatalysts 

11:15 to 11:30  
Yann Leroux (Institut des Sciences Chimiques de Rennes, CNRS - Université de Rennes 1, Rennes, France), 
Yara Aceta, Jean-Francois Bergamini, Corinne Lagrost, Philippe Hapiot

Molecular Sieving and Current Rectification Properties of Thin Organic Films 

11:30 to 11:45  
Pascal Martin (Chemistry Dept, University of Paris Diderot - ITODYS, Paris, France), Verena Stockhausen, 

Quyen Van Nguyen, Jean Christophe Lacroix

Bottom-Up Electrochemical Fabrication of Conjugated Ultrathin Layers with Tailored Switchable Properties 

11:45 to 12:00  
Claudio Fontanesi (Engineering Department, UniMORE, Modena, Italy), Daniele Di Nuzzo, Gabriele D’Avino, 

Enrico Da Como, David Beljonne, Ullrich Scherf, Marie Anderson

Polaron vibrational modes in doped conjugated polymers 
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Symposium 15  New Trends in (Bio)-Molecular Electrochemistry
Room: Sala Indaco

Chaired by: Jiri Ludvik and Fetah Podvorica

09:30 to 10:00 Keynote  
Jean-Michel Saveant (Department of Chemistry, Universite Paris Diderot, Paris, France)

Six Easy Pieces. Tentative Answers to a Few Pending Issues in Contemporary Electrochemistry 

10:00 to 10:15  
Sergio Kogikoski Jr (Institute of Chemistry, Universidade Estadual de Campinas, Campinas, Brazil), Lauro T.  

Kubota

Electrochemical Studies of DNA-modified Gold Nanoparticle Superlattice Films 

10:15 to 10:30  
Arend Rösel (Institute of Chemistry / Industrial Chemistry, University Rostock, Rostock, Germany), Christoph 

Steinlechner, Elisabeth Oberem, Henrik Junge, Matthias Beller, Ralf Ludwig, Robert Francke

Electrocatalytic CO
2
-to-CO Conversion Using a Novel Manganese Diimine Complex 

10:30 to 10:45  
Biprajit Sarkar (Department of Chemistry and Biochemistry, Freie Universität Berlin, Berlin, Germany), Lisa 

Suntrup, Margarethe van der Meer

Electrocatalytic Dihydrogen Production and CO
2
 Reduction with Metal Complexes of Mesoionic Carbene 

Ligands 

10:45 to 11:00  
Coffee Break

11:00 to 11:15  
Mengjia Wu (Eco-Efficient Products and Processes Laboratoty, Solvay, Shanghai, China), Tao Cao, Vitaly 

Ordomsky, Marc Pera-Titus, Pascal Metivier

Selective Electrocatalytic Oxidation of 5-Hydroxymethyl-2-furfural to 2,5- Furandicarbaldehye via an 

Electro-Generative Process  

11:15 to 11:30  
Corinne Lagrost (ISCR, Univ Rennes, Rennes, France), Janine Carvalho Padilha, Sandra Melot, Mehdi 

Bouhachicha, Yann Leroux, Alice Mattiuzzi, Ivan Jabin, Olivia Reinaud

Nano-structuring of Interfaces 

11:30 to 11:45  
Fetah Podvorica (Chimie, ITODYS, Paris, France), Dardan Hetemi, Catherine Combellas, Frederic Kanoufi, 
Jean Pinson

Electrografting of copper surface with alkyl layers derived from alkyldiazonium salts 

11:45 to 12:00  
Abdirisak Ahmed Isse (Department of Chemical Sciences, University of Padova, Padova, Italy), Alessandro 

Michieletto, Francesca Lorandi, Armando Gennaro

Well-controlled Aqueous Atom Transfer Radical Polymerization under Electrochemical Regeneration of the 

Active Catalyst 



Program of the 69th Annual Meeting of the International Society of Electrochemistry118
FR

ID
AY

 A
M

Symposium 18 Theory: from Understanding to Optimization  
and Prediction

Room: Sala Bianca
Chaired by: Fabio La Mantia and Petr Vanysek

09:30 to 10:00 Keynote  
Wolfgang Schmickler (Theoretical Chemistry, Ulm University, Ulm, Germany)

The Pre-exponential Factor in Electrochemistry 

10:00 to 10:15  
Jun Cheng (Department of Chemistry, Xiamen University, Xiamen, China), Jiabo Le

Ab initio electrochemistry 

10:15 to 10:30  
Marko Melander (Computational Catalysis, Department of Chemistry, University of Jyväskylä, Jyväskylä, 
Finland)

Solvation and Charge Transfer Kineticsat Electrode Surfaces: A Grand Canonical DFT Approach 

10:30 to 10:45 invited 
Kathleen Schwarz (Material Measurement Laboratory, National Institute of Standards and Technology, 
Gaithersburg, USA)

Towards improving continuum models of the electrochemical double layer 

10:45 to 11:00  
Coffee Break

11:00 to 11:15  
Vladislav Ivanistsev (Institute of Chemistry, University of Tartu, Tartu, Estonia), Anton Ruzanov, Enn Lust

Computational investigation of the electrical double layer at metal–ionic liquid interfaces 

11:15 to 11:30  
Zhujie Li (Maison de la Simulation, CEA/Saclay, Gif-sur-Yvette, France), Roza Bouchal, Anne-Laure Rollet, 

Steven Le Vot, Frederic Favier, Mario Burbano, Benjamin Rotenberg, Olivier Fontaine, Mathieu Salanne

Water Shuttling Mechanisms in Water-in-Salt Electrolytes 

11:30 to 11:45  
Anatoly Antipov (EMEE Laboratory, D. Mendeleev University of Chemical Technology of Russia, Moscow, 
Russia), Dmitry  Konev, Mikhail Petrov, Roman Pichugov, Mikhail Vorotyntsev

Surprising Dependence of the Current Density of Bromate Electroreduction on the Microelectrode Radius as 

Manifestation of the Autocatalytic Redox-Cycle (EC”) Reaction Mechanism 

11:45 to 12:00  
Angela Molina (Physical Chemistry, University of Murcia, Murcia, Spain), Manuela Lopez-Tenes, Eduardo 

Laborda, Francisco Martinez-Ortiz

Unified Theoretical Treatment of the Eirrev, CE, EC and CEC Mechanisms 
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Symposium 20  Interfacial Electrochemistry in  
Non-Aqueous Electrolytes

Room: Sala Celeste
Chaired by: Helmut Baltruschat and Christoph J. Bondue

09:30 to 09:45  
Carsten Korte (IEK-3, Forschungszentrum Jülich GmbH, Jülich, Germany), Klaus Wippermann, Juergen 

Giffin, Jingjing Lin, Werner Lehnert
PBI-type Polymers And Acidic Proton Conducting Ionic Liquids – Conductivity And Molecular Interactions 

09:45 to 10:00  
Zenonas Jusys (Institute of Surface Science and Catalysis, Ulm University, Ulm, Germany), Dorothea Alwast, 

Johannes Schnaidt, R. Jürgen Behm

Gas evolution at a high voltage LiNi
0.5

Mn
1.5

O
4
 cathode studied by membrane inlet Differential 

Electrochemical Mass Spectrometry 

10:00 to 10:15  
René Hausbrand (Institute of Material Science, Surface Science Division, Technical University of Darmstadt, 
Darmstadt, Germany), Wolfram Jaegermann

Electrode-Electrolyte Interface Formation in Li-ion Batteries: Fundamental Insights on Solvent Reactions 

Obtained by a Surface Science Approach 

10:15 to 10:30  
David Lepage (Departement de Chimie, Universite de Montreal, Montreal, Canada), Ngoc Duc Trinh, David 

Aymé-Perrot, Antonella Badia, Mickael Dolle, Dominic Rochefort

Chemical Pretreatment of the Lithium Metal Anode using Fluoroethylene Carbonate allows the use of 1 M 

LiPF
6
 Acetonitrile Electrolyte in Lithium Batteries 

10:30 to 10:45  
Yoshitaka Tateyama (GREEN, National Institute for Materials Science, Tsukuba, Japan)

DFT-MD studies on processes at interfaces of organic electrolyte, SEI film and graphite anode 

10:45 to 11:00  
Coffee Break

11:00 to 11:15 invited 
Yuichi Aihara (AR-3, Samsung R&D Institute Japan, Osaka, Japan), Satoshi Fujiki, Tomoyuki Shiratsuchi, 

Naoki Suzuki, Nobuyoshi Yashiro, Tomoyuki Tsujimura, Seitaru Ito, Taku Watanabe, Dongmin Im, Youngsin 

Park, Seokgwang Doo

Future prospect: All solid-state lithium/lithium ion secondary cells based on sulfide electrolytes 

11:15 to 11:30  
Akiko Tsurumaki (Department of Chemistry, Sapienza University of Rome, Rome, Italy), Maria Assunta 

Navarra, Stefania Panero

Improved Cycle Performances of LiFePO
4
 by Using Bis(fluorosulfonyl)imide-based Ionic Liquids 

11:30 to 11:45  
Leigh Aldous (Department of Chemistry, King’s College London, London, United Kingdom)

Working Towards Charge Additivity in Thermoelectrochemistry for Thermogalvanic Waste-Heat to 

Electricity Conversion 

11:45 to 12:00  
Bethan J.V. Davies (Department of Chemistry, University of Copenhagen , Copenhagen, Denmark), Manuel 

Saric, Marta Figueiredo, Matthias Arenz, Maria Escudero-Escribano, Jan Rossmeisl

Electrochemical production of dimethyl carbonate with Cu electrodes 
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Symposium 21  General Session
Room: Sala Verde

Chaired by: Mark E. Orazem and Roberto M. Torresi

09:30 to 09:45  
Mitk’El Santiago (School of Science and Technology, Universidad Metropolitana, San Juan, Puerto Rico), 
Dinorah Martinez, Anushka Agarwal, Suheily Alonso-Sevilla, Ana Estrada-Alvarez, Astrid Rodríguez, Natalia 

Román, Rahul Singhal

Electrochemical characterization of Zn
1-x

CoxO Nanomaterials for Fuels Cells Applications 

09:45 to 10:00  
Wei-nien  Su (Gradautate Institute of Applied Science and Technology, National Taiwan University of Science 
and Technology, Taipei, Taiwan), Taame Abraha Berhe, Ju-Hsiang Cheng, Bing Joe Hwang

Improved photoluminescence lifetime of organolead iodide perovskite by nanosecond pulsed laser treatment 

10:00 to 10:15  
Hikari Watanabe (Graduate School of Science and Technology, Niigata University, Niigata City, Japan), 
Tatsuya Umecky, Toshiyuki Takamuku, Yasuo Kameda, Yasuhiro Umebayashi

Specific Proton Conduction for N-Alkylimidazole and Calboxylic acid Equimolar Mixture as pseudo-Protic 
Ionic Liquids 

10:15 to 10:30  
Germano Tremiliosi-Filho (Department of Physical Chemistry, Instituto de Química de São Carlos/
Universidade de São Paulo, São Carlos, Brazil), Guilherme Bessegato

On the (Photo)Electrocatalytic Behavior of Activated Self-doped TiO
2
 Nanotube Electrodes Decorated with 

Pt Nanoparticles 

10:30 to 10:45  
Roberto M. Torresi (Instituto de Química, Universidade de São Paulo, São Paulo, Brazil), Nedher Sanchez-

Ramirez, Birhanu Desalegn Assresahegn, Daniel Belanger

A Comparison among Viscosity, Density, Conductivity, and Electrochemical Windows of Ionic Liquids 

containing FSI and Their Analogues Containing TFSI 

10:45 to 11:00  
Coffee Break

11:00 to 11:15  
Dongping Zhan (Department of Chemistry, Xiamen University, Xiamen, China), Lianhuan Han, Jie Zhang, Lin 

Zhang, Chengxin Guo, Lan Geng

Electrochemical Nanoimprint Lithography 

11:15 to 11:30  
Jose Barbosa (Institut Jean Lamour, Universite de Lorraine, Metz, France), Olivier Hernandez, Carmelo 

Prestipino, Elodie Guyot, Maryline Guilloux-Viry, Clotilde Boulanger

Hazardous metal cations recovery using electrochemical intercalation in the Chevrel phases: combined 

synchrotron X-ray powder diffraction/electrochemistry study 

11:30 to 11:45  
Martin Jönsson-Niedziólka (Institute of Physical Chemistry, Polish Academy of Sciences, Warsaw, Poland), 
Marta Podrazka, Julia Maciejewska, Emilia Witkowska Nery, Damien Arrigan

Transfer of Anions and Cations between Immiscible Liquids in Paper-Based Electrochemical Systems 

11:45 to 12:00
Manuela López-Tenés (Physical Chemistry, University of Murcia, Murcia, Spain) José Manuel Olmos, Angela 

Molina, Eduardo Laborda

Understanding Double Ion-Transfer Voltammetry in Two-Polarizable Interface Systems: An Analytical 

Theoretical Framework
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Symposium 1  Nanomaterials for Electroanalytical Chemistry and 

Electroanalytical Tools for Studying Nanomaterials 

Detection of nanomaterials including nanotoxicology studies by electrochemistry 
S01-001

Serena Carrara (Institute for Molecular Sciences, La Trobe University, Melbourne, Australia), Laena D’Alton, 

Conor F. Hogan

Factors Influencing the Achievement of sub-pM Limits of Detection in Electrochemiluminescence-based 
Detection 

S01-002
María Teresa Castañeda Briones (Department of Basic Sciences, Autonomous Metropolitan University-
Azcapotzalco, México, Mexico), Cazif Maximiliano Iztamixtlli López Campos, Marisol Espinoza-Castañeda, 

María del Rocío Cruz Colín, Miguel Ávila Jiménez

Electrochemical Immunosensor Capable of Detecting Salmonella typhi in Water 

S01-003
Bernardo Patella (Dipartimento Dell’Innovazione Industriale e Digitale, University of Palermo, Palermo, 
Italy), Rosalinda Inguanta, Carmelo Sunseri, Salvatore Piazza

Copper and Palladium NWs for Hydrogen Peroxide detection 

Electroactive materials 
S01-004

Camilla Stitt (Materials, Imperial College London, London, United Kingdom), Eleanor Schofield, Alan 
Turnbull, Anthony Kucernak, Donata Passarello, Michael Toney, Mary Ryan

Nanoporous CuPt and AgAuPt Metallic Foils Formed by Dealloying 

Modification of electrodes with nanomaterials 
S01-005

Yauhen Aniskevich (Research Institute for Physical Chemical Problems, Belarusian State University, Minsk, 
Belarus), Anatol Prudnikau, Artsiom Antanovich, Mikhail Artemyev, Genady Ragoisha, Eugene Streltsov

Size and Surface Ligand Effects in Underpotential Deposition of Cadmium on CdSe Quantum Dots 

S01-006
Omotayo Arotiba (Applied Chemistry, University of Johannesburg, Johannesburg, South Africa), Vanessa 

Mokwebo, Samuel Oluwafemi

A Cholesterol Electrochemical Biosensor on a CdTe/CdSe/ZnSe Quantum Dots – Poly(propylene imine) 

Dendrimer Nanocomposite Immobilisation Layer 

S01-007
Md. Abdul Aziz (Center of Excellence in Nanotechnology (CENT), King Fahd University of Petroleum and 
Minerals, Dhahran, Saudi Arabia), M. Nasiruzzaman Shaikh, Md. Hasan Zahir, Abdul-Rahman Al-Betar, Zain 

Hassan Yamani

Indium Tin Oxide Nanoparticle-modified 3-Aminopropyltrimethoxysilane-functionalized Indium Tin Oxide 
Electrode for Sulfide Sensing in Aqueous Medium 

S01-008
Md. Abdul Aziz (Center of Excellence in Nanotechnology (CENT), King Fahd University of Petroleum and 
Minerals, Dhahran, Saudi Arabia), Rakan Almadi, Zain Hassan Yamani

Indium Tin Oxide Nanoparticle-modified Glassy Carbon Electrode for Electrochemical Sulfide Detection in 
Alcoholic Medium 

S01-009
Adrian Blidar (Department of Analytical Chemistry, Iuliu Hatieganu University of Medicine and Pharmacy, 
Cluj-Napoca, Romania), Bogdan Feier, Robert Sandulescu, Cecilia Cristea

Electrochemical Behaviour of Vancomycin and its Direct Detection on a Graphene Based Electrochemical 

Sensor 
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S01-010
Rafael Buoro (Química e Física Molecular, Instituto de Química de São Carlos, Universidade de São Paulo, 
São Carlos, Brazil), Lucas V. L. Martoni

Hybrid composite based on palladium nanoparticles supported at graphene oxide incorporated in carbon 

paste electrodes for the detection of N-nitrosodiphenylamine 

S01-011
Rafael Buoro (Química e Física Molecular, Instituto de Química de São Carlos, Universidade de São Paulo, 
São Carlos, Brazil), Suysia R. d’Almeida

Application of a hybrid composite based on palladium nanoparticles supported at poly 1(imidazole) modified 
glassy carbon electrode towards the oxidation of sulfamethoxazole 

S01-012
Christian Candia-Onfray (Facultad de Química y Biología, Universidad de Santiago de Chile, Santiago, 
Chile), Soledad Bollo, Claudia Yáñez, Javier Recio, Ricardo Salazar

Nitrogenous Bases as a Source of Carbon-based Pyrolyzed Material for the Detection of H
2
O

2
 

S01-013
Andreea Cernat (Analytical Chemistry, University of Medicine and Pharmacy Iuliu Hatieganu, Cluj-Napoca, 
Romania), Mihaela Tertis, Islem Gandouzi, Amina Bakhrouf, Maria Suciu, Cecilia Cristea

Electrochemical Detection of Pseudomonas aeruginosa Siderophore Based on a Nanocomposite Platform 

S01-014
Fernando H. Cincotto (Chemistry Department, Federal University of São Carlos, São Carlos, Brazil), Elson 

Fava, Ronaldo C. Faria, Fernando C. Moraes, Orlando Fatibello-Filho

A New Disposable Electrochemical Device for Simultaneous Monitoring of Uric Acid and Creatinine in 

Human Urine 

S01-015
Patricia Deroco (Department of Chemistry, Federal University of São Carlos, Sao Carlos, Brazil)

Reticulated Vitreous Carbon Modified with Gold Nanoparticles for Determination of Ferulic Acid in 
Cosmetic/Pharmaceutical Products 

S01-016
Victor C. Diculescu (National Institute of Materials Physics, National Institute of Materials Physics, Magurele, 
Romania), Teodor Enache, Madalina Barsan

Pd Doped Magnetic Ni Electrodes as Substrates for Interference-free Enzyme Biosensors 

S01-017
Karutha Pandian Divya (Bioelectronics and Biosensors, Alagappa University, Karaikudi, India), Venkataraman 

Dharuman

Carbon dot capped silver nanoparticle-lipid based electrochemical DNA sensor 

S01-018
Orlando Fatibello-Filho (Department of Chemistry, Federal University of São Carlos, São Carlos, Brazil), 
Ademar Wong, Anderson Santos, Tiago Almeida Silva

Simultaneous Determination of Isoproterenol, Paracetamol, Folic Acid, Propranolol, and Caffeine Using a 

Sensor Platform Based on Carbon Black, Graphene Oxide, Cooper Nanoparticles, and PEDOT:PSS 

S01-019
Elson Fava (Departmento of Chemistry, Federal University of São Carlos, São Carlos, Brazil), Tiago Almeida 

Silva, Ronaldo C. Faria, Orlando Fatibello-Filho

Paper-Cased Microfluidic Device Coupled to Electrochemical Detection for Multiplexed Analysis 
S01-020

Vellaichamy Ganesan (Department of Chemistry, Institute of Science, Banaras Hindu University, Varanasi, 
India), Dharmendra Kumar Yadav

Electrochemical Recognition of Nitrophenols Adsorbed on Zinc Metal Organic Framework through Silver 

Nanoparticles  

S01-021
Josué Martins Gonçalves (Department of Fundamental Chemistry, Sao Paulo University, USP, São Paulo, 
Brazil), Abhishek Kumar, T. A. Matias, K. Araki, Mauro Bertotti

Octa-carboxylate cobalt phthalocyanine/Graphene oxide based nanocomposites as an efficient catalyst for 
oxygen reduction 
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S01-022
Francesco Graglia (Engineering, Swansea University, Swansea, United Kingdom)

Development of Alginate-Based Hydrogels with Encapsulated Enzymes and Graphite Nanoplatelets for 

Biosensing Application Using Cyclic Voltammetry (CV) and Electrochemiluminescence (ECL) Techniques 

S01-023
Cristopher Heyser (Laboratorio Electroquímica, Instituto de Química, Pontificia Universidad Católica de 
Valparaíso, Valparaíso, Chile), Rodrigo Henríquez, Ricardo Schrebler, Paula Grez

Non-enzymatic Glucose Gensor From NiO Nanostructures Synthesized Sonoelectrochemically. Synthesis, 

Characterization and Determination of Analytical Merit Figures. 

S01-024
Jianyun Liu (School of Environmental Science and Engineering, Donghua University, Shanghai, China)

Size-tunable polyaniline and polyaniline/metal composite nanotube fabrication and their sensing applications 

S01-025
Sang Jung Lee (Department of Chemistry, Yonsei University, Seoul, Korea)

Tris(2, 2’-bipyridyl)ruthenium(II) Electrogenerated Chemiluminescence Sensor based on Graphene-Titania-

Nafion Composite Film
S01-026

Cecilia Lete (Electrochemistry and Corrosion, Bucharest, Romania), Marin Gheorghe, Mariana Chelu, Mariana 

Marin, Mariuca Gartner

Electrochemical sensors based on poly(3,4-ethylenedioxythiophene)- copper nanocomposite and Au-Pt alloy 

for NO
3
-/NO

2
- determination 

S01-027
Nonhlangabezo Mabuba (Applied Chemistry, University of Johannesburg, Johannesburg, South Africa), 
Kgaogelo J. Mokgwadi

The development of dendrimer-gold nanocomposite electrochemical sensor for the detection of lead (II) ion 

in water 

S01-028
Nolubabalo Matinise (Material research, iThemba Laboratory for Accelerator Based Science, Cape Town, 
South Africa), Noluthando Mayedwa, Kasinathan Kaviyarasu, Nametso Mongwaketsi, Malik Maaza

A novel zinc zirconate (ZnZrO
3
) nanocomposites bimetallic fabrication strategy using Green synthesis via 

Moringa Olefeira extract for high electrochemical energy storage applications 

S01-029
Nolubabalo Matinise (Material research, iThemba Laboratory for Accelerator Based Science, Cape Town, 
South Africa), Noluthando Mayedwa, Kasinathan Kavirayasu, Nametso Mongwaketsi, Malik Maaza

Magnesioferrite (MgFe
2
O

4
) nanocomposites prepared by green method via Moringa Olefeira extract for 

high electrochemical application 

S01-030
Fernando C. Moraes (Department of Chemistry, Federal University of São Carlos, São Carlos, Brazil), Tiago 

M. Prado, Amanda Carrico, Fernando H. Cincotto

Bismuth vanadate/Graphene quantum dots: A new nanocomposite for electroanalysis photoassisted 

S01-031
Raúl Moscoso (Química Orgánica y Fisicoquímica, Universidad de Chile, Santiago, Chile), Arturo Squella, 

Soledad Bollo

Carbon nanotube and graphene modified electrodes as tool for determination by encapsulation of different 
compounds. 

S01-032
Mahsa Moteshakeri (Chemical Sciences, University of Auckland, Auckland, New Zealand), Jadranka Travas-

Sejdic, Anthony Phillips, Paul Kilmartin

Electrochemical and HPLC Analysis of Milk Uric Acid with Minimum Interference from Ascorbic Acid  

S01-033
Rodrigo Munoz (Institute of Chemistry, Federal University of Uberlandia, Uberlandia, Brazil), Jéssica Stefano, 

Eduardo Richter, Edson Nossol

Effect of metallic impurities and surface roughness of carbon nanotubes on the adsorptive stripping 

voltammetric detection of 2,4,6-trinitrotoluene 
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S01-034
Patrizia Romana Mussini (Dipartimento di Chimica, Università degli Studi di Milano, Milano, Italy), Serena 

Arnaboldi, Giorgio Tomboni, Mirko Magni, Francesco Sannicolò, Heinrich Lang, Marcus Korb, Tiziana 

Benincori, Roberto Cirilli

Enantiorecognition performances of “inherently chiral” film electrodes: a successful first example with 
planar-chirality probes 

S01-035
Duduzile Nkosi (Applied Chemistry, Johannesburg, South Africa)

Preparation, characterisation and electrochemical application of a Sodium dodecyl sulphate intercalated 

kaolinite clay modified carbon paste electrode for the detection of Pb(II) in water. 
S01-036

Benjamin O’Sullivan (Nanotechnology Group, Tyndall National Institute, Cork, Ireland), Bernardo Patella, 

Pierre Lovera, Alan O’Riordan

Electrochemical pH Control at Gold Nanowires 

S01-037
Selda Ozkan (Department of Materials Science and Engineering, WW4-LKO, University of Erlangen-
Nuremberg, Erlangen, Germany)

Highly Conductive TiO
2
 NTs with Ru-Pt Decoration for 2-propanol Oxidation 

S01-038
Laura Pigani (Dipartimento di Scienze Chimiche e Geologiche, Università degli Studi di Modena e Reggio 
Emilia, Modena, Italy), Cristina Rioli, David Lopez Iglesias, Juan Jose Garcia Guzman, Laura Cubillana 

Aguilera, Jose Maria Palacios Santander, Fabio Terzi, Chiara Zanardi, Renato Seeber

Sonogel-Carbon Electrodes containing Carbon Black as Amperometric Sensors for Determination of 

Polyphenolic Compounds 

S01-039
Md Anisur Rahman (Department of Chemistry, Monash University, Melbourne, Australia), Jiezhen Li, Si-Xuan 

Guo, Alan Bond, Jie Zhang

Electron Transfer Kinetics Encompassing the Wide Potential Range Associated with the  

α-[S
2
W

18
O

62
]4-/5-/6-/7-/8-/9-/10 at Boron Doped Diamond, Glassy Carbon and Metal Electrodes 

S01-040
Tomasz Rebis (Faculty of Chemical Technology, Poznan University of Technology, Poznan, Poland), Grzegorz 

Milczarek, Anna Modzrejewska-Sikorska

Lignosulfotate-assisted synthesis of electrochemically active nanoparticles 

S01-041
Matthew Rees (Engineering, Swansea University, Swansea, United Kingdom), Paolo Bertoncello

Development of Ionomer Functionalised Carbon Paste Electrodes for Detection of Mercury in Sea Water 

S01-042
Ana Laura Rinaldi (Department of Analytical Chemistry and Physical Chemistry, University of Buenos Aires, 
Buenos Aires, Argentina), Enrique Rodríguez Castellón, Santiago Sobral, Irene Rezzano, Romina Carballo

Non-enzymatic nickel nanoarchitectures for the development of an impedimetric glucose sensor 

S01-043
Robert Sandulescu (Analytical Chemistry, Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, 
Romania), Luminita Fritea, Florin Banica, Traian Costea, Liviu Moldovan, Ciprian Iovan, Simona Cavalu

Gold Nanoparticles - Graphene Nanocomposite Based Sensor for Nitrazepam Determination 

S01-044
Anderson M. Santos (Department of Chemistry, Federal University of Sao Carlos, Sao Carlos, Brazil), Ademar 

Wong, Orlando Fatibello-Filho

Simultaneous Determination of Salbutamol and Propranolol in Biological Fluids and Environmental 

Samples Using an Electrochemical Sensor Based on Functionalized-Graphene, an Ionic Liquid and Silver 

Nanoparticles 

S01-045
Anderson M. Santos (Department of Chemistry, Federal University of Sao Carlos, Sao Carlos, Brazil), Ademar 

Wong, Orlando Fatibello-Filho

Simultaneous Determination of Levodopa, Piroxicam, Ofloxacin and Methocarbamol in Environmental 
Samples Using a Sensor Platform Based on Functionalized-Graphite and ß-Cyclodextrin 
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S01-046
Rodrigo Segura (Qui mica de los Materiales, Universidad de Santiago de Chile, Santiago, Chile), Jaime Pizarro, 

Diego Tapia, Freddy Navarro, Francesca Fuenzalida, Maria Jesus Aguirre

Electrochemical sensor for the determination of Cd(II) and Pb(II) by square wave anodic stripping 

voltammetry in bivalve molluscs using a modified electrode with graphene quantum dots-Nafion composite 
S01-047

Minjee Seo (Department of Chemistry, Seoul National University, Seoul, Korea), Je Hyun Bae, Dae Woong 

Hwang, Bumju Kwak, Jeongse Yun, Sung Yul Lim, Taek Dong Chung

Investigating Catalytic Electron Transfer in Nanoporous ITO 

S01-048
Yunpei Si (Department of Chemistry, Kyungpook National University, Daegu-city, Korea), Sanghyuk Lee, 

Hyejin Lee

Electrochemical Detection of Kanamycin Using Carbon Nanotubes Modified Screen Printed Carbon Electrode 
S01-049

Wanderson Silva (Department of Chemistry, Faculty of Science and Technology, University of Coimbra, 
Coimbra, Portugal), Mariana Ghica, Christopher Brett

Choline Oxidase Inhibition Biosensor Based on Nanostructured Poly(Brilliant Cresyl Blue) / Carbon 

Nanotube Modified Electrode Prepared in Deep Eutectic Solvent for Organophosphorus Pesticides 
S01-050

Neso Sojic (ISM - ENSCBP, University of Bordeaux, Pessac, France), Priyanka Dutta, Silvia Voci, Stephane 

Arbault, Haidong Li, Valérie Ravaine

Spectroelectrochemistry and Electrochemiluminescence of Stimuli-Responsive Redox Hydrogels 

Nanoparticles 

S01-051
Mihaela Tertis (Analytical Chemistry, Faculty of Pharmacy, Iuliu Hatieganu University, Cluj, Romania), Alina 

Adumitrachioaie, Robert Sandulescu, Cecilia Cristea

A Novel Immunosensor Based on Graphene-Oxide/Chitosan Modified Screen-Printed Electrode for the 
Detection of Serotonin 

S01-052
Anna Testolin (Department of Chemistry, Università degli Studi di Milano, Milano, Italy), Valentina Pifferi, 

Alberto Villa, Laura Prati, Luigi Falciola

Cyclic Voltammetry as a Powerful Tool for the Study of the Evolution in Time of Bimetallic Au/Pt 

Nanoparticles 

S01-053
Yuki Umeya (Department of Material Chemistry, Kyoto University, Kyoto, Japan)

Preparation of Gold Modified Nickel Wire Electrodes for Electroanalysis via a Galvanic Replacement 
Reaction 

S01-054
Constanza Venegas (Centro de Investigación de los procesos Redox (Ciprex), Universidad de Chile, Santiago, 
Chile), Domingo Ruiz, Soledad Bollo

In situ or ex situ synthesis of graphene/cobalt titanate hybrid materials: Amperometric Detection of H
2
O

2
 

S01-055
Xin Wang (Key Laboratory for Soft Chemistry and Functional Materials, Nanjing University of Science and 
Technology, Nanjing, China)

Surface pore-containing NiCo
2
O

4
 nanobelts with preferred (311) plane supported on reduced graphene 

oxide: a high-performance anode material for lithium-ion batteries 

S01-056
Luiza Wasiewska (Nanotechnology, Tyndall National Institute, Cork, Ireland), Geraldine Duffy, Kaye Burgess, 

Alan O’Riordan

Reagent-free electrochemical-based detection of silver ions in aqueous solutions using localized pH control

S01-057
Chiara Zanardi (Chemical and Geological Sciences, University of Modena and Reggio Emilia, Modena, Italy), 
Maria Laura Ligabue, Fabio Terzi, Gigliola Lusvardi

Development of sol-gel based materials for sensors applications 
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S01-058
Zheng Zhou (School of Chemical and Biomolecular Engineering, University of Sydney, Sydney, Australia), Yuan 

Chen

High performance Mo2C electrocatalysts derived from Mo
132 

clusters for hydrogen evolution reaction 

SPM methods for studying nanomaterial activity 
S01-059

Fethi Bedioui (Unite de Technologies Chimiques et Biologiques pour la Sante, Chimie ParisTech-PSL/CNRS/
INSERM/Univ Paris Descartes, Paris, France), Victor Baldim, Nathalie Mignet, Isabelle Margail, Jean François 

Berret

The enzyme-like catalytic activity of cerium oxide nanoparticles and its dependency on Ce3+ surface area 

concentration: an electrochemical approach 

S01-060
Binglin Tao (Department of Chemistry, University of Warwick, Coventry, United Kingdom)

Voltammetric Mapping of the Hydrogen Evolution Reaction on MoS
2
 and WS

2
: Role of Defects in 

Electrocatalytic Activity 

Thin films and monolayers 
S01-061

Shuping Bi (Chemistry Department, Nanjing University, Nanjing, China), Tianxing Niu, Guiying Feng, Xueyan 

You, Zhongwei Wan

Studies on The Essential Significance And Influence Factors of Fractional Surface Coverage in Alkanethiol 
Self-assembled Monolayers on Gold 

S01-062
Sarasi Galagedera (Department of Chemistry, University at Albany-SUNY, Albany, USA), Gerd-Uwe Flechsig

Investigation of H/D Isotope Effects on the Interactions of [Ru(NH
3
)
6
]3+ and [Co(NH

3
)
6
]3+ with Single-

Stranded-DNA-6-Mercapto-1-Hexanol Mixed Monolayers on Gold Electrodes  

S01-063
Sara Grecchi (Dipartimento di Chimica, Università degli Studi di Milano, Milano, Italy), Serena Arnaboldi, 

Simona Rizzo, Francesco Sannicolo, Patrizia Romana Mussini

A Simultaneous Discrimination of Two Different Probes on Achiral Electrodes 

S01-064
Adam Kolodziej (School of Chemistry, University of Birmingham, Birmingham, United Kingdom), Francisco 

Fernandez-Trillo, Paramaconi Rodriguez

A Rational Design of an Electrochemical Platform for the Detection and Recovery of Metallic Species 

S01-065
Adam Kolodziej (School of Chemistry, University of Birmingham, Birmingham, United Kingdom), Francisco 

Fernandez-Trillo, Paramaconi Rodriguez

Recovery of metals from aqueous media via electrochemical filtration on modified electrodes 
S01-066

Yuliia Kosto (Department of Surface and Plasma Science, Charles University, Prague, Czech Republic), 
Alessandra Zanut, Stefano Franchi, Ivan Khalakhan, Yurii Yakovlev, Giovanni Valenti, Francesco Paolucci, 

Nataliya Tsud, Vladimír Matolín

A New Electrode for Hydrogen Peroxide Detection Based on RF Magnetron Sputtered Polycrystalline CeO
2
 

Thin Film 

S01-067
Weicheng Liao (Department of Chemistry, National Central University, Jhongli, Taiwan), Shuehlin Yau

Migration of CO-Capped Pt Film on Au(111) Induced by Competitive Adsorption with O
2
 and H

2
 

S01-068
Jun Hui Park (Chemistry, Chungbuk National University, Cheongju, Korea)

Electrochemical detection of reduced graphene oxide nanoparticles in an aqueous solution
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Symposium 2  Hyphenated-Techniques Incorporating  

Analytical Electrochemistry

Advanced instrumentation for new electroanalytical applications 
S02-001

Adrian Blidar (Department of Analytical Chemistry, Iuliu Hatieganu University of Medicine and Pharmacy, 
Cluj-Napoca, Romania), Bogdan Feier, Ede Bodoki, Ramona Galatus, Cecilia Cristea

Electrochemical Surface Plasmon Resonance (EC-SPR) Aptasensor for Ampicillin Detection 

S02-002
Xi Chen (Xiamen University, Xiamen, China), Zhiwei Lai, Huaizhi Kang, Linghang Qiu

Automated Determination of Heavy Metal Ions in Environmental Samples by Differential Pulse 

Voltammetry Exploiting Modified Electrode and Sequential Injection Analysis 
S02-003

Irkham Irkham (Department of Chemistry, Keio University, Yokohama, Japan), Yasuaki Einaga

Study of Hydroxide Ion Oxidation in Buffer Solutions Using Boron-doped Diamond Electrodes 

S02-004
Daniel Sandbeck (Helmholtz-Institut Erlangen-Nürnberg (IEK-11), Forschungszentrum Jülich GmbH, 
Erlangen, Germany), Serhiy Cherevko

Fundamental Insights into Platinum Single Crystal Dissolution Stability 

S02-005
Noah Schorr (Department of Chemistry, Rodger Adams Laboratory, Urbana, USA), Zachary Gossage, Jingshu 

Hui, Kenneth Hernández-Burgos, Joaquín Rodríguez-López

Coupled Scanning Electrochemical Microscopy and in situ Raman Spectroscopy for Probing Energy Storage 

Interfaces  

S02-006
Xiangying Sun (Applied Chemistry, Huaqiao University, Xiamen, China), Kefei Fu, Huiting Lian, Bin Liu

A novel electrochemical detection of L-cysteine based on ß-cyclodextrin/GCE with electrochemical 

impedance spectroscopy 

S02-007
Burak Ulgut (Department of Chemistry, Bilkent University, Ankara, Turkey), Can Uzundal

Electrochemical Noise Investigations of Energy Storage and Conversion Systems 

S02-008
Can Uzundal (Department of Chemistry, Bilkent University, Ankara, Turkey)

Ultrafast Cyclic Voltammetry and Spectroelectrochemistry of Conjugated Polymers 

Development and characterization of novel electrode materials for electroanalysis 
S02-009

Sven Daboss (Institute of Analytical and Bioanalytical Chemistry, Ulm University, Ulm, Germany), Christine 

Kranz, Peter Knittel, Christoph Nebel

Colloidal boron-doped diamond AFM-SECM probes for single-cell measurements 

S02-010
Ai Hanawa (Department of Chemistry, Keio University, Yokohama, Japan), Kai Asai, Genki Ogata, Hiroshi 

Hibino, Yasuaki Einaga

Electrochemical measurement of lamotrigine using boron-doped diamond electrodes 

S02-011
Hyung-Woo Jee (Department of Chemistry, Yonsei University, Wonju, Korea), Ki-Jung Paeng, Yunhyeock Jang, 

Kongshik Rho, Noseung Myung

Compositional Analysis of Electrodeposited Cobalt Selenide Thin Films Using Continuous Flow 

Electrochemical Quartz Crystal Microgravimetry 

S02-012
Lauro Kubota (Analytical Chemistry, Institute of Chemistry at Unicamp, Campinas, Brazil), José Tiago 

Barragan, Sergio Kogikolski Jr, Everson T. Silva

Insight into the Electro-Oxidation Mechanism of Carbohydrates by CuO-Based Electrodes 
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S02-013
Keisuke Natsui (Department of Chemistry, Keio University, Hiyoshi, Japan), Chizu Yamaguchi, Shota Iizuka, 

Yoshitaka Tateyama, Yasuaki Einaga

Surface Fluorination of Boron-Doped Diamond Electrodes 

S02-014
Toshiyuki Sunaba (Materials & Corrosion Group, Technical Research Center, INPEX Corporation, Tokyo, 
Japan), Tadao Ishihara, Shinji Okazaki, Susumu Hirano

In-situ pH Measurement by Pd-Ag Alloy Hydride Electrode Under High Temperature and High Pressure 

Solutions 

Investigation of localized phenomena employing UV-vis, infrared, fluorescence, mass 
and Raman techniques coupled to electrochemistry 
S02-015

Sunpet Assavapanumat (Ecole Nationale Superieure de Chimie et de Physique, University de Bordeaux, 
Bordeaux, France), Adeline Perro, Neso Sojic, Patrick Garrigue, Bertrand Goudeau, Thittaya Yutthalekha, 

Chularat Wattanakit, Alexander Kuhn

Enantiomer separation by chiral-encoded electrodes as stationary phase in a microfluidic device 

S02-016
Paula Caldevilla Collado (R&D, DropSens, Llanera_Asturias, Spain), Pablo Fanjul Bolado, Alejandro Pérez-

Junquera, María Begoña González García, David Hernández Santos

Luminescence Spectroelectrochemistry of [Ru(bpy)
3
]2+/3+ in Thin Layer Diffusion Regime 

S02-017
Paula Caldevilla Collado (R&D, DropSens, Llanera, Asturias, Spain), Pablo Fanjul Bolado, Alejandro Pérez-

Junquera, María Begoña González García, David Hernández Santos

Screen-printed Electrodes as EC-SERS Active Surfaces for Quantitative Raman Spectroelectrochemical 

Detection of Biologically-Related Species 

S02-018
Matteo Duca (EMT, Institut National de la Recherche Scientifique, Varennes, Canada), Simantini Nayak, Justin 

Weeks, Ian McPherson, Kylie Vincent

Detection of Intermediates of Nitrite Reduction at Pt/C and Rh/C Nanoparticles: an Operando ATR-IR Study 

S02-019
Kevin Jaouen (LICSEN / NIMBE, CEA, Gif sur Yvette, France), Stephane Campidelli, Bruno Jousselme, 

Vincent Derycke, Renaud Cornut

Watching electrochemistry with BALM optical microscopy 

S02-020
Seiji Kasahara (Department of Chemistry, Keio University, Hiyoshi, Yokohama, Japan), Taiga Ogose, Norihito 

Ikemiya, Raymond Wong, Yasuyuki Yokota, Masashi Nakamura, Yousoo Kim, Yasuaki Einaga

Probing Generation of Hydroxyl Functionalities on Diamond Electrodes using in-situ ATR-IR and XPS 

Techniques 

S02-021
Eduardo Laborda (Physical Chemistry, University of Murcia, Murcia, Spain), Angela Molina, Jose Maria 

Gomez-Gil, Richard G. Compton

Analytical Expressions to Look Into the Diffusion and Homogeneous Reactivity of Electrochemical Systems 

via Spectroelectrochemistry  

S02-022
Evgeny Smirnov (Laboratory of Physical and Analytical Electrochemistry(LEPA), Ecole polytechnique fédérale 
de Lausanne (EPFL), Sion, Switzerland), Pekka Peljo, Hubert Girault

ElectroChemical Drop Shape Analysis (EC-DSA): Electrocapillary and Capacitance Curves from a Single 

Pendant Drop 

S02-023
Alessandra Zanut (Dipartimento di Chimica G. Ciamician, University of Bologna, Bologna, Italy), Marko 

Dobricic, Alessandro Porchetta, Massimo Marcaccio, Giovanni Valenti, Francesco Ricci, Francesco Paolucci

Electrochemiluminescent DNA sensor for the detection of specific DNA sequences 
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Symposium 3  Bioelectrochemistry Returns to the Home of Galvani

Bioelectronic and medical devices 
S03-001

Maria Domenica Alvau (Experimental and Clinical Pharmacology Unit, National Cancer Institute-CRO 
Aviano, Aviano (PN), Italy), Stefano Tartaggia, Anna Meneghello, Federico Polo

Enzyme-based Electrochemical Biosensor for Therapeutic Drug Monitoring of Anticancer Drug CPT-11 

S03-002
Leonardo Castañeda-Losada (Department of Chemistry, Ruhr-Universität Bochum/Fraunhofer-Institut Branch 
Straubing, Straubing, Germany), Carolina Laverde-Perdomo, Michael Richter, Nicolas Plumeré

Bioelectrochemical Approach for NADPH Regeneration using Biocatalysis in Redox Hydrogels 

S03-003
Po-Chun Chen (Materials and Mineral Resources Engineering, National Taipei University of Technology, 
Taipei, Taiwan), Wei-Chiang Huang, Pu-Wei Wu

Spacing-controllable iridium oxide nanotube array for neurostimulating electrode applications 

S03-004
Joanna Grudzien (Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry, Jagiellonian 
University in Krakow, Krakow, Poland), Magdalena Jarosz, Wojciech Simka, Grzegorz Sulka

Anodization of Ti-13Nb-13Zr and Ti-15Mo alloys for biomedical applications 

S03-005
Paulina Materska-Wilczynska (Group of molecular films research, Institute of Physical Chemistry PAS, 
Warsaw, Poland), Jyoti Yadav, Renata Rybakiewicz, Teresa Zolek, Dorota Maciejewska, Krzysztof Noworyta, 

Wlodzimierz Kutner

Imatinib Determination Using a Chemosensor with Carbazole-based Molecularly Imprinted Polymer Film as 

the Recognition Unit 

S03-006
Neus Sabaté (Microenergy Sources and Sensors, Instituto de Microelectronica de Barcelona (IMB-CNM), CSIC, 
Cerdanyola del Vallès, Spain), Laura Ortega, Anna Llorella, Roger Escudé, Juan Pablo Esquivel

Self-Powered Skin Patch for Cystic Fibrosis Screening 

S03-007
Samuel Perry (Department of Chemistry, McGill University, Montreal, Canada), Joseph Sifakis, Loredano 

Pollegioni, Janine Mauzeroll

Enhancement of the Enzymatic Biosensor Response through Targeted Electrode Surface Roughness 

S03-008
Jordan Robert (CPE Lyon, Villeurbanne Cedex, France), Kosuke Ino, Noriko Taira, Hitoshi Shiku

Electrodeposition of Calcium Alginate/Gelatin Hydrogels by Scanning or Stamping an Electrode for Cell 

Culture Platforms 

S03-009
Isao Shitanda (Department of Pure and Applied Chemistry, Tokyo University of Science, Noda, Japan), Kazuki 

Watanabe, Rina Nogami, Nanami Takahashi, Yoshinao Hoshi, Masayuki Itagaki

Fabrication of Wearable Glucose Biosensor and Sodium Ion Sensor on Non-woven Fabric by Heat Transfer 

Printing 

S03-011
Tássia Regina de Oliveira (Department of Chemistry, Federal University of São Carlos, São Carlos, Brazil), 
Patricia Regina Manzine, Márcia Regina Cominetti, Ronaldo C. Faria

Biomarker for Alzheimer’s Disease Detection in Plasma Samples Using a Disposable Electrochemical 

Microfluidic Platform  
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Biofuel cells, biobatteries 
S03-012

Giorgio Giuffredi (Center for Nano Science and Technology, Istituto Italiano di Tecnologia, Milano, Italy), 
Federica Arena, Andrea Perego, Stefano Donini, Emilio Parisini, Fabio Di Fonzo

Bioelectrochemical TiN/FDH Catalyst for CO
2
 Reduction to HCOOH 

S03-013
Linda Gonzalez-Gutierrez (Science, CIDETEQ, Queretaro, Mexico), María C. Peña-González, Luis A. 

Romero-Cano

Metabolic and population effects in a microbial bioelectrochemical process for azo dye degradation 

S03-014
Himeka Goto (Department of Pure and Applied Chemistry, Tokyo University of Science, Noda, Japan), Yukiya 

Morigayama, Yoshinao Hoshi, Isao Shitanda, Seiya Tsujimura, Tsutomu Mikawa, Masayuki Itagaki

Improvement of performance of screen-printed paper-based lactate biofuel cell by rheological study of 

MgO-templated porous carbon inks 

S03-015
Valentina Grippo (Faculty of Chemistry, Warsaw University, Warsaw, Poland), Su Ma, Hussein Kanso, Roland 

Ludwig, David Hernández Santos, Renata Bilewicz

Enzymatic biofuel cell based on screen printed electrode and lipidic cubic phase: a simple approach 

S03-016
Joanna Grudzien (Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry, Jagiellonian 
University in Krakow, Krakow, Poland), Magdalena Jarosz, Kamil Kaminski, Grzegorz Sulka

Effect of culturing parameters on electrochemical activity of novel bioelectrodes based on lactic acid 

bacteria films 

S03-017
Jefferson H. Franco (Chemistry/Faculdade de Filosofia Ciências e Letras de RP, Universidade de São Paulo, 
Ribeirao Preto, Brazil), David P. Hickey, Shelley Minteer

Enhancement of a hybrid catalyst architecture cascade for the complete electrochemical oxidation of ethanol 

S03-018
Yolina Hubenova (Electrocatalysis and Electrocrystallization, Institute of Electrochemstry and Energy Systems, 
Sofia, Bulgaria), Eleonora Hubenova, Blagoy Burdin, Mario Mitov

Design of Artificial Redox Matrix for Enhanced Extracellular Electron Transfer 
S03-019

Magdalena Jarosz (Department of Chemistry, Jagiellonian University, Krakow, Poland), Joanna Grudzien, 

Kamil Kaminski, Grzegorz Sulka

Novel metal/polycation bioelectrodes with lactic acid bacteria biofilm for their use in bioelectrochemical 
systems 

S03-020
Paulina Jelen (Institute of Physical Chemistry, Polish Academy of Sciences, Warsaw, Poland), Martin Jönsson-

Niedziólka

Enzyme Inhibition in Continuous Flow Measurements in Microfluidic Device 

S03-021
Corinne Lagrost (ISCR, Univ Rennes, Rennes, France), Hassiba Smida, Thomas Flinois, Frédéric Barrière

Microbial Bioanodes as Sensors for Monitoring Ionic Liquids Toxicity 

S03-022
Laura Lambertini (Department of Chemistry and Drug Technologies, Sapienza University of Rome, Rome, 
Italy), Cristina Tortolini, Rosaceleste Zumpano, Gabriele Favero, Riccarda Antiochia, Franco Mazzei

A glucose/oxygen EFC based on FAD-glucose dehydrogenase immobilized onto polymethylene blue-

MWCNTs modified screen printed electrodes: proof of concept in human serum and saliva 

S03-023
Stefania Marzorati (Department of Environmental Science and Policy, Universita degli Studi di Milano, 
Milano, Italy), Maksim Bahdanchyk, Andrea Goglio, Stefano Trasatti, Andrea Schievano, Pierangela Cristiani

Biochar-based Electrodes for Bioelectrochemical Systems 
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S03-024
Stefania Marzorati (Department of Environmental Science and Policy, Universita degli Studi di Milano, 
Milano, Italy), Maksim Bahdanchyk, Massimiliano Bestetti, Antonello Vicenzo, Pierangela Cristiani

CNT-CeO
2
 Modified Anode in a Microbial Fuel Cell System  

S03-025
Carlo Santoro (Center Micro-Engineered Materials, University of New Mexico, Albuquerque, USA)

Introduction of Nano-Composite Cathode Catalyst For Enhanced Microbial Fuel Cell Performance  

S03-026
Juan Squella (Departamento de Química Orgánica y Físico Química, Universidad de Chile, Santiago, Chile), 
Claudio Barrientos, Raúl Moscoso

Electrocatalysis of NADH in nanostructured interfaces involving nitroaromatics promoters electrochemically 

activated

S03-027
Krzysztof Stolarczyk (Faculty of Chemistry, Warsaw University, Warsaw, Poland), Bartlomiej Olszewski

Carbon Materials Modified with Enzymes and Mediators for Biofuel Cell Application  
S03-028

Kotaro Takamatsu (Department of Pure and Applied Chemistry, Tokyo University of Science, Noda, Japan), 
Ayumu Niiyama, Yoshinao Hoshi, Isao Shitanda, Seiya Tsujimura, Tsutomu Mikawa, Masayuki Itagaki

Fabrication of a Thin Film-Type Lactate Biofuel Cell Using Carbon Cloth Electrodes 

S03-029
Lin Zhang (Institut des Sciences Moléculaires, Université de Bordeaux, Pessac, France), Stéphane Reculusa, 

Sébastien Gounel, Nicolas Mano, Alexander Kuhn

Macroporous Gold Spirals for High Performance Miniaturized Biofuel Cells  

S03-030
Melisa del Barrio (Bioénergétique et Ingénierie des Protéines, CNRS, Université Aix-Marseille, Marseilles, 
France), Matteo Sensi, Laura Fradale, Maurizio Bruschi, Claudio Greco, Luca de Gioia, Luca Bertini, Vincent 

Fourmond, Christophe Léger

Interaction of the Active Site of FeFe Hydrogenases with Halides 

Biomedical, environmental and agri- food applications of biosensors 
S03-031

Luis Almeida (Departamento de Quimica e Bioquimica, Faculdade de Ciencias, Universidade de Lisboa, 
Lisbon, Portugal), Rui Correia, Giuseppe Squillaci, Alessandra Morana, Francesco La Cara, Jorge Correia, Ana 

S. Viana

One-step Potentiostatic Laccase-polydopamine Deposition for Amperometric Biosensors 

S03-032
Egor Andreev (Faculty of Chemistry, M.V. Lomonosov Moscow State University, Moscow, Russia), Maria 

Komkova, Arkady Karyakin

Reagentless Impedimetric Sensors Based on Poly(3-aminophenylboronic Acid) for Detection Analytes in 

Water and Aerosol 

S03-033
Anna Banasiak (Applied Electrochemistry Group, Dublin Institute of Technology, Dublin, Ireland), John 

Cassidy, John Colleran

Determination the Mode of Action and DNA Nuclease Efficacy of Novel Bioinorganic Compounds at DNA 
Biosensors 

S03-034
Anna Banasiak (Applied Electrochemistry Group, Dublin Institute of Technology, Dublin, Ireland), John 

Cassidy, John Colleran

The Novel Method to Quantitatively Detect the Nuclease Activity of Compounds  

S03-035
Sergi Colominas (Analytical and Applied Chemistry, IQS Universitat Ramon Llull, Barcelona, Spain), Jordi 

Abella, Margalida Artigues

Amperometric biosensor for fast glutamate analysis 



Program of the 69th Annual Meeting of the International Society of Electrochemistry 133

PO
ST

ER
S

S03-036
Cecilia Cristea (Analytical Chemistry, Faculty of Pharmacy, Iuliu Hatieganu University of Medicine and 
Pharmacy, Cluj-Napoca, Romania), Mihaela Tertis, Bianca Ciui, Robert Sandulescu

Label-free Electrochemical Aptasensor Based on Gold and Polypyrrole Nanoparticles for Interleukin 6 

Detection 

S03-037
Ilaria Deidda (Department of Chemistry, Università degli Studi di Firenze, Sesto Fiorentino, Italy), Francesca 

Bettazzi, Aline Romero Natale, Eduardo Torres, Ilaria Palchetti

Electrochemical Immuno-Enzymatic Assay for Glyphosate Detection 

S03-038
Ilaria Deidda (Department of Chemistry, Università degli Studi di Firenze, Sesto Fiorentino, Italy), Thierry 

Baussant, Ilaria Palchetti, Francesca Bettazzi

Electrochemical Genosensors for eDNA monitoring 

S03-039
Mary Ensch (Chemical Engineering and Materials Science, Michigan State University, East Lansing, USA), 
Vanessa Y. Maldonado, Greg M. Swain, Robert Rechenberg, Michael F. Becker, Thomas Schuelke, Cory A. 

Rusinek

Isatin Detection Using a Boron-Doped Diamond 3-in-1 Sensing Platform 

S03-040
Marisol Espinoza-Castañeda (Basic Sciences, Metropolitan Autonomous University, México, Mexico), Ana 

Victoria Selene Gómez Castelan, María Teresa Castañeda Briones, María del Rocío Cruz Colín, Miguel Ávila 

Jiménez

Design and Development an Electrochemical Biosensor to Detect Escherichia coli O157:H7, using 

homemade screen-printed carbon electrodes 

S03-041
Shane Flanagan (Biotechnology Innovation Centre, Rhodes University, Grahamstown, South Africa), Ronen 

Fogel, Janice Limson

Oligonucleotide aptamer recognition of protein markers in whole cells: Problems and prospects for 

biosensors 

S03-042
Sho Hideshima (Research Organization for Nano & Life Innovation, Waseda University, Tokyo, Japan), 
Yoshitaka Harada, Mika Tsuna, Shigeki Kuroiwa, Tetsuya Osaka

Development of food allergy detection system based on field effect transistor biosensors 

S03-043
Lance Ho (Biotechnology Innovation Centre, Rhodes University, Grahamstown, South Africa), Janice Limson, 

Ronen Fogel

Physico-chemical Characteristics Influencing Impedimetric Aptasensor Variation are Imparted by Electrode 
Pretreatment  

S03-044
Andi Ichzan (Department of Chemistry, Pusan National University, Busan, Korea)

Bifunctional Enzyme Label for Rapid Enzymatic Amplification and Electrochemical Redox Cycling  
S03-045

Kosuke Ino (Graduate School of Engineering, Tohoku University, Sendai, Japan), Takehiro Onodera, Mayuko 

Terauchi, Hitoshi Shiku

Electrochemicolor Imaging for Simultaneous Detection of Multiple Analytes Using Large Scale Integration 

(LSI) Devices 

S03-046
Gyeongho Kim (Department of Chemistry, Pusan National University, Pusan, Korea)

Ultrasensitive Electrochemical Immunosensor Employing 1-Amino-2-naphthyl Phosphate and Ammonia-

Borane 

S03-047
Jihyeon Kim (Department of Chemistry, Pusan National University, Pusan, Korea)

Enzyme-Like Nanocatalyst for an Ultrasensitive Electrochemical Biosensor 
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S03-048
Da Eun Kwak (Chemistry Department, Pusan National University, Pusan, Korea)

Ultrasensitive Electrochemical Detection of miRNA-21 Using a Zinc Finger Protein 

S03-049
Ricardo Leote (Department of Chemistry, University of Coimbra, Coimbra, Portugal), Christopher Brett, 

Mariana Ghica

Development and Characterization of Pyruvate Oxidase Biosensors based on Glassy Carbon Electrodes 

Modified with Carbon Nanotubes and Poly(Neutral Red) Synthesized in Deep Eutectic Solvents 

S03-050
Jing Lin (Institute of Analytical and Bioanalytical Chemistry, Ulm University, Ulm, Germany), Dominik 

Weixler, Sven Daboss, Gerd Seibold, Christine Kranz

Poly(benzoxazine)-based ATP-microbiosensor for real-time measurements of vesicles respiration 

S03-051
Wesley Bruno Silva Machini (Department of Chemistry, Faculty of Science and Technology, University of 
Coimbra, Coimbra, Portugal), Ana Maria Oliveira-Brett

Anticancer monoclonal antibody nivolumab-dsDNA interaction in situ evaluation using a dsDNA-

electrochemical biosensor 

S03-052
Francisco Martínez-Rojas (Laboratorio de Bioelectroquímica, Pontificia Universidad Católica de Chile, 
Santiago, Chile), Victor Diculescu, Francisco Armijo

Development and evaluation of an electrochemical immunosensor for IgG detection based on indole-

carboxylic acid conductive polymers 

S03-053
Ilaria Palchetti (Department of Chemistry, University of Florence, Sesto Fiorentino (Fi), Italy), Francesca 

Bettazzi, Luigi Falciola, Valentina Pifferi, Anna Testolin, Chiara Ingrosso, Michela Corricelli

Colloidal Nanoparticle modified Graphene-based electrochemical Platforms for Nucleic Acid Biosensing  
S03-054

Ilaria Palchetti (Department of Chemistry, University of Florence, Sesto Fiorentino (Fi), Italy), Francesca 

Bettazzi, Serena Laschi, Luigi Falciola, Valentina Pifferi, Anna Testolin, Chiara Ingrosso, Maria Lucia Curri

Au NRs-functionalized nanostructured TiO
2
 Sensor for Photoelectrochemical Genosensing 

S03-055
Bruno Pereira Crulhas (Chemistry and Biochemistry, UNESP, Botucatu, Brazil), Agnieszka Ewa Karpik, 

Caroline Rodrigues Basso, João Paulo Ruiz Lucio de Lima Parra, Valber Albuquerque Pedrosa

Detection and Monitoring of Cancer Biomarkers Using Aptasensor 

S03-056
Lukasz Poltorak (Chemical Engineering, Delft University of Technology, Delft, Netherlands), Nienke van der 

Meijden, Irene Eggink, Stijn Oonk, Marnix Hoitink, Ernst J.R. Sudhölter, Marcel de Puit

Electrified Soft Interface for Forensic Applications. From Illicit Drug Sensing to Proteins Extraction from 
Fingerprints 

S03-057
Stacy Reginald (School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and 
Technology, Gwangju, Korea), Yoo Seok Lee, Hyeryeong Lee, In Seop Chang

Dissolved Carbon Monoxide Biosensor Using Carbon Monoxide Dehydrogenase Immobilized on Gold 

Electrode 

S03-058
Robert Sandulescu (Analytical Chemistry, Iuliu Hatieganu University of Medicine and Pharmacy, Cluj-Napoca, 
Romania), Mihaela Tertis, Islem Gandouzi, Andreea Cernat, Cecilia Cristea

Electrochemical Sensor Based on Graphite Screen-Printed Electrode Modified with Graphene and Gold 
Nanoparticles for Sensitive and Selective Detection of Pyoverdine 

S03-059
Ching-Chou Wu (Department of Bio-industrial Mechatronics Engineering, National Chung Hsing University, 
Taichung, Taiwan)

A Microfluidic Chip Integrated with Dissolved Oxygen Sensors for Estimation of Cellular Respiratory 
Activity 
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S03-060
Rosaceleste Zumpano (Department of Chemistry and Drug Technologies, Sapienza University of Rome, Rome, 
Italy), Francesca Ghirga, Deborah Quaglio, Laura Mangiardi, Bruno Botta, Cristina Tortolini, Giulia Fuoco, 

Federica Ietto, Gabriele Favero, Franco Mazzei

Resorc[4]arene-based Impedimetric Immunosensor for Atrazine Detection 

Electron transfer in biological systems 
S03-061

Amparo Ferrer-Vilanova (Institut de Microelectrònica de Barcelona,  (IMB-CNM-CSIC), Cerdanyola del 
Vallès, Spain), Kristina Ivanova, María Díaz-González, Tzanko Tzanov, Xavier Muñoz-Berbel

Smart Sensing Textiles Based on Electrochromic Molecules for Live Bacteria Detection  

S03-062
Iwona Gajda (Bristol BioEnergy Centre, University of the West of England, Bristol, United Kingdom), Jiseon 

You, Carlo Santoro, John Greenman, Ioannis Ieropoulos

Anode surface modification with activated carbon for improved power generation in urine fed Microbial 
Fuel Cells 

S03-063
Severino Carlos Oliveira (Department of Chemistry, Universidade Federal Rural de Pernambuco, Recife, 
Brazil), Nathalia Queiroz, Maysa Nascimento, José Nascimento, Valberes Nascimento

Electrochemistry Study of Antineoplastic Raltitrexed Oxidation Mechanism and Its Interaction with DNA 

S03-064
Tatsuya Takarada (Department of Pure and Applied Chemistry, Tokyo University of Science, Noda, Japan), Ryo 

Suzuki, Tatsuo Aikawa, Yoshinao Hoshi, Isao Shitanda, Masayuki Itagaki

Preparation of Azure A and glucose dehydrogenase modified MgO-templated carbon electrode for glucose 
biofuel cell anode 

S03-065
Ri Xu (Engineering Physics, Polytechnique Montreal, Montreal, Canada), Francesca Soavi, Alessandro 

Pezzella, Clara Santato

Electrochemical studies on molecular models of neuromelanin 

In vitro and in vivo sensing 
S03-066

Ewa Baczynska (Department of Electrode Processes, Institute of Physical Chemistry Polish Academy of 
Sciences, Warsaw, Poland), Emilia Witkowska Nery, Martin Jönsson-Niedziólka, Jakub Wlodarczyk

Electrochemical glutamate biosensor  –  tool for in vitro neuroplasticity studies 

S03-067
Sorour Darvishi (Chemistry and Chemical Engineering, EPFL, Saviese, Switzerland), Tzu-En Lin, Hubert 

Girault, Andreas Lesch

Hydrogel-coated Electrochemical Tyrosinase Microsensors for Minimum Invasive Melanoma Detection in 

Dummy Skin 

S03-068
Keana De Guzman (School of Chemical Sciences, Dublin City University, Dublin, Ireland), Anju Uday, 

Ghayadah Al-Kharusi, Tanya Levingstone, Aoife Morrin

Characterisation of Stretchable Temporary Tattoo Platforms for Monitoring Skin Barrier Hydration 

S03-069
Anton Nikolaev (Laboratory of Bioelectrochemistry and Spectroscopy, Strasbourg University, Strasbourg, 
France), Alexander Thesseling, Laura Stief, Schara Safarian, Hamid Nasiri, Andreas Speicher, Thorsten 

Friedrich, Hartmut Michel, Frédéric Melin, Petra Hellwig

Development of a Bioelectrochemical Sensor Based on Cytochrome bd Oxidase for Identification of New 
Antibiotics 

S03-070
Jéssica Soares Guimarães Selva (Fundamental Chemistry, University of São Paulo, São Paulo, Brazil), Mauro 

Bertotti

Iridium Oxides Based Potentiometric Sensors for the pH Monitoring in Biological Samples 
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S03-071
Nanami Takahashi (Department of Pure and Applied Chemistry, Tokyo University of Science, Noda, Japan), 
Yoshinao Hoshi, Isao Shitanda, Masayuki Itagaki

Wearable ammonium ion sensor fabricated by heat transfer printing 

S03-072
Emilia Witkowska Nery (Institute of Physical Chemistry, Polish Academy of Sciences, Warsaw, Poland), Ewa 

Baczynska, Jakub Wlodarczyk, Martin Jönsson-Niedziólka

Electrochemical analysis in 2D and 3D cell cultures harnessing oxidase enzymes and ion-transfer  

S03-073
William de Araujo (Fundamental Chemistry, University of São Paulo, São Paulo, Brazil), Rafael Silva

Wearable Electrochemical Sensor for Detection of Pseudomonas aeruginosa Infection: Towards Clinical 

Applications 

S03-074
Karla de la Cruz Morales (Department of Biological Systems, Autonomous Metropolitan University, Mexico, 
Mexico), Georgina Alarcón Ángeles, Martin Gómez Hernández, Marcela De la Peña Hurtado

Analysis of Purine Bases Damage Caused by Activated Tinidazole Metabolites Produced in situ by 

Electrochemical Techniques 

Protein and DNA electrochemistry 
S03-075

Karutha Pandian Divya (Bioelectronics and Biosensors, Alagappa University, Karaikudi, India), Venkataraman 

Dharuman

Electrochemical behavior of hydrophilic thiol monolayer anchored lipid-gold nanoparticles functionalized 

protein and DNA 

S03-076
Ludmila Jirakova (RECAMO, Masaryk Memorial Cancer Institute, Brno, Czech Republic), Martin Bartosik

Antibody-based in vitro miRNA detection in cancer cells using hybridization chain reaction  

S03-077
Sujin Kang (Department of Chemistry, Kwangwoon University, Seoul, Korea), Yang-Rae Kim

Highly Sensitive Impedimetric DNA Sensor on a Diazonium-Modified Gold Electrode Prepared by 
Electrochemically Selective Reduction 

S03-078
Agata Krzak (Faculty of Chemistry, University of Warsaw, Warsaw, Poland), Olga Swiech, Maciej Majdecki, 

Renata Bilewicz

The Influence of Cyclodextrin Derivatives on the Anthracycline Binding to DNA 

S03-079
Wioletta Liwinska (Faculty of Chemistry, University of Warsaw, Warsaw, Poland), Ewelina Zabost, Zbigniew 

Stojek

Nanogel modified with oligonucleotides for triggered targeted drug delivery system 

S03-080
Veronika Ostatna (Department of Biophysical Chemistry and Molecular Oncology, Institute of Biophysics the 
CAS, Brno, Czech Republic)

Sensing of native and denatured BSA on thioalkane-modified electrodes with different headgroups 

S03-081
Kouta Takeda (Biotechnology and Life Science, Tokyo University of Agriculture and Technology, Tokyo, Japan), 
Makoto Yoshida, Kiyohiko Igarashi, Masahiro Samejima, Hiroyuki Ohno

The electrochemical behavior of a catalytic site of PQQ-dependent pyranose dehydrogenase with direct 

electron transfer 

S03-082
Stanislav Trashin (Department of Chemistry, The University of Antwerp, Antwerp, Belgium), Vanoushe Rahemi, 

Vera Meynen, Karolien De Wael

Peroxidase Sensor with Electron Shuttling Analyte and Surface Confined Sacrificial Electron Acceptor 
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S03-083
Libuse Trnkova (Department of Chemistry, Masaryk University, Faculty of Science, Brno, Czech Republic), 
Iveta Triskova, Aneta Vecerova

Electron Transfer in Guanine Triplet 

S03-084
Tobias Voepel (Analytical Chemistry, Center for Electrochemical Sciences, Ruhr University Bochum, Bochum, 
Germany), Martin Winkler, David Adam, Darren Buesen, Gabriel Kopiec, Miriam Marquitan, Wolfgang Kaiser, 

Christian Herrmann, Thomas Happe, Nicolas Plumere

Intrachain Histidine Motifs for Avidity Binding of Proteins to Electrode Surfaces 

Symposium 4  Bipolar Electrochemistry, from Bioanalysis to 

Materials Science

Bipolar electrochemistry 
S04-001

Fredrik Bjorefors (Dept. of Chemistry, Ångström Laboratory, Uppsala University, Uppsala, Sweden), Wei Wei, 

Leif Nyholm

Hybrid Energy Storage Devices Based on Bipolar Electrodes Containing Well-defined TiO
2
 Nanotube Size 

Gradients 

S04-002
Garrison Crouch (Chemical and Biomolecular Engineering, University of Notre Dame, Notre Dame, USA), 
Donghoon Han, Susan Fullerton, David Go, Paul Bohn

Nanobioplar Electrodeposition in Confined Nanoparticle Arrays for Tunable Optical Materials 

S04-003
Karel Lacina (CEITEC, Masaryk University, Brno, Czech Republic), Jakub Sopousek, Petr Skládal, Petr 

Vanysek

Boosting of the Output Voltage of a Galvanic Cell 

S04-004
Meng Li (School of Chemistry and Chemical Engineering, Nanjing University, Nanjing, China)

Potential Distribution on Bipolar Electrodes with Arbitrary Shapes 

S04-005
Monica Rohde Madsen (Department of Chemistry and iNANO, Aarhus University, Aarhus, Denmark), Line 

Koefoed, Henrik Jensen, Kim Daasbjerg, Steen Uttrup Pedersen

Dual Bipolar Electrografting in One Step Using a Two-Phase Setup 

S04-006
Paolo Ugo (Molecular Sciences and Nanosystems, University Ca’ Foscari, Venezia-Mestre, Italy), Michael 

Ongaro

Membrane Assisted Asymmetrical Functionalization of Metal Nanowire Arrays by Closed Bipolar 

Electrochemistry 

S04-007
Song Yi Yeon (Department of Chemistry, Seoul National University, Seoul, Korea), Seol Baek, Seung-Ryong 

Kwon, Sun-Heui Yoon, Chung Mu Kang, Seok-Hee Han, Dahye Lee, Taek Dong Chung

A Miniaturized Reverse Electrodialysis-Powered Bipolar Electrode Biosensor 

S04-008
Lin Zhang (Institut des Sciences Moléculaires, Université de Bordeaux, Pessac, France), Bhavana Gupta, 

Bertrand Goudeau, Patrick Garrigue, Nicolas Mano, Alexander Kuhn

Analytical Signal Readout Based on Bipolar Electromechanical Deformation of Conducting Polymers 
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Electrochemiluminescence 
S04-009

Guobao Xu (State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, 
CAS, Changchun, China), Fan Yuan, Liming Qi, Tadesse Haile Fereja, Dmytro V. Snizhko, Zhongyuan Liu, Wei 

Zhang

Regenerable Bipolar Electrochemiluminescence Device Using Glassy Carbon Bipolar Electrode, Stainless 

Steel Driving Electrode and Cold Patch 

Electrodeposition 
S04-010

Kosuke Ino (Graduate School of Engineering, Tohoku University, Sendai, Japan), Tomoaki Matsumoto, Hitoshi 

Shiku

Hydrogel Fabrication on Bipolar Electrodes 

Symposium 5  Photobioelectrochemistry - from Basic Concepts and 

Materials to Devices

Bioelectrochemistry 
S05-001

Ivo Bardarov (Department of Chemistry, South-West University, Blagoevgrad, Bulgaria), Yolina Hubenova, 

Mario Mitov

Comparison of Graphite and Metallurgical Coke as Anode Materials in Freshwater Sediment Microbial Fuel 

Cells 

S05-002
Volker Hartmann (Biology and Biotechnology, Ruhr University Bochum, Bochum, Germany), Dvir Harris, 

Adrian Ruff, Wolfgang Schuhmann, Matthias Rögner, Marc M. Nowaczyk, Noam Adir

In Vitro Reconstitution of a Photosystem 2-Phycobilisome Mega-Complex for Enhanced Light Harvesting in 

Bio-Photovoltaics 

S05-003
Fred Lisdat (Biosystems Technology, Institute of Applied Life Sciences, Technical University Wildau, Wildau, 
Germany), Giovanni Fusco, Gero Göbel, Gabriele Favero, Maria Bracciale, Robertino Zanoni, Franco Mazzei

A polymeric interface for efficient bioelectrocatalysis of PQQ GDH based on electrosynthesis of 
polythiophene from aqueous media  

S05-004
Mario Mitov (Innovative Center for Eco Energy Technologies, South-West University, Blagoevgrad, Bulgaria), 
Ivo Bardarov, Yolina Hubenova

Photo-affected Current Generation of Sediment Microbial Fuel Cells 

Biovoltaics 
S05-005

Rafal Bialek (Molecular Biophysics Division, Faculty of Physics, Adam Mickiewicz University, Poznan, 
Poland), Vincent Friebe, Raoul Frese, Adrian Ruff, Wolfgang Schuhmann, Nicolas Plumeré, Michael R. Jones, 

Krzysztof Gibasiewicz

Spectroelectrochemistry of Biohybrid Solar Device Based on Osmium Redox Hydrogel and Rhodobacter 

sphaeroides Reaction Centers 

S05-006
Darren Buesen (Center for Electrochemical Sciences, Ruhr-Universität Bochum, Bochum, Germany), Huijie 

Zhang, Nicolas Plumeré

A Theoretical Model for Charge Carrier Recombination in Thin Film Biophotovoltaics 
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S05-007
Darren Buesen (Center for Electrochemical Sciences, Ruhr-Universität Bochum, Bochum, Germany), 
Huaiguang Li, Nicolas Plumeré

Electrochemical Determination of Electroactive Film Thickness Distribution in the Solvated State 

Electrolytes 
S05-008

Juhan Lee (Energy Materials, INM - Leibniz Institute for New Materials, Saarbrücken, Germany), Pattarachai 

Srimuk, Volker Presser

Nanoconfinement of redox reactions enables rapidzinc iodide energy storage with high efficiency 

Lithium batteries 
S05-009

Maria Laura Para (Facultad de Matemática Astronomía y Física, Universidad Nacional de Córdoba, Córdoba, 
Argentina), María Luz Nieva, María del Carmen Rojas, Laura Moyano, Daniel Barraco, Guillermina Luque

Pyrolytic carbons derived from peanut shells and sunflower husk for Lithium Sulfur Batteries 

Photoelectrochemistry 
S05-010

Ilaria Abdel Aziz (Physics Department, Politecnico di Milano, Italian Institute of Technology, Milano, Italy)

Light induced electron transfer from P3HT to cytochrome C 

S05-011
Hengameh Bahrami (Department of Chemistry, Shahid Bahonar University of Kerman, Kerman, Iran), 
Alessandra Zanut, Giovanni Valenti, Nataliya Tsud, Yuliia Kosto, Yurii Yakovlev, Ivan Khalakhan, Vladimír 

Matolín, Mehdi Musavi

Electrochemiluminescent detection of Sarcosine using nanostructed Cerium Oxide for early diagnosis of 

prostate cancer 

S05-012
Nicole Briones (Electrochemistry, Pontificia Universidad Católica de Valparaíso, Valparaíso, Chile)

Synthesis and characterization of structures core/shell type ZnO/CdS with a view to the fabrication of a 

photo-electrochemical aptasensor for the detection of Ochratoxin A in samples of Chilean wines 

S05-013
Takehisa Dewa (Department of Life Science and Applied Chemistry, Nagoya Institute of Technology, Nagoya, 
Japan)

Lipid-Controlled Stabilization of Charge-Separated States (P+QB-) and Photocurrent Generation Activity of 

a Purple Bacterial Light-Harvesting–Reaction Center Core Complex (LH1-RC) 

S05-014
Akari Goto (Life Science and Applied Chemistry, Graduate School of Engineering, Nagoya Institute of 
Technolo, Nagoya, Japan), Takehisa Dewa

Ultrafast Energy Transfer of Biohybrid Photosynthetic Antenna Complexes Assembled into Lipid Bilayers 

S05-015
Akari Goto (Life Science and Applied Chemistry, Nagoya Institute of Technology, Nagoya, Japan), Takehisa 

Dewa

Energy Transfer from Biohybrid Antenna Complexes to Light-Harvesting/Reaction Center Core Complex 

(LH1-RC) 

S05-016
Frederic Lemaitre (Department of Chemistry, Ecole Normale Supérieure, Paris, France), Xiaoqing Liu, Lihui 

Hu, Alexandra Savy, Laurence Grimaud, Olivier Buriez, Eric Labbé, Jérôme Delacotte, Manon Guille-Collignon

Using a False Fluorescent Neurotransmitter as a Dual Probe for the Investigation of Exocytosis at the Single 

Cell Level  

S05-017
Lucia Mascaro (Department of Chemistry, Universidade Federal de São Carlos, Sao Carlos, Brazil), Marcos 

Andrade Junior

Nanocrystalline Bi-doped CuGaS
2
 Films Applied to the Photoelectrocatalytic Reduction of Nitrobenzene 

into Aniline  



Program of the 69th Annual Meeting of the International Society of Electrochemistry140
PO

ST
ER

S

S05-018
Marcos Pita (Biocatalysis, Institute of Catalysis, Spanish Research Council (ICP-CSIC), Madrid, Spain), 
Carmen Jarne, Logan Paul, Sergey Shleev, Jose Carlos Conesa, Antonio L. De Lacey

Laccase-Catalyzed Bioelectrochemical Oxidation of Water Assisted with Visible Light 

S05-019
Huijie Zhang (Center for Electrochemical Sciences, Ruhr-University Bochum, Bochum, Germany), Darren 

Buesen, Adrian Ruff, Vincent Friebe, Felipe Conzuelo, Michael R. Jones, Raoul Frese, Wolfgang Schuhmann, 

Nicolas Plumeré

Introduction of a Kinetic Barrier to Enable Semiconductor-free Biophotovoltaics  

Symposium 6  Batteries into the Future: from Advanced Lithium-

Ion Systems to Novel Chemistries and Architectures 

S06a-001
Jiri Vondrak (Department of Electrical and Electronic Technology, Brno University of Technology, Brno, Czech 
Republic), Marie Sedlarikova, Joserf Máca

Binary systems of an ionic liqud and lithium anhydrous salts  

S06a-002
Noemí Aguiló-Aguayo (Research Institute of Textile Chemistry and Textile Physics, University of Innsbruck, 
Dornbirn, Austria), Thomas Bechtold

Embroidered electrodes to solve existing problems in electrochemical energy storage systems 

S06a-003
Docheon Ahn (Beamline Division, Pohang Accelerator Laboratory (PAL), Pohang, Korea), Young Hwa Jung, 

Woon Bae Park, Kee-Sun Sohn

A Multi-element Doping Design for a High Performance LiMnPO
4
 Cathode via Metaheuristic Computation 

S06a-004
Albena Aleksandrova (Lead-acid batteries, IEES - BAS, Sofia, Bulgaria), Maria Matrakova, Plamen Nikolov, 

Maya Markova-Velichkova, Daniela Kovacheva

Effect of ZnO crystal morphology on the performance of lead-acid battery negative electrodes 

S06a-005
Mojtaba Alidoost (Dipartimento di Scienza Applicata e Tecnologia (DISAT), Politecnico di Torino, Torino, 
Italy)

Silicon Incorporated in Cyclodextrin Nanosponges as Li-ion cell anode 

S06a-006
Vincenzo Baglio (LIFTEC-UNIZAR-CSIC, Laboratory of Research in Fluidynamics Combustion Technology, 
Zaragoza, Spain), Horacio Antonio Figueredo Rodriguez, Rachel McKerracher, Carlos Ponce de Leon, Antonino 

Salvatore Arico, Cinthia Alegre

On the effect of iron oxide crystallite size in the discharge capacity of iron electrodes for iron-air batteries 

S06a-007
Federico Bella (Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy), Ana B. 

Muñoz-García, Giuseppina Meligrana, Andrea Lamberti, Francesca Colò, Matteo Destro, Michele Pavone, 

Claudio Gerbaldi

Addressing the Controversial Mechanism of Na+ Reversible Storage in TiO
2
 Nanotubes Arrays: Amorphous, 

Anatase and Rutile Nanostructures 

S06a-008
Ido Ben Barak (School of Chemistry, Faculty of Exact Sciences, Tel Aviv University, Tel Aviv, Israel), Yosef 

Kamir, Svetlana Menkin, Dan Schneier, Meital Goor-Dar, Inna Shekhtman, Tania Ripenbein, Diana Golodnitsky, 

Emanuel Peled

Drop-on-Demand 3D Printed Lithium-Ion Batteries 
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S06a-009
Isaac Capone (Materials, University of Oxford, Oxford, United Kingdom), Mauro Pasta

The Effect of Particle Size on the Electrochemical Performance of a Phosphorus Anode for Sodium-Ion 

Batteries 

S06a-010
Gilberto Carbonari (Chemistry Department, University of Camerino - School of Science and Technology, 
Camerino, Italy), Fabio Maroni, Francesco Nobili

Synthesis and Characterization of V
2
O

5
-Nanosheet Buffered Si Nanoparticles as Anode Material for 

Lithium-Ion Batteries 

S06a-011
Sandro Cattarin (ICMATE, CNR - Consiglio Nazionale delle Ricerche, Padova, Italy), Luca Mattarozzi, 

Paolo Guerriero, Arianna Gambirasi, Nicola Brianese, Pietro Staiti, Gianluca Fusillo, Francesco Scura, Davide 

Rosestolato, Renato Guerriero, Giorgio La Sala

Recycling of exhausted lead paste by conversion into battery grade oxides and preparation of new batteries 

S06a-012
Krystian Chudzik (Faculty of Chemistry, Jagiellonian University, Kraków, Poland), Michal Swietoslawski, 

Marcelina Lis, Aneta Szymanska, Marcin Molenda

Structural stability of K, Ni and S doped nanosized LiMn
2
O

4
 in reducing conditions of modified poly(N-

vinylformamide) pyrolysis 

S06a-013
Elazar Cohen (Department of Chemistry, Tel Aviv University, Tel Aviv, Israel), Diana Golodnitsky

Electrophoretic Deposition of Lithium Titanium Oxide (LTO) anode at AC, PDC and DC mode for 3D 

microbatteries 

S06a-014
Yanhua Cui (Institute of Electronic Engineering, China Academy of Engineering Physics, Mianyang, China)

Reaction Mechanism of Ni-Fe-F thin film Fabricated by PLD with Lithium  
S06a-015

Francesca De Giorgio (Department of Chemistry Giacomo Ciamician, University of Bologna, Bologna, Italy), 
Sergio Brutti, Catia Arbizzani

Impact of Binder and Electrolyte on Electrochemical Performance of Water-Processed Li4Ti
5
O

12
 Electrodes 

S06a-016
Yongsheng Fu (School of Chemical Engineering, Nanjing University of Science & Technology, Nanjing, China), 
Zhen Wu

Bamboo-Like Graphene Tubes with High Sulfur Loading for High-Performance Lithium-Sulfur Batteries 

S06a-017
Fang Fu (College of Materials Science and Engineering, Huaqiao University, Xiamen, China)

1D Structured O3-type NaNi
0.6

Co
0.2

Mn
0.2

O
2
 with Tunable Length and Width as High Performance Sodium-

Ion Battery Cathodes 

S06a-018
Fang Fu (College of Materials Science and Engineering, Huaqiao University, Xiamen, China)

High Performance P2-type Na
0.67

Mn
0.67

Ni
0.22

Co
0.07

O
2
 Cathode Synthesized by A Novel Solvothermal 

Method for Sodium-Ion Battery 

S06a-019
Giulio Gabrielli (Accumulators Materials Research, Center for Solar Energy and Hydrogen Research (ZSW), 
ULM, Germany), Nicola Jobst, Ségolène Pajot, Peter Axmann, Margret Wohlfahrt-Mehrens

Compensating the Irreversible Capacity of Li-Ion Cells by Chemically Lithiated Cathode Materials 

S06a-020
Christian Heubner (Institute of Materials Science, TU Dresden, Dresden, Germany), Tobias Liebmann, Karsten 

Voigt, Mathias Weiser, Björn Matthey, Nils Junker, Christoph Lämmel, Michael Schneider, Alexander Michaelis

Facile fabrication of additive-free high-energy tin-oxide anodes for lithium-ion batteries  

S06a-021
Ling Huang (Department of Chemistry, Xiamen University, Xiamen, China)

Origin of Structural Evolution in Capacity Degradation for Overcharged NMC622 via Operando Coupled 

Investigation 
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S06a-022
Chiaki Ishibashi (Pure and Applied Chemistry, Tokyo University of Science, Noda, Japan), Naoya Ishida, Naoto 

Kitamura, Yasushi Idemoto

Crystal and Electronic Structure of MgCo
2-x

Mn
x
O

4
 as Cathode Material for Magnesium Secondary Battery 

using First Principle Calculation and Quantum Beam in Discharge Process 

S06a-023
Or Keisar (The Nancy and Stephen Grand Technion Energy Program, Technion- Israel Institute of Technology, 
Haifa, Israel), Yair Ein-Eli, Yair Cohen

Electrochemical Surface Stress (ESS) Study of Carbon/Manganese-Oxides Composite Cathodes During 

ORR in Metal-Air Battery Cathodes 

S06a-024
Jong Seok Kim (School of Chemical Engineering, Chonbuk National University, Jeonju, Korea), Yang Soo 

Kim, Dae Won Kim, Tae Hyun Kim

Hollow Fe
3
O

4
@C@Ag composites as anode materials for lithium ion batteries  

S06a-025
Hansu Kim (Department of Energy Engineering, Hanyang University, Seoul, Korea), Myungbeom Sohn, Dong 

Geun Lee, Hyeong-Il Park, Cheolho Park, Jeong-Hee Choi, Goojin Jeong, Young-Jun Kim

Microstructure Controlled Porous Silicon Particles as a High Capacity Lithium Storage Material by Dual 

Chemical Etching Route 

S06a-026
Chunjoong Kim (Materials Science and Engineering, Chungnam National University, Daejeon, Korea), Bum-

Hee Kang, Dahee Kim, Hongkwan Yoon, Dojin Kim

Understanding of Redox Mechanism in the DMPZ Organic Cathode Materials 

S06a-027
Yo Kobayashi (Materials Science Research Laboratory, Central Research Institute of Electric Power Industry, 
Yokosuka, Japan), Mitsuharu Tabuchi

Electrochemical Calorimetry of Highly Reversible LiNiO
2
 

S06a-028
Kazuto Koganei (Research Institute of Electrochemical Energy, National Inst of Advanced Industrial Science 
and Technology, Osaka, Japan), Atsushi Sakuda, Tomonari Takeuchi, Hikari Sakaebe, Hironori Kobayashi, 

Hisao Kiuchi, Toshiharu Fukunaga, Eiichiro Matsubara

Electrochemical property of low crystalline VS4 electrode material prepared by mechanical milling  

S06a-029
Kentaro Kuratani (Research Institute of Electrochemical Energy, AIST, Ikeda, Japan), Atsushi Sakuda, 

Tomonari Takeuchi, Hikari Sakaebe, Hironori Kobayashi

Study on Capacity Fading Mechanism of TiS
4
 Positive Electrode 

S06a-030
Ezequiel Leiva (Quimica Teorica y Computacional, Universidad Nacional de Cordoba, Cordoba, Argentina), 
Germán Lener, Manuel Otero, Agustín Sigal, Agustin Alvarez, Daniel Barraco

A silica/carbon composite as anode for lithium-ion batteries with a large rate capability: experimental and 

theoretical studies

S06a-031
Francesco Liberale (CMIC Giulio Natta, Politecnico di Milano, Milano, Italy), Michele Fiore, Riccardo Ruffo, 

Seimei Shiratori, Luca Magagnin

Electrospun Carbon Anodes Decorated with Phosphorous for High Efficiency Lithium and Sodium Ion 
Batteries 

S06a-032
Marcelina Lis (Faculty of Chemistry, Jagiellonian University, Kraków, Poland), Michal Swietoslawski, 

Krystian Chudzik, Monika Bakierska, Marcin Molenda

Studies of Temperature Effect on Electrochemical Performance of Modified Lithium Manganese Oxide 
Spinel Materials in Li-ion Cells 
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S06a-033
Marcelina Lis (Faculty of Chemistry, Jagiellonian University, Kraków, Poland), Monika Bakierska, Krystian 

Chudzik, Joanna Pacek, Michal Swietoslawski, Marcin Molenda

Nanostructured Carbogel Model Systems Derived from Biopolymers as Anode Materials for Lithium-ion 

Batteries 

S06a-034
Lilai Liu (College of Environmental and Chemical Engineering, Heilongjiang University of Science and 
Technology, Harbin, China)

Preparation, Characterization and Performance of SnO
2
@C/graphene 

S06a-035
Mahmoud Madian (Institute for Complex Materials, Leibniz-Institute for Solid State and Materials Research, 
Dresden, Germany), Zhenyu Wang, Lars Giebeler

Well-Ordered Ti-Fe-O Nanotubes as Additive-free Anode for Lithium Ion Batteries 

S06a-036
Marilena Mancini (Accumulators Materials Research, ZSW, Ulm, Germany), Jan Martin, Prasanth 

Balasubramanian, Manuel Mundszinger, Ute Kaiser, Margret Wohlfahrt-Mehrens

Impact of spheroidization process on the electrochemical performance of graphite as anode active material 

for Lithium Ion Batteries  

S06a-037
Fabio Maroni (Department of Pharmacy, University of Chieti-Pescara, Chieti, Italy), Gilberto Carbonari, 

Fausto Croce, Roberto Tossici, Francesco Nobili

Buffering Silicon based anodes with Anatase-TiO
2
 nanoparticles as low-impact filler in Lithium batteries 

S06a-038
Maria Matrakova (Lead-acid batteries, IEES - BAS, Sofia, Bulgaria), Albena Aleksandrova, Plamen Nikolov, 

Ouarda Saoudi, Larbi Zerroual

Electrochemical behavior of PbO
2
/PbSO

4
 electrode in the presence of surfactant in electrolyte 

S06a-039
Toshiyuki Matsunaga (Office of Society-Academia Collaboration for Innovation, Kyoto University, Uji, Japan), 
Shigeharu Takagi, Keiji Shimoda, Ken-ichi Okazaki, Yoshihisa Ishikawa, Masao Yonemura, Yoshio Ukyo, 

Toshiharu Fukunaga, Eiichiro Matsubara

Structural Transformation of Lithium–Graphite Anode Material 

S06a-040
Rachel McKerracher (Engineering & the Environment, University of Southampton, Southampton, United 
Kingdom), Horacio Antonio Figueredo Rodriguez, Carlos Ponce de Leon, Richard Wills, Cinthia Alegre, 

Vincenzo Baglio, Antonino Salvatore Arico, Frank Walsh

Bifunctional air electrodes for Iron-air and Zinc-air Batteries 

S06a-041
Giuseppina Meligrana (DISAT, Politecnico di Torino, Torino, Italy), Francesca Sciaraffia, Pravin Jagdale, 
Francesca Colò, Claudio Gerbaldi

Carbonaceous electrodes from waste materials for efficient Li-/Na-ion batteries 

S06a-042
Daria Mikhailova (Institute for Complex Materials, IFW Dresden, Dresden, Germany)

Intercalation contra conversion reaction in quasi two-dimensional VOMoO
4
 in Li- and Na-ion batteries: 

studies of crystallographic and electronic structures 

S06a-043
Kei Nishikawa (GREEN, National Institute for Materials Science, Tsukuba, Japan), Keisuke Shinoda, Chunyan 

Li, Kiyoshi Kanamura

Morphological Variation of Electrodeposited Li Metal on Ultra-Micro-Electrode 

S06a-044
Francesco Nobili (School of Science and Technology, Chemistry Division, University of Camerino, Camerino 
(MC), Italy), Seyed Javad Rezvani, Marta Pasqualini, Angelo Giglia, Stefano Passerini, Andrea Di Cicco

Monitoring Irreversible and Reversible SEI processes in Metal Oxide Anodes of Li-Ion Batteries 
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S06a-045
Emilia Olsson (Chemical and Process Engineering, University of Surrey, Guildford, United Kingdom), Qiong 

Cai

First Principles Modelling of Carbon-based Anode Materials for Li/Na/K-ion Batteries  

S06a-046
Mariela G. Ortiz (Electrochemistry, INIFTA- University of La Plata, La Plata, Argentina), Martina Gamba, 

Gustavo Suarez, Silvia G. Real

Structural and electrochemical studies in aged layered Li
1+x

(Ni
0.33

Mn
0.33

Co
0.33

)(
1-x

)O
2
 as cathode materials 

for rechargeable lithium ion batteries 

S06a-047
Bingsheng Qin (Helmholtz Institute Ulm (HIU), Karlsruher Institut für Technologie (KIT), Karlsruhe, Germany)

Insights into the Sudden Fading of Micro-sized Al Anodes for Lithium-ion Batteries  

S06a-048
Victor Rojas (Electrochemistry, Pontificia Universidad Catolica de Valparaiso, Valparaiso, Chile), Emilio 

Navarrete, Javier Roman, Gustavo Cáceres, Eduardo Muñoz

Chemometric approach to study the influence of synthesis parameters on the structural and electrical 
responses of metal polycyanometalates for optimizing their use as cathodes in metal(M)-ion batteries                       
(M = Li+, Zn2+, Al3+) 

S06a-049
Ryota Sagehashi (Materials Engineering, Tokyo Denki University, Tokyo, Japan), Naoaki Yabuuchi, Kazuki 

Okuno, Koji Nitta, Akihisa Hosoe

Rechargeable Aqueous Lithium-Ion Batteries with Mo Oxide-based Negative Electrode Materials 

S06a-050
Yoji Sakurai (Electrical and Electronic Information Engineering, Toyohashi University of Technology, 
Toyohashi, Japan), Mizuki Kadowaki, Takao Tsuda, Syun Miyauchi, Natsu Mizowaki, Tomohiro Tojo, Ryoji 

Inada

Evaluation of Particle Morphology Dependence in Electrochemical Properties of Li
4
Ti

5
O

12
 by Particle-

Current Collector Integrated Microelectrodes 

S06a-051
Antonino Santoni (FSN-TECFIS-MNF, ENEA C.R. Frascati, Frascati, Italy), Flaminia Rondino, Margherita 

Moreno, Pier Paolo Prosini, Michela Ottaviani, Mauro Pasquali

Cu-catalyzed Si nanowires grown on carbon paper as anode for Li-ion cells 

S06a-052
Takahito Sato (Department of Applied Chemistry, Tokyo Denki University, Tokyo, Japan), Naoaki Yabuuchi

Synthesis and Electrochemistry of Cation-Disordered Rocksalt-Type LiMnO
2
 

S06a-053
Miho Sawamura (Department of Applied Chemistry, Tokyo Denki University, Tokyo, Japan), Yusuke Noda, 

Masanobu Nakayama, Naoaki Yabuuchi

Electrochemistry and Reaction Mechanism of Li
2
RuO

3
 

S06a-054
Dan Schneier (School of Chemistry, Tel Aviv University, Tel Aviv, Israel), Emanuel Peled, Fernando Patolsky, 

Diana Golodnitsky, Svetlana Menkin, Guy Davidi, Nimrod Harpak, Edna Mados

High Loading 3-D Nanostructured Pure Silicon Anodes for High-Energy Lithium Ion Batteries 

S06a-055
Divya Sehrawat (School of Chemistry, University of New South Wales, Sydney, Australia), Neeraj Sharma

K containing P2-Na
0.7

Mn
0.8

Mg
0.2

O
2
 as a cathode material for sodium-ion batteries 

S06a-056
Divya Sehrawat (School of Chemistry, University of New South Wales, Sydney, Australia), Neeraj Sharma, 

Jiaolong Zhang, Denis Y.W.  Yu

In situ studies of Li/Cu doped P2-NaxMnO
2
 electrodes for sodium ion batteries 

S06a-057
Viacheslav Sentyurin (Electrochemistry, Lomonosov Moscow State University, Moscow, Russia), Victoria 

Nikitina, Sergey Vassiliev

Cyclic Voltammetry of Phase Transformation Electrodes: the Case of Rate-Determining Nucleation in Li+ 

Intercalating Materials 
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S06a-058
Masahiro Shimizu (Department of Materials Chemistry, Shinshu University, Nagano, Japan)

Electrochemical Preparation of Roughened Current Collectors and Their Application to Sn Negative 

Electrode for Na-ion Batteries 

S06a-059
Laura Silvestri (Graphene Labs, Istituto Italiano di Tecnologia, Genova, Italy), Luigi Marasco, Manuel 

Crugliano, Antonio Esaù Del Rio Castillo, Francesco Bonaccorso, Vittorio Pellegrini

Silicon nanoparticles wrapped between Wet Jet Milled graphene to use as anode for Li-ion batteries 

S06a-060
Alexander Skundin (Processes in Batteries, Frumkin Institute of Physical Chemistry and Electrochemistry, 
Moscow, Russia), Tatiana Kulova, Elena Tusseeva

The Temperature Effect on Electrochemical Performance of Electrodes from Lithium Titanate 

S06a-061
Mehdi Soleimanzade (Department of Chemistry, Materials and Chemical Engineering, Politecnico di Milano, 
Milano, Italy), Maria Broglia, Irene Quinzeni, Mariano Radaelli, Federico Maria Cernuschi

Electrochemical Performance of Na
0.44

MnO
2
 Synthesized by Solid State Reaction and Sol-Gel Using as a 

Cathode Material for Sodium Ion Batteries 

S06a-062
Vinsensia Ade Sugiawati (Electrochemistry of Materials Research Group, Aix-Marseille Université, Marseille, 
France)

Direct Electropolymerization of p-Sulfonated Poly (Allyl Phenyl Ether) into Carbon Nanotube Anodes for 

High Performance Flexible Microbatteries 

S06a-063
Ikuma Takahashi (Research Division, Nissan Motor Co., Ltd., Yokosuka, Japan), Takehiro Maeda, Hisao 

Kiuchi, Koji Nakanishi, Atsushi Ohma, Toshiharu Fukunaga, Toshiaki Ohta, Eiichiro Matsubara

Study of Degradation Mechanism of Li-Rich Layered Cathode Materials during Charge-discharge Cycle 

S06a-064
Nanami Takeda (Graduate School of Engineering, Tokyo Denki University, Adachi-ku, Japan), Issei Ikeuchi, 

Ryuichi Natsui, Kensuke Nakura, Naoaki Yabuuchi

Impact of Titanium Substitution on Electrode Performance of Lithium-Excess Metal Oxyfluorides as 
Positive Electrode Materials 

S06a-065
Sarah Taragin (Department of Chemistry, Bar Ilan University, Ramat Gan, Israel), Malachi Noked

Using Atomic Layer Deposition Techniques To Produce Complex Thin Films For Electrode Material 

S06a-066
Dino Tonti (ICMAB, CSIC, Bellaterra, Spain), Andrea Sorrentino, Laura Simonelli, Nina Laszczynski, Agnese 

Birrozzi, Angelo Mullaliu, Eva Pereiro, Marco Giorgetti, Stefano Passerini

Soft x-ray microscopy of lithium-rich layered-oxide cathode materials 

S06a-067
Victor Vanpeene (Energy Material and Telecommunication, Institut National de la Recherche Scientifique, 
Varennes, Canada), Eric Maire, Andrew King, Lionel Roué

In Situ Analysis of a Si-based Anode by Coupling X-Ray Computed Tomography and X-Ray Diffraction  

S06a-068
Jens Wrogemann (MEET Battery Research Center, University of Muenster, Muenster, Germany), Simon 

Duehnen, Kolja Beltrop, Martin Winter, Tobias Placke

Porphyrin-based Metal-Organic Frameworks as Electrode Material for Electrochemical Energy Storage 

S06a-069
Akihiro Yamano (Battery Division, Yamagata University, Yonezawa, Japan), Tatsuya Kubo, Fumiya Chujo, 

Naoto Yamashita, Masanori Morishita, Takashi Mukai, Satoshi Furusawa, Naohiko Kikuchi, Masanori Yanagida, 

Tetsuo Sakai

Development of 5Ah Rubber-Based Sulfur/Graphite Li-Ion Battery via Li Pre-Doping Technique Using 

Perforated Electrodes 
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S06a-070
Jeongsik Yun (Physics Department, Technical University of Munich, Garching, Germany), Daniel Scieszka, 

Philipp Marzak, Jonas Pfisterer, Bianca Paulitsch, Paul Scheibenbogen, Alexander Wieczorek, Radu Bors, 
Aliaksandr Bandarenka

Electrodeposited Prussian Blue Analogues for High Voltage Aqueous Na-ion Batteries  

S06a-071
Zijian Zhao (Institute of Applied Materials-Energy Storage System, Karlsruhe Institute of Technology, 
Eggenstein-Leopoldshafen, Germany), Guiying Tian, Angelina Sarapulova, Qiang Fu, Helmut Ehrenberg, Sonia 

Dsoke

Elucidating the Energy Storage Mechanism of Layered Octahedral ZnMn
2
O

4
 as Promising Lithium-Ion 

Battery Anode 

Electrolytes 
S06a-072

Steffen Patrick Emge (Department of Chemistry, University of Cambridge, Cambridge, United Kingdom), 
Matthias F. Groh, Lauren E. Marbella, Oliver Pecher, Clare Grey

Solid-State NMR as a Tool to Study Structure and Dynamics in Solid Electrolytes 

S06a-073
Dan He (School of Chemical and Environmental Engineering, Jianghan University, Wuhan, China), Cheng Fu, 

Zhigang Xue

Flame Retardant Hybrid Polymer Electrolyte based on Hyperbranched Polyphosphoester by SCROP 

S06a-074
Pranay Kumar Reddy Kottam (Electrochemical Accumulator Research, Zentrum für Sonnenenergie und 
Wasserstoff Forschung Bw, Ulm, Germany), Philipp Fischer, Mario Marinaro, Margret Wohlfahrt-Mehrens

Investigation of oxygen and superoxide transport properties in high concentrated electrolytes of a Li-O
2
 

battery 

S06a-075
Younki Lee (School of Materials Science and Engineering, Gyeongsang National University, Jinju, Korea), 
Hearan Kim, Seongwon Kim, Jong Hoon Joo, Jou-Hyeon Ahn

A modified vapor phase process for Na-β”-alumina composites with a pre-added stabilizing agent 
S06a-076

Salvatore Luiso (Chemical & Biomolecular Engineering, North Carolina State University, Raleigh, USA), 
Richard J. Spontak, Peter S. Fedkiw

Sulfonated Block Ionomer for a Quasi-Solid Gel-Polymer Electrolyte 

S06a-077
Nicolo Pianta (Dept. of Chemistry, University of Pavia, Pavia, Italy)

Mesoporous Inorganic Nanomaterials as Scaffolds for Quasi-Solid Electrolytes in LIBs 

S06a-078
Ruggero Poiana (Department of Chemistry, Sapienza University of Rome, Rome, Italy), Lucia Lombardo, Maria 

Assunta Navarra, Stefania Panero

Investigation on Electrolytes for High Voltage Batteries: from Liquid Systems to Gel Polymer Electrolytes 

S06a-079
Eulalia Pujades-Otero (Institut de Ciencia de Materiales de Barcelona, CSIC, Bellaterra, Spain), Estela Pérez, 

Dino Tonti, Nieves Casañ-Pastor

Electrochemical Exfoliation of Graphite to Graphene and Its Influence as Mediator in Battery Electrolytes 

S06a-080
Yuki Sakaguchi (Chemical Engineering, National Institute of Technology, Nara College, Yamatokoriyama, 
Japan), Hirohisa Yamada, Katsuhiko Tsunashima, Eiko Mieda, Katsumi Katakura

Study on phosphonium ionic liquids as electrolytes of lithium ion batteries 

S06a-081
Hyebeen Son (Department of Chemical Engineering, Hanyang University, Seoul, Korea), Hyun-Sik Woo, Ji Yun 

Min

Solid-State Lithium Batteries Employing Polyurethane-Based Polymer Electrolytes 
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S06a-082
Guiying Tian (Institute for Applied Materials - Energy Storage Systems, Karlsruhe Institute of Technology, 
Eggenstein-Leopoldshafen, Germany)

A novel polymer-garnet oxide composite solid electrolyte containing LiTSFI for solid state lithium metal 

batteries 

s06a-084
Seung-Wan Song (Department of Chemical Engineering & Applied Chemistry, Chungnam National University, 
Daejeon, Korea) Thi Huong Giang Nguyen, Dan-Thien Nguyen

Improved Cycling Performance of Tin-based Anode for Mg-ion Batteries through Activation Process

S06a-083
Shuangying Wei (Department of Chemical and Pharmaceutical Sciences, University of Ferrara, Ferrara, Italy), 
Daniele Di Lecce, Loris Pandini, Kento Kimura, Zhenguang Li, Yoichi Tominaga, Jusef Hassoun

A Safe Lithium Metal Battery Using Glyme Electrolyte  

S06a-085
Sarah Taragin (Chemistry, Bar Ilan University, Ramat Gan, Israel), Malachi Noked

Using Atomic Layer Deposition Techniques To Produce Complex Thin Films For Electrode Material 

S06a-086
Nobuko Yoshimoto (Graduate School of Sciences and Technology for Innovation, Yamaguchi University, Ube, 
Japan), Kazuhiro Yamabuki, Daisuke Teranaka, Kenta Fujii, Masayuki Morita

Novel Polymeric Gel Electrolyte Consisting of Network Polymer Using Tri-functional Glycerol Ester for 

Li-ion Batteries 

Flow batteries 
S06a-087

Min suc Cha (Center for Membrane, Hanyang University, KRICT, Dea-jeon, Korea), Seong-Geun Oh, Jang 

Yong Lee, Young Taik Hong

Synthesis and investigation of ether free type poly(p-phenylene) based anion exchange membrane for use in 

all vanadium redox flow battery 

S06a-088
Bernhard Gollas (Institute for Chemistry and Technology of Materials, Graz University of Technology, Graz, 
Austria), Christian Zelger, Andreas Laskos

State-of-Charge Indicators in the Zinc/Air Redox Flow Battery 

S06a-089
Amirreza Khataee (Engineering, Aarhus University, Aarhus, Denmark), Kristina Wedege, Emil Drazevic, 

Jacopo Catalan, Anders Bentien

Quinone-Bromide pH differential redox flow battery 

S06a-090
Sunny Maye (Laboratory of Physical and Analytical Electrochemistry, LEPA, Ecole Polytechnique Federale de 
Lausanne - EPFL, Sion, Switzerland), Hubert Girault, Pekka Peljo

Development of a Copper Battery System for Heat-to-Power Conversion 

S06a-091
Sebastián Murcia-López (Advanced Materials for Energy, Catalonia Institute for Energy Research (IREC), 
Sant Adrià de Besòs, Spain), Nina Carretero, Cristina Flox, Félix Urbain, Joan R. Morante, Teresa Andreu

Adapted Thin-film Photovoltaics Coupled to Vanadium Redox Flow Batteries for Unbiased Solar Energy 
Storage 

S06a-092
Pekka Peljo (Laboratoire d’Electrochimie Physique et Analytique, Ecole Polytechnique Fédérale de Lausanne, 
Sion, Switzerland), Marie Bichon, Hubert Girault

Ion Transfer Battery: Energy Storage by Transferring a Salt from Aqueous to Immiscible Organic Phase 

S06a-093
Christian Prehal (Institute for Chemistry and Technology of Materials, Graz University of Technology, Graz, 
Austria), Aleksej Samojlov, Sara Drvaric Talian, Alen Vizintin, Heinz Amenitsch, Robert Dominko, Stefan 

Freunberger

Phase evolution in Li-S batteries as seen by in situ small angle X-ray scattering 
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S06a-094
Christina Roth (Chemistry and Biochemistry, Freie Universitaet Berlin, Berlin, Germany), Abdulmonem 

Fetyan, Gumaa El-Nagar, Jonathan Schneider, Maike Schnucklake

Novel carbon electrodes for the V2+/3+ reaction in all-Vanadium redox flow batteries 

S06a-095
Jung Hoon Yang (Energy Efficiency and Materials Research Division, Korea Institute of Energy Research, 
Daejeon, Korea)

Influence of Metal Impurities or Additives in the Electrolyte of a Vanadium Redox Flow Battery 

S06a-096
Elena Zanzola (Institute of Chemistry and Chemical Engineering, EPFL Laboratory of Physical and Analytical 
Electrochemistry, Sion, Switzerland), Solène Gentil, Pekka Peljo, Evgeny Smirnov, Hubert Girault

Safe Aqueous Redox Flow Batteries Based on Water Soluble Redox Mediators and Solid-Phase Intercalation 

Compounds 

S06a-097
Roswitha Zeis (YIG, Helmholtz Institute Ulm, Ulm, Germany), Rupak Banerjee, Nico Bevilacqua

Effect of Compression of Carbon Felts on Electrolyte Transport in Vanadium Redox Flow Batteries 

Inactive components 
S06a-098

Zhaohui Wang (Department of Chemistry, The Ångström Laboratory, Uppsala University, Uppsala, Sweden), 
Ruijun Pan, Maria Strømme, Leif Nyholm

Nanocellulose-based Battery Separators 

Lithium batteries 
S06a-099

Noe Aguilar-Eseiza (Departamento de Química, Universidad Autónoma Metropolitana–Iztapalapa, Mexico 
City, Mexico), Guadalupe Ramos-Sanchez, Federico González, Ignacio González

Synthesis and characterization of Li
2
Cu

0.5
Ni

0.5
O

2
-LiNiO

2
 solid solution as cathode of Li-ion batteries 

S06a-100
Jou-Hyeon Ahn (Materials Engineering and Convergence Technology, Gyeongsang National University, Jinju, 
Korea), Anupriya K. Haridas, Jinwoo Jeon, Ying Liu, Jungwon Heo, Xueying Li, Kwon-Koo Cho

Biomass Derived Iron Sulfide Encapsulated Graphitic Carbon for Green and Sustainable Lithium Ion 
Storage 

S06a-101
Maria Victoria Bracamonte (Facultad de Matemática, Astronomía, Física y Computación, Universidad 
Nacional de Córdoba, Córdoba, Argentina), Emiliano N. Primo, Germán Lener, Guillermina Luque, Paula G. 

Bercoff, Ezequiel Leiva, Daniel Barraco

Pyrite based cathodes for lithium batteries: a systematic study about the effect of active material’s 

concentration 

S06a-102
Maria Victoria Bracamonte (Facultad de Matemática, Astronomía, Física y Computación, IFEG, Universidad 
Nacional de Córdoba, Córdoba, Argentina), Sacha Smrekar, Emiliano N. Primo, Guillermina Luque, Daniel 

Barraco, Jorge E. Thomas

A mapping of the physical and electrochemical properties of electrodes made from graphite, Sn and Si, for 

lithium-ion batteries 

S06a-103
Senrong Cai (College of Chemistry and Chemical Engineering, Xiamen University,  Xiamen, Fujian, China), 
Ruming Yuan, Xiaodong Lin, Ming-Sen Zheng, Quan-Feng Dong

Enhanced Oxygen Evolution Catalysis by Synergetic Mechanism in Aprotic Li-O
2
 Batteries 

S06a-104
Marcela Calpa (Graduate School of Chemical Sciences and Engineering, Hokkaido University, Sapporo, 
Japan), Marcela Calpa, Nataly Carolina Rosero Navarro, Akira Miura, Kiyoharu Tadanaga

Liquid Phase Synthesis of Li
2
S-P

2
S

5
 Solid Electrolytes and Application in All-Solid-State Batteries  
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S06a-105
Liwei Chen (I-Lab, Suzhou Institute of Nanotech and Nanobionics, CAS, Suzhou, China), Yalong Wang, Feng 

Guo, Tuo Kang, Yanbin Shen, Wei Lu

Lithium-Carbon Composite Materials for Li Metal Anodes 

S06a-106
Daniele Di Lecce (Department of Chemical and Pharmaceutical Sciences, University of Ferrara, Ferrara, 
Italy), Paolo Andreotti, Mattia Boni, Giulia Gasparro, Giulia Rizzati, Jang-Yeon Hwang, Yang-Kook Sun, Jusef 

Hassoun

Multiwalled Carbon Nanotubes Anode in Lithium-Ion Battery with LiCoO
2
, Li[Ni

1/3
Co

1/3
Mn

1/3
]O

2
, and 

LiFe
1/4

Mn
1/2

Co
1/4

PO
4 

Cathodes 

S06a-107
Chilhoon Doh (Battery Research Center, Korea Electrotechnology Research Institute, Changwon, Korea)

An evaluation of entropy of 100 Ah lithium ion battery 

S06a-108
Chang Duck Rye (Energy Convergence Group, Korea Institute of Industrial Technology, Gwangju, Korea), Yun 

Jeong Woo

Characteristics of the All-Solid-State lithium battery according PEGDME contents in PEO/LLZO hybrid 

solid electrolytes 

S06a-109
Chang Duck Rye (Energy Convergence Group, Korea Institute of Industrial Technology, Gwangju, Korea), Lee 

Yun Sung

An investigation of PVdF-HFP based quasi solid electrolytes with EC/PC plasticizers in lithium battery 

S06a-110
Marie Duffiet (Energy, Materials and Batteries, Institut de Chimie de la Matiere Condensee de Bordeaux 
ICMCB, Pessac, France), Maxime Blangero, Pierre-Etienne Cabelguen, Kyeong Se Song, Francois Fauth, 

Claude Delmas, Dany Carlier

Discussing the Homogeneity of Aluminum Distribution in LiCo
1-y

Al
y
O

2
 for Low Doping Amounts (y ≤ 0.04) 

S06a-111
Yongzheng Fang (Materials Science and Chemical Engineering, Harbin Engineering University, Harbin, 
China), Kai Zhu, Dianxue Cao

Self-assembled TiO
2
-graphene foam electrode for high rate and long-term lithium ion batteries 

S06a-112
Kenta Fukami (Department 1, Technology Development Division 5, Honda R&D Co., Ltd. Automobile R&D 
Center, Haga-machi, Haga-gun, Japan), Taku Matsuzaka, Kazuhiro Araki

Improving the cycle life of lithium ion batteries for automobile racing power unit with Li-salt additives 

S06a-113
Nuria Garcia-Araez (Department of Chemistry, University of Southampton, Southampton, United Kingdom), 
James W. Dibden, Nina Meddings, John Owen

Why GITT can provide wrong values of diffusion coefficient and how to avoid it 
S06a-114

Eugenio Gibertini (Dip. Chimica, Materiali e Ing. Chimica G. Natta, Politecnico di Milano, Milano, Italy), 
Gabriele Panzeri, Alessandra Accogli, Luca Magagnin

Wire-Shaped Li-Ion Battery Based on Sulphide Converted Iron Nanostructures 

S06a-115
Emanuele Gucciardi (Device Engineering, CIC Energigune, Vitoria-Gasteiz, Spain), Eduardo Miguel Garcia de 

Cortazar, Laura Oca, Emilie Bekaert, Unai Iraola Iriondo

Model identification through parameter estimation of a commercial LiFePO
4
/graphite cylindrical battery 

S06a-116
Jonas Hedman (Department of Chemistry, Uppsala University, Uppsala, Sweden), Julia Morat, David 

Johansson, Elin Langhammer, Fredrik Bjorefors

Nanoplasmonics for online monitoring of lithium-ion batteries 
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S06a-117
Kookjin Heo (Applied Optics & Energy R&D Group, Korea Institute of Industrial Technology, Gwangju, 
Korea), Jeong-Seon Lee, Heykeyang Song, Dongyun Kim, Chaehwan Jeong

Ionic conductor-LiNi
0.8

Co
0.1

Mn
0.1

O
2
 composite with improved rate performance by simultaneous co-

precipitation method 

S06a-118
Yun-Cheng Hsieh (Chemical Engineering, Ming Chi University of Technology, New Taipei City, Taiwan), Chun-

Chen Yang

Preparation and application of PVA-Melamine composite nanofiber membrane in Lithium-ion battery 

S06a-119
Bing Joe Hwang (Department of Chemical Engineering, National Taiwan University of Science and Technology, 
Taipei, Taiwan), Addisu Alemayehu Assegie, Ju-Hsiang Cheng, Li-Ming Kuo, Wei-nien Su

Understanding Lithium Plating for Advancing Lithium Cycling Efficiency 

S06a-120
Chinwe Ikpo (Department of Chemistry, University of the Western Cape, Bellville, Cape Town, South Africa), 
Zolani Myalo, Miranda Ndipingwi, Ntuthuko Wonderboy Hlongwa, Christopher Nolly, Emmanuel Iwuoha

Graphene Nanonetwork of Lithium Manganese Silicate for Lithium-ion-Batteries 

S06a-121
Naoya Ishida (Faculty of Science and Technology, Tokyo University of Science, Noda-shi, Japan), Ryuta 

Nishigami, Naoto Yamazaki, Naoto Kitamura, Yasushi Idemoto

Crystal Structure Analysis and Electrochemical Property of Chemically Delithiated 

Li
x
Mn

0.54
Ni

0.13
Co

0.13
O

2-δ and Li
x
Ni

0.5
Mn

0.5
O

2 
as Mg Rechargeable Cathode-Materials 

S06a-122
Yosuke Ishii (Department of Life Science and Applied Chemistry, Nagoya Institute of Technology, Nagoya, 
Japan), Mayuko Kameoka, Shinji Kawasaki

Effects of Pressure on Kinetic and Thermodynamic Properties of Lithium-ion Batteries 

S06a-123
Jolita Jablonskiene (Catalysis, Center for Physical Sciences and Technology, Vilnius, Lithuania), Jurate 

Vaiciuniene, Vidas Pakstas, Vitalija Jasulaitiene, Algirdas Selskis, Audrius Drabavicius, Loreta Tamasauskaite-

Tamasiunaite

Different Morphologies of MnO
2
 Grown on Graphene for Supercapacitors 

S06a-124
Jin-Siang Jhang (Chemical Engineering, Ming Chi University of Technology, New Taipei City, Taiwan), Chun-

Chen Yang

Preparation of 9LiFePO
4
·Li

3
V

2
(PO

4
)
3
 Composite Cathode Material with TMSB additive for Lithium ion 

Batteries 

S06a-125
Sungnim Jo (Energy Material Laboratory, Samsung Advanced Institute of Technology, Suwon-si, Korea), 
Seunguk Kwon, Jeeeun Yang, Kyu-Eun Shim, Sungsoo Han

Study on Expansion Behavior of Si-based electrode using Real-time Thickness Measurement for High 

performance Li Ion Battery  

S06a-126
Yoon-Sok Kang (Energy Material Lab, SAIT, Samsung Electronics Co. Ltd, Suwon, Korea), Jin Ah Seo, Jihyun 

Jang, Dong Young Kim, Jin-Hwan Park, Meiten Koh, Kimihiko Ito, Yoshimi Kubo

Effect of Charging Potential on Surface Degradation of a Nickel Rich Lithium Transition Metal Oxide 

Cathode for High Energy Density Lithium Ion Batteries 

S06a-127
Hyung Sun Kim (Small and Medium Enterprise Support Center, Korea Institute of Science and Technology, 
Seoul, Korea)

Mesocellular carbon foam/sulfur composites for high performance lithium sulfur batteries 

S06a-128
Hyun-Soo Kim (Battery Research Center, KERI, Changwon, Korea)

Improvement of the Electrochemical Performance of LiNi
0.8

Co
0.1

Mn
0.1

O
2
 Cathode Materials in Lithium-Ion 

Batteries 
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S06a-129
Ulrike Krewer (Institute of Energy and Process Systems Engineering, TU Braunschweig, Braunschweig, 
Germany), Fethi Belkhir, Fridolin Röder

Model-based Optimal Design of High Energy Density Li-Ion batteries with Thick Electrodes 

S06a-130
Song-Zhu Kure-Chu (Department of Materials Function and Design, Nagoya Institute of Technology, Nagoya, 
Japan)

Electrodeposition and Characterization of V-Mn-Ni-O Composite Films on Al Foils toward Cathode 

Materials for Lithium Ion Batteries 

S06a-131
Song-Zhu Kure-Chu (Department of Materials Function and Design, Nagoya Institute of Technology, Nagoya, 
Japan)

Fabrication and Characteristics of Nanostructured TiO
2
-TiN@Sn(O

2
) Composite Films on Ti Foils by 

Hybrid Anodization as Anode Materials for Lithium Ion Batteries 

S06a-132
Wan-Jin Lee (School of Chemical Engineering, Chonnam National University, Gwangju, Korea), Hojin Hwang, 

Seungbok Lee

Hollow Microsphere CoFe
2
O

4
@rGO Composites with Superior Rate Capability for Lithium-ion Batteries 

S06a-133
Young Jin Lim (Advanced Materials Engineering for Information & Electronics, Kyung Hee University, Yongin, 
Korea), Sun-Mee Lee, Woosuk Cho, Min-Sik Park

Amorphous Li-Zr-O layer coating on the surface of high-Ni cathode materials for lithium ion batteries 

S06a-134
Ying Liu (Chemical Engineering, Gyeongsang National University, Jinju, Korea), Jungwon Heo, Anupriya K. 

Haridas, Xueying Li, Kwon-Koo Cho, Jou-Hyeon Ahn

Free-standing SnO
2
 Nanoparticle/Porous Carbon Nanofiber Composite as Binder-Free Anode Electrode for 

Enhanced Performance Lithium-Ion Batteries 

S06a-135
Lili Liu (IMTEK Department of Microsystems Engineering, University of Freiburg, Freiburg, Germany)

Heteroatom Doped, Defect-enriched Carbon Nanotubes as a Bifunctional Catalyst for Rechargeable Aprotic 

Li-O
2
 Batteries  

S06a-136
Salvatore Luiso (Chemical & Biomolecular Engineering, North Carolina State University, Raleigh, USA), Peter 

S. Fedkiw, Richard J. Spontak, Behnam Pourdeyhimi

Structure-Property-Process Relationships of Melt-Blown PVDF: A Potential Li-Ion Battery Separator 

S06a-137
Sebastian Maletti (Electrochemical Energy Storage, Leibniz Institute for Solid State and Materials Research, 
Dresden, Germany), Daria Mikhailova, Lars Giebeler

Diffusion phenomena in tunnel-type electrode materials TiNb
2
O

7
 and VNb

9
O

25
 for hybrid Mg,Li-ion 

batteries 

S06a-138
Taku Matsuzaka (Department 2, Technology Development Division 5, Honda R&D Co., Ltd. Automobile R&D 
Center, Haga-machi, Haga-gun, Japan), Kenta Fukami

The effect of electrolyte additive on electrochemical performances of high power lithium ion battery for 

automobile racing power unit 

S06a-139
Ulriika Mattinen (Applied Electrochemistry, KTH Royal Institute of Technology, Stockholm, Sweden), Matilda 

Klett, Göran Lindbergh, Rakel Wreland Lindström

Aging of Lithium Ion Batteries – Quantification of Gas Evolution with In-Situ Mass Spectrometry 

S06a-140
Masanori Morishita (Battery division, Yamagata University, Jonan, Yonezawa, Japan), Sinobu Sato, Fumihiko 

Maki, Akihiro Yamano, Tetsuo Sakai

Development of high capacity LiNi
1-X-Y

CoXAl
Y

O
2
  cathode/Graphite containing SiO anode cell
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S06a-141
Hiroki Nara (Research Organization for Nano & Life Innovation, Waseda University, Tokyo, Japan), Daikichi 

Mukoyama, Keisuke Sekiya, Ryo Shimizu, Toshiyuki Momma, Tetsuya Osaka

Evaluation of Ionic-pathway in Cathode Layer with Different Electrode Density by Electrochemical 

Impedance Spectroscopy using Equivalent Circuit with Transmission Line Model 

S06a-142
Jimin Oh (ICT Materials & Components Research Laboratory, Electronics and Telecommunications Research 
Institute, Daejeon, Korea), Jumi Kim, Myeong Ju Lee, Dong Ok Shin, Ju Young Kim, Young-Gi Lee, Kwang 

Man Kim

Combination Effects of LiPO
2
F

2
 with Ethylene Sulfate on the Electrochemical Performance of Ni-rich 

Cathode/Graphite Cells 

S06a-143
Maria Laura Para (Facultad de Matemática, Astronomía, Física y Computación, Universidad Nacional de 
Córdoba, Córdoba, Argentina), María del Carmen Rojas, Daniel Barraco, Guillermina Luque

Enhanced capacity of Lithium-Sulfur batteries using functional amorphous carbon coated separators 

S06a-144
Inhee Park (Institute for Physical and Theoretical Chemistry, University of Bonn, Bonn, Germany), Philip 

Reinsberg, Helmut Baltruschat

Diffusion coefficient of superoxide in aprotic electrolytes containing different cations 

S06a-145
Akihiro Sakurai (Department of Materials Science and Engineering, Kyoto University, Kyoto, Japan), Kazuhiro 

Fukami, Atsushi Kitada, Kuniaki Murase, Takamitsu Tsujimoto, Akihiro Nishii, Toshimitsu Nagao, Jun-ichi 

Katayama, Takashi Matsunami, Kuniaki Ostuka

Effect of multi-additives on the smooth and flat electrodeposition of metallic Li studied by EQCM 
measurements 

S06a-146
Evgeniya Saverina (Laboratory of Carbene Analogs and Related Intermediates, N.D. Zelinsky Institute of 
Organic Chemistry, Moscow, Russia), Visweshwar Sivasankaran, Mikhail Syroeshkin, Viatcheslav Jouikov, 

Pavel Troshin, Mikhail Egorov

Halogen-Free Method of Preparing Germanium Nanoparticles for the Anodes of Lithium-Ion Batteries 

S06a-147
Keiji Shimoda (Office of Society-Academia Collaboration for Innovation, Kyoto University, Uji, Japan), Miwa 

Murakami, Tomonari Takeuchi, Yoshio Ukyo, Hikari Sakaebe, Hironori Kobayashi, Eiichiro Matsubara

NMR Study of Lithium Metal Polysulfide During Charge–Discharge Cycle 

S06a-148
Sayoko Shironita (Department of Matarials Science and Technology, Nagaoka University of Technology, 
Nagaoka, Japan), Kotaro Konakawa, Shuishi Taniguchi, Yoshitsugu Sone, Minoru Umeda

Accelerating Rate Calorimetry Study of 18650-type Lithium-ion Secondary Cell after Charge/Discharge 

Cycle Tests at High Temperature 

S06a-149
Michal Swietoslawski (Faculty of Chemistry, Jagiellonian University, Krakow, Poland), Monika Bakierska, 

Marcelina Lis, Krystian Chudzik, Weronika Marszalowicz, Marcin Molenda

Development of production technology of environmentally friendly LMOS nanomaterial for inexpensive 

Li-ion batteries 

S06a-150
Yoshiharu Uchimoto (Graduate School of Human and Environmental Studies, Kyoto University, Kyoto, Japan)

Operando Soft X-ray Absorption Spectroscopic Study on Electronic Structure Change in Lithium-Excess 

Metal Oxides  

S06a-151
Minoru Umeda (Department of Matarials Science and Technology, Nagaoka University of Technology, Niigata, 
Japan), Satoshi Otsuka, Kotaro Konakawa, Yoshitsugu Sone, Eiji Hosono, Daisuke Asakura, Hirofumi Matsuda

Irreversible Capacity Degradation of LiCoO
2
-based Lithium-ion Secondary Cell Caused by Charge/

Discharge Test at 5 degree C 
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S06a-152
Arnaldo Visintin (INIFTA-UNLP-CONICET, Universidad de La Plata, CONICET, La Plata, Argentina), Jorge 

E. Thomas, Lisandro J. Giovanetti, Miguel A. Sanservino, Gustavo Azevedo, Felix G. Requejo

In-operando electrochemical cell for X-ray absorption studies on lithium-ion batteries. 

S06a-153
Wei-Wei Wang (College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, China)

An Atomic Force Microscopic Investigation of Solid Electrolyte Interphases on Lithium Anodes 

S06a-154
Zong-Han Wu (Chemical Engineering, Ming Chi University of Technology, New Taipei City, Taiwan), Chun-

Chen Yang

Enhanced high rate performances of nano MoO
3
-coated LiNi

0.5
Mn

1.5
O

4
 composite materials for lithium-ion 

batteries 

S06a-155
Wei Yang (School of Chemistry and Chemical Engineering, Guangzhou University, Guangzhou , China)

Directly utilize the spent Li-MnO
2
 primary battery to prepare spinel LiMn

2
O

4
 materials 

S06a-156
Min-Yen Yang (Chemical Engineering, Ming Chi University of Technology, New Taipei City, Taiwan), Chun-

Chen Yang

Preparation of silicon@crumple graphene oxide@C composite anode materials by a solid-state method 

S06a-157
Nan-Hong Ye (Graduate Institute of Applied Science and Technology, National Taiwan University of Science 
and Technology, Taipei City, Taiwan), Fu-Ming Wang

Self-catalyzed, monolayer layer solid electrolyte interphase formation in lithium ion battery  

S06a-158
Reut Yemini (Chemistry Dept, Bar-Ilan University, Ramat Gan, Israel), Malachi Noked

Restrict the Polysulfide Shuttle by Atomic Layer Deposition in Li-S Batteries 

S06a-159
Mohammed Ahmed Zabara (Department of Chemistry, Bilkent University, Ankara, Turkey), Burak Ulgut

Zero-Free-Parameter Modeling Approach to Predict the Voltage of Parallel Connected Hybrid Energy 

Storage Systems 

S06a-160
Min Zhang (Department of Chemistry, University of Southampton, Southampton, United Kingdom), Nuria 

Garcia-Araez, Andrew Hector, John Owen

A Sol-Gel Route to Titanium Nitride Conductive Coatings on Battery Materials and Performance of TiN-

Coated LiFePO
4
 

S06a-161
Min Zhang (Department of Chemistry, University of Southampton, Southampton, United Kingdom), Michael 

Palmer, Andrew Hector, Nuria Garcia-Araez, John Owen

Solvothermal Synthesis and Electrochemical Performance of Olivine LiCoPO
4
 as High-Voltage Cathodes for 

Lithium-Ion Batteries 

Post Li-ion technologies 
S06a-162

Mirko Johannes Ante (Electrochemistry, Forschungsinstitut Edelmetalle + Metallchemie, Schwaebisch 
Gmuend, Germany), Seniz Soergel, Andreas Bund

Electrocatalytic Activity of Materials for the Li/S Positive Electrode 

S06a-163
Ashley Phillip Black Serra (Solid State Department, ICMAB-CSIC, Barcelona, Spain), Roberta Verrelli, C. 

Pattanathummasid, P. Rozier, Maria Rosa Palacin

On the strange case of divalent ions intercalation in V
2
O

5
 

S06a-164
Sergio Brutti (Dipartimento di Scienze, Università della Basilicata, Potenza, Italy), Daniela Giacco, Andrea 

Giacomo Marrani

Enhancement of the Performance in Non-Aqueous Li-O
2
 Cells of a NiCo

2
O

4
-based Porous Positive 

Electrode by Cr(III) Doping 
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S06a-165
Yu-Chuan Chien (Department of Chemistry, Ångström Laboratory, Uppsala University, Uppsala, Sweden), 
Ruijun Pan, Leif Nyholm, Daniel Brandell, Matthew J. Lacey

Electrochemical Analysis of the Modified Separators for Li-S Batteries 

S06a-166
Woosuk Cho (Advanced batteries research center, Korea Electronics Technology Institute, Seongnam, Korea), 
Jesik Park, Kyungsu Kim, Goojin Jeong, Min-Sik Park, Ji-Sang Yu

High Performance of Pore Controlled Composite Electrode Sheet for All-Solid-State-Battery Using Sulfide 
Electrolyte 

S06a-167
Francesca De Giorgio (Department of Chemistry Giacomo Ciamician, University of Bologna, Bologna, Italy), 
Luca Morici, Federico Poli, Alessandro Brilloni, Francesca Soavi

Study of Semi-Solid Li-Ion Anolytes 

S06a-168
Minato Egashira (College of Bioresource Sciences, Nihon University, Fujisawa, Japan), Kaori Hiratsuka, 

Satomi Takahara, Kouki Matsubara

Magnesium Deposition in Modified Magnesium Halide Complex 

S06a-169
Ji-Yong Eom (Energy Storage System R&D Center, Korea Automotive Technology Institute, Cheonan, Korea), 
Seong-In Kim

P2-type Layered Cathode Materials for Sodium-ion Rechargeable Batteries with High Initial Coulombic 

Efficiency 

S06a-170
Eugene, Esparcia (Department of Chemical Engineering, University of the Philippines - Diliman, Quezon City, 
Philippines), Munseok Chae, Seung-Tae Hong, Joey Ocon

High Capacity Ammonium Tetravanadate (NH
4
V

4
O

10
) as Non-Aqueous Magnesium-Ion Battery Cathode 

S06a-171
Claudio Gerbaldi (Department of Applied Science and Technology - DISAT, Politecnico di Torino, Torino, 
Italy), Francesca Colò, Federico Bella, Giulia Piana, Marisa Falco, Giuseppina Meligrana

Innovative polymer electrolytes for safe, low-cost and durable sodium-ion batteries 

S06a-172
Martina Hegemann (Department of Physical Chemistry, University of Bonn, Bonn, Germany), Helmut 

Baltruschat

A DEMS study of oxygen reduction in mixed Li+ and Na+-electrolytes 

S06a-173
Toshikazu Higashi (Chemical Engineering, National Institute of Technology, Nara College, Yamatokoriyama, 
Japan), Hirohisa Yamada, Katsuhiko Tsunashima, Eiko Mieda, Katsumi Katakura

Study on Oxygen Reduction Reaction in Low Viscosity Phosphonium Ionic Liquids 

S06a-174
Laura Höltschi (Electrochemistry Laboratory, Paul Scherrer Institut, Villigen PSI, Switzerland), Christian 

Jordy, Claire Villevieille

Electrochemical Performance of High Voltage Cathodes in Sulfur based All-solid-state Batteries  

S06a-175
Max Jenkins (Department of Chemistry, University of Southampton, Southampton, United Kingdom)

Lithium-Air Batteries: An In Situ SERS Study of the Superoxide Radical in Ionic Liquids 

S06a-176
Natsumi Kawakami (Pure and Applied Chemistry, Faculty of Science & Technology, Tokyo university of 
science, Noda-shi, Japan), Naoya Ishida, Naoto Kitamura, Yasushi Idemoto

Synthesis, Crystal Structure and Electrochemical Properties of Spinel-Type Mg(Mg
x
V

y
Ni

z
)O4 for Mg 

Rechargeable Battery Cathode-Materials 

S06a-177
Tomas Kazda (Department of Electrical and Electronic Technology, Brno University of Technology, Brno, 
Czech Republic), Jiri Vondrak, Marie Sedlarikova, Andrea Fedorkova Strakova, Kamil Jasso, Pavel Cudek

Influence of Used Carbon to the Electrochemical Properties of the Sulfur-Carbon Composites for Li-S 
Batteries 
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S06a-178
Toshihiro Kondo (Div. Chemistry, Graduate School of Humanities and Sciences, Ochanomizu University, 
Bunkyo-ku, Japan), Kumar Sai Smaran, Ayano Ohama, Asako Niida

Pre-electrochemical Treatment Effect on Lithium Electrodeposition/Dissolution Processes Studied by 

Electrochemical Quartz Crystal Microbalance 

S06a-179
Bastian Krueger (Department of Pure and Applied Chemistry, Carl von Ossietzky University of Oldenburg, 
Oldenburg, Germany), Gunther Wittstock

Investigation of charging at higher C-rates in lithium-oxygen batteries using scanning electrochemical 

microscopy 

S06a-180
Tatiana Kulova (Processes in Power Sources, Frumkin Institute of Physical Chemistry and Electrochemistry, 
Moscow, Russia), Alexander Skundin, Andrew Chekannikov, Anna Kuz’mina

EIS Study of Degradation Mechanism of Sodium-Titanate-Based Electrodes of Sodium-ion Batteries 

S06a-181
Sangmin Lee (Department of Chemical Engineering, Hanyang University, Seoul, Korea), Junhwan Ahn, Tae-

sun You

Highly Effective Polysulfide Adsorbent for Carbon/Sulfur Composite Cathode in High Energy Density Li-S 
Batteries 

S06a-182
Sebastian Liebl (Institute of Physical Chemistry, University Innsbruck, Innsbruck, Austria), Daniel Werner, 

Dogukan Apaydin, Engelbert Portenkirchner

MePTCDI (N,N-Dimethyl-3,4,9,10-Perylentetracarboxylicdiimide) as Anode Material for Organic Na-Ion 

Batteries 

S06a-183
Nian Liu (Chemical and Biomolecular Engineering, Georgia Institute of Technology, Atlanta, USA), Yamin 

Zhang, Yutong Wu, Yu Yan

Nanoscale material design of zinc anodes for high-energy rechargeable aqueous batteries 

S06a-184
Ying Liu (Chemical Engineering, Gyeongsang National University, Jinju, Korea), Anupriya K. Haridas, Kwon-

Koo Cho, Jou-Hyeon Ahn

Long-Life Lithium-Sulfur Polymer Battery Enabled by Gel Polymer Electrolyte and Carbon/Sulfur 

Composite Cathode Material 

S06a-185
Noeon Park (Center of Big Science & Energy R&D Coordination, KISTEP, Seoul, Korea), Young Ho Byun

Direction of R&D Investment on Secondary Batteries in South Korea 

S06a-186
Daria Rezepova (Siberian Branch of the Russian Academy of Sciences, Institute of Solid State Chemistry and 
Mechanochemistry, Novosibirsk, Russia), Nina Kosova

The effect of the Na
3
V

2
(PO4)

2
F

3
 doping by s-, p- and d-ions 

S06a-187
Ana Robba (Department for Materials Chemistry, National Institute of Chemistry, Ljubljana, Slovenia), Alen 

Vizintin, Jan Bitenc, Blaz Tratnik, Gregor Mali, Anna Randon-Vitanova, Robert Dominko

Mechanism of Mg-S Battery and Influence of Current Collectors 

S06a-188
Martina Romio (Electric Drive Technologies, AIT Austrian Institute of Technology GmbH, Vienna, Austria)

Doped Magnesium Phosphates as Potential Cathode Materials for Magnesium-Ion Batteries 

S06a-189
Simon Schneider (Electrochemistry Laboratory, Paul Scherrer Institute, Villigen, Switzerland), Petr Novak, 

Erik J. Berg

Modeling the performance of Li-ion and Na-ion batteries 

S06a-190
Maximilian Schuster (Electrochemistry Laboratory, Paul Scherrer Institut, Villigen, Switzerland), Claire 

Villevieille, Cyril Marino

Manganese Carbonophosphate Cathodes for Water-in-salt Na-Ion Batteries 
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S06a-191
Alexander Skundin (Processes in Batteries, Frumkin Institute of Physical Chemistry and Electrochemistry, 
Moscow, Russia), Tatiana Kulova, Svetlana Novikova, Anna Kuz’mina

Nanocomposite of Vanadium Doped Iron Phosphate with Mesoporous Carbon as Cathodic Material for 

Sodium-ion Batteries 

S06a-192
Shuai Tang (Chemistry Dept, Xiamen University, Xiamen, China, China), Xia-Guang Zhang, Xue-Yin Wang, Yu 

Gu, Wei-Wei Wang, Zhi Qiu, Jia-Wei Yan, Ming-Sen Zheng, Quan-Feng Dong, Bing-Wei Mao

Highly Reversible Na Plating and Stripping Electrochemistry Realized by a Sodiophilic Layer 

S06a-193
Waltraud Taucher-Mautner (Institute for Chemistry and Technology of Materials, Graz University of 
Technology, Graz, Austria), Sigrid Wolf

Mixed Bifunctional Oxygen Catalyst Based on MnO
2
/NiCo

2
O

4
 for Rechargeable Zinc/Air Battery 

S06a-194
Israel Temprano (Department of Chemistry, University of Cambridge, Cambridge, United Kingdom), Tao Liu, 

Gunwoo Kim, Clare Grey

Operando Gas Analysis Studies of Oxygen Evolution Reaction from LiOH in Aprotic Li-O
2
 Batteries 

S06a-195
Daniel Werner (Institute of Physical Chemistry, University of Innsbruck, Innsbruck, Austria), Engelbert 

Portenkirchner, Dogukan Apaydin

A Comparison of Anthraquinone and Sulfonated Anthraquinone as Anode Material for Organic Sodium Ion 

Batteries 

S06a-196
Juthaporn Wutthiprom (Department of Chemical and Biomolecular Engineering, Vidyasirimedhi Institute of 
Science and Technology, Rayong, Thailand)

Upgrading Petroleum Coke for High-performance Sodium and Potassium Ion Batteries: A Rotating Disk 

Electrode Investigation 

S06a-197
Minha Yee (Department of Chemical Engineering and Applied Chemistry, Chungnam National University, 
Daejeon, Korea), Dan-Thien Nguyen, Manh Tien Nguyen, Jungdon Suk, Seung-Wan Song

Performance Improvement of Polymer Electrolyte-based High-Energy All-Solid-State Batteries by 

Stabilizing Cathode-Electrolyte Interface 

S06a-198
Usman Zubair (DISAT, Politecnico di Torino, Torino, Italy), Julia Amici, Carlotta Francia, Silvia Bodoardo, 

Colm O’Dwyer

Simple Synthesis of Ti
n
O

2n-1
 Magnéli phases in Carbon for efficient and long life Lithium Sulfur batteries 

S06a-199
Jong Dae Lee (Dept of Chemical Engineering, Chungbuk National University, Cheongju, Korea) Hyoung Shin 

Ko

The Effect of Calcination Temperature on the Layered Li1.05Ni0.9CO0.05TI0.05O2 for Lithium-ion Battery
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Symposium 7  Electrochemical Systems for Energy Conversion:  

Fuel Cells and Electrolysers

Electrocatalysis 
S07a-001

José Alejandro Arminio-Ravelo (Nano-Science Center, University of Copenhagen, Copenhagen, Denmark), 
Jonathan Quinson, Maria Escudero-Escribano

Ir- Based Nanoparticle Electrocatalysts for Oxygen Evolution in Acidic Media 

S07a-002
Georgios Bampos (Department of Chemical Engineering, University of Patras, Patras, Greece), Dimitris 

Kondarides, Symeon Bebelis

Comparison of the Activity of Pd-M Bimetallic Electrocatalysts for the Hydrogen Oxidation Reaction 

(HOR) in Acidic Medium  

S07a-003
Aliaksandr Bandarenka (Department of Physics, Technische Universitaet Muenchen, Garching, Germany), 
Sebastian Watzele, Johannes Fichtner, Batyr Garlyyev

On a Dominating Mechanism of the Hydrogen Evolution Reaction at Polycrystalline Pt-electrodes in Acidic 

Media 

S07a-004
Cleonilson Barbosa (Quimica, Instituto Federal de Educacao, Ciencia e Tecnologia do RN, Nova Cruz, Brazil), 
Gealaman Santiago, Taynara Ramalho, Joabe Medeiros, Francisco Lins, Chung Liu

Synthesis of mixed niobium and tantalum electrocatalysts from columbite / tantalite for the oxidation of 

methanol and ethanol 

S07a-005
Zaira Itzel Bedolla Valdez (Chemical Engineering, University of California Davis, Davis, USA), Ysmael Verde 

Gomez, Ana Maria Valenzuela Muniz, Mercedes Teresita Oropeza Guzman, Gilles Berhault, Gabriel Alonso 

Nunez

Sonochemical synthesis of Pt electrocalyst supported on CNT/TiO
2
 for methanol electro-oxidation 

S07a-006
Sergey Belenov (Department of Chemistry, Southern Federal University, Rostov-on-Don, Russia), Vladislav 

Menshchikov, Alina Nevelskaya, Vasiliy Pryadchenko, Vasiliy Srabionyan, Leon Avakyan, Irina Gerasimova

PtCuAu/C Catalysts of Different Structures for Oxygen Electroreduction and Methanol Electrooxidation 

Reactions 

S07a-007
Roberto Bernasconi (Chimica, Materiali e Ingegneria Chimica Giulio Natta, Politecnico di Milano, Milano, 
Italy), Ibrahim Khalil, Luca Nobili, Luca Magagnin

Fabrication of Transition Metal Phosphides as Electrocatalysts for Hydrogen Evolution Reaction Through 

Facile Electrodeposition-Annealing Route 

S07a-008
Riccardo Brandiele (Chemical Science, University of Padova, Padova, Italy), Gian Andrea Rizzi, Armando 

Gennaro, Christian Durante

PtxY nanocubes as electrodic material for ORR in PEMFC 

S07a-009
Jan Bucher (Chemistry and Biochemistry, University Bern, Bern, Switzerland)

Surfactant-free preparation of Ir based OER catalysts in low boiling point solvents and their catalytic 

evaluation 

S07a-010
Michael Busch (Department of Physics, Chalmers University of Technology, Gothenburg, Sweden), Hussein A. 

Younus, Elisabet Ahlberg, Matthias Vandichel, Francis Verpoort

Rational Design of a Metal-Organic Framework for Water Oxidation 
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S07a-011
Xuncai Chen (School of Chemical and Biomolecular Engineering, The University of Sydney, Sydney, Australia), 
Yuan Chen

Metal oxide nanoparticles/ N, P dually doped carbon hybrid as bifunctional oxygen electrocatalysts for 

rechargeable Zn-air battery 

S07a-012
Xingxing Chen (School of Chemical Engineering, University of Science and Technology Liaoning, Anshan, 
China), Haoran Pan, Huimin Liu, Zhenjie Lu, Tao Wang, Justus Masa

Three-Dimensional Graphene-Encapsulated Transitional Metal Oxides for Electrocatalyzing Both Oxygen 

Reduction and Evolution Reactions 

S07a-013
Fangyi Cheng (College of Chemistry, Nankai University, Tianjin, China), Zhenhua Yan, Hongming Sun, Xiang 

Chen, Jun Chen

Manganese Oxides and Their Composites for Oxygen Electrocatalysis 

S07a-014
Kyoung-Sik Choi (Department of Chemistry, Kwangwoon University, Seoul, Korea), Yang-Rae Kim

Electrocatalytic Activity of Electrodeposited Nickel or Cobalt (Oxy)Hydroxide Thin Films for Oxygen 

Evolution Reaction 

S07a-015
Chang Hyuck Choi (School of Materials Science and Engineering, Gwangju Institute of Science and 
Technology, Gwangju, Korea)

Instability of Fe-N-C Catalysts: H
2
O

2
-Induced Surface Oxidation 

S07a-016
Daniel Choukroun (Applied Engineering, University of Antwerp, Antwerp, Belgium), Christophe De Jongh, 

Tom Breugelmans

Selectivity Aspects of Carbon-Supported Copper Nanoparticles in The Electrochemical Reduction of CO
2
 

S07a-017
Cheng Hsun Chuang (Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan), Yen 

Chun Wang, Li Yin Hsiao, Min Hsin Yeh, Kuo-Chuan Ho

Prussian Blue Analogues Derived Bimetallic CoFe Oxide Nanocube for Electrocatalyzing the Oxygen 

Evolution Reaction 

S07a-018
Min Wook Chung (Department of Materials Science and Engineering, Gwangju Institute of Science and 
Technology, Gwangju, Korea), Gajeon Chon, Chang Hyuck Choi

pH-Dependent Deactivation of Fe-N-C Catalysts by Hydrogen Peroxide in Oxygen Reduction Reaction 

S07a-019
Paula Connor (Material Science, TU Darmstadt, Darmstadt, Germany), Jona Schuch, Sven Tengeler, Bernhard 

Kaiser, Wolfram Jaegermann

Substrate Effects on the Activity of Manganese Oxides for the OER 

S07a-020
Debanjan Das (Materials Research Centre, Indian Institute of Science, Bangalore, India), Saswati Santra, 

Karuna Kar Nanda

In-Situ Fabrication of Nickel/Molybdenum Carbide Anchored N-Doped Graphene/CNT Hybrid Towards 

Overall Water Splitting  

S07a-021
Fatemeh Davodi (Chemical Technology, Aalto University, Espoo, Finland)

Ni@γ-Fe
2
O

3
 core-shell nanoparticles supported on Nitrogen functionalized carbon nanotubes for the 

efficient electrocatalytic water oxidation  
S07a-022

Elif Demir (Department of Chemistry, Middle East Technical University, Ankara, Turkey), Serdar Akbayrak, 

Ahmet M. Onal, Saim Ozkar

Nanoceria-Supported Ruthenium(0) Nanoparticles: Highly Active and Stable Catalysts for Hydrogen 

Evolution from Water 
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S07a-023
Nicolas Dubouis (Chaire de la Chimie du Solide et de l’Énergie, Collège de France, Paris, France), Chunzhen 

Yang, Robin Beer, Lucie Ries, Damien Voiry, Alexis Grimaud

Investigation of the Role of Interfacial Interactions on Mo-based Electrocatalysts for Hydrogen Evolution 

Reaction  

S07a-024
Christian Durante (Department of Chemical Sciences, University of Padova, Padova, Italy), Vincenzo 

Amendola, Riccardo Brandiele, Gian Andrea Rizzi, Armando Gennaro

Synthesis of Pd-Y Nanoalloys by Laser Ablation in Liquid as Electrode Material for ORR in PEMFC  

S07a-025
Kathrin Ebner (Electrochemistry Laboratory, Paul Scherrer Institut, Villigen PSI, Switzerland), Juan Herranz, 

Maarten Nachtegaal, Bae-Jung Kim, Thomas J. Schmidt

A novel, inexpensive synthesis approach towards composition-controlled non-noble metal oxygen reduction 

catalysts 

S07a-026
Abdelilah El Arrassi (Analytical Chemistry, Ruhr-University Bochum, Bochum, Germany), Kristina Tschulik

O
2
 Evolution Reaction at Single CoFe

2
O

4
 Nanoparticles 

S07a-027
Olga Evers (Material Systems and High Pressure Technology, Fraunhofer UMSICHT / Ruhr University 
Bochum, Oberhausen, Germany), Michael Prokein, Manfred Renner, Eckhard Weidner, Marcus Petermann

Electrochemical Reduction of CO
2
 to Valuable Products under Supercritical Conditions 

S07a-028
Eliyahu Farber (Shulich Faculty of Chemistry, Technion - Israel Institute of Technology, Haifa, Israel)

Truly Hierarchical, Lung-Type Porosity in Carbon Catalysts for the ORR 

S07a-029
Filippo Farina (ICGM-AIME, University of Montpellier-CNRS, Montpellier, France), Giorgio Ercolano, Sara 

Cavaliere, Deborah Jones, Jacques Rozière

Tuneable Pt@Ni Fibrous Electrocatalysts By Microwave-Assisted Galvanic Displacement 

S07a-030
Amin Farkhondehfal (Center for Sustainable Future Technologies, IIT, Turin, Italy), Simelys Hernandez, 

Nunzio Russo

Syngas Production by Electrocatalytic Reduction of CO
2
 by Using Ag-decorated TiO

2
 Nanotubes 

S07a-031
Diana Fernandes (Chemistry and Biochemistry, REQUIMTE/LAQV, Universidade do Porto, Porto, Portugal), 
Hugo Novais, Revathi Bacsa, Philippe Serp, Belén Bachiller-Baeza, Inmaculada Rodríguez-Ramos, Antonio 

Guerrero-Ruiz, Cristina Freire

Polyoxotungstate@Carbon Nanocomposites as Oxygen Reduction Reaction Electrocatalysts 

S07a-032
Marco Bellini (ICCOM, CNR, Sesto Fiorentino, Italy), Claudio Evangelisti, Qinggang He, Jonathan Filippi, 

Maria Gelsomina Folliero, Maria Pagliaro, Andrea Marchionni, Werner Oberhauser, Francesco Vizza, Hamish 

Miller

Gold-Palladium nanoparticle alloy catalyst for CO production from CO
2
 electroreduction 

S07a-033
Amanda Garcia (Department of Chemistry, Universiteit Leiden, Leiden, Netherlands), Marc Koper

Oxygen Evolution Reaction on NiOOH. Effect of Cation and Dissolved Oxygen 

S07a-034
Raul Garcia-Diez (Renewable Energy, Helmholtz-Zentrum Berlin fuer Materialien und Energie GmbH, Berlin, 
Germany), Armin Siebel, Regan G. Wilks, Alexandra Weiß, Maximilian Bernt, Wanli Yang, Hubert Gasteiger, 

Marcus Baer

Characterization of commercial iridium oxide-based electrocatalysts using advanced x-ray analytics 

S07a-035
Giorgio Giuffredi (Center for Nano Science and Technology, Istituto Italiano di Tecnologia, Milano, Italy), 
Andrea Perego, Alessandro Mezzetti, Piero Mazzolini, Massimo Colombo, Francesco Fumagalli, Fabio Di Fonzo

Self Supported Amorphous Molybdenum Sulfide Nanostructures for HER 
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S07a-036
Akansha Goyal (Catalysis and Surface Science, Leiden Institute of Chemistry, Leiden University, Leiden, 
Netherlands), Marc Koper

Inhibiting role of proton reduction and water reduction on the electrochemcial reduction of carbon dioxide 

S07a-037
Shigeto Hirai (Department of Materials Science and Engineering, Kitami Institute of Technology, Kitami, 
Japan), Shunsuke Yagi, Wei-Tin Chen, Tomoya Ohno, Hisao Suzuki, Takeshi Matsuda

Unique Electronic Structure as a Key Factor for Highly Active Oxygen Evolution Catalysts 

S07a-038
Rudolf Holze (Institute of Chemistry, Chemnitz University of Technology, Chemnitz, Germany), Xuan Xie

Electrode kinetic data: Geometric vs. real surface area 

S07a-039
Kensuke Honda (Graduate School of Science and Engineering, Yamaguchi University, Yamaguchi, Japan), Yuta 

Waki, Yuta Shimizu, Hiroshi Naragino

Nitrogen-doped amorphous carbon catalysts having higher reactivity toward oxygen reduction reaction by 

controlling surface quinone and carboxy groups 

S07a-040
Dorottya Hursán (Department of Physical Chemistry and Materials Science, University of Szeged, Szeged, 
Hungary), Angelika Samu, Csaba Janáky

Electrochemical Reduction of Carbon Dioxide on N-doped Carbon Electrodes: Morphological and 

Mechanistic Aspects 

S07a-041
Ahmed Mohsen Ismail (Department of Physical Chemistry and Materials Science, University of Szeged, 
Szeged, Hungary), Gergely F. Samu, Edit Csapó, Csaba Janáky

Composition Dependent Electrocatalytic Behavior of Sn-Au Bimetallic Nanoparticles in Carbon-dioxide 

Reduction 

S07a-042
Jacopo Isopi (Dipartimento di Chimica Giacomo Ciamician, Unibo, Bologna, Italy)

Gaphenic systems for electrocatalysis of Oxygen Reduction Reaction 

S07a-043
Junhyeong Kim (School of Chemical Engineering and Materials Science, Chung-Ang University, Seoul, Korea), 
Hyunki Kim, Jooyoung Kim

Iron-based Transition Metal Phosphide Catalyst for Hydrogen Evolution Reaction 

S07a-044
Jooyoung Kim (School of Chemical Engineering and Materials Science, Chung-Ang University, Seoul, Korea), 
Junhyeong Kim, Hyunki Kim

Electrochemically Dealloyed NiP Catalyst for Hydrogen Evolution Reaction in Acidic Electrolyte 

S07a-045
Hyenki Kim (School of Chemical Engineering and Materials Science, Chung-Ang University, Seoul, Korea)

Ag Catalysts For Electrochemical CO
2
 Reduction 

S07a-046
Hyunki Kim (School of Chemical Engineering and Materials Science, Chung-Ang University, Seoul, Korea), 
Junhyeong Kim, Jooyoung Kim

Electrodeposited nickel iron based catalyst  for alkaline water electrolysis  

S07a-047
DongYeon Kim (CO2 Energy Vector Research Group, Korea Research Institute of Science and Technology , 
Daejeon, Korea), Youngkook Kwon

Electrochemical Conversion of Nitric Oxide into Ammonia with Metal Chelate  

S07a-048
Mila Krstajic Pajic (Physical Chemistry and Electrochemistry, Faculty of Technology and Metallurgy, 
University of Belgrade, Belgrade, Serbia), Sanja Stevanovic, Vuk Radmilovic, Nevenka Elezovic, Piotr 

Zabinski, Velimir Radmilovic, Snezana Gojkovic, Vladislava Jovanovic

Tailoring the Properties of Noble Metal Based Nanostructures at 3D Level towards Efficient Energy 
Conversion Devices 
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S07a-049
Markus Kübler (TU Darmstadt, Catalysis and Electrocatalysis, Darmstadt, Germany), Tilman Jurzinsky, 

Stephan Wagner, Natascha Weidler, David Wallace, Ulrike Kramm

Surface Modified Multiwalled Carbon Nanotubes as Non-Precious Metal Catalyst for the Oxygen Reduction 
Reaction 

S07a-050
Paolo Lamagni (iNANO, Aarhus University, Aarhus N, Denmark), Matteo Miola, Kim Daasbjerg, Nina Lock, 

Troels Skrydstrup

Pyrolyzed Hemin-Based Metal-Organic Frameworks for Electrocatalytic CO
2
 Conversion to CO 

S07a-051
Yoo Seok Lee (School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and 
Technology (GIST), Gwangju, Korea), Hyeryeong Lee, Seungwoo Baek, Stacy Reginald, In-Geol Choi

Engineering of Glucose Dehydrogenase for Direct Electron Transfer at Enzyme-Electrode Interface without 

Electron Transfer Intermediate  

S07a-052
Ramunas Levinas (Department of Physical Chemistry, Vilnius University Faculty of Chemistry and 
Geosciences, Vilnius, Lithuania), Henrikas Cesiulis, Natalia Tsyntsaru

Tuning the Properties of Electrodeposited Molybdenum Disulfide for Efficient Electrocatalytic and 
Photocatalytic Performance 

S07a-053
Meixian Li (College of Chemistry and Molecular Engineering, Peking University, Beijing, China)

One-step Electroreductively Deposited Iron-Cobalt Composite Films as Efficient Bifunctional 
Electrocatalysts for Overall Water Splitting 

S07a-054
Laurent Liardet (Institute of Chemical Sciences and Engineering, Ecole Polytechnique Fédérale de Lausanne, 
Lausanne, Switzerland), Xile Hu

Amorphous Cobalt Vanadium Oxide as a Highly Active Electrocatalyst for Oxygen Evolution 

S07a-055
Meng Liu (Department of Chemistry G. Ciamician, University of Bologna, Bologna, Italy)

Graphite Intercalation Compounds as Effective Platforms for the Preparation of Highly Active 

Electrocatalysts toward ORR and OER 

S07a-056
Changpeng Liu (Laboratory of Advanced Chemistry Power, Changchun Institute of Applied Chemistry, CAS, 
Changchun, China), Kui Li, Junjie Ge, Zhao Jin, Wei Xing

The Enhancement of TaCxOyFz toward PtRu/C Catalyst for MOR 

S07a-057
Justus Masa (Analytical Chemistry and Center for Electrochemical Sciences, Ruhr-University Bochum, 
Bochum, Germany), Corina Andronescu, Stefan Barwe, Wolfgang Schuhmann

Origin of OER activity enhancement in metal borides and phosphides  

S07a-058
Aurelio Mateo-Alonso (POLYMAT, University of the Basque Country/Ikerbasque, San Sebastian, Spain)

Twisted Aromatic Frameworks 

S07a-059
Matteo Miola (iNANO, Interdisciplinary Nanoscience Center, Aarhus University, Aarhus, Denmark)

Green and Cheap Hemin-based Electrocatalyst for selective CO
2
-to-CO conversion 

S07a-060
Matteo Miola (iNANO, Aarhus University, Aarhus, Denmark)

Ligand Free Gold Nanoparticles Supported on Mesoporous Carbon as Electrocatalysts for CO
2
 Reduction 

S07a-061
Mariana C.O. Monteiro (Catalysis and Surface Chemistry, Leiden University, Leiden, Netherlands), Marc 

Koper

The Role of Mono and Multivalent Cations on the Electrochemical Reduction of CO
2
 on Gold 
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S07a-062
Diana Morales (Department of Plastics Transformation Processing, Research Center for Applied Chemistry 
(CIQA), Saltillo, Mexico), Nora  Sánchez-Padilla, Roberto Benavides, Edgar De-Casas, Jesús Alfonso Mercado, 

Salvador Fernandez, Edgar J. Ruiz-Ruiz

Influence of Nitrogen Doping graphene electrodes on the electrocatalytic properties for Oxygen Reduction 
Reaction for fuel cells 

S07a-063
Yuta Nabae (Department of Materials Science and Engineering, Tokyo Institute of Technology, Tokyo, Japan), 
Yun Wu, Shinsuke Nagata, Azhagumuthu Muthukrishnan

Correction of Quasi-Four Electron Oxygen Reduction to Characterize Fe/N/C and N/C Cathode Catalysts in 

Acidic and Basic Media  

S07a-064
Tammy Nimmo (Department of Chemistry, University of Southampton, Southampton, United Kingdom), Guy 

Denuault, Andrea Russell

The Effect of Dissolved O
2 

on Pt Electrocatalyst Surface Processes 

S07a-065
Mehtap Oezaslan (Department of Chemistry, Carl von Ossietzky University of Oldenburg, Oldenburg, 
Germany)

Identification of the Cu Structure in nano-porous Materials during operando CO
2
 electrolysis 

S07a-066
Paulo Olivi (Quimica, Universidade de Sao Paulo - FFCLRP, Ribeirao Preto, Brazil), Thamyres Moreira, 

Sidney Aquino Neto, Teko Napporn, Boniface Kokoh

Synthesis of PtRh/C catalysts by the BAE method: the electro-oxidation of ethanol in alkaline medium 

S07a-067
Emma M. Ortega (Chemical and Nuclear Engineering Department, Universitat Politècnica de València, 
Valencia, Spain), Ramiro Medina-Orta, Valentín Pérez-Herranz, María Guadalupe Sánchez-Loredo

Electrodeposition of Pd nanoparticles on Ni electrodes to improve their activity towards the hydrogen 

evolution reaction 

S07a-068
Valentina Perazzolo (Chemical Science, Padova University, Padova, Italy), Giorgia Daniel, Gaetano Granozzi, 

Armando Gennaro, Christian Durante

Soft Template Synthesis of Fe-N-C Catalysts for ORR from Fe-Chelating Polymers 

S07a-069
Lorenzo Pezzolato (DISAT - Department of Applied Science and Technology, Politecnico di Torino, Torino, 
Italy), Stefania Specchia

Synthesis of a NNM Catalyst Active Towards ORR in Alkaline Media Through Sulfur Optimization in 

Organic Nonpolar Solvent for DEFCs Applications 

S07a-070
Rebecca Pittkowski (Department of Electrocatalysis, J. Heyrovsky Institute of Physical Chemistry, Prague, 
Czech Republic), Daniel F. Abbott, Thomas J. Schmidt, Ivano E. Castelli, Jan Rossmeisl, Petr Krtil

Ruthenium and Iridium Pyrochlores with Different Lanthanides as Catalysts for Oxygen Evolution Reaction 

(OER) 

S07a-071
Justyna Piwowar (Faculty of Chemistry Biological and Chemical Research Centre, University of Warsaw, 
Warsaw, Poland), Adam Lewera

Electrooxidation of HCOOH and C
2
H

5
OH on Vacuum Deposited Au@Pt system - Analysis of Catalytic and 

Electronic Properties  

S07a-072
Zhen Qiu (Department of Engineering-Solid State Physics, Uppsala University, Uppsala, Sweden), Tomas 

Edvinsson

The Role of Interfacial Species and the Nanostructure of Ni-Based Electrocatalysts for Water Splitting   

S07a-073
Stefan Raaijman (Catalysis and Surface Chemistry (CASC), Leiden University, Leiden, Netherlands), Marc 

Koper

Looking at the Formation of Multi-Carbon Products on Silver Surfaces 
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S07a-074
Taneli Rajala (School of Chemical Engineering, Aalto University, Espoo, Finland)

Single-walled Carbon Nanotubes Decorated With Platinum Nanowires Electrocatalysing Hydrogen 

Evolution 

S07a-075
Javier Recio (Inorganic Chemistry, Pontifical Catholic University of Chile, Santiago de Chile, Chile), Chistian 

Candia, Jonathan Urra, Ricardo Venegas, Karina Muñoz, César Zúñiga, Angel Leiva, Sebastian Bonardd, Jose H. 

Zagal, Jose Marco

Catalytic activity of chitosan-pyrolyzed catalyst for ORR in acid media.  

S07a-076
Rosa Rego (Department of Chemistry, University of Trás-os-Montes e Alto Douro, Vila Real, Portugal), Rafael 

Oliveira, Carolina Rodrigues, Ana Ferraria, Ana Botelho do Rego, Verónica de Zea Bermudez

PdNx nanoparticles Supported on Natural Deep Eutectic Solvent Functionalized Carbon for Ethanol 

Oxidation in Alkaline Media 

S07a-077
Nayra Sofia Romero Cuellar (Chair of Chemical Technology 1, Corporate Technology, Technical University 
of Munich / Siemens AG, Munich, Germany), Kerstin Wiesner-Fleischer, Christian Reller, Maximilian Fleischer, 

Kai-Olaf Hinrichsen

Electrochemical Reduction of Carbon Monoxide on Copper Nanoparticles Gas Diffusion Electrodes at High 

Current Densities 

S07a-078
Alexander Rudnev (Department of Chemistry and Biochemistry, University of Bern, Bern, Switzerland), Kiran 

Kiran, Alena Cedeño López, Abhijit Dutta, Peter Broekmann

Enhanced Electrocatalytic CO
2
 Conversion on Nanostructured Silver Electrodes in Ionic Liquids 

S07a-079
Magnus Haugaard Rønne (Interdisciplinary Nanoscience Center, Aarhus University, Aarhus, Denmark), 
Mikkel Jensen, Anne Ravn, Rene Juhl, Dennis Nielsen, Xin-Ming Hu, Steen Uttrup Pedersen, Kim Daasbjerg, 

Troels Skrydstrup

Scalable Carbon Dioxide Electroreduction Coupled to Carbonylation Chemistry 

S07a-080
Takahiro Saida (Department of Applied Chemistry, Meijo University, Nagoya, Japan), Etsuko Niwa, Shoko 

Hirano, Takahiro Maruyama

ORR Activity of TiMO
x
(M=Mn, Nb, Ru) in Acidic Conditions 

S07a-081
Patricia V.B. Santiago (Center for Natural and Human Sciences, Federal University of ABC, Santo André, 
Brazil), Camilo Angelucci, Janaina Souza-Garcia

Perovskites as electrocatalysts for glycerol oxidation 

S07a-082
Pietro Giovanni Santori (Solid State and Divided Matter Chemistry, Université de Montpellier, Montpellier, 
France), Frédéric Jaouen, Florian Speck, Serhiy Cherevko

Compared Stability of FeNC catalysts in Acid and Alkaline Electrolyte 

S07a-083
Alice Schaetz (Institute of Chemistry, Martin Luther University Halle-Wittenberg, Halle, Germany), Michael Bron

Ethylene glycol oxidation on platinum characterized with cyclic voltammetry and in situ infrared 

spectroscopy 

S07a-084
Ricardo Schrebler (Instituto de Química, P. Universidad Catolica de Valparaiso, Valparaiso, Chile), Germán 

Brito, Nelson Cáceres, Gustavo Sessarego, Rodrigo Schrebler, Paula Grez

Electrocatalytic and photoelectrocatalytic studies of hydrogen evolution reaction (HER) on MoS
2
 and 

rGO|MoS
2
 electrodes   

S07a-085
Jona Schuch (Material Science, University of Technology Darmstadt, Darmstadt, Germany), Sebastian 

Klemenz, Stefan Hawel, Patrick Schuldt, Bernhard Kaiser, Barbara Albert, Wolfram Jaegermann

Highly Efficient Oxygen Evolution Electrocatalyst by Incorporation of Iron or Nickel into Nanoscale Cobalt 
Borides 
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S07a-086
Sascha-Dominic Straub (Ernst-Berl-Institut, TU Darmstadt, Darmstadt, Germany), Gui-Rong Zhang, Bastian 

J.M. Etzold

Influence of IL-modification on Cu based catalysts for the electrochemical reduction of CO
2
 

S07a-087
Desiree Mae Sua-an (Department of Chemical Engineering, University of the Philippines Diliman, Quezon City, 
Philippines), Guangfu Li, Po-Ya Abel Chuang, Joey Ocon

Active and Stable Metal-free Halogen-doped Graphene Electrocatalysts for Alkaline Fuel Cells 

S07a-088
Mohammad Tavakkoli (Department of Applied Physics, Aalto University, Espoo, Finland), Tanja Kallio, Esko 

Kauppinen, Kari Laasonen

Modified carbon nanotubes as a new class of advanced electrocatalysts for water electrolysis 

S07a-089
Marc F. Tesch (Heterogeneous Reactions, Max-Planck-Institute for Chemical Energy Conversion, Muelheim an 
der Ruhr, Germany), Praveen V. Narangoda, Sabita Bhandari, Robert Schlögl, Anna K. Mechler

How Experimental Parameters Influence the Electrochemical Characterization of Oxygen Evolution 
Reaction Catalysts 

S07a-090
Yumeng Tian (College of Materials Science and Chemical Engineering, Harbin Engineering University, 
Harbin, China), Jing Yu, Jun Wang

High Performance Ternary Nickel Cobalt Phosphide Nanoslices for Efficient Water-Splitting 

S07a-091
Naoto Todoroki (Graduate School of Environmental Studies, Tohoku University, Sendai, Japan), Hiroki Tei, 

Hiroto Tsurumaki, Taku Miyakawa, Tomohiro Mochizuki, Toshimasa Wadayama

Online Electrochemical Mass Spectrometry Study for CO
2
 Reduction on Co- and Sn-Deposited Au Single 

Crystal Surfaces 

S07a-092
G. Ceren Tok (Department of Chemistry and Catalysis Research Center, Technical University of Munich, 
Garching (Munich), Germany), Anna T.S. Freiberg, Hubert Gasteiger, Corinna R. Hess

Employing Cobalt Molecular Catalyst for Electrochemical H
2
 Evolution in Aprotic Media 

S07a-093
Jorge Uribe-Godínez (Electrochemistry-Inorganic Analysis Department, National Metrology Institute of Mexico 
(CENAM), Querétaro, Mexico), Verónica García-Montalvo, Omar Jiménez-Sandoval

ORR Catalyzed by Novel IrRuOs-based Materials 

S07a-094
Giovanni Valenti (Chemistry Ciamician, University of Bologna, Bologna, Italy), Michele Melchionna, Meng 

Liu, Massimo Marcaccio, Stefania Rapino, Marcella Bonchio, Maurizio Prato, Paolo Fornasiero, Francesco 

Paolucci

Nano-graphitic templates and hierarchical nanostructures in multi-functional electrocatalysts for water 

splitting 

S07a-095
Alberto Vertova (Dipartimento di Chimica, Università degli Studi di Milano, Milano, Italy), Roberto Della 

Pergola, Alessandro Minguzzi, Sandra Rondinini

Atomically precise metal clusters for oxygen reduction reaction in alkaline media 

S07a-096
Jan Vos (Leiden Institute of Chemistry, Leiden University, Leiden, Netherlands), Tim Wezendonk, Adriaan 

Jeremiasse, Jorge Gascon, Freek Kapteijn, Marc Koper

MnO
x
/IrO

x
  as Selective Oxygen-Evolving Electrocatalyst in Acidic Chloride Solution 

S07a-097
Stephan Wagner (Catalysts and Electrocatalysts, Technische Universität Darmstadt, Darmstadt, Germany), 
Hendrik Auerbach, Markus Kübler, René Steinbrügge, Claudia Tait, Ioanna Martinaiou, Jan Behrends, Ilya 

Sergeev, Hans-Christian Wille, Volker Schünemann, Ulrike Kramm

New insights on the identification of iron structures in Fe-N-C catalysts by Mössbauer spectroscopy and 
related techniques 
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S07a-098
David Wallace (Catalysts and Electrocatalysts, TU Darmstadt, Darmstadt, Germany), Stephan Wagner, 

Lingmei Ni, Natascha Weidler, Markus Kübler, Sebastiao Lucena, Ulrike Kramm

Influence of Micro- and Mesoporous Surface Area on the Activity and Selectivity in Porphyrin Based Fe-
N-C Catalysts for the Oxygen Reduction Reaction. 

S07a-099
Zenglin Wang (School of Chemistry and Chemical Engineering, Shaanxi Normal University, Xi’an, China), 
Meng Zhou, Qiangqiang Sun, Yuquian Shen, Yi Ma, Chuan Zhao

Fabrication of 3D microporous metal phosphides via hydrogen bubble electrodeposition for high-efficiency 
hydrogen evolution reaction 

S07a-100
Dabin Wang (School of Chemistry, Monash University, Melbourne, Australia), Bryan Suryanto, Luis M. Azofra, 

Moussab Harb, Luigi Cavallo, Xinyi Zhang, Douglas MacFarlane

Nanostructured Metal Catalyst for Nitrogen Reduction to Ammonia Under Ambient Conditions 

S07a-101
Daniel Jochen Weber (Department of Chemistry, University of Oldenburg, Oldenburg, Germany)

Pt-Co Nanoparticles as a highly tuneable and active Hydrogen Oxidation catalyst in alkaline Medium  

S07a-102
Thomas Wolker (Ernst-Berl-Institut für Technische und Makromol. Chemie, TU Darmstadt, Darmstadt, 
Germany), Ioanna Martinaiou, Ali Shahraei, Gui-Rong Zhang, Arne Janßen, Stephan Wagner, Natascha Weidler, 

Robert W. Stark, Bastian J.M. Etzold, Ulrike Kramm

Improved electrochemical performance of Fe-N-C catalysts through ionic liquid modification in alkaline 
media 

S07a-103
Hang Xiang (School of Engineering, Newcastle University, Newcastle upon Tyne, United Kingdom), Shahid 

Rasul

Enhanced electrochemical production of carbonaceous products from CO
2
 in aqueous electrolytes 

S07a-104
Wei Xing (Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun, China), 
Meiling Xiao, Junjie Ge, Changpeng Liu

Atomic Scale Structure Control of M/N/C Catalysts and the In-situ Site Structure Evolution Investigation 

S07a-105
Omar Samuel Mendoza Hernandez (Institute of Space and Astronautical Science, Japan Aerospace 
Exploration Agency, Sagamihara, Japan), Asuka Shima, Masato Sakurai, Hiroshige Matsumoto, Masamichi 

Nishihara, Yuki Terayama, Takayuki Abe, Mitsuhiro Inoue, Baowang Lu, Yoshitsugu Sone

Water Electrolyzer and CO
2
 Hydrogenation Tandem System to Produce Hydrogen and Methane

S07a-106
Song Xue (Department of Physics, Technische Universität München, Garching bei München, Germany), 
Sebastian Watzele, Viktor Colic, Batyr Garlyyev, Kurt Brandl, Aliaksandr Bandarenka

Reconsidering Water Electrolysis: Producing Hydrogen at Cathodes Together with Selective Oxidation of 

n-Butylamine at Anodes 

S07a-107
Sungeun Yang (Department of Physics, Technical University of Denmark (DTU), Kongens Lyngby, Denmark), 
Arnau Verdaguer-Casadevall, Viktor Colic, Rasmus Frydendal, Ifan E.L. Stephens, Ib Chorkendorff

Electrochemical Production of H
2
O

2
: Tailoring Electrode and Electrolyte 

S07a-108
Chunmiao Ye (Leiden Institute of Chemistry, Leiden University, Leiden, Netherlands), Marc  Koper

Tuning Selectivity of Electrocatalytic CO
2
 Reduction to HCOOH/CO on Cu Electrode through Surface 

Organometallic Chemistry 

S07a-109
Eirini Zagoraiou (Institute of Chemical Engineering Sciences, FORTH/ICEHT, Patras, Greece), Lamprini 

Sygellou, Stylianos Neophytides

Developing new Pt based materials for energy applications 
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S07a-110
Feng Zeng (Institute of Technical und Macromolecular Chemistry, RWTH Aachen University, Aachen, 
Germany), Cornelia Broicher, Stefan Palkovits, Kalin Simeonov, Regina Palkovits

Synergy between Active Sites and Electric Conductivity of Molybdenum Sulfide for Efficient 
Electrochemical Hydrogen Production 

S07a-111
Ridha Zerdoumi (Institute of Chemistry, Chemnitz University of Technology, Chemnitz, Germany), Leonard 

Rößner, Marcus Holzschuher

Electrochemical Stability of Intermetallic Compounds in Alkaline Media 

S07a-112
Ying Zhang (Department of Chemistry, Monash University, Melbourne, Australia), Fengwang Li, Xiaolong 

Zhang, Tim Williams, Christopher D. Easton, Alan Bond, Jie Zhang

Electrochemical reduction of CO
2
 on defect-rich Bi derived from Bi

2
S

3
 

S07a-113
Jiawei Zhang (Department of Chemistry, Xiamen University, Xiamen, China), Yanan Yang, Zhaoxiong Xie

Cyclic penta-twinned icosahedral rhodium nanocrystals with high activity and selectivity for ethanol electro-

oxidation 

S07a-114
Vladimir V. Zhulikov (Laboratory of Structure of Surface Layers, Frumkin Institute of Physical Chemistry and 
Electrochemistry, Moscow, Russia), Vitaly V. Kuznetsov, Yuly D. Gamburg, Roman S. Batalov

Hydrogen Evolution on Ni-Re Cathodes Obtained by Electrodeposition 

S07a-115
Gabriel C. da Silva (Helmholtz-Institute Erlangen-Nurnberg for Renewable Energy,  Forschungszentrum Julich 
GmbH, Erlangen, Germany), Edson A. Ticianelli, Karl J.J. Mayrhofer, Serhiy Cherevko

Evaluation of The Electrochemical Dissolution Stability of Bifunctional Ir- and Pt-based Oxygen Catalysts 

in Acidic Media 

S07a-116
Ana Raquel de la Osa (Chemical Engineering, University of Castilla-La Mancha, Ciudad Real, Spain), Maria 

José Torres, José Antonio Díaz, Antonio de Lucas-Consuegra, José Luis Valverde, Paula Sánchez

Influence of the reducing agent on the performance of Pt/C based cathode for electrochemical hydrogenation 
of cinnamaldehyde 

S07a-117
Julie Anne D. del Rosario (Department of Chemical Engineering, University of the Philippines Diliman, 
Quezon City, Philippines), Guangfu Li, Joey D. Ocon, Po-Ya Abel Chuang

Influence of Alkali Metal-Containing Electrolytes on Oxygen Evolution Reaction in Alkaline Media 

Electrolysers 
S07a-118

Alberto Battistel (Laboratory of Inorganic Synthesis and Catalysis (LSCI), École Polytechnique Fédérale de 
Lausanne (EPFL), Lausanne, Switzerland), Xile Hu

Alkaline Electrolysis: on the Route from the Lab to the Market  

S07a-119
Cornelia Broicher (ITMC, RWTH Aachen, Aachen, Germany), Feng Zeng, Jens Artz, Stefan Palkovits, Regina 

Palkovits

Morphology Controlled Highly Active and Stable Manganese Cobalt Oxide Spinel for Water Oxidation  

S07a-120
Melanie Buehler (Electrochemical Energy Systems, Hahn-Schickard Freiburg, Freiburg, Germany), Friedemann 

Hegge, Simon Thiele

Porous Transport Electrodes -The Influence of Depositing Electrodes on Porous Transport Layers on the 
Polarization Behavior of PEM Water Electrolyzers 

S07a-121
Luis Castanheira (Electrochemistry, National Physical Laboratory, London, United Kingdom), Ishanka 

Dedigama, Paul Shearing, Dan Brett, Nick van Dijk, Daniel Greenhalg, Gareth Hinds

In situ reference electrode as a diagnostic tool for PEM water electrolysers 
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S07a-122
Hsyi-En Cheng (Electro-Optical Engineering, Southern Taiwan University of Science and Technology, Tainan, 
Taiwan), Wen-Hao Hsieh

Nanopillar-Array Electrodes for Reducing the Overpotential of Alkaline Water Electrolysis Cells 

S07a-123
Hyun-Seok Cho (Hydrogen Laboratory, Korea Institute of Energy Research, Daejeon, Korea), Won-Chul Cho, 

Chang-Hee Kim

Enhanced activity and durability of alkaline water electrolyzer for hydrogen production from renewable 

powers 

S07a-124
Osmando F. Lopes (Institute of Chemistry of Sao Carlos, University of Sao Paulo, São Carlos, Brazil), 
Hamilton Varela

The Effect of Ag Deposition on Cu Electrodes Towards the CO
2
 Reduction 

S07a-125
Abraham Gomez Vidales (Chemical Engineering, McGill University, Montreal, Canada), Liem Dam-Quang, 

Sasha Omanovic

Ni-Mo-Ir-oxide as a Material for Water Electrolysis Cathodes and Charge Storage in Supercapacitors 

S07a-126
Gaurav Gupta (School of Engineering, Newcastle University, Newcastle upon Tyne, United Kingdom), 
Mohamed Mamlouk, Keith Scott

MnO
2
 as effective OER catalyst for Alkaline Anion Exchange Membrane Electrolysers 

S07a-127
Bjorn Hasa (Chemical Engineering, University of Patras, Patras, Greece), John Vakros, Alexandros Katsaounis

Effect of TiO
2
 on Pt-Ru-based Anodes for Methanol Electroreforming 

S07a-128
Simelys Hernandez (Applied Science and Technology (DISAT), CREST Group, Politecnico di Torino, Turin, 
Italy), Amin Farkhondehfal, Nunzio Russo

Current Status and Challenges for the Implementation of Electrocatalytic CO
2
 Reduction: A Focus on 

Syngas Production 

S07a-129
MinJoong Kim (Centre for Surface Chemistry and Catalysis, KU Leuven, Leuven, Belgium), Laurens Muchez, 

Dirk De Vos

Electrosynthesis of carboxylic acid via electrochemical coupling of aromatic alcohols and carbon dioxide 

S07a-130
Dominique Koster (Energy Storage and Conversion Systems, University Bremen, Bremen, Germany), Patrick 

Thom, Fabio La Mantia

Dynamic impedance studies on the HER at Pt microelectrodes in acidic solutions 

S07a-131
Avigail Landman (Grand Technion Energy Program, Technion - Israel Institute of Technology, Haifa, Israel), 
Gideon Grader, Avner Rothschild, Hen Dotan, Gennady Shter

Membrane-Free Hydrogen Generation from Water  

S07a-132
Kensaku Nagasawa (Institute of Advanced Sciences, Yokohama National University, Yokohama, Japan), Junpei 

Koike, Setsuro Ogata, Akihiro Kato, Yoshinori Nishiki, Yoshiyuki Kuroda, Shigenori Mitsushima

Progress of Toluene Hydrogenation Electrolyzer Performance for Hydrogen Energy Carrier Synthesis 

S07a-133
Joey Ocon (Department of Chemical Engineering, University of the Philippines Diliman, Quezon City, 
Philippines), Joseph Ortenero, William Sides, Qiang Huang

Mechanistic and Catalytic Study of Ni
x
Fe

2-x
Se

3
 Film Electrodeposition for Oxygen Evolution Reaction 

S07a-134
Joseph Ortenero (Department of Chemical Engineering, University of the Philippines Diliman, Quezon City, 
Philippines), William Sides, Qiang Huang, Joey Ocon

Ni
x
Fe

2-x
Se

3
 Film Supported on Cu Disk as Highly Active Electrocatalyst for Oxygen Evolution Reaction 
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S07a-135
Mijung Park (Department of Chemistry, Sogang University, Seoul, Korea), Woonsup Shin

CO
2 

to fomate electrolyzer operating at 100 mA/cm2 

S07a-136
Bermhard Pribyl (ENE, Paul Scherrer Institut, Villigen, Switzerland)

Efficient CO
2
 reduction from gas phase at low temperatures in a bipolar like co-electrolysis cell 

configuration – comparison of different CO selective catalysts 

S07a-137
Kazuya Sasaki (Graduate School of Science and Technology, Hirosaki University, Hirosaki, Japan), Shunsuke 

Honda, Kiyoto Shin-mura, Tsuyoshi Hoshino

Lithium isotope enrichment by electrodialysis using solid electrolyte 

S07a-138
Christian Scherer (Catalysis Research Center and Chemistry, Technical University of Munich / Siemens AG, 
Munich, Germany), Kerstin Wiesner-Fleischer, Maximilian Fleischer, Kai-Olaf Hinrichsen

Modeling of Electrochemical Flow Cells for the Electrochemical Conversion of CO
2
 to CO 

S07a-139
Kiyoto Shin-mura (Graduate School of Science and Technology, Hirosaki University, Hirosaki, Japan), 
Tsuyoshi Hoshino

Lithium recovery by electrodialysis using three electrode electrochemical cell with La
0.57

Li
0.29

TiO
3
 

electrolyte membrane 

S07a-140
Svenja Stiber (Electrochemical Energy Technology, German Aerospace Center, Stuttgart, Germany), Philipp 

Lettenmeier, Noriko Sata, Arne Fallisch, Lukas Zielke, Simon Thiele, Aldo Saul Gago, K. Andreas Friedrich

Novel pore-graded GDLs for high-performance and cost-effective PEM electrolyzers 

S07a-141
Ramato Ashu Tufa (Department of Inorganic Chemistry, University of Chemistry and Technology Prague, 
Prague, Czech Republic), Debabrata Chanda, Jaromir Hnát, Joost Veerman, Marin Paidar, Efrem Curcio, Karel 

Bouzek

Closed-loop Reverse Electrodialysis Driven Alkaline Water Electrolysis for Low-grade Waste Heat 

Conversion and Storage  

S07a-142
Sachio Yoshihara (Department of Material and Environmental Chemistry, Graduate School of Engineering, 
Utsunomiya University, Utsunomiya, Japan)

Performance of Newly Developed Iron Alloy Deposited Electrode for Alkaline Water Electrolysis 

S07a-143
Antonio de Lucas-Consuegra (Chemical Engineering, University of Castilla La Mancha, Ciudad Real, Spain), 
Ana Calcerrada, Ana Raquel de la Osa, Esther Lopez-Fernandez, Fernando Dorado

Influence of the support of Pt-Sn anodic catalyst for the electrochemical reforming of ethanol 
S07a-144

Antonio de Lucas-Consuegra (Chemical Engineering, University of Castilla La Mancha, Ciudad Real, Spain), 
Esther Lopez-Fernandez, Jorge Gil-Costra, Juan Pedro Espinós, Francisco Yubero, Agustín González-Elipe

Preparation of nanostructured CuxCoyOz anodes by magnetron sputtering for anion exchange membrane 

water electrolysis 

Fuel cells 
S07a-145

Divyesh Arora (LRGP, University of Lorraine, Nancy, France), Stephane Rael, Caroline Bonnet, Francois 

Lapicque

The effect of reduced hydrogen stoichiometry on the durability of direct hybridized PEMFC and 

supercapacitors during load change  

S07a-146
Young-Woo Choi (Hydrogen and Fuel Cell Center, Korea Institute of Energy Research, Daejeon, Korea), Seol 

Jang, Young-Gi Yoon, Tae-Young Kim

A reinforced composite polymer electrolyte membrane prepared by a concise fabrication technique for 

PEMFC 
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S07a-147
Ana Marija Damjanovic (Department of Chemistry and Catalysis Research Center, Technical University 
of Munich, Garching (Munich), Germany), Gregor Harzer, Jan N. Schwämmlein, Christoph Simon, Hubert 

Gasteiger

High Current Density PEMFC Optimization of Pt – Alloy Catalyst 

S07a-148
Philipp Frühwirt (Institute of Physical and Theoretical Chemistry, Graz University of Technology, Graz, 
Austria), Georg Gescheidt

NMR and EPR Spectroscopies as Valuable Tools for the Investigation of Membrane Degradation in PEM 

Fuel Cells 

S07a-149
Matija Gatalo (Department of Materials Chemistry, National Institute of Chemistry, Ljubljana, Slovenia), 
Francisco Ruiz-Zepeda, Primoz Jovanovic, Nejc Hodnik, Marjan Bele, Miran Gaberscek

Reproducible Water Based Gram Scale Synthesis of Highly Active PtCu
3
/C Oxygen Reduction Reaction 

Electrocatalyst via Galvanic Displacement Reaction 

S07a-150
Anders Westergaard Jensen (Nano-Science Center, University of Copenhagen, Copenhagen, Denmark), 
Masanori Inaba, Gustav Sievers, Alessandro Zana, Matthias Arenz, Maria Escudero-Escribano

Towards realistic benchmarking of fuel cell catalysts – Bridging the gap between RDE and MEA 

S07a-151
Areum Jeong (School of Mechanical and Aerospace Engineering, Seoul National University, Seoul, Korea), Jin 

Hyun Nam, Charn-Jung Kim

A Computational Fluid Dynamics Model Development for Solid Oxide Fuel Cells with Direct Internal 

Reforming based on Electrochemical Effectiveness Concept 

S07a-152
Tae-Young Kim (Buan Fuel Cell Center, Korea Institute of Energy Research (KIER), Jellabuk-do, Korea), 
Seung Yong Yang, Young-Gi Yoon, Byunchan Han, Chiyoung Jung

Effect of Binder on Durability of Catalyst Layer in Polymer Electrolyte Membrane Fuel Cell  

S07a-153
Carolin Klose (Department of Microsystems Engineering, IMTEK, University of Freiburg, Freiburg, Germany), 
Luca Bohn, Matthias Klingele, Simon Thiele, Roland Zengerle, Matthias Breitwieser, Severin Vierrath

Dynamic Quantification of Water Generation and Migration in Polymer Electrolyte Membrane Fuel Cells 

S07a-154
Jianguo Liu (College of Engineering and Applied Science, Nanjing University, Nanjing, China), Zhigang Zou, 

Congping Wu

Mussel-Inspired Surface Coating to Boost Durability of PtNi Alloy Catalyst toward Oxygen Reduction 

Reaction 

S07a-155
Jakub Malis (Department of Inorganic Technology, University of Chemistry and Technology, Praha 6, Czech 
Republic), Veronika Marková, Martin Paidar, Karel Bouzek

Preparation of MEA for PEM fuel cell by hot-press process 

S07a-156
Jakub Malis (Department of Inorganic Technology, University of Chemistry and Technology, Praha 6, Czech 
Republic), Martin Paidar, Karel Bouzek

Developement of bipolar plates as key components for air breathing PEM fuel cell and stack assembly 

method 

S07a-157
Sangmee Park (Program in Nano Science and Technology, Seoul National University, Gyeonggi-do, Korea), 
Dong Hyeop Han, Eun Joong Kim, Taek Dong Chung

Real Time Observation of Electrochemical Formation and Collision of Microdroplets in Bromide Redox 

System 
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S07a-158
Henrike Schmies (Department of Chemistry, Technical University Berlin, Berlin, Germany), Elisabeth 

Hornberger, Björn Anke, Tilman Jurzinsky, Hong Nhan Nong-Reier, Jakub Drnec, Stefanie Kühl, Martin Lerch, 

Carsten Cremers, Peter Strasser

Elucidating the Impact of Carbon Support Functionalization on the Electrochemical Stability of Pt Fuel Cell 

Catalysts  

S07a-159
Linna Sha (College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin, 
China), Ke Ye, Dianxue Cao

Binder-Free Nickel-Cobalt Nanowire Arrays as a Novel 3D Anode Material for Urea Electrooxidation 

S07a-160
Pei Kang Shen (Collaborative Innovation Center of Sustainable Energy Materi, Guangxi University, Nanning, 
China)

The preparation and specific properties of heteromorphic nanocatalysts 

S07a-161
Antonio Sorrentino (Process System Enginering, Max Planck Institute for Dynamics of Complex Technical 
Syste, Magdeburg, Germany), Tanja Vidakovic-Koch, Kai Sundmacher

Studying mass transport dynamics in PEMFCs using concentration-alternating frequency response analysis 

S07a-162
Tatsuya Takeguchi (Department of Chemistry and Biological Sciences, Iwate University, Morioka, Japan), 
Toshihiko Mandai, Kenta Inaba, Koichi Ui

Design and In-Situ Analysis of TiO
2
-modified Pt-Ru Catalyst Tolerant toward CO and NH

3
 for PEFC 

S07a-163
Jie Wei (National Laboratory for Physical Sciences at Microscale, University of Science and Technology of 
China, Hefei, China)

Electrochemistry of Oxygen at Single Crystalline Electrodes (Pt, Ir, Rh) in Acid 

S07a-164
Hiroki Yamamoto (Department of Mechanical Engineering, Kanazawa Institute of Technology, Hakusan, 
Japan), Noriyuki Takano

Internal Crack Initiation in Ni during Electrochemical Cathodic Hydrogen Charging 

S07a-165
Jun Yano (Faculty of Fundamental Science, National Institute of Technology, Niihama College, Niihama, 
Japan), Kenta Suzuki, Chikara Tsutsumi, Michiaki Mabuchi, Nobuki Hayase, Akira Kitani

Reactions of Indirect Electro-oxidation of NADH Model Compound by Utilizing both Light Irradiation and 

Riboflavin as a Redox Mediator 

Oxide- & proton-conducting electrolytes 
S07a-166

Jordi Abella (Analytical and Applied Chemistry, IQS Universitat Ramon Llull, Barcelona, Spain), Sergi 

Colominas, Eduard Juhera

Hydrogen electrochemical sensors for fusion applications  

S07a-167
Jordi Abella (Analytical and Applied Chemistry, IQS Universitat Ramon Llull, Barcelona, Spain), Eduard 

Juhera, Pol Vilaseca, Joan Margineda, Sergi Colominas

High temperature ionic conductivity of proton conducting perovskite electrolytes 

S07a-168
Sergi Colominas (Analytical and Applied Chemistry, IQS Universitat Ramon Llull, Barcelona, Spain), Jordi 

Abella, Eduard Juhera

Influence of BaCe
0.6

Zr
0.3

Y
0.1

O
3-α conformation for a selective hydrogen electrochemical sensor  

PEFCs (PEMFCs & AEMFCs) 
S07a-169

Andrea Bisello (Department of Energy, Politecnico di Milano, Milano, Italy), Andrea Baricci, Matteo Zago, 

Thomas Jahnke, Andrea Casalegno

The Role of Platinum Oxides on Performance Stability and Durability in Polymer Electrolyte Fuel Cells 
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S07a-170
Björn Eriksson (Chemical Engineering, KTH, Stockholm, Sweden), Henrik Grimler, Annika Carlson, Henrik 

Ekström, Rakel Wreland Lindström, Göran Lindbergh, Carina Lagergren

Water transport in anion exchange membrane fuel cells 

S07a-171
Agathe Frelon (Matériaux, CEA Le Ripault, Tours, France), Stève Baranton, Janick Bigarré, Pierrick Buvat, 

Christophe Coutanceau

Benefits of ionic conductive polymer grafting on activity of carbon supported platinum nanoparticles for 
oxygen reduction reaction 

S07a-172
Hiroshi Fukunaga (Department of Chemistry and Materials, Shinshu University, Ueda, Japan)

Effect of Microstructure of Catalyst Layer Using Metal Free Carbon as Cathode Catalyst for Polymer 

Electrolyte Fuel Cell  

S07a-173
Juan Jose Giner Sanz (IEC Group, Universitat Politècnica de València, Valencia, Spain), Emma M. Ortega, 

Valentín Pérez-Herranz

Empirical Dynamic Model of an Individual Cell of a Commercial PEM Fuel Cell Stack, for Diagnosis and 

Control Purposes 

S07a-174
Seung Hun Lee (School of Mechanical and Aerospace Engineering, Seoul National University, Seoul, Korea), 
Jin Hyun Nam, Hyung Min Kim, Charn-Jung Kim

Lattice Boltzmann Simulation of Water Transport in Gas Diffusion Layers of PEMFCs with Different Inlet 

Conditions 

S07a-175
Lucia Mazzapioda (Department of Chemistry, University Sapienza of Rome, Rome, Italy), Maria Assunta 

Navarra, Stefania Panero

Bifunctional Perovskite Titanate as Electrode and Electrolyte Component for Fuel Cells and Electrolyzers 

S07a-176
Mainak Mukherjee (Reactions and Chemical Engineering Laboratory, Université de Lorraine, Nancy, France), 
Caroline Bonnet, Stéphane Raël, Francois Lapicque

Characterisation of Gas Transport Phenomena through a Gas Diffusion Layer in a membrane Fuel Cell 

S07a-177
Adrian Mularczyk (Electrochemistry Laboratory, Paul Scherrer Institute, Villigen, Switzerland), Felix N. 

Buechi, Thomas J. Schmidt, Jens Eller

Water Evaporation Induced Temperature Distribution in Gas Diffusion Layers of Polymer Electrolyte Fuel 

Cells 

S07a-178
Wang Ruixiang (College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, China), Zhou 

Zhiyou, Sun Shigang, Wang Yucheng

MOF-based Co-N-C electrocatalysts with high activity for oxygen reduction 

S07a-179
Daijiro Takeuchi (Dept. Hydrogen Energy Systems, Graduate School of Engineering, Kyushu University, 
Fukuoka-shi, Japan), Yuichiro Kamai, Akiko Inada, Takahiro Karimata, Hironori Nakajima, Kohei Ito

Catalytic Combustion Mechanism in PEMFC -Measurement and Analysis of Combustion Rate- 

S07a-180
Anthony Thomas (Engineering Science, Pprime Institute / University of Poitiers, Poitiers, France), Serguei 

Martemianov, Radouane Maizia, Abdelhafid Dib
Statistical short time analysis of electrochemical noise generated within a proton exchange membrane fuel 

cell 

S07a-181
Masahiro Toyoda (Applied Chemistry, Faculty of Science and Technology, Oita University, Oita, Japan), 
Yasuhiko Arai, Yoshihisa Nanri, Takefumi Nagata, Kouichi Sutani, Taro Kinumoto, Tomoki Tsumura, Kazuo 

Muramatsu

Durability of graphene coated carbon paper supported platinum as a PEFC electrode 
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S07a-182
Hong Xu (Electrochemistry Lab, Paul Scherrer Institut, Villigen PSI, Switzerland), Minna Buehrer, Federica 

Marone, Thomas J. Schmidt, Felix N. Buechi, Jens Eller

Quantification of GDL Water Feature Detectability for Operando Subsecond X-ray Tomographic 

Microscopy Imaging of PEFCs 

S07a-183
Felipe de Moura Souza (Centro de Ciências Naturais e Humanas, Universidade Federal do ABC, Santo André, 
Brazil), Vitor Henrique Alves de Oliveira, Victor  dos Santos Pinheiro, Edson Carvalho da Paz, Luanna Silveira 

Parreira, Julio Nandenha, Bruno Lemos Batista, Almir Oliveira Neto, Mauro Coelho dos Santos

Pd1Nb1 electrocatalyst supported on Printex 6L black carbon as a promising alternative to alkaline DEFC 

Proton- & anion-exchange membrane 
S07a-184

Alia Akrout (ICGM-AIME, University of Montpellier-CNRS, Montpellier, France), Marta Zaton, Mélanie 

Taillades-Jacquin, Sara Cavaliere, Deborah Jones, Jacques Rozière

Composite PEMFC Antioxidant Bi-functionalised Nanoclay Membranes 

S07a-185
Michael Kuettinger (Applied Electrochemistry, Fraunhofer Insitute for Chemical Technology ICT, Pfinztal, 
Germany), Peter Fischer, Jens Tuebke

Interaction between PFSA Membranes and 1-ethylpyridiniumbromide in Hydrogen Bromine Redox Flow 

Batteries 

S07a-186
Hiroaki Matsuura (School of Integrated Design Engineering, Keio University, Yokohama, Japan), Yuji 

Nagasaka

High speed sensing of mass diffusion of aqueous methanol solutions in Nafion and Aquivion by infrared 
Soret forced Rayleigh scattering 

S07a-187
Laura Paltrinieri (Chemical Engineering, TUDelft, Delft, Netherlands), Lukasz Poltorak, Liangyong Chu, Theo 

Puts, Willem van Baak, Ernst J.R. Sudhölter, Louis C.P.M. de Smet

Electrochemical Properties of Hybrid Anion-Exchange Membrane for Phosphate Removal 

SOFCs/SOECs 
S07a-188

Davide Clematis (Department of Civil, Chemical and Environmental Engineering, University of Genoa, Genoa, 
Italy), Maria Paola Carpanese, Sabrina Presto, Massimo Viviani, Giacomo Cerisola, Marco Panizza, Marina 

Delucchi, Antonio Barbucci

Will Distribution of Relaxation Time and Equivalent Circuit Ever be Friends? Kinetic Mechanism Transition 

in LSCF –  BSCF Cathodes 

S07a-189
Leonardo Duranti (Department of Chemical Science and Technologies, University of Rome Tor Vergata, Rome, 
Italy), Francesca Zurlo, Igor Luisetto, Elisabetta Di Bartolomeo

Highly Redox Stable Perovskite Based Anode for SOFC 

S07a-190
Kakeru Ishizaki (Faculty of Science & Technology, Tokyo University of Science, Noda-shi, Japan), Naoto 

Kitamura, Naoya Ishida, Yasushi Idemoto

Average and Local Structure Analysis of La-Ni-O Based Layered Mixed Conductors 

S07a-191
Andrea Marcucci (Department of Chemical Science and Technologies, University of Rome Tor Vergata, Rome, 
Italy), Francesca Zurlo, Silvia Licoccia, Isabella Natali Sora, Igor Luisetto, Elisabetta Di Bartolomeo

La
0.6

Sr
0.4

Fe
1-x

PdxO
3-δ as Electrocatalyst for SOFC 

S07a-192
Yoshihiro Mugikura (Energy Engineering Research Laboratory, Central Research Institute of Electric Power 
Industry, Yokosuka, Japan), Kenji Yasumoto, Hiroshi Morita, Tohru Yamamoto

Degradation analysis of SOFC performance (5) 
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S07a-193
Kazuya Sasaki (Graduate School of Science and Technology, Horosaki University, Hirosaki, Japan), Kodai 

Kuramoto, Kiyoto Shin-mura, Ikuma Takahashi

Coking resistance and power generation characteristics of stacked three phase anodes for octane-direct-using 

solid oxide fuel cells 

S07a-194
Vladyslav Tezyk (LEPMI, Institute Polytechnique de Grenoble, Saint Martin d’Hères, France), Cecile 

Rossignol, Nicolas Sergent, Elisabeth Djurado, Jerome Laurencin, Elisabeth Siebert

Influence of microstructure on the cyclic voltammetry of La
0,6

Sr
0,4

Co
0,2

Fe
0,8

O
3-δ deposited on CGO 

Symposium 8  Supercapacitors: from Double-Layer Electrochemical 

Capacitors to Faradaic-Based High Power Systems

Asymmetric and hybrid devices 
S08-001

Divyesh Arora (LRGP-GREEN, University of Lorraine, Nancy, France), Suphaporn Arunthanayothin, Stephane 

Rael, Caroline Bonnet, Francois Lapicque

Hybridization of fuel cell stack by supercapacitors for more efficient energy management 
S08-002

Francois Beguin (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Barbara Gorska, Patryk Przygocki, Qamar Abbas, Krzysztof Fic, Elzbieta Frackowiak

Hybrid carbon/carbon electrochemical capacitors based on redox active electrolytes

S08-003
Agnieszka Chojnacka (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Xuexue Pan, Pawel Jezowski, Francois Beguin

Na2S Sacrificial Cathodic Material for High Performance Sodium-Ion Capacitors 

S08-004
Mazdak Hashempour Igderi (Department of Chemistry, Materials and Chemical Engineering, Politecnico Di 
Milano, Milan, Italy), Maksim Bahdanchyk, Antonello Vicenzo, Massimiliano Bestetti

Evaluation of Working Potential Limit of Aqueous Supercapacitors 

S08-005
Hyung Mo Jeong (Department of Materials Science and Engineering, Kangwon National University, 
Chuncheon, Korea)

Design and Synthesis of Metal Oxide-Carbon Nanocomposites for Asymmetric Hybrid Capacitors 

S08-006
Saran Kalasina (Department of Chemical and Biomolecular Engineering, Vidyasirimedhi Institute of Science 
and Technology, Rayong, Thailand), Nutthaphon Phattharasupakun, Montree Sawangphruk

A Single Hybrid Energy Conversion and Storage cell of Photoactive NiCo
2
O

4
 Nanosheets and N-doped 

Reduced Graphene Oxide Aerogel  

S08-007
Shinji Kawasaki (Department of Life Science and Applied Chemistry, Nagoya Institute of Technology, Nagoya, 
Japan), Canghao Li, Yosuke Ishii

Aqueous Electrolyte Secondary Battery Using Simultaneous Redox Reactions of Cation and Anion in 

Single-Walled Carbon Nanotubes 

S08-008
Kwang Bum Kim (Materials Science and Engineering, Yonsei University, Seoul, Korea), Ha Kyung Roh, Young 

Hwan Kim, Jun Hui Jeong, Yeon Jun Choi

Chemically Bonded NaTi
2
(PO

4
)
3
/rGO Microsphere Compositeas High-Rate Insertion Anode for High Rate 

Sodium-Ion Capacitors 
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Capacitive/pseudocapacitive electrodes 
S08-009

Guillaume Ah-lung (Laboratoire PCM2E, University of Tours, Tours, France), Cecile Autret-Lambert, Fouad 

Ghamouss

Facile Synthesis Routes of Manganese Oxide with Controlled-Morphology and Structure for Aqueous 

Asymmetric Supercapacitors 

S08-010
Tatiana Babkova (Centre of Polymer Systems, Tomas Bata University in Zlin, Zlin, Czech Republic)

Flexible RuO
2
/PEDOT/Graphene Oxide Fiber Composites 

S08-011
Tatiana Babkova (Centre of Polymer Systems, Tomas Bata University in Zlin, Zlin, Czech Republic)

Pulsed Deposition of Polypyrrole on Reduced Graphene Oxide Hydrogel Films 

S08-012
Shanyi Guang (College of Chemistry and Biotechnology, Donghua University, Shanghai, China),  Jun Tang, 

Gang Wei, Hongyao Xu

Facile Preparation, Architecture Design and Properties of Ordered Carbon Fiber/Polyaniline Composites for 

Supercapacitor Electrode Materials 

S08-013
Lingbin Kong (School of Materials Science and Engineering, Lanzhou University of Technology, Lanzhou, 
China), Weibin Zhang, Xuejing Ma

The Electrochemical Capacitance of Intermetallic Tungsten Nitride 

S08-014
Pierre Lannelongue (Institut Charles Gerhardt, Université Montpellier, Montpellier, France), Charlotte Bodin, 

Camille Douard, Antonella Iadecola, Steven Le Vot, Olivier Fontaine, Thierry Brousse, Frederic Favier

Charge storage mechanism in Ba
0.5

Sr
0.5

Co
x
Fe

1-x
O

3-δ -based pseudocapacitive electrode materials 

S08-015
Afshin Pendashteh (Electrochemical Processes Unit, IMDEA Energy Institute, Mostoles, Spain), Evgeny 

Senokos, Jesus Palma, Marc Anderson, Juan Jose Vilatela, Rebeca Marcilla

MnO
2
 on CNT Fibers for High-Performance Ionic Liquid-Based Supercapacitors 

S08-016
Mehdi Soleimanzade (Department of Chemistry, Materials and Chemical Engineering, Politecnico di Milano, 
Milano, Italy), Riccardo Romanenghi, Mazdak Hashempour Igderi, Antonello Vicenzo, Massimiliano Bestetti

Charge Storage Mechanism of Na
0.44

MnO
2
 Supercapacitor Electrode in Aqueous Na

2
SO

4
 Electrolyte 

S08-017
Zhoucheng Wang (Chemical Engineering, Xiamen University, Xiamen, China)

Three-dimensional Porous Aerogel Constructed by Bi
2
WO

6
 Nanosheets and N-doped graphene for High-

Performance Pseudocapacitor Electrodes 

S08-018
Xiaogang Zhang (College of Materials Science & Engineering,  Nanjing University of Aeronautics and 
Astronautics, Nanjing, China), Jie Wang

Confined soft-template self-assembly synthesis of two-dimensional carbon materials for high-performance 
supercapacitors 

Electrolytes and interfaces 
S08-019

Qamar Abbas (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Emmanuel Pameté Yambou, Paula Ratajczak, Francois Beguin

Reduced faradaic contributions in carbon/carbon supercapacitors using highly concentrated neutral aqueous 

electrolytes 

S08-020
Ivan Aldama (Energia, Medio Ambiente y Salud, Instituto de Ciencia de Materiales de Madrid, CSIC, Madrid, 
Spain), Mirko Kunowsky, Violeta Barranco, Joaquin Ibañez, Jose M. Rojo

Assessing the Charge Stored at the Electrolyte/Electrode Interface of Carbon-based Supercapacitors    
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S08-021
Ruben-Simon Kühnel (Laboratory Materials for Energy Conversion, Empa, Dübendorf, Switzerland), David 

Reber, Corsin Battaglia

High-Voltage Aqueous Supercapacitors 

S08-022
Steven Le Vot (AIME / ICGM, Université Montpellier, Montpellier, France)

« Water-in-Salt », a Voltage-Based Opportunity to Increase the Energy Density of Aqueous Supercapacitor 

Devices 

S08-023
Damilola Momodu (Physics, University of Pretoria, Pretoria, South Africa), Belinda Moyo, Tshifhiwa 

Masikhwa, Bridget Mutuma, Ndeye Fatou Sylla, Abdulhakeem Bello, Ncholu Manyala

Stable high energy symmetric supercapacitors based on nanoporous carbons from waste pepper seed 

operated in ionic electrolytes  

S08-024
Justyna Piwek (Insitute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Anetta Platek, Krzysztof Fic, Elzbieta Frackowiak

Boosting the performance of AC/AC electrochemical capacitors by addition of redox active species 

S08-025
Denis Ponkratov (Russian Academy of Sciences, INEOS RAS, Moscow, Russia), Alexander Shaplov, Elena 

Lozinskaya, Frédéric Vidal, Pierre-Henri Aubert, Cédric Plesse, Yakov Vygodskii

New poly(ionic liquid)s for all-solid-state polymer supercapacitors 

S08-026
Fen Ran (State Key Laboratory of Advanced Processing and Recycling of, Lanzhou University of Technology, 
Lanzhou, China), Zhen Wang

Bioinspired Electrolytephilic Electrode Material with Polymer Brush 

S08-027
Rigoberto Santoyo Cisneros (Division de Ciencias Ambientales, Instituto Potosino de Investigacion Cienti fica 
y Tecnologica, San Luis Potosi, Mexico), Luis Felipe Cházaro Ruiz, José René Rangel-Méndez, Mario-Alberto 

Gonzáles-Lara

Study of electroadsorption process of arsenate ions within thermally and chemically modified activated 
carbon electrodes. 

S08-028
Batyr Garlyyev (Physics, Technical University of Munich, Garching, Germany), Song Xue, Sebastian Watzele, 

Daniel Scieszka, Aliaksandr Bandarenka

Influence of the Nature of the Alkali Metal Cations on the Electrical Double Layer Capacitance of Pt(111) 
and Au(111) Electrodes 

Supercapacitor 
S08-029

Bouchra Asbani (Department of Chemistry, Jean Rouxel Institue of Materials , Nantes, France), Thierry 

Bousse, Jean Le Bideau

High Temperature Solid-State Supercapacitor Designed with Ionogel Electrolyte 

S08-030
Krystian Chudzik (Faculty of Chemistry, Jagiellonian University, Kraków, Poland), Monika Bakierska, 

Marcelina Lis, Joanna Pacek, Michal Swietoslawski, Marcin Molenda

Electrochemical performance of symmetrical supercapacitors with polysaccharide-derived carbon aerogel 

electrodes 

S08-031
Camille Douard (Institut des Matériaux, Jean Rouxel de Nantes, Nantes, France), David Brown, Olivier 

Crosnier, Laurence Athouël, Sébastien Cavalaglio, François Rabuel, Noemie Tangheroni, Mathieu Morcrette, 

Guillaume Rebmann, Thierry Brousse

Symmetric MnO
2
 Device: From Laboratory Studies To Prototype 
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S08-032
Long Kang (State Key Laboratory of Advanced Processing and Recycling, Lanzhou University of Technology, 
Lanzhou, China), Yongtao Tan

Ultra-Small Gold Nanoparticles Pushing the Electrochemical Performance of NiO Nanosheets 

S08-033
El Hassane Lahrar (Materials Science, Paul Sabatier University, Toulouse, France), Celine Merlet, Patrice 

Simon

Investigation of structure – performance relationships in porous carbon based supercapacitors through 

molecular dynamics simulations 

S08-034
Chenxu Miao (College of Materials Science and Chemical Engineering, Harbin Engineering University, 
Harbin, China), Guiling Wang

Hierarchical Urchin-like Mn
0.19

Co
0.81

Se
2
 Grown on Nickel Foam for Electrochemical Energy Storage 

S08-035
Ndeye Maty Ndiaye (Dept of Physics, University of Pretoria, Pretoria, South Africa), Ndeye Fatou Sylla, Balla 

Diop Ngom, Julien Dangbegnon, Ncholu Manyala

Fabrication of V
2
NO-C spider web nanostructures for high-performance symmetric supercapacitors 

S08-036
Mariela G. Ortiz (Electrochemistry, INIFTA- University of La Plata, La Plata, Argentina), Silvia G. Real

Nickel Oxide Grown on Nickel Foam as Binder Free Electrodes: Synthesis and Electrochemical Capacitors 

Application 

S08-037
Maarja Pohl (Institute of Chemistry, University of Tartu, Tartu, Estonia), Heisi Kurig, Indrek Tallo, Alar Jänes, 

Enn Lust

Novel Sol-Gel Synthesis Route of Carbide-Derived Carbon for Very High Power Density Supercapacitors 

S08-038
Kazuaki Takagi (Department of Chemistry, Keio University, Hiyoshi, Japan), Keisuke Natsui, Takeshi 

Watanabe, Yasuaki Einaga

Enhancement of the Electric Double-Layer Capacitance in Highly Boron-Doped Diamond 

S08-039
Ester Tee (Institute of Chemistry, University of Tartu, Tartu, Estonia), Indrek Tallo, Thomas Thomberg, Alar 

Jänes, Enn Lust

Supercapacitors Based on Activated Silicon Carbide-Derived Carbon Materials and Different Electrolytes 

S08-040
Tjatji Tjebane (Physics, University of Pretoria, Pretoria, South Africa), Damilola Momodu, Ncholu Manyala, 

Gawie Nothnagel

Analysis of the Pore Structure Formation of Activated Carbon from Compactivation of Plant Biomass Waste 

for Electrochemical Device Electrodes 

S08-041
Sareh Vafakhah (Engineering Product Development (EPD), Singapore University of Technology and Design 
(SUTD), Singapore, Singapore), Lu Guo, Deepa Sriramulu, Hui Ying Yang

Prussian Blue / Graphene oxide Aerogel composite as high performance electrochemical deionization 

electrode 

S08-042
Yun he Zhao (College of Materials Science and Chemical Engineering, Harbin Engineering University, China), 
Hongxing Dong, Jun Wang

Hierarchical NiCo
2
S

4
@CoMoO

4
 Core-shell Hetrostructures Nanowire Arrays as Advanced Electrodes for 

All-solid state Asymmetric Supercapacitors  

S08-043
Junwu Zhu (School of Chemical Engineering, Nanjing University of Science and Technology, Nanjing, China), 
Huiping Bi, Yue Zhang

A facile solvent regulated method for phase control of two-dimensional nickel-cobalt hydroxide nanosheets: 

towards high performance asymmetric supercapacitors 
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Supercapacitor modelling and characterization 
S08-044

Mathijs Janssen (Max Planck Institute for Intelligent Systems, Stuttgart, Germany)

Temperature Dependence and Thermal Response of Electric Double Layer Capacitors  

Sustainable processes and devices 
S08-045

Paulina Bujewska (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Adam Slesinski, Krzysztof Fic, Elzbieta Frackowiak

Protecting the positive electrode of electrochemical capacitor against oxidation 

S08-046
Adam Slesinski (Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, 
Poznan, Poland), Krzysztof Fic, Elzbieta Frackowiak

The application of pressure measurements in electrochemical capacitor device 

System integration and application 
S08-047

Di Zhu (College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin, 
China), Qi Liu, Jun Wang

Self-Charging Power Pack with the Integration of Solar Cell and High Performance All-Solid-State 

Supercapacitor for Wearable Device 

Symposium 9  Photo-Electrochemical Energy Conversion: 

Symposium in Honor of Prof. Jan Augustynski

CO2 electrochemical reduction 
S09-001

Robert Kostecki (ESDR, LBNL, Berkeley, USA), Youngsang Kim, Erin B. Creel, Elizabeth R. Corson, Bryan 

McCloskey, Jeffrey J. Urban

Surface Plasmon-Assisted Photoelectrochemical Reactions on Nanostructured Silver Electrodes 

S09-002
Jun Wu (College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin, 
China)

Palladium nanomeshes synthesis by interface-directed assembly strategy as electrochemical reduction of 

CO
2
 to synthesis gas 

Metal oxides semiconductors 
S09-003

Karolina Gawlak (Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry Jagiellonian 
University, Krakow, Poland), Leszek Zaraska, Grzegorz Sulka

Photoelectrochemical Characterization of Tin Oxide Layers with Complex Internal Morphology Obtained 

via Controlled Anodization of Tin 

S09-004
Karolina Gawlak (Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry Jagiellonian 
University, Kraków, Poland), Magdalena Gurgul, Leszek Zaraska, Grzegorz Sulka

Fabrication and Characterization of Modified Photoanodes Based on Anodic Tin Oxide Layers 
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S09-005
Joanna Kapusta-Kołodziej (Department of Physical Chemistry and Electrochemistry, Jagiellonian University, 
Krakow, Poland), Adrianna Chudecka, Grzegorz Sulka

Fabrication of a New Type of Electrode Consisting of 3D TiO
2
 Nanopore Array on Ti Mesh  

S09-006
Matthew J. Lawrence (School of Chemistry, University of Birmingham, Edgbaston, United Kingdom), Nicholas 

J.E. Adkins, Veronica Celorrio, Meng Gu, Joaquin Rodríguez-López, Paramaconi Rodriguez

Electrochemical synthesis of high surface area mixed metal oxide nanomaterials with enhanced (photo)

electrochemical activity towards the oxygen evolution reaction 

S09-007
Mariana C.O. Monteiro (Catalysis and Surface Chemistry, Leiden University, Leiden, Netherlands), Gihoon 

Cha, Patrik Schmuki, Manuela Killian

Metal-phosphate bilayers for anatase surface modification 

S09-008
Sebastian Pleis (Institute of Chemistry (IfC), Carl von Ossietzky Universität, Oldenburg, Germany), Daniel 

Kimmich, Gunther Wittstock

An easily scalable high-throughput method for the preparation and screening of photoactive metal-oxides 

Photocatalysis 
S09-009

Hsyi-En Cheng (Electro-Optical Engineering, Southern Taiwan University of Science and Technology, Tainan, 
Taiwan), Chi-Hsiu Hung, Zu-Po Yang

The Enhanced Photocatalytic Activity of TiO
2
 Films by Underlying Materials 

S09-010
Solène Gentil (ISIC/LEPA, Ecole Polytechnique Fédérale de Lausanne, Sion, Switzerland), Astrid J. Olaya, 

Jonathan Hidalgo-Acosta, Terumasa Omatsu, Hubert Girault

Hydrogen Evolution Reaction by Tetrathiafulvalene as Photoactive Redox Shuttle and Pt Microparticles as 

Catalyst 

S09-011
Sachiko Haga (Industrial Chemistry, Tokyo University of Science, Shinjuku, Japan), Tsuyoshi Ochiai, Morio 

Nagata

Photocatalytic Reduction of Aqueous Ammonia to Nitrite and Nitrate Ions on Zeolite/TiO
2
 

S09-012
Yujie Liu (Department of Chemistry, Fudan University, Shanghai, China), Hongding Zhang, Liang Qiao

Amphiphilic Mesoporous Graphene Mediated Efficient Photoionic Cell  
S09-013

Haruki Nagakawa (Industrial Chemistry, Tokyo University of Science, Shinjuku-ku, Japan), Tsuyoshi Ochiai, 

Morio Nagata

Pure Water Splitting under Visible Light with Triple Composite Photocatalyst Suppressing Photocorrosion of 

CdS 

S09-014
Anton Tsyganok (Materials Science and Engineering, Technion, Heifa, Israel), Dino Klotz, Kirtiman Deo 

Malviya, Avner Rothschild, Daniel Grave

Different roles of Iron-Nickel oxyhydroxide co-catalyst on hematite (α-Fe
2
O

3
) photoanodes with different 

dopants 

S09-015
Ryosuke Yatsu (Industrial Chemistry, Tokyo University of Sciense, Shinjuku-ku, Japan), Tsuyoshi Ochiai, Morio 

Nagata

Synthesis of Photocatalyst Using Bismuth Compound and Photoreduction of CO
2 

Photoelectrochemistry 
S09-016

Moisés Albuquerque de Araújo (Department of Chemistry, Federal University of São Carlos, São Carlos, 
Brazil), Francisco Willian de Souza Lucas, Lucia Helena Mascaro

The Sulphurisation Effect of Tin Antimony Sulphide Thin Films Applied in Hydrogen Production by 

Photoelectrocatalysis 
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S09-017
Magno Barcelos Costa (Chemistry Department, Federal University of São Carlos, São Carlos, Brazil), 
Francisco Willian de Souza Lucas, Lucia Helena Mascaro

Study of the Influence of Electrodeposition Parameters in the Sb
2
Se

3
 Thin Films Properties 

S09-018
Takuya Kobayashi (Mechanical Engineering, Kanazawa Institute of Technology, Hakusan, Japan), Noriyuki 

Takano

Effect of Photoirradiation on Spontaneous Potential of Tin.  

S09-019
Attila Kormányos (Department of Physical Chemistry and Materials Science, University of Szeged, Szeged, 
Hungary), Dorottya Hursán, Csaba Janáky

Solar fuel generation on conducting polymer/nanocarbon hybrid photoelectrodes 

S09-020
Laureline Lecarme (Laboratoire d’Electrochimie et Physico-chimie des Materiaux, INP Grenoble, Grenoble, 
France), Fannie Alloin, Vincent Consonni, Jean-Claude Lepretre

Photo-Assisted ITO Systems for Li-ion Batteries 

S09-021
Peng Luan (Department of Chemistry, Monash University, Melbourne, Australia), Jie Zhang

Bismuth Vanadate with Electrostatically Anchored Three-dimensional Carbon Nitride Nano-networks as 

Efficient Photoanodes for Solar Water Oxidation 

S09-022
Roman Nebel (Department of Low-dimensional Systems, J. Heyrovsky Institute of Physical Chemistry of the 
CAS, Prague, Czech Republic), Katerina Minhová Macounová, Ladislav Kavan, Petr Krtil

Surface Sensitivity of Photo-Electrochemical Water Oxidation on TiO
2
 (Anatase) Single Crystals 

S09-023
Julieta Riva (Laboratory of Physical and Analytical Electrochemistry LEPA, EPFL SB ISIC, Sion, Switzerland), 
Astrid Oyala, Pekka Peljo, Evgene Smirnov, Jonnathan Hidalgo-Acosta, Teramusa Omatsu, Victor Costa 

Bassetto, Natalia Gasilova, Hubert Girault

Photocatalytic water splitting at monophasic and biphasic systems 

S09-024
Raffael Ruess (Institute of Applied Physics, Justus-Liebig-University Giessen, Giessen, Germany), Thi Hai 

Quyen Nguyen, Andreas Ringleb, Sebastian Haas, Derck Schlettwein

Metal Complexes as Redox Mediators for Dye-sensitized Solar Cells based on Electrodeposited ZnO: 

Detailed Modelling of Mass Transport in the Electrolyte 

S09-025
Iryna Sagaidak (Laboratoire de Réactivité et Chimie des Solides,CNRS UMR7314, University of Picardie Jules 
Verne, Amiens, France), Gaspard Bouteau, Albert Nguyen Van Nhien, Frédéric Sauvage

Bi-functional Materials Combining Energy Storage and Conversion Towards Photo-rechargeable Li-ion 

Battery Electrodes: TiO
2
 Nanocrystals Case 

S09-026
Maxime Savoie (Department of Chemical and Process Engineering, University of Canterbury, Christchurch, 
New Zealand), Vladimir Golvoko, Aaron Marshall

TiO
2
 photo anodes for a solar redox flow battery 

S09-027
Monika Soltys (Department of Physical Chemistry and Electrochemistry, Jagiellonian University, Kraków, 
Poland), Grzegorz Sulka

Anodic TiO
2
 impregnated with transition metal ions – preparation and characterization 

S09-028
Hanna Sopha (Center of Materials and Nanotechnology, University of Pardubice, Pardubice, Czech Republic), 
Raul Zazpe, Milos Krbal, Jan Prikryl, Jan Macak

Anodic TiO
2
 Nanotube Layers Filled With Secondary Materials: Towards Superior Electrochemical 

Performance 
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S09-029
Mariusz Szkoda (Gdansk University of Technology, Faculty of Chemistry, Gdansk, Poland), Konrad Trzcinski, 

Anna Lisowska-Oleksiak

Electrochromic and photoelectrochemical properties of transparent MoO
3
 layers prepared by anodization of 

molybdenum thin film deposited on FTO 

S09-030
Fabian Waidhas (Physical Chemistry II, Friedrich-Alexander Universität (FAU), Erlangen, Germany), Olaf 

Brummel, Martyn Jevric, Michael Bosch, Monon Bertram, Fromm Lukas, Andreas Görling, Julien Bachmann, 

Kasper Moth-Poulsen, Jörg Libuda

Solar Energy Storage in Strained Organic Molecules: Photoelectrochemical In-Situ IR Spectroscopy of 

Electrochemically Controlled Norbornadiene Systems 

S09-031
Georgios Zafeiropoulos (CEPEA, DIFFER, Eindhoven, Netherlands), Georgios Zafeiropoulos, Thibaut Stoll, 

Richard van de Sanden, Michail Tsampas

New class of photoelectrochemical cells based on polymeric electrolyte membranes: Opportunities and 

challenges 

S09-032
Marta Zych (Department of Physical Chemistry and Electrochemistry, Jagiellonian University, Kraków, 
Poland), Karolina Syrek, Grzegorz Sulka

Optimization of modification and thermal treatment conditions of anodic WO
3 

with enhanced 

photoelectrochemical properties 

Solar energy conversion 
S09-033

Shiuan-Bai Ann (Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan), Yi-June 

Huang, Chuan-Pei Lee, Kuo-Chuan Ho

Flower-like Nickel Selenide-based Counter Electrode for Pt-free Dye-Sensitized Solar Cells 

S09-034
Matteo Bonomo (Department of Chemistry, La Sapienza, University of Rome, Rome, Italy), Danilo Dini, Aldo 

Di Carlo

Nanostructured Mixed Oxides as Photocathodes of p-Type Dye-Sensitized Solar Cells with Superior 

Conversion Properties  

S09-035
Matteo Bonomo (Department of Chemistry, La Sapienza, University of Rome, Rome, Italy), Francesco Scorretti, 

Aldo Di Carlo, Danilo Dini

Study of the Influence of the Electrolyte on the Photoconversion Properties of p-type Dye-Sensitized Solar 
Cells  

S09-036
Han-Ting Chen (Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan), Yi-June 

Huang, Chuan-Pei Lee, Chun-Ting Li, Kuo-Chuan Ho

Boron Nitride/Sulfonated Polythiophene on Carbon Cloth as a Flexible Counter Electrode for Dye-

Sensitized Solar Cells 

S09-037
José Alfredo Del-Oso Acevedo (Department of Science and Technology, Universidad Autónoma de la Ciudad 
de México (UACM), México, Mexico), Bernardo Antonio Frontana-Uribe, José Luis Maldonado, Rogelio 

Mendoza-Pérez, José Joaquín Lizardi

Deposition of Poly-(3,4-ethylenedioxythiophene) by Electrochemically Growth (E-PEDOT) on ITO and 

Manipulation of its Conductive State for Use as Anodic Buffer Layer in Organic Photovoltaic Cells   

S09-038
Matias Garcia-Garcia (Department of Chemical Engineering and Biotechnology, Universidad de Chile, 
Santiago de Chile, Chile), Melanie Colet-Lagrille

Photo-electrochemical activity of molybdenum-nickel-based photo-anodes for the oxygen evolution reaction 



Program of the 69th Annual Meeting of the International Society of Electrochemistry 181

PO
ST

ER
S

S09-039
Zoilo Gonzalez (Institute of Ceramic and Glass, CSIC, Madrid, Spain), Joaquin Yus, Antonio Javier Sanchez-

Herencia, Alejandro Rodríguez, Jennifer Dewalque, Laura Mancerieu, Catherine Henrist, Begoña Ferrari

TiO
2
 nanostructured films prepared by colloidal routes for application in Dye Sensitized Solar Cells 

S09-040
Fang Yu Kuo (Department of Chemical Engineering, National Taiwan University, Taipei, Taiwan), Miao-Syuan 

Fan, Fang-Sian Lin, Kuo-Chuan Ho

Chestnut-like Structure of Vanadium Diselenide as Counter Electrodes for Dye-Sensitized Solar Cells 

S09-041
Jihye Lee (Department of Chemistry, Seoul National University, Seoul, Korea), Jeongse Yun, Seung-Ryong 

Kwon, Taek Dong Chung

Reverse Electrodialysis-Assisted Solar Water Splitting 

S09-042
Elisa Maruccia (Department of Applied Science and Technology (DISAT), Politechnic of Torino, Turin, Italy), 
Federico Bella, Simone Galliano, Valentina Cauda, Claudia Barolo, Claudio Gerbaldi

Preparation and Characterization of Zinc Oxide Photoelectrodes for Aqueous Graetzel Solar Cells 

S09-043
Gonzalo Riveros (Instituto de Qui mica y Bioqui mica, Facultad de Ciencias, Universidad de Valparaiso, Chile), 
Rolando Carrizo, Daniel Ramírez, Loreto Hernández, Gabriela Lobos, Enrique Ariel Dalchiele, Francisco Martin

Synthesis and characterization of SnS / nitrogen-doped electrochemically reduced graphene oxide 

(N-ERGO) heterojunction 

S09-044
Raffael Ruess (Institute of Applied Physics, Justus-Liebig-University Giessen, Giessen, Germany), Andreas 

Ringleb, Sebastian Haas, Thi Hai Quyen Nguyen, Derck Schlettwein

Metal Complexes as Redox Mediators for Dye-sensitized Solar Cells based on Electrodeposited ZnO: 

Tuning Interfacial Kinetics by Electrolyte Additives 

S09-045
Delphine Schaming (ITODYS, University Paris Diderot, Paris, France), Laurent Ruhlmann, Antoine 

Bonnefont, Christophe Colbeau-Justin

Dye-sensitized solar cells using polyoxometalates: electrochemical impedance investigation and TRMC 

measurements 

S09-046
Kristine Tolod (Applied Science and Technology, Politecnico di Torino, Torino, Italy), Simelys Hernandez, Elsje 

Alessandra Quadrelli, Nunzio Russo

Surface-modified BiVO
4
 photoanodes for sun-driven water oxidation 

S09-047
Xiuwen Wang (College of Materials Science and Chemical Engineering, Harbin Engineering University, 
Harbin, China)

Selenization of Cu
2
ZnSnS

4
 Enhanced the Performance of Dye-Sensitized Solar Cells: Improved Zinc-Site 

Catalytic Activity for I
3
- 

S09-048
Feng Wang (School of Chemistry and Chemical Engineering, Huazhong University of Science and Technology, 
Wuhan, China), Hongfang Liu, Cheng-Yi Zhu, Wu Xia, Jun-Chao Hu

Electrocatalytic and Photocatalytic CO
2
 Reduction Based on cis-[CoIIN

4
X

2
] complexes 
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Symposium 10  Materials for and from Electrochemistry: 

State of the Art and Future Trends

Conducting polymers 
S10-001

Roberto Bernasconi (Chimica, Materiali e Ingegneria Chimica Giulio Natta, Politecnico di Milano, Milano, 
Italy), Nicolo Favara, Luca Magagnin

Electrodeposited Nanoporous Polypyrrole Layers for Controlled Drug Release 

S10-002
Mark Buckingham (Department of Chemistry, King’s College London, London, United Kingdom), Hassan 

Alzahrani, Leigh Aldous

Thermal-Energy Conversion to Current at Waste Body Heat Temperature through Gelled-Electrolyte 

Thermoelectrochemisty 

S10-003
Andrea B. Couto (Laboratório Associados de Sensores, Instituto Nacional de Pesquisas Espaciais, São José 
dos Campos, Brazil), Lilian Silva, Dalva Almeida, Neidenei Gomes Ferreira

Systematic Study for Bentazon Detection using PAni/BDD/CF Ternary Composites 

S10-004
Aruã Clayton Da Silva (Química Fundamental - IQUSP, Universidade de São Paulo - IQUSP, São Paulo, 
Brazil), Ana T. S. Semeano, Alexander H. Ulrich, Michael J. Higgins, Susana Cordoba de Torresi

Novel Conducting, Biocompatible and Biodegradable Copolymer PEDOT-co-PLLA for Biomedical 

Applications 

S10-005
Irene Facchinetti (Scienze dei Materiali, Università degli Studi di Milano Bicocca, Milan, Italy), Riccardo 

Ruffo, Luca Beverina, Mauro Sassi, Claudio Fontanesi, Davide Vanossi

The Role of Electrolyte Ions on the Electrochemical Poperties of Thiophene Based Conducting Polymers 

S10-006
Luigi Falciola (Department of Chemistry, Università degli Studi di Milano, Milano, Italy), Valentina Pifferi, 

Valentina Sabatini, Masoumeh Tohidinia, Hermes Farina, Marco Aldo Ortenzi

Electroanalytical determination of lead with ion-exchange polymer modified electrodes: mesoporosity and 
preconcentration effect 

S10-007
Marianna Gniadek (Faculty of Chemistry, University of Warsaw, Warsaw, Poland), Marcin Karbarz, Mikolaj 

Donten

Construction of Multifunctional Materials by Intrachannel Modification of NIPA Hydrogel with PANI-metal 
Composites and its Electrochemical and Morphological Characterization 

S10-008
Emerson Sarmento Goncalves (Materials Division, Aeronautics and Space Institute, Sao Jose dos Campos, 
Brazil), Anne Karoline dos Santos Poli, Gustavo Machado Domingues Caetano, Adriana Medeiros Gama, 

Sandro Fonseca Quirino, Mauricio Ribeiro Baldan

Polyaniline Electrosynthesis on Carbon Fiber Felts for Application in Electromagnetic Filter - Relationship 

between Electrochemical and Electromagnetic Properties 

S10-009
Emerson Sarmento Goncalves (Materials Division, Aeronautics and Space Institute, Sao Jose dos Campos, 
Brazil), Paula Torres Costa de Loiola, Renata Harumi Oshiro, Richelmy Magi Sanches, Aline Guedes Galvao, 

Adriana Medeiros Gama, Mauricio Ribeiro Baldan

Polyaniline Electrosynthesis on Carbon Fiber for Application in Aerospace Circuits - Relationship between 

Electroactivity, Chemical Properties, Mechanical Resistance and Electrosynthesis Parameters 

S10-010
Oxana Gribkova (Russian Academy of Sciences, Frumkin Institute of Physical Chemistry and Electrochemistry, 
Moscow, Russia)

Electrodeposited Conductive Polymer Complexes with Polyelectrolytes as a Hole-transport Layer for Hybrid 

Solar Cells 
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S10-011
Oxana Gribkova (Russian Academy of Sciences, Frumkin Institute of Physical Chemistry and Electrochemistry, 
Moscow, Russia)

Electrosynthesis of Conductive Polymers in Polyelectrolytes of Different Structure and Molecular Weight 

S10-012
Robert Hillman (Department of Chemistry, University of Leicester, Leicester, United Kingdom), Mohammed 

Mohammed, Karl Ryder

Functionalisation of Electrodeposited Electroactive Polymer Films and Quantitative Characterisation of 

Their Metal Ion Coordination  

S10-013
Oana Hosu (Department of Analytical Chemistry, Iuliu Hatieganu University of Medicine and Pharmacy, 
Cluj Napoca, Romania), Giulia Selvolini, Gheorghe Melinte, Alina Adumitrachioaie, Cecilia Cristea, Robert 

Sandulescu, Giovanna Marrazza

Conducting Polymer Nanocomposites for Electrochemical Biosensors: Characterization and Application 

S10-014
Joanna Kapusta-Kolodziej (Department of Physical Chemistry and Electrochemistry, Jagiellonian University, 
Krakow, Poland), Renata Palowska, Agnieszka Brzózka, Grzegorz Sulka

Synthesis of TiO
2
@PEDOT Composites for Photoelectrochemical Applications 

S10-015
Gabrijela Ljubek (Department of Chemistry, University of Zagreb, Faculty of Mining, Geology and Petrol, 
Zagreb, Croatia), Marijana Kraljic Rokovic

Pseudocapacitive properties of PEDOT/GO layer prepared by one-step electrochemical method 

S10-016
Gisella Lucero (Fachgebiet Elektrochemie und Galvanotechnik, Technische Universität Ilmenau, Ilmenau, 
Germany), Violeta Gruia, Adriana Ispas, Andreas Bund

Development of an electrochemical sensor based on PEDOT and silver nanoparticles for the detection of 

ascorbic acid 

S10-017
Alexander Nekrasov (Russian Academy of Sciences, Frumkin Institute of Physical Chemistry and 
Electrochemistry, Moscow, Russia), Oxana Gribkova, Varvara Cabanova, Olga Iakobson

Angular Dependence in Raman Spectroelectrochemistry for Conducting Polymer Films on Platinum Electrode 

S10-018
Ahmet M. Onal (Department of Chemistry, Middle East Technical University, Ankara, Turkey), Merve Akbayrak

Synthesis and Electrochemical Polymerization of Diketopyrrolopyrrole Based Donor–Acceptor–Donor 

Monomers Containing 3,6- and 2,7-linked Carbazoles 

S10-019
Valentina Pifferi (Dipartimento di Chimica, Universita degli Studi di Milano, Milan, Italy), Valentina Sabatini, 

Sara Rebeccani, Stefano Checchia, Hermes Farina, Marco Aldo Ortenzi, Luigi Falciola

Poly(3,4-Ethylenedioxythiophene) (PEDOT) polymers doped with Sulphonated Polyarylethersulphones for 

electroanalytical applications 

S10-020
Gerardo Salinas (Centro Conjunto de Investigación en Química Sustentable, UAEM-UNAM, Estado de México, 
Mexico), Bernardo Antonio Frontana-Uribe, Jorge Ibanez, Rubén Vásquez-Medrano

Electrochemical behavior of poly-bithiophene, poly-3,4-ethylendioxythiophene and poly-3,4-ortho-

xylendioxythiophene in EtOH/H
2
O (1:1) mixture 

Electroactive materials 
S10-021

Alessandra Accogli (Dip. Chimica, Materiali e Ing Chimica G. Natta, Politecnico di Milano, Milano, Italy), 
Gabriele Panzeri, Eugenio Gibertini, Federico Cuneo, Luca Magagnin

Electrochemistry of Particulate Electrodes Based on Magnetite Aggregates  

S10-022
Anna Brudzisz (Department of Physical Chemistry and Electrochemistry, Jagiellonian University in Krakow, 
Kraków, Poland), Joanna Bogusz, Agnieszka Brzózka, Grzegorz Sulka

Hybrid polypyrrole-nickel nanowires as future materials for energy-related materials applications 
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S10-023
Agnieszka Brzózka (Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry, 
Jagiellonian University in Krakow, Krakow, Poland), Marlena Nowak, Mateusz Marzec, Grzegorz Sulka

One-step electrochemical synthesis of copper oxides/hydroxide by simple changing of anodization 

conditions 

S10-024
Giorgia Daniel (Department of Chemical Science, University of Padova, Padua, Italy), Armando Gennaro, 

Christian Durante

Influence of iron complex precursor on the active site density in Fe-N-C catalysts for ORR in PEMFC 

S10-025
Vellaichamy Ganesan (Department of Chemistry, Institute of Science, Banaras Hindu University, Varanasi, 
India), Dharmendra Kumar Yadav

Metal Nanoparticles Immobilized Bentonoite Clay for Electrocatalytic Applications 

S10-026
Juan Jose Giner Sanz (Chemical and Nuclear Engineering, Universidad Politecnica de Valencia, Valencia, 
Spain), Julia Mora Gomez, Emma M. Ortega, Montserrat García-Gabaldón, Sergio Mestre, Valentín Pérez-

Herranz

Electrochemical Properties of Ceramic (Sn, Sb)O and (Sn, Sb, Cu)O Anodes for Electrochemical Advanced 

Oxidation Processes 

S10-027
Yoshiaki Hirasawa (Faculty of Science and Technology, Tokyo University of Science, Noda, Japan), Naoya 

Ishida, Naoto Kitamura, Yasushi Idemoto

Ferroelectric properties, crystal and electronic structure of (K, Na)NbO
3
-based ceramics by SPS method and 

Cu doping 

S10-028
Hye-Jin Hong (Mineral Resources Division, Korea Institute of Geoscience and Mineral Resources, Daejeon, 
Korea), In-Su Park, Garam Ban, Taegong Ryu, Byung-Su Kim

Effect of calcination temperature on synthesis of three-dimensional (3-D) Li
4
Ti

5
O

12
(LTO) microsphere 

S10-029
Alessandro Iannaci (School of Chemistry, Trinity College, Dublin, Ireland), Carlota Domínguez Fernández, 

James Behan, Md. Khairul Hoque, Tatiana Perova, Paula E. Colavita

Nitrogen-doped carbon thin film electrodes sputtered on glassy carbon supports and their ORR 
electrochemical characterization 

S10-030
Mitsutoshi Ide (Department of Applied Chemistry, Chuo University, Kasuga, Bunkyo-ku, Japan), Hiroaki Satou, 

Hiroaki Ozawa, Kai Yoshikawa, Masa-aki Haga

Regulation of Ion Insertion into Prussian Blue MOF by a Ru Complex Primer Layer on an ITO Electrode 

Studied by EQCM Techniques  

S10-031
Kamila Lepicka (Department of Supramolecular Complexes, Institute of Physical Chemistry, Polish Academy 
of Sciences, Warszawa, Poland), Piotr Pieta, Wlodzimierz Kutner

Structure-Rectivity Reqirements with respect to Nickel-salen Based Polymers for Energy Storage 

Application 

S10-032
Huaiguang Li (Center for Electrochemical Sciences - CES, Ruhr-Universität Bochum, Bochum, Germany), 
Darren Buesen, Rhodri Williams, Frank Müller, Joerg Henig, Martin Winkler, Thomas Happe, Nicolas Plumeré

Bioelectrode Engineering - Control of Catalytic Film Thickness for Enzymatic Fuel Cells 

S10-033
Tatiana Magdesieva (Chemistry Department, Lomonosov Moscow State University, Moscow, Russia), Oleg 

Levitskiy

Bulky Donor/Acceptor Diarylamines and Twisted Diarylnitroxides: Electrochemical Chameleons, Redox 

Mediators and Hole-transporting Materials 
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S10-034
Roman Manzhos (Laboratory of Laser Electrochemistry, The Institute of Problems of Chemical Physics of the 
RAS, Chernogolovka, Russia), Natal’ya Komarova, Aleksandr Kotkin, Aleksandr Krivenko

Impulse Plasma Electrochemical Exfoliation of Graphite for the Production of Nitrogen Doped Few-Layer 

Graphene Structures 

S10-035
Waldemar Marmisolle (Department of Chemistry, INIFTA-CONICET-UNLP, La Plata, Argentina), Agustin 

Lorenzo, Eliana M. Maza, Marcelo Ceolín, Omar Azzaroni

Electroactive Meso-structured films by self-assembly of amine-appended polyaniline and alkyl-phosphate  
S10-036

Andrea Massa (Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy), Sara Perez 

Rodriguez, Leone Frusteri, Simelys Hernandez, Gabriele Centi, Siglinda Perathoner, Nunzio Russo

Role of Metal Nanoparticle-based Catalyst and pH on the Electrocatalytic Reduction of Xylitol under Mild 

Operative Conditions 

S10-037
Krystyna Mika (Faculty of Chemistry, Jagiellonian University in Krakow, Krakow, Poland), Leszek Zaraska, 

Grzegorz Sulka

Nanoporous zinc oxide layers obtained by anodic oxidation in sodium hydroxide electrolyte 

S10-038
Marek Mooste (Institute of Chemistry, University of Tartu, Tartu, Estonia), Elo Kibena-Põldsepp, Benjamin 

Diby Ossonon, Daniel Belanger, Kaido Tammeveski

Oxygen Reduction on Electrochemically Exfoliated and Anthraquinone Modified Graphene Prepared by 
One-Pot Synthesis 

S10-039
Julia Mora Gomez (Chemical and Nuclear Engineering, Universidad Politecnica de Valencia, Valencia, Spain), 
Juan Jose Giner Sanz, Montserrat García-Gabaldón, Emma M. Ortega, Sergio Mestre, Valentín Pérez-Herranz

New electrode ceramics based on (Sn, Sb, Cu)O for electrochemical oxidation of antibiotics in wastewater 

S10-040
Selda Ozkan (Department of Materials Science and Engineering, WW4-LKO, University of Erlangen-
Nuremberg, Erlangen, Germany)

Advantage of Spaced TiO
2
 NT Arrays over Close-packed TiO

2
 Arrangements and Use in Energy Conversion 

Applications  

S10-041
In-Su Park (Mineral Resources Research Division, Korea Institute of Geoscience and Mineral Resources, 
Daejeon, Korea), Hye-Jin Hong, Taegong Ryu, Byung-Su Kim

Synthesis of Spinel Li
4
Ti

5
O

12
 Nanoparticles by Ion-exchange Process of Layered Li

2
TiO

3
 Nanoparticles 

S10-042
Laurent Ruhlmann (Chemistry, University of Strasbourg, Strasbourg, France)

Electroactive copolymer of porphyrin: photoswitch, Pi-dimer formation and photoelectrochemical energy 

conversion 

S10-043
Lorenzo Russo (Nanobioelectronics & Biosensors group, Catalan Institute of Nanoscience and Nanotechnology 
(ICN2), Bellaterra (Barcelona), Spain), Victor Puntes, Arben Merkoci

Switchable Electrochemistry of Bimetallic Nanoparticles 

S10-044
Jungho Ryu (Geologic Environment Division, Korea Institute of Geoscience and Mineral Resources (KIGAM), 
Daejeon, Korea), Love Kumar Dhandole, Jum Suk Jang

Vertically-Aligned Titanate Nanotube Array for the Adsorption of Sr Ion: Electrochemical Approach to 

Improve Sr Selectivity 

S10-045
Taegong Ryu (Mineral Resources Research Division, Korea Institute of Geoscience and Mineral Resources 
(KIGAM), Daejeon, Korea), Dong-Hee Lee, In-Su Park, Hye-Jin Hong, Van Hiep Nguyen, Byung-Su Kim

Preparation of Lithium Titanate (Li
4
Ti

5
O

12
) by Solid State Reaction for Anode Material of Li-ion Battery 

and Comparison of Electrochemical Performance 
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S10-046
Satoki Shinozuka (Graduate Faculty of Interdisciplinary Research, University of Yamanashi, Yamanashi, 
Japan), Shiori Ikegawa, Masami Shibata

The Electrocatalytic Properties to Nitrate by Sn-Pd Co-Electrodeposited Films 

S10-047
Mariana Silva (Department of Chemistry, Federal University of Sao Carlos, Sao Carlos, Brazil), Dyovani 

Coelho, Ernesto Pereira

Growth of RuO
2
-TiO

2
 Nanoparticles in Graphene Oxide Sheets 

S10-048
Sotiris Sotiropoulos (Department of Chemistry, Aristotle University of Thessaloniki, Thessaloniki, Greece), 
Aikaterini Touni, Athanasios Papaderakis, Dimitrios Tsiplakides, Stella Balomenou

Galvanic Deposition of Ir on Ti for the Preparation of Oxygen Evolution Anodes 

S10-049
Fabio Terzi (Dipartimento di Scienze Chimiche e Geologiche, Università di Modena e Reggio Emilia, Modena, 
Italy), Stefano Ruggeri, Laura Pigani, Chiara Zanardi, Nicolò Dossi

Non Conventional Approaches to Electrocatalysis 

S10-050
Ozlem Uguz (Chemical Engineering, Marmara University, Istanbul, Turkey), Duygu Akyuz, Atif Koca

Electrochemical Sensing Applications of Metallophtalocyanines (MPcs) 

S10-051
Vladimir Vasiliev (Department of Kinetic and Catalysis, Institute of Problems of Chemical Physics RAS, 
Chernogolovka, Russia), Roman Manzhos, Aleksandr Krivenko

Conductivity of Few-Layer Graphene Structures  

S10-052
Riming Wang (Chemical Engineering, Delft University of Technology, Delft, Netherlands), Freek Kapteijn, 

Jorge Gascon

Maximizing catalyst use in CO
2
 electrochemical reduction: A metal-organic framework mediated approach 

S10-053
Takumi Watanabe (Department of Applied Chemistry, Chuo University, Tokyo, Japan), Genki Yano, Kai 

Yoshikawa, Akiharu Satake, Masa-aki Haga

Proton-Coupled Electron Transfer in Ru Complexes with Redox-Active benzo[d]-imidazole-4,7-dione 

Derivatives 

S10-054
Lihui Xiao (School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin, China), 
Dan Wang, Xiangyu Lu, Xinxin Bai, Jinqiu Zhang, Maozhong An, Peixia Yang

Preparation and catalytic performance of Co-Se compound by electrodeposition 

Electrodeposition 
S10-056

Liana Anicai (Center of Surface Science and Nanotechnology, Polytechnic University of Bucharest, Bucharest, 
Romania), Stefania Costovici, Oana Tutunaru, Calin Moise, Teodor Visan

Electrodeposition of ternary Sn-Cu-Ni alloys involving choline chloride based ionic liquids 

S10-057
Yauhen Aniskevich (Research Institute for Physical Chemical Problems, Belarusian State University, Minsk, 
Belarus), Aliaksei Bakavets, Genady Ragoisha, Eugene Streltsov, Henrikas Cesiulis

Electrochemical Pulse Deposition of Bismuth - Bismuth Telluride Superlattices of (Bi
2
)
m

(Bi
2
Te

3
)
n
 Series 

S10-058
Diana Aranzales (Leiden Institute of Chemistry, Leiden University, Leiden, Netherlands), Marc Koper, Jacques 

Wijenberg

Fundamental aspects of tin deposition on gold electrodes 
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S10-059
Jacob Barranco (Institute of Physics, Benemérita Universidad Autónoma de Puebla, Puebla, Mexico), Ma. 

Estela Calixto, Antonio Méndez

NaYF
4
 Lanthanide Doped Thin Films by Electrochemical Processing 

S10-060
Adriana Correia (Department of Analytical Chemistry and Physical Chemistry, Federal University of Ceará, 
Fortaleza, Brazil), Luis dos Santos, Pedro de Lima-Neto, Rafael Freire, Juliano Denardin, Sebastian Michea

One-step Electrodeposition of Nanostructured Tellurium on Gold Substrate from Deep Eutectic Solvents 

based on Choline Chloride 

S10-061
Vesna Cvetkovic (Department of Electrochemistry, Institute of Chemistry, Technology and Metallurgy, Belgrade, 
Serbia), Natasa Vukicevic, Niko Jovicevic, Jovan Jovicevic

Electrochemical Deposition of Aluminium on Aluminium from Urea-based Electrolyte 

S10-062
Nadezda Ermakova (Institute of Chemistry, University of Tyumen, Tyumen, Russia)

Formation of Composite Electrochemical Coatings from Complex Electrolytes with Organic Ligands 

S10-063
Neidenei Gomes Ferreira (Laboratorio Associado de Sensores e Materiais, Instituto Nacional de Pesquisas 
Espaciais, São Jose dos Campos, Brazil), Lania Auxiliadora Pereira, Andrea B. Couto

Electrochemical method to produce titanium dioxide/oxidized carbon fiber electrodes and the effects of 
titanium dioxide on Brilliant Green dye degradation 

S10-064
Dominika Gilek (Department of Physical Chemistry and Electrochemistry, Jagiellonian University, Kraków, 
Poland), Katarzyna E. Hnida, Agnieszka Brzózka, Grzegorz Sulka

Electrochemical synthesis and characteristic of InSb nanowires with different diameters 

S10-065
Walter Giurlani (Dipartimento di Chimica, Università degli Studi di Firenze, Sesto Fiorentino, Italy), Andrea 

Giaccherini, Patrick Marcantelli, Giordano Montegrossi, Enrico Berretti, Francesco Di Benedetto, Francesco 

D’Acapito, Alessandro Lavacchi, Massimo Innocenti

FEXRAV: a spectroelectrochemical analysis of the electroactivity of Pd nanocatalyst media under operative 

conditions in DAFC 

S10-066
Zhen He (Chemistry and Chemical Engineering, Central South University, Changsha, China), Dongjie Li, Shan 

Han

One-Step Electrodeposition of Non-Precious Metal Oxide Films with High Activity and Stability for 

Electrocatalytic Oxygen Evolution 

S10-067
Phuoc Hoang Ho (Industrial Chemistry, University of Bologna, Bologna, Italy), Giuseppe Fornasari, Angelo 

Vaccari, Patricia Benito

Electrodeposition of Cerium-based Materials for the Preparation of Structured Catalysts 

S10-068
Rui Huang (Department of Chemistry, Xiamen University, Xiamen, China), Chun-Hua Zhen, Jincheng Guo, 

Zhiyuan Yu, Shi-Gang Sun

Shape-controlled Synthesis of High-index Faceted AuPd Alloy Nanoparticles by Electrochemical Method 

S10-069
Massimo Innocenti (Dipartimento di Chimica, Università di Firenze, Firenze, Italy), Emanuele Salvietti, 

Maurizio Passaponti, Walter Giurlani, Antonio De Luca, Emanuele Piciollo, Alessandro Lavacchi, Francesco Di 

Benedetto

Materials for Energy applications  

S10-070
Massimo Innocenti (Dipartimento di Chimica, Università di Firenze, Firenze, Italy), Filippo Gambinossi, 

Walter Giurlani, Emanuele Salvietti, Maurizio Passaponti, Alessandro Lavacchi, Francesco Di Benedetto

Global Trends of Alloys Electrodeposition: Research Impacts for the Industrial Sector  
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S10-071
Egon Kecsenovity (Department of Physical Chemistry and Materials Science, University of Szeged, Szeged, 
Hungary), Balazs Endrodi, Csaba Janáky

Electrodeposition of metal-oxide semiconductors on nanocarbon electrodes 

S10-072
Xiaochuan Ma (School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin, 
China), Shanshan Ji, Ye Lian, Maozhong An, Peixia Yang, Jinqiu Zhang

Direct Electrodeposition of High Performant CIGS Thin Films from Ionic Liquid without Selenization 

S10-073
Yunny Meas (Electrochemistry, CIDETEQ, Pedro Escobedo, Mexico), Luis Flores, José Ramon López, Gabriel 

Trejo, José de Jesus Perez, René Antaño, José Mojica

Influence of Boric Acid and SDS on the Hydrogen Absorption during the Nickel Electrodeposition on 
Palladium 

S10-074
Lingcong Meng (School of Chemistry, University of Southampton, Southampton, United Kingdom), Philip 

Bartlett, Reza Kashtiban, Andrew Hector, Wenjian Zhang, Gill Reid, David Smith, Richard Beanland

Non-Aqueous Electrodeposition of Bismuth Telluride for Thermoelectric Applications 

S10-075
Joaquin Morales-Santelices (Ingenieria Quimica, Biotecnologia y Materiales, Universidad de Chile, Santiago, 
Chile), Melanie Colet-Lagrille, Matias Garcia-Garcia

Solution thermodynamics of the Mo(VI)-Ni(II)-citrate-S(VI)-N(III) aqueous system for metal oxides 

electrodeposition applications 

S10-076
Kuniaki Murase (Department of Materials Science and Engineering, Kyoto University, Kyoto, Japan), Yukiya 

Kato, Atsushi Kitada, Kazuhiro Fukami

Room Temperature Electrodeposition of Flat and Smooth Aluminum Layers from AlCl
3
/diglyme Baths 

S10-077
Eleni Rosolymou (Chemical Engineering, National Technical University of Athens, Athens, Greece), Evangelia 

Pavlatou

Synthesis of Tin/Tin Oxide Nanowires by Applying Template-Assisted Direct and Pulse Electrodeposition 

S10-078
Marcos Antonio S Andrade Junior (Department of Chemistry, Federal University of Sao Carlos, Sao Carlos, 
Brazil), Murilo F. Gromboni, Lucia H. Mascaro

One-Step Pulsed Electrodeposited CuGaS
2
 Photovoltaic Thin Films 

S10-079
Adriano Sacco (Center for Sustainable Future Technologies, Istituto Italiano di Tecnologia, Torino, Italy), Juqin 

Zeng, Micaela Castellino, Katarzyna Bejtka, Angelica Chiodoni, Candido Pirri

Nanostructured Cu-Sn Foams with Enhanced Selectivity Toward the Electroreduction of CO
2
 to CO 

S10-080
Katarzyna Siwek (Centro de Qui mica Estrutural, Instituto Superior Tecnico, Lisbon, Portugal), Sónia Eugenio, 

Teresa Moura e Silva, Fatima Montemor

Engineering 3D Inorganic Composite Materials for Energy Storage Applications: MnOx Supported on 

Tailored-Bimetallic Foam 

S10-081
Zhongxuan Sun (Material Science and Chemical Engineering, Harbin Engineering University, Harbin, China), 
Mei Li, Wei Han, Milin Zhang, Xiaoguang Yang, Yichuan Liu

Electrochemical Behavior of Samarium (III) on W Electrode in LiCl-KCl-SnCl
2
-SmCl

3
 Molten Salt 

S10-082
Modestas Vainoris (Physical Chemistry, Vilnius University, Vilnius, Lithuania), Henrikas Cesiulis, Natalia 

Tsynstsaru

Electrochemical synthesis of Cobalt Foams as sensors for Chlorine Detection in water 
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S10-083
Natasa Vukicevic (Department of Electrochemistry, Institute of Chemistry, Technology and Metallurgy, 
Belgrade, Serbia), Vesna Cvetkovic, Nebojsa Nikolic, Goran Brankovic, Zvezdana Bascarevic, Jovan Jovicevic

Electrochemical Synthesis of Flower like Magnesium Oxide/Hydroxidefrom Magnesium Nitrate Melt 

S10-084
Ji Wang (Key Laboratory of Superlight Materials and Surface Technolog, Engineering, Harbin Engineering 
University, Harbin, China), Mei Li, Wei Han, Yichuan Liu, Yongchang Dong

Electrochemical Behaviors and Thermodynamic Formation of Variable Valence Thulium on Cu Electrode in 

LiCl-KCl Melts 

S10-085
Wenjuan Wang (Material Science and Chemical Engineering, Harbin Engineering University, Harbin, China), 
Wei Han, Mei Li, Milin Zhang, Xiaoguang Yang

Electrochemical Co-reduction of Gd(III) and Pb(II) in LiCl-KCl Molten Salts 

S10-086
Ausrine Zabielaite (Department of Catalysis, Center for Physical Sciences and Technology, Vilnius, Lithuania), 
Loreta Tamasauskaite-Tamasiunaite, Eugenijus Norkus

Evaluation of Activity of Pt Nanoparticles Decorated Fiber-shaped Co for Methanol Electro-oxidation  

S10-087
Simona Zajkoska (Research and Development, Hirtenberger Engineered Surfaces GmbH, Hirtenberg, Austria), 
Antonio Mulone, Wolfgang Hansal, Uta Klement, Wolfgang Kautek

Electrochemical and physical properties of electrodeposited Fe-Sn  

S10-088
Leszek Zaraska (Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry, Jagiellonian 
University in Krakow, Krakow, Poland), Karolina Gawlak, Magdalena Gurgul, Mariusz Andrzejczuk, Grzegorz 

Sulka

Nanoporous anodic tin oxide layers – fabrication and detailed characterization 

S10-089
Leszek Zaraska (Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry, Jagiellonian 
University in Krakow, Krakow, Poland), Karolina Gawlak, Krystyna Mika, Magdalena Gurgul, Grzegorz Sulka

Fabrication of nanostructured semiconducting oxides by one-step anodic oxidation of brass in alkaline 

electrolyte 

Electroless deposition 
S10-090

Hiroshi Matsubara (Department of General Education, Nagaoka University of Technology, Nagaoka, Japan), 
Kanji Matsumoto, Kazunori Hodouchi

Effect of Fluid Flow on Particle Codeposition for Electrolessly Plated Diamond Composite Films 

S10-091
Kuniaki Murase (Department of Materials Science and Engineering, Kyoto University, Kyoto, Japan), Ken 

Adachi, Atsushi Kitada, Kazuhiro Fukami

Displacement Silver Plating Using Aqueous Baths with Highly Concentrated Calcium Chloride 

S10-092
Eugenijus Norkus (Department of Catalysis, Center for Physical Sciences and Technology, Vilnius, Lithuania), 
Irena Stalnioniene, Giedrius Stalnionis, Loreta Tamasauskaite-Tamasiunaite, Karolis Ratautas, Gediminas 

Raèiukaitis

Electroless Copper Deposition from Reduced Temperature Solutions   

S10-093
Loreta Tamasauskaite-Tamasiunaite (Department of Catalysis, Center for Physical Sciences and Technology, 
Vilnius, Lithuania), Eugenijus Norkus, Karolis Ratautas, Gediminas Raciukaitis

Investigation of the Electro-oxidation of Cobalt(II)-Amine Complexes on Copper by EQCM 

S10-094
Wei Wang (Material Science and Chemical,  Harbin Engineering University,  Harbin, China), Wei Han, Mei Li, 

Mingshuai Yang, Zhiqiang Yang, Xiaoguang Yang

Electrochemical Behavior of Zirconium on Sn-coated W Electrode in LiCl-KCl Melts 



Program of the 69th Annual Meeting of the International Society of Electrochemistry190
PO

ST
ER

S

S10-095
Takayo Yamamoto (Surface Finishing Technology Lab., Kyoto Municipal Institute of Industrial Tech. and 
Culture, Kyoto, Japan), Tomio Nagayama, Toshihiro Nakamura

Thermal Expansion Properties of Electroless Deposited Invar Fe-Ni Alloy 

Molecular and supramolecular hybrid systems 
S10-096

Paolo Lamagni (iNANO, Aarhus University, Aarhus N, Denmark), Birgitte Lodberg Pedersen, Anita Godiksen, 

Susanne Mossin, Xinming Hu, Steen Uttrup Pedersen, Kim Daasbjerg, Nina Lock

Solvothermal Growth of HKUST-1/Graphene Composite Films on Glassy Carbon Electrodes 

S10-097
Ana Maria Mendez Torres (Faculty of Chemical and Pharmaceutical Sciences, University of Chile, Santiago, 
Chile), Claudia Yañez

Electrochemical behavior of tetracycline on golden electrode modified with amino-ß-cyclodextrins 

S10-098
Ignasi Sires (Department of Materials Science and Physical Chemistry, University of Barcelona, Barcelona, 
Spain), Sonia Lanzalaco, Alessandro Galia, Maria A. Sabatino, Clelia Dispenza, Onofrio Scialdone

Electrochemical Preparation of Poly(vinylpyrrolidone) Nanogels Using an IrO
2
-Based Anode 

Surface phenomena 
S10-099

Thomas Hersbach (Leiden Institute of Chemistry, Leiden University, Leiden, Netherlands), Vladislav Mints, 

Alexei Yanson, Federico Calle-Vallejo, Marc Koper

Of Shapes and Surfaces: Cathodically Corroding Polygons into Platinum, Rhodium and Gold 

S10-100
Leonard Rößner (Faculty of Natural Sciences, Institute of Chemistry, Chemnitz University of Technology, 
Chemnitz, Germany)

ZnPd: Small Compositional Changes – Big Influence on Catalytic Behavior 
S10-101

Khurram Shahzad (Institute for Chemical Technology of Inorganic Materials, Johannes Kepler University, 
Linz, Austria), Cezarina Mardare, Andrei Mardare, Achim Walter Hassel

Formation of composite anodic films on Aluminium-Holmium alloys 

S10-102
Grzegorz Sulka (Department of Physical Chemistry and Electrochemistry, Jagiellonian University in Krakow, 
Krakow, Poland), Dominik Wojcikiewicz, Agnieszka Brzózka

High-Voltage Pulse Anodization of Aluminum in Phosphoric Acid 

S10-103
Kungen Teii (Applied Science for Electronics and Materials, Kyushu University, Kasuga, Japan), Shinji 

Kawakami, Seiichiro Matsumoto

Enhanced Wettability of Cubic Boron Nitride Films for Biomedical Applications 
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Symposium 11  Corrosion, Passivation, and Protection Strategies

Coatings and inhibitors 
S11-001

Mario Aparicio (Instituto de Ceramica y Vidrio, CSIC, Madrid, Spain), Andrei Jitianu, Quentin Picard, Grant 

Akalonu, James Mercado, Jadra Mosa, Lisa C. Klein

Corrosion Protection of Stainless Steel 304 using Melting-gels Coatings: Influence of Organic Chain Length 

S11-002
Ahmad Bahramian (MADIREL, Aix-Marseille Université, Marseille, France), Marielle Eyraud, Philippe 

Knauth, Florence Vacandio

Evaluation of the effects of various additives on the corrosion properties of Ni-P thin films electrodeposited 
on Cu 

S11-003
Jelena Bajat (Department of Physical Chemistry and Electrochemistry, Faculty of Technology and Metallurgy, 
University of Belgrade, Belgrade, Serbia), Marija Ridjosic, Eva Garcia Lecina, Asier Salicio Paz, Ljiljana  

Zivkovic

Corrosion behavior of electrodeposited Zn-Co-CeO
2
 nanocomposite coatings:  mechanical versus ultrasound 

agitation 

S11-004
Jelena Bajat (Department of Physical Chemistry and Electrochemistry, Faculty of Technology and Metallurgy, 
University of Belgrade, Belgrade, Serbia), Stefan Dokic, Bojan Bozic, Branimir Grgur

Adsorption and corrosion inhibition properties of 3-(4,5-diphenyl-1,3-oxazol-2-yl) propanoic acid 

(Oxaprozin) on AA 2024 

S11-005
Leonardo Bertolucci Coelho (Materials Science Department, University of Mons, Mons, Belgium), Maryna 

Taryba, Marta Alves, Fatima Montemor, Marie-Georges Olivier

A localized investigation on the corrosion of AA2024-T3 galvanically coupled to graphite in NaCl solution: 

inhibitive effects of cerium chloride and triethanolamine 

S11-006
Ronggui Du (Department of Chemistry, Xiamen University, Xiamen, China), Juan Hu, Zichao Guan, Xia Wang

Fabrication of SnO
2
/TiO

2
 Nanotube Film for Photocathodic Protection of Stainless Steel 

S11-008
Anna Merz (Corrosion, Max-Planck-Institut für Eisenforschung, Düsseldorf, Germany), Michael Rohwerder

Innovative coating design utilizing the formation of a “protection zone”  around conducting polymers, 

providing long-term corrosion protection 

S11-009
Gabor Meszaros (Institute of Materials and Environmental Chemistry, Research Centre  Natural Sciences 
Hungarian Acad of Sciences, Budapest, Hungary)

Determination of underpaint corrosion rate based on flicker noise measurement 
S11-010

Frank Uwe Renner (Institute for Materials Research, Hasselt University, Diepenbeek, Belgium), Shova 

Neupane

Inhibition of Dealloying by Complex Thiol Films on Noble Metal Alloy Surfaces  

S11-011
Takuma Yaguchi (Materials Science and Chemical Engineering, Yokohama National University, Yokohama, 
Japan), Shinji Okazaki, Naoya Kasai, Koya Tokutake, Masaru Ishihara

Fracture Behavior of Coating and Corrosion Mechanism of Steel Substrate under Cyclic Tension 
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Localized corrosion 
S11-012

Dyovani Coelho (Department of Chemistry, Federal University of Sao Carlos, Sao Carlos, Brazil), Oscar A. C. 

Linares, Aloadir L. S. Oliveira, Marcos Andrade Junior, Lucia H. Mascaro, João E. S. Batista Neto, Odemir M. 

Bruno, Ernesto Pereira

3D Evaluation of Pitting Corrossion from Segmented Images Using Cheap Tools 

S11-013
Davide Di Marino (Chemical Process Engineering, RWTH Aachen University, Aachen, Germany)

Corrosion of Metal Electrodes in Deep Eutectic Solvents 

S11-014
Amelia Langley (Department of Chemistry, University of Bath, Bath, United Kingdom)

The Impact of Dissolved Gas on the Copper Corrosion Mechanism 

S11-015
Ilven Mutlu (Metallurgical and Materials Engineering, Istanbul University, Istanbul, Turkey), Berkan Akbulut, 

Mustafa Afser, Ali Sercenk Gobel, Saitali Tomoglu

Investigation of High Temperature Localized Corrosion of Ti Alloy for Nuclear Technology  

S11-016
Matthias Schenderlein (Interfacial Processes and Corrosion, Bundesanstalt für Materialforschung und 
-prüfung, Berlin, Germany), Marco Hampel, Matthias Dimper, Ozlem Ozcan

Monitoring Early Stage Corrosion Processes during Biofilm Formation 

S11-017
Zhenlun Song (Surface Dept, Ningbo Institute of Materials Technology and Engineering, Ningbo, China)

The role of protease secreted from Bacillus Vietnemensis on the corrosion behavior of different alloys 

S11-018
Lucien Veleva (Applied Physics, CINVESTAV-IPN, Merida, Mexico)

Mapping Corrosion Activity of Aluminium Alloy 2024-T3 Exposed to Low Chloride Ions Contamination by 

Localized Electrochemical Impedance Spectroscopy 

S11-019
Lijing Yang (Ningbo Institute of Materials Technology and Engineering, Chinese Academy of Sciences, Ningbo, 
China)

Influence of Mg and Ca on the microstructure, electrochemical behavior and cell adhesion of biodegradable 
Zn-Mg-Ca alloys  

Multiscale corrosion 
S11-020

Sri Hastuty (Mechanical Engineering, Universitas Pertamina, Jakarta Selatan, Indonesia), Abdul Rahim 

Othman

Fabrication and Corrosion Evaluation of Natural Fibre Honeycomb Sandwich in On-shore Platforms 

S11-021
Enrico Marsili (Singapore Centre for Environmental Life Sciences Engineering, Nanyang Technological 
University, Singapore, Singapore), Rosalie Chai, Prasanna Jogdeo, Scott Rice, Federico Lauro

Characterization of microbially influenced corrosion (MIC) in mixed community biofilms from seawater 
S11-022

Aigerim Omirkhan (Materials, Imperial College London, London, United Kingdom), Guoqiang Yang, Camilla 

Stitt, Jason Riley, Mary Ryan

Electrochemical-Mechanical Coupled Corrosion of Carbon Steel Pipelines in Acidic Conditions 

S11-023
Noemie Ott (Laboratory for Joining Technologies and Corrosion, Empa, Duebendorf, Switzerland), Patrik 

Schmutz

Towards a better mechanistic understanding of Cu-Zn alloy corrosion behavior in presence of nitrogen 

compounds 
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S11-024
Xiutong Wang (Marine Environmental Corrosion and Bio-fouling, Institute of Oceanology, Chinese Academy of 
Science, Qingdao, China), Jing Shao, Xinran Li, Lihui Yang, Xiaodong Zhao, Zhaode Zhang, Baorong Hou

Enhancing Photocathode Protection Property by Preparation SnS Nanoparticles Co-Sensitized TiO
2
 

Nanotube Arrays 

S11-025
Hercilio G. de Melo (Metallurgical and Materials, University of Sao Paulo, Sao Paulo, Brazil), Janeth M. 

Quispe-Aviles, Jose Wilmar Calderon-Hernandez

Corrosion behavior of carbon and HSLA steels in CO
2
-saturated aqueous solution by means of weight loss 

and EIS 

Passivity and oxide films 
S11-026

Agnieszka Brzózka (Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry, 
Jagiellonian University in Krakow, Krakow, Poland), Dominika Gilek, Katarzyna E. Hnida, Grzegorz Sulka

Corrosion studies of InSb thin films in an alkaline solution 

S11-027
Chen Chi-An (Chemical & Materials Engineering, Chung Cheng Institute of Technology, National Defense 
University, Taoyuan, Taiwan), Jian Shun-Yi, Fu Tsun-Kuei, Ger Ming-Der

Process design of electroless Ni-P plating on MAO coated LZ91 magnesium alloy and their characteristics 

S11-028
Kotaro Doi (International Center for Young Scientists, National Institute for Materials Science, Tsukuba, 
Japan), Sachiko Hiromoto, Eiji Akiyama

Corrosion Enhancement of Iron Embedded in Mortar by Hyperbaric-oxygen Accelerated Corrosion Test 

S11-029
Salma El Euch (Laboratoire Interfaces et Systèmes Electrochimiques, Sorbonne University, Paris, France), 
Eliane Sutter, Mai Tran, Vincent Vivier, Nathalie Engler, Antoine Marion

Electrochemical and Photoelectrochemical Analysis of Passive Films Formed at Room Temperature on the 

690 TT Alloy 

S11-030
Arulkumar Ganapathi (Metallurgical and Materials Engineering, Indian Institute of Technology Madras, 
Chennai, India), Parasuraman Swaminathan, Lakshman Neelakantan

Fabrication of Anodic Aluminium Oxide (AAO) Templates to Produce Free-Standing Metallic Nanowires 

for Flexible Electronics 

S11-031
Christian Girginov (Physical Chemistry, University for Chemical Technology and Metallurgy, Sofia, Bulgaria)

Formation of Functional Layers of Alumina Films Combined with Silver AC-Incorporation  

S11-032
Magdalena Hromadova (Electrochemistry at Nanoscale, J. Heyrovsky Institute of Physical Chemistry of the 
CAS, Prague, Czech Republic), Jana Kocabova, Lubomir Pospisil, Michal Novak, Jan Macak, Stanislav Cichon, 

Vladimir Chab

Hydrogen Evolution Reaction at Fractal Interfaces of Zr and Si-modified Zr Electrodes 

S11-033
Dagmar Rueckle (Corrosion, MPA University of Stuttgart, Stuttgart, Germany), Stefanie Kaesche, Sannakaisa 

Virtanen, Burkhard Heine, Harald Garrecht

Influence of chloride content on corrosion behavior of stainless steels and T91 in nitrate molten salt studied 
by gravimetric analysis and electrochemical impedance spectroscopy  

S11-034
Giada Tranchida (Ingegneria Civile Ambientale dei Materiali, DICAM, Università degli studi di Palermo, 
Palermo, Italy), Maria Clesi, Francesco Di Franco, Monica Santamaria

Corrosion Resistance of Stainless Steels for food and beverage industry 
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S11-035
Chun-Hung Wu (Interface Chemistry and Surface Engineering, Max-Planck-Institut für Eisenforschung GmbH, 
Düsseldorf, Germany), Michael Rohwerder

Reliable Potentiometric Analysis of Hydrogen Permeation through Passive Iron Oxide Film by Using 

Scanning Kelvin Probe Microscopy 

S11-036
Pierangela Cristiani (Sustainable Development and Energy Sources, Ricerca sul Sistema Energetico - RSE SpA, 
Milano, Italy), Giorgia Ghiara, Roberto Spotorno 

Electrochemical Behavior of brass in presence of P. Fluorescens for food processing

Symposium 12  Electrophoretic Deposition of Functional Coatings: 

from Materials Science to Biotechnology

Bioactive layers, composite layers 
S12-001

Zoilo Gonzalez (Instituto de Ceramica y Vidrio, CSIC, Madrid, Spain), Behnam Abdollahi, Joaquin Yus, Jhamak 

Nourmohammadi, Antonio Javier Sanchez-Herencia

EPD of Halloysite clay nanotubes/gelatin composites for drug delivery 

Coatings, functional materials 
S12-002

Simone Failla (Department of Chemical Science and Materials Technology, Institute of Science and Technology 
for Ceramics (ISTEC-CNR), Faenza, Italy), Luca Zoli, Antonio Vinci, Pietro Galizia, Diletta Sciti

Electrophoretic deposition of ZrB
2
 and TiB

2
 on carbon fibers: A process for novel UD UHTCMCs 

S12-003
Zoilo Gonzalez (Institute of Ceramic and Glass, CSIC, Madrid, Spain), Joaquin Yus, Yessica Calero, Antonio 

Javier Sanchez-Herencia, Alvaro Caballero, Julian Morales, Begoña Ferrari

Electrophoretic Deposition of a GO/Ni(OH)
2
 Composite Material produced by hetereocoagulation and its 

application as Supercapacitor Electrode 

S12-004
Anna Pawlik (Department of Physical Chemistry and Electrochemistry, Jagiellonian University in Krakow, 
Krakow, Poland), Robert Socha, Grzegorz Sulka

Modified Anodic Titanium Dioxide Layers as Potential Drug Delivery Systems and Scaffolds  

Electrophoretic deposition, thick films 
S12-005

Erika Bustos (Science, CIDETEQ, S. C., Pedro Escobedo, Mexico), Jazmín Acuña, Moisés Simón, Gustavo 

Acosta

Stimulation by Electric Fields of the Germination and Growth of Maize using RuO
2
-Ta

2
O

5
| Ti and IrO

2
-

Ta
2
O

5
| Ti Electrodes 

S12-006
Anna Pawlik (Department of Physical Chemistry and Electrochemistry, Jagiellonian University in Krakow, 
Krakow, Poland), Muhammad Atiq Ur Rehman, Qaisar Nawaz, Aldo R. Boccaccini, Grzegorz Sulka

Fabrication and Characterization of Electrophoretically Deposited Chitosan-Hydroxyapatite Composite 

Coatings on Anodic Titanium Dioxide Layers 

S12-007
Hengbin Xu (Materials Science and Chemical Engineering, Harbin Engineering University, Harbin, China), 
Milin Zhang

Application of Electrochemical Techniques Study on Quantitative Relationship between Deposition Potential 

of Lanthanides with PbCl
2
 and Atomic Radius 
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Symposium 13 Electrochemistry Applied to Cultural Heritage

Conservation-restoration 
S13-001

Maria Sole Zalaffi (Department of Molecular Sciences and Nanosystems, University Ca’ Foscari of Venice, 
Venezia Mestre, Italy), Paolo Ugo, Moreno Meneghetti, Ligia Moretto, Patrizia Canton

Paint Materials Sensing by SERS with Ag Nanostars on Au Nanowires  

Diagnostic 
S13-002

Andrea Balbo (Department of Engineering - Corrosion Study Centre A. Daccò, University of Ferrara, Ferrara, 
Italy), Federica Zanotto, Cristina Chiavari, Carla Martini, Cecilia Monticelli

Influence of alloying elements and phase composition in the corrosion behavior of bronze protected by 
organosilane coatings 

S13-003
Maria Antonietta Baldo (Molecular Science and Nanosystems, Ca’ Foscari University of Venice, Venice, Italy), 
Sabrina Fabris, Salvatore Daniele

Electrochemical Characterization of Inorganic Pigments Used in Works of Art by Voltammetry of 

Immobilized Microparticles at Carbon Paste Electrodes

S13-004
Margherita Donnici (Molecular Sciences and Nanosystems, Cà Foscari Venice, Venice, Italy), Maria Antonietta 

Baldo, Gregorio Bonazza, Salvatore Daniele

Probing Electrode Processes in Hydrogels by Scanning Electrochemical Microscopy (SECM). An 

application to Characterise Water-Sensitive Surfaces 

S13-005
Sara Goidanich (Department of Chemistry, Materials and Chemical Engineering, Politecnico di Milano, 
Milano, Italy), Chiara Petiti, Jean-Marie Welter, Lucia Toniolo

Evaluation of the corrosion rate of the Colossus of San Carlo Borromeo in Arona, Italy 

S13-006
Paola Letardi (ISMAR, CNR, Genova, Italy), Monica Albini, Edith Joseph

EIS measurements for treatments testing: the case of a bio-based method applied on outdoor bronze statues 

in Switzerland 

S13-007
Mattia Titubante (Dipartimento di Scienze e Tecnologie Chimiche, Università di Roma Tor Vergata, Rome, 
Italy), Laura Micheli, Claudia Mazzuca, Simonetta Iannuccelli, Silvia Sotgiu

A strategy  to remove iron foxes from a Paper artwork 
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Symposium 14  Electrochemical Engineering: Research towards  

Deployable Technology

Electrocatalysis 
S14-001

Estela Ruiz López (Chemical Engineering Department, University of Castilla-La Mancha, Ciudad Real, Spain), 
Fernando Dorado Fernández, Antonio de Lucas-Consuegra

Electrochemical promotion of Pt catalyst for hydrogen production via ethanol steam reforming 

Electrochemical methods of water desalination 
S14-002

Younghyun Cho (Separation and Conversion Lab, Korea Institute of Energy Research, Daejeon, Korea), Dong 

Kook Kim

A Novel Three-Dimensional Desalination System Utilizing Honeycomb-Shaped Lattice Structures for Flow-

Electrode Capacitive Deionization 

S14-003
Pina A. Fritz (Food Process Engineering, Wageningen University, Wageningen, Netherlands), Remko M. Boom, 

Karin Schroën

Role of Ion Exchange Membranes in inverted Capacitive Deionization 

S14-004
Lu Guo (Pillar of Engineering Product Development, Singapore University of Technology and Design, 
Singapore, Singapore)

Comparison of Constant Current and Constant Voltage Operation Membrane Capacitive Deionization upon 

Different Choices of Materials 

S14-005
Pattarachai Srimuk (Material Science and Engineering, Saarland University, Saarbrücken, Germany), Juhan 

Lee, Simon Fleischmann, Volker Presser

Potential-dependent, switchable ion selectivity in aqueous media using titanium disulfide 

Energy conversion and storage 
S14-006

Karel Bouzek (Department of Inorganic Technology, University of Chemistry and Technology Prague, Prague 
6, Czech Republic), Jakub Malis, Michal Cerny, Martin Paidar

Design of Subsystem for Mobile Auxiliary Power Unit Based on PEM Fuel Cells Stack 

S14-007
Jungeun Hyun (Energy Storage System R&D center, Korea Automotive Technology Institute, Cheonan-si, 
Korea), Hyekyung Kim

Analysis of aging effect by accelearated method  

S14-008
Majid Nikfar (Mechanical Engineering, Isfahan University of Technology, Isfahan, Iran), AliAkbar Alemrajabi, 

Dong Kook Kim, Maarten Biesheuvel

Investigation on the Effect of Temperature of Flow-Electrode and Electrolyte on the Water Desalination 

Performance of FCDI 

S14-010
Martin Paidar (Department of Inorganic Technology, University of Chemistry and Technology, Prague, Prague, 
Czech Republic), Jakub Malis, Miroslav Smid, Karel Bouzek

Influence of cell inertization and nitrogen purity on lifetime of PEM fuel cell 
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S14-011
Fabrizio Vicari (Dipartimento dell’Innovazione Industriale e Digitale (DIID), University of Palermo, Palermo, 
Italy), Simona Sabatino, Adriana D’Angelo, Alessandro Galia, Onofrio Scialdone

Study of Capacitive Electrodes for Reverse Electrodialysis Processes 

Materials protection and surface modification 
S14-012

Andreas Laskos (CEST, Centre of Electrochemical Surface Technology, Wiener Neustadt, Austria), Andreas 

Schindel, Norica Godja

Improvement of the surface quality of additively manufactured AlSi10Mg and HastelloyX parts by using 

chemical and electrochemical methods 

S14-013
M. Emre Sener (Department of Chemistry, University College London, London, United Kingdom), Daren J. 

Caruana

Modulation of Copper(I) Oxide Reduction in Atmospheric Pressure Plasma Jet 

Mathematical modelling 
S14-014

Miguel Angel Sandoval López (Departamento de Ingeniería Química, Universidad de Guanajuato, 
Guanajuato, Mexico), Rosalba Fuentes Ramírez, José Luis Nava

Computational Fluid Dynamic Simulations of Two-Phase Flow in a Pre-Pilot Multi-Stack Filter Press 

Reactor  

Novel electrode materials 
S14-015

Giancarlo Banda (Process Engineering Post-graduation Program, Universidade Tiradentes, Aracaju, Brazil), 
Géssica Santos, Laura R.A. Silva, Ronaldo Silva, Katlin Eguiluz

Enhanced stability and electrocatalytic properties of Ti/RuxIr
1-x

O
2 

anodes prepared by a fast CO
2 

laser 

calcination 

S14-016
Anna Brudzisz (Department of Physical Chemistry and Electrochemistry, Jagiellonian University in Krakow, 
Kraków, Poland), Agnieszka Brzózka, Grzegorz Sulka

Novel materials for electrocatalytic reduction of chloroform in water 

S14-017
Mio Hayashi (Photocatalyst Group, Research and Development Department, Kanagawa Institute of Industrial 
Science and Technology, Kawasaki City, Japan), Tsuyoshi Ochiai, Shoko Tago, Tsukaho Yahagi, Akira Fujishima

Improvement of the Electrolysis Ozone Generation Efficiency by Platinum-modified Titanium Electrode 
Prepared by the Multiple Electrostrike Method 

S14-018
Emília Kubináková (Department of Inorganic Technology, Slovak University of Technology in Bratislava, 
Bratislava, Slovakia), Ján Híves, Vladimir Danielik

Electrochemical characterization of low-temperature electrolytes for aluminium technology 

S14-019
Giancosimo Sanghez de Luna (Dip. Chimica Industriale Toso Montanari, University of Bologna, Bologna, 
Italy), Phuoc Hoang Ho, Angelo Mondello, Alice Lolli, Alessandra Petroli, Giuseppe Fornasari, Stefania 

Albonetti, Patricia Benito

3D Electrocatalysts for the Reduction of Biomass-Derived Compounds  

Porous electrodes 
S14-020

Simonetta Palmas (Mechanical, Chemical and Material Engineering, University of Cagliari, Cagliari, Italy), 
Laura Mais, Michele Mascia, Annalisa Vacca, Simona Corgiolu, Roberto Campana, Jesús Rodríguez Ruiz

Electrochemical functionalization of porous TiO
2
 electrodes for photocatalytic and antibacterial applications 
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Reactor and process design 
S14-021

Fatemeh Karimi (Chemical and Petrochemical Engineering, University of Calgary, Calgary, Canada), Kunal 

Karan

Gas-Phase CO
2
 Electrolysis in Solid Polymer Electrolyte Electrochemical Cells: Some Initial Observations 

S14-022
Lorenzo Pezzolato (DISAT - Department of Applied Science and Technology, Politecnico di Torino, Torino, 
Italy), Roberto Nasi, Stefania Specchia

Synthesis and Process Optimization of a Non-Noble Metal Catalyst for Oxygen Reduction Reaction in 

Alkaline Solution Based on Iron Phthalocyanine and Zeolitic Imidazolate Framework 

S14-023
Kang Shi (Department of Chemistry, Xiamen University, Xiamen, China), Zhen Xuan, Liang-Liang Zhang, Hui-

Qing Hu, Zhong-Qun Tian, Zhao-Wu Tian

Combination of Confined Etchant Layer Technique with Microfluidics for Large-area Nanomachining 

Water treatment and environmental protection 
S14-024

Omotayo Arotiba (Applied Chemistry, University of Johannesburg, Johannesburg, South Africa), Moses 

Peleyeju, Eseoghene Umukoro, Jonathan Babalola

Synthesis, Characterisation and Photoelectrocatalytic Application of Titanium Sheet Supported Carbon 

Nanoparticle/Boron Doped BiVO
4
/WO

3
 Anode for Visible-Light Degradation of Orange II Dye 

S14-025
Yeray Asensio (Innovación y Tecnología, FCC Aqualia, Madrid, Spain), Sara Tejedor, Patricia Fernández, Juan 

M. Ortiz, Víctor M. Monsalvo, Juan F. Ciriza, Juan Tolón, Frank Rogalla, Abraham Esteve, Patricia Zamora

Combination of bio-electrochemical and electrochemical technologies as a ready-to-use solution for agrifood 

wastewater treatment  

S14-026
Daniel J. Blackwood (Materials Science & Engineering, National University of Singapore, Singapore, 
Singapore), Ying Wang, Samuel Lee, Kyrin Liong

A High Throughput Two Moving Belt Electrode System for Continuous Water Treatment  

S14-027
María Belén Carboneras (Department of Chemical Engineering, University of Castilla La Mancha, Ciudad 
Real, Spain), Pablo Cañizares, Manuel Andrés Rodrigo, José Villaseñor, Francisco Jesús Fernández-Morales

Using carbon felt anodes to improve the biodegradability of soil washing effluents polluted with pesticides 

S14-028
Davide Clematis (Department of Civil, Chemical and Environmental Engineering, University of Genoa, Genoa, 
Italy), Nizar Klidi, Giacomo Cerisola, Marina Delucchi, Maria Paola Carpanese, Marco Panizza

Solid Polymer Electrolyte: an Approach for Electrochemical Wastewater Treatment with Low Conductivity 

S14-029
Nadja Maria Coelho Alves (Department of Chemistry, Federal University of Rio Grande do Norte, Natal, 
Brazil), João Miller  Melo Henrique, Chystiane do Nascimento Brito, Paola V. Guzmán, Carlos Alberto 

Martínez-Huitle, Elisama Vieira Santos

Coupling of electrochemical technology powered by photovoltaic solar for the remediation of water polluted 

with petroleum    

S14-030
Oscar Cornejo (Departamento de Ingeniería Geomática e Hidráulica, Universidad de Guanajuato, 
Guanajuato, Mexico), Zaira Aguilar, Gilberto Carreño, José Luis Nava, Ignasi Sires

Electrochemical Oxidation of the Azo Dye Reactive Orange 16 by Anodic Oxidation and a Fenton-like 

reaction 

S14-031
Martín M. Dávila-Jiménez (Fisicoquímica, Benemérita Universidad Autónoma de Puebla, Puebla, Mexico)

Oxidation of Dibenzothiophene Compounds on a BDD Electrode in a Mixture of Acetonitrile-Water   
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S14-032
Lidia Carolina Espinoza (Química de los Materiales, Universidad de Santiago de Chile, Santiago, Chile), 
Mateus Masteghin, Denis Martins de Godoi, Ricardo Salazar

Nanostructured Dimensionally Stable Anodes (DSA) for the electro-oxidation of oxamic acid 

S14-033
Ana S. Fajardo (Centro de Ciências Exatas e da Terra, Universidade Federal do Rio Grande do Norte, Natal, 
Brazil), Edilson do Vale-Júnior, Alexsandro J. dos Santos, Djalma R. da Silva, Carlos Alberto Martínez-Huitle

Use of electrochemical technologies for mineralization and detection of benzoquinone using Nb/BDD anodes 

S14-034
Juliane Forti (School of Sciences and Engineering, UNESP - São Paulo State University, Tupã, Brazil), Gustavo 

Loretti, Renata Alves, Yasmin Tadayozzi, Eduardo Vicente, Adalgisa Andrade

Anodic Oxidation of Chlorophenoxy Herbicides by Oxides Electrodes 

S14-035
Mingming Gao (School of Environmental Science and Engineering, Shandong University, Jinan, China)

A novel electro-Fenton-like reaction based on electrocatalytic behavior of graphite/TiO
2
 composites towards 

H
2
O

2
 decomposition 

S14-036
Sergio González-Poggini (Dept of Chemical Engineering, Biotechnology and Materials, Universidad de Chile, 
Santiago, Chile), Melanie Colet-Lagrille

Design of a portable electrochemical device for water disinfection using platinum/carbon black anodes 

S14-037
Binbin Huang (Environment Science & Engineering, Hunan University, Changsha, China), Qian Guo, Chao Lei

Highly effective removal of 4-chlorophenol by 3D electrode system 

S14-038
Yong-Gu Lee (Department of Water Resource, Sungkyunkwan University, Suwon, Korea)

Application of sensitive electrochemical sensing system for detecting bromate in water treatment plant 

S14-039
Pengfei Ma (Dipartimento dell’Innovazione Industriale e Digitale (DIID), Università degli Studi di Palermo, 
Palermo, Italy), Hongrui Ma, Simona Sabatino, Alessandro Galia, Onofrio Scialdone

Electrochemical Treatment of Real Wastewater with Low Conductivity 

S14-040
Pengfei Ma (School of Environment Science and Engineering, Shaanxi University of Science and Technology, 
Xi’an, China), Hongrui Ma, Alessandro Galia, Simona Sabatino, Onofrio Scialdone

Reduction of Oxygen to H
2
O

2
 at Carbon Felt Cathode in Undivided Cells – Effect of Various Operative 

Parameters 

S14-041
Carlos Alberto Martínez-Huitle (Institute of Chemistry, Federal University of Rio Grande do Norte, Natal, 
Brazil), Soliu O. Ganiyu, Elisama Vieira dos Santos

Fe-rich lateritic soil catalyzed electro-Fenton degradation of food colorant Bordeaux Red (E123): Catalytic 

optimization, mineralization and reaction pathways 

S14-042
João Miller Melo Henrique (Chemical Engineering, Federal University of Rio Grande do Norte, Natal, Brazil), 
Nadja Maria Coelho Alves, Eduardo Lins De Barros Neto, Carlos Alberto Martínez-Huitle, Elisama Vieira 

Santos

Electro-irradiated technologies for removing of diesel from soil-washing using solar energy  

S14-043
María Millán Espinar (Chemical Engineering Department, University of Castilla-La Mancha, Ciudad Real, 
Spain), Manuel A. Rodrigo, Carme M. Fernández-Marchante, Pablo Cañizares, Justo Lobato

Approching the renewable energies to electrochemical treatments of pesticides  

S14-044
Maria Murrieta (Departamento de Ingeniería Geomática e Hidráulica, Universidad de Guanajuato, 
Guanajuato, Mexico), José Luis Nava

Degradation of the Azo Dye Acid Red 1 by electro-Fenton-like Process using hypochlorous acid and Fe2+
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S14-045
Slobodan Najdanovic (Department of Chemistry, Faculty of Sciences and Mathematics, University of Nis, Nis, 
Serbia), Milica Petrovic, Milos Kostc, Miljana Radovic, Danijela Bojic, Aleksandar Bojic

A New Approach in Synthesis of Highly Efficient Sorbent [Bi
6
O

5
(OH)

3
](NO

3
)5•

2
H

2
O: Electrodeposition 

from Ethanol Solution Followed by Thermal Treatment  

S14-046
Tsuyoshi Ochiai (Photocatalyst Group, Research and Development Department, Kanagawa Institute of 
Industrial Science and Technology, Kawasaki, Japan), Yosuke Ishikawa, Toshinari Nagura, Noritaka Kimura

Application of Advanced Oxidation Technologies (AOTs) for Bleaching of Japanese Papers (Washi) and 

Cotton Fabrics 

S14-047
Alexandra Raschitor (Chemical Engineering Department, University of Castilla- La Mancha, Ciudad Real, 
Spain), Javier Llanos, Cristina Sáez, Pablo Cañizares, Manuel A. Rodrigo

One-Step Concentration-Degradation Technique: Mineralization of Clopyralid from Wastewater 

S14-048
Irma Robles (Electrochemistry, CIDETEQ, Queretaro, Mexico), Emmanuel Becerra, Luis A. Godinez

Organic Matter Effect on Helminth Ova Disinfection by an Electro-Fenton Process  

S14-049
Romeu C. Rocha-Filho (Department of Chemistry, Sao Carlos Federal University, Sao Carlos, Brazil), Vanessa 

S. Antonin, José M. Aquino, Adilson J. Silva, Bianca F. Silva

On the Performance of Distinct Electrochemical Advanced Oxidation Processes in the Removal of 

Cephalexin from an Aqueous Solution 

S14-050
Edgar J. Ruiz-Ruiz (Facultad de Ciencias Quimicas, Universidad Autonoma de Nuevo Leon, Monterrey, 
Mexico), Benjamín Garza-Campos, Diana Morales, Aracely Hernández-Ramírez, Jorge Guzmán-Mar, Laura 

Hinojosa-Reyes, Juan Manriquez

Air/Oxygen Diffusion Electrodes Prepared with Commercial Mesoporous Carbon and their Application in 

electro-Fenton Processes  

S14-051
Elisama Vieira Santos (School of Science and Technology, avenida dos caiapos, nº 123, condominio residencial 
vitta I,, Natal, Brazil), Karyn Nathallye  De Oliveira Silva, Samilly Cristine Alves Oliveira, Mayra Kerolly Sales 

Monteiro, Vítor Jorge Pais Vilar, Carlos Alberto Martínez-Huitle

Simple and Integrated Electrokinetic Remediation of Soil Contaminated with Lead 

S14-052
Onofrio Scialdone (Dipartimento dell’Innovazione Industriale e Digitale (DIID), Università degli Studi di 
Palermo, Palermo, Italy), Ma Peng Fei, Alessandro Galia, Simona Sabatino, Fabrizio Vicari

Electrochemical treatment of real wastewater with low or high conductivity 

S14-053
Nena Velinov (Department of Chemistry, University of Nis, Nis, Serbia), Milica Petrovic, Slobodan Najdanovic, 

Jelena Mitrovic, Milan Antonijevic, Aleksandar Bojic

Effect of Current Density on Morphology and Chemical Composition of  Electrosynthesized  Bi
2
O

3
 Coat-

based Anode and Its Use for Electrochemical Decolorization of Crystal Violet 

S14-054
Anlin Xu (Department of Material Science and Physical Chemistry, University of Barcelona, Barcelona, Spain), 
Enric Brillas, Weiqing Han, Ignasi Sires

Abatement of Refractory Benzothiazoles by Photoelectro-Fenton Process under Multiple Irradiation Sources 

(UVA-UVC): Kinetics and Transformation Pathways 

S14-055
Zhihong Ye (Department of Materials Science and Physical Chemistry, University of Barcelona, Barcelona, 
Spain), Enric Brillas, Pere Cabot, Francesc Centellas, Ignasi Sires

Degradation of Butylated Hydroxyanisole by Fe(III)-EDDS-Assisted Electro-Fenton Process at Neutral pH 

Using a Carbon-Felt Cathode 
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S14-056
Géssica de Oliveira Santiago Santos (Instituto de Tecnologia e Pesquisa, Universidade Tiradentes, Aracaju, 
Brazil), Charlys Wilton dos Anjos Bezerra, Katlin Ivon Barrios Eguiluz, Giancarlo Richard Salazar-Banda

Preparation and characterization of RuO
2
-IrO

2
/Ti anodes by thermal decomposition method using polyvinyl 

polyalcohol 

S14-057
Géssica de Oliveira Santiago Santos (Instituto de Tecnologia e Pesquisa, Universidade Tiradentes, Aracaju, 
Brazil), Ronaldo Santos Silva, Katlin Ivon Barrios Eguiluz, Giancarlo Richard Salazar-Banda

Effect of the calcination temperature on the electrochemical properties of Ti/SnO
2
–Sb anodes synthesized by 

laser heating 

S14-058
Siegfried Waldvogel (Institute of Organic Chemistry, Johannes Gutenberg-University, Mainz, Germany)

Novel Active Electrode Systems for Electro-organic Synthesis

Symposium 15 New Trends in (Bio)-Molecular Electrochemistry

Electroactive molecules with innovative properties 
S15-001

Norman Baltes (Applied Electrochemistry, Fraunhofer ICT, Pfinztal, Germany)
Aptamer-modified thick film electrodes as electrochemical sensor platform for cocaine detection 

S15-002
Sara Grecchi (Dipartimento di Chimica, Università degli Studi di Milano, Milano, Italy), Serena Arnaboldi, 

Mirko Magni, Claudio Fontanesi, Tiziana Benincori, Patrizia Romana Mussini

The Fundamental Role of Spin in the Enantio-Selectivity Process 

S15-003
Martin Konhefr (Department of Biochemistry, Masaryk University, Brno, Czech Republic), Karel Lacina, 

Monika Skrutková-Langmajerová, Zdenek Glatz, Petr Skládal, Ctibor Mazal

Indirect B-N Interactions in Boronic Acid-Aminoferrocene System: Point of View of Electrochemistry 

S15-004
Tomas Mikysek (Department of Analytical Chemistry, University of Pardubice, Pardubice, Czech Republic), 
Petr Simunek

Electrochemical Study of New Oxazaborine Based Heterocycles 

S15-005
Patrizia Romana Mussini (Dipartimento di Chimica, Università degli Studi di Milano, Milano, Italy), Serena 

Arnaboldi, Ivo Franco Buzzi, Rossella Monaco, Francesco Sannicolò, Tiziana Benincori, Luca Scapinello, 

Andrea Penoni, Roberto Cirilli

Electrochemistry of inherently chiral molecular materials with biindole atropisomeric cores:interacting 

equivalent redox sites, configurational stability, and enantioselection ability for different chiral probes 

S15-006
Lubomir Pospisil (Electrochemistry at Nanoscale, J. Heyrovsky Institute of Physical Chemistry of the CAS, 
Prague, Czech Republic), Magdalena Hromadova, Romana Sokolova, Clara Lanza

Kinetics of Radical Dimerization. Simple Evaluation of Rate from Convolution Voltammetry and Faradaic 

Phase Angle Data 

S15-007
Ludmila Simkova (Department of Molecular Electrochemistry and Catalysis, J. Heyrovsky Institute of Physical 
Chemistry of the ASCR, Prague, Czech Republic), Jiri Ludvik

Electrochemical Investigation of Fluorinated Derivatives of 1,3-Diphenylisobenzofuran – Chromophores for 

Singlet Fission 

S15-008
Yinglin Zhou (College of Chemistry, Peking University, Beijing, China), Ting Cao, Xinxiang Zhang

Investigation of the Interactions Between Methylene Blue and Intramolecular G-quadruplexes: an Explicit 

Distinction in Electrochemical Behavior  
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Electrochemical activation 
S15-009

Elodie Anxolabéhère (Laboratoire d’Electrochimie Moléculaire UMR 7591 CNR, Université Paris Diderot - 
Sorbonne Paris Cité, Paris, France), Claudio Cometto, Claire Fave, Lingjing Chen, Po-Kam Lo, Zhenguo Guo, 

Kai-Chung Lau, Tai-Chu Lau

Electrochemical CO
2
 Catalytic Conversion with Fe and Co Quaterpyridine Complexes 

S15-010
Michael Guschakowski (Institute of Environmental and Sustainable Chemistry, Technical University of 
Braunschweig, Braunschweig, Germany), Waldemar Sauter, Uwe Schröder

Sustainable electrochemical conversion of Glycerol to 1,3-Propanediol 

S15-011
Waldemar Sauter (Institute of Enviromental and Sustainable Chemistry, TU-Braunschweig, Braunschweig, 
Germany), Michael Guschakowski, Uwe Schröder

Electrochemical access to polyols: One-pot reduction of glycerol to 1,3-propanediol 

Molecular electrosynthesis and electrocatalysis 
S15-012

Saber Alizadeh (Faculty of Chemistry, Bu-Ali-Sina University, Hamedan, Iran), Milad Khani, Davood 

Nematollahi

Paired Electrosynthesis of Knoevenagel Condensation by the HKUST-1 Metal-Organic Framework Modified 
Electrode 

S15-013
Serena Arnaboldi (Dipartimento di Chimica, Università degli Studi di Milano, Milano, Italy), Mirko Magni, 

Stefania Pinto, Silvia Cauteruccio, Emanuela Licandro, Abdirisak Ahmed Isse, Armando Gennaro, Patrizia 

Romana Mussini

Electrocatalytic Reduction of Bromothiophenes on Gold and Silver Electrodes: an Example of Synergism in 

Electrocatalysis 

S15-014
Francesco De Bon (Department of Chemical Sciences, University of Padova, Padova, Italy), Abdirisak Ahmed 

Isse, Armando Gennaro

Electrochemically mediated ATRP in a stainless-steel reactor: toward a scale-up of eATRP 

S15-015
André H.B. Dourado (Fundamental Chemistry, USP, Sao Paulo, Brazil), Renan Munhos, Hamilton Varela, 

Matthias Arenz, Susana Cordoba de Torresi

SO
2
 Electrocatalytic Oxidation: Observed Oscillations Dependent on the Electrode Material and 

Chaotropicity of the Electrolyte 

S15-016
Marta Feroci (Scienze di Base e Applicate per l’Ingegneria (SBAI), Sapienza University, Rome, Italy), Isabella 

Chiarotto, Fabiana Pandolfi, Daniele Rocco
Electrogenerated Superoxide Anion Induced Oxidative Amidation of Benzoin 

S15-017
Marta Feroci (Scienze di Base e Applicate per l’Ingegneria (SBAI), Sapienza University, Rome, Italy), Leonardo 

Mattiello, Fabiana Pandolfi, Daniela Zane
On the Electrochemical Behaviour of 9-Methylcaffeinium Iodide 

S15-018
Solène Gentil (Département de Chimie Moléculaire, Université Grenoble Alpes, Grenoble, France), Christine 

Cavazza, Hélène Jamet, Serge Cosnier, Vincent Artero, Alan Le Goff

Carbon Nanotubes Supported- Hydrogenases and bio-inspired mononuclear nickel complexes for H
2
/air fuel 

cells 

S15-019
John Haupt (Institute of Organic Chemistry, Johannes Gutenberg-University, Mainz, Germany), Eduardo 

Rodrigo, Siegfried Waldvogel

Gas Diffusion Electrodes for Electroorganic Syntheses 
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S15-020
Binbin Huang (Environmental Science & Engineering, Hunan University, Changsha, China), Jing Li, Chao Lei

Electrochemical Reduction of Mono-chloronitrobenzenes at Silver cathode in Dimethylformamide 

S15-021
Francesca Lorandi (Department of Chemistry, Carnegie Mellon University, Pittsburgh, USA), Marco Fantin, Yi 

Wang, Sivaprakash Shanmugam, Abdirisak Ahmed Isse, Armando Gennaro, Krzysztof Matyjaszewski

Towards electrochemically mediated RAFT polymerization: study of the redox properties of chain transfer 

agents 

S15-022
Francesca Lorandi (Department of Chemistry, Carnegie Mellon University, Pittsburgh, USA), Marco Fantin, 

Thomas Ribelli, Abdirisak Ahmed Isse, Armando Gennaro, Krzysztof Matyjaszewski

Electrochemical and spectrochemical hunting of organometallic species in ATRP 

S15-023
Jia-Xing Lu (School of Chemistry and Molecular Engineering, East China Normal University, Shanghai, 
China), Jing Yuan, Wen-Ya Zhi, Li Liu, Man-Ping Yang, Yuan-Yuan Wang, Huan Wang

Electrochemical Reduction of CO2 at Metal-Free N-Functionalized Graphene Oxide Electrodes 

S15-024
Mirko Magni (Department of Chemistry, Università degli Studi di Milano, Milano, Italy), Serena Arnaboldi, 

Patrizia Romana Mussini, Andrea Previtali, Elena Lucenti, Elena Cariati

Electrochemical Study of a Family of Triazines: Cyclic Triimidazoles and their Halo Derivatives 

S15-025
Maximilian Selt (Institute of Organic Chemistry, Johannes Gutenberg University Mainz, Mainz, Germany), 
Anton Wiebe, Barbara Riehl

Electrochemical Cross-Coupling of Phenols 

S15-026
Huan Wang (School of Chemistry and Molecular Engineering, East China Normal University, Shanghai, 
China), Ying-Na Yue, Sheng Zeng, Hui Wang, Shuo Wang, Jia-Xing Lu

One-pot synthesis of D-phenylalanine-functionalized multi-walled carbon nanotubes: a metal-free chiral 

catalyst for the asymmetric electroreduction of aromatic ketones 

Molecular modification of surfaces 
S15-027

Adám Balog (Department of Physical Chemistry and Materials Science, University of Szeged, Szeged, 
Hungary), Attila Kormányos, Csaba Janáky

Selective and rapid detection of dopamine on molecularly imprinted polymer electrodes 

S15-028
Jiri Ludvik (Molecular Electrochemistry and Catalysis, J. Heyrovsky Institute of Physical Chemistry, ASCR, 
Prague, Czech Republic), Marquise Touomo Wouafo, Joel Donkeng Dazie

Pre-corrosion of Fe(0) and its Impact on Zn2+ Remediation Process: An Electrochemical Mechanistic Study 

S15-029
Aleksandra Markovic (Institute of Chemistry, University of Oldenburg, Oldenburg, Germany)

Fluorescent dyes for electrochemical sensing – Electrochemical activation of self-assembled monolayers 

S15-030
Giulia Moro (Department of Chemistry, University of Antwerp, Antwerpen (2020), Belgium), Nick Sleegers, 

Fabio Bottari, Karolien De Wael, Ligia Maria Moretto

Exploiting the Intrinsic Electroactivity of ß-lactam Antibiotics:A Biomimetic Sensor for Cefquinome in Milk 

S15-031
Briza Pérez-López (Smart Systems Unit, Technological Center LEITAT, Barcelona, Spain), Ruta Grinyte, 

Elisabet Fernández-Rosas, Eloy Pena, Elisabet Rosell, Carlos Berrio, Jordi Ricart, Marc Masa

Immunosensor for Bacteria Detection Associated with Nosocomial Infection 



Program of the 69th Annual Meeting of the International Society of Electrochemistry204
PO

ST
ER

S

Molecules and bio-molecules 
S15-032

Matteo Iurlo (Department of Chemistry Giacomo Ciamician, University of Bologna, Bologna, Italy), Sara 

Bonacchi, Emiliano Tamanini, Luca Prodi, Massimo Marcaccio, Pantos G Dan, Francesco Paolucci

Electrostatics vs. Self-Assembly 

S15-033
Alan Liska (Department of Molecular Electrochemistry and Catalysis, J. Heyrovsky Institute of Physical 
Chemistry of the CAS, Praha, Czech Republic), Iveta Triskova, Jiri Ludvik, Libuse Trnkova

Oxidation Potentials of Guanine, Guanosine and Guanosine-5´-Monophosphate: Theory and Experiment 

S15-034
Ewa Nazaruk (Chemistry Department, University of Warsaw, Warsaw, Poland), Renata Bilewicz

Controlling The Drug Release From Mesophase – Modifying Release Rates From Lipidic Cubic Phase 

Carriers By Modulating Electrostatic Interactions or Phase Transitions 

S15-035
José Manuel Pingarrón (Analytical Chemistry, Universidad Complutense, Madrid, Spain), Susana Campuzano, 

Eloy Povedano, Víctor Ruiz-Valdepeñas Montiel, Alejandro Valverde, Eva Vargas, Rebeca M. Torrente-

Rodríguez, María Pedrero, Rodrigo Barderas

Electroanalytical bioplatforms for fast and simple detection of cancer-relevant DNA methylation events in 

liquid biopsies 

S15-036
Caroline G. Sanz (Institute of Chemistry, University of São Paulo, São Paulo, Brazil), Silvia H.P. Serrano, 

Christopher Brett

The Oxidation Processes of First Generation ß-Lactam Antibiotics at Nanomaterial and Polymer-Modified 
Glassy Carbon Electrodes 

S15-037
Dimitrios Zouraris (School of Chemical Engineering, National Technical University of Athens, Athens, Greece), 
Maria Dimarogona, Evangelos Topakas, Antonis Karantonis

Investigation of the large amplitude Fourier transform alternating current voltammetry (FTacV) for the study 

of redox enzymes  

Multiple redox centers 
S15-038

Sebastian Sobottka (Institut für Chemie und Biochemie, Freie Universität Berlin, Berlin, Germany), Bratati 

Patra, Woormileela Sinha, Sanjib Kar, Biprajit Sarkar

Isovalent AgIII/AgIII, AgII/AgII, Mixed-Valent AgII/AgIII, and Corrolato-Based Mixed-Valency in ß,ß’-Linked 

[Bis{corrolato-silver}]n Complexes 

S15-039
Tadaharu Ueda (Marine Resources Science, Kochi University, Nankoku, Japan), Hikaru Hirabaru, Kazumichi 

Yanagisawa, Takuya Hasegawa, Hiromi Ota, Masahiro Sadakane, Si-Xuan Guo, John Boas, Jie Zhang, Alan 

Bond

Voltammetric behavior of novel Wells-Dawson-type Iron-substituted Tungstosulphate, [S
2
FeW

17
O

61
]5-, in 

acetonitrile in the presence of various organic ligands 

Reactivity 
S15-040

Carlos Frontana (Electroquimica, Materiales y Sensores, CIDETEQ SC, Pedro Escobedo, Mexico), Fidel 

Hernandez-Perez

Intermolecular Hydrogen Bonding during Proton Coupled Electron Transfer in alpha-hydroxyquinones 

S15-041
Marilia Goulart (Instituto de Química e Biotecnologia, Universidade Federal de Alagoas, Maceio, Brazil), Ana 

Caroline Santos, Fabiana Andrea Moura, Andre Xavier, Rita Luz, Flavio Damos, Lauro Kubota

In search for simplicity: sensitive electroanalytical detection of low molecular weight thiols on GCE and 

BDDE, based on redox intermediacy of lipoic acid 
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S15-042
Miroslava  Guricová (Department of Molecular Electrochemistry and Catalysis, J. Heyrovsky Institute of Physical 
Chemistry of the CAS, Prague, Czech Republic), Radka Guldanova, Tomas Tobrman, Dalimil Dvorák, Irena 

Hoskovcova

Electrochemical Characterization of Fischer Biscarbene Complexes of Chromium 

Spectroelectrochemistry 
S15-043

Sara Bonacchi (Department of Chemical Sciences, University of Padova, Padova, Italy), Giovanni Valenti, 

Enrico Rampazzo, Luca Petrizza, Marco Montalti, Massimo Marcaccio, Francesco Paolucci, Luca Prodi

Electrochemiluminescence from Core-Shell Silica Nanoparticles:A look inside the mechanism. 

S15-044
Olivier Buriez (CNRS, Ecole Normale Superieure, Paris, France), Martina Cizkova, Laurent Cattiaux, Jean-

Maurice Mallet, Eric Labbé

Electrochemical Switching Fluorescence Emission in Rhodamine Derivatives  

S15-045
André H.B. Dourado (Fundamental Chemistry, USP, Sao Paulo, Brazil), Rubens A. Silva, Roberto M. Torresi, 

Matthias Arenz, Susana Cordoba de Torresi

Adsorption of L-Cys on Pt. Regarding the Viscoelasticity, Molecular Assembling and Conformation Control 

S15-046
Alonso Gamero-Quijano (Chemical Sciences, University of Limerick, Limerick, Ireland), Andres F. Molina-

Osorio, Manuel Dossot, Micheal D. Scanlon, Grégoire Herzog

Mimicking Biological Electron Transfer: Interfacial Electron Transfer of Cytochrome c at an Electrified 
Liquid-Liquid Interface 

S15-047
Alexia Papageorgiou (Chimie Analytique et Chimie des Interfaces, Université Libre de Bruxelles, Brussel, 
Belgium), Laurence Rongy, Thomas Doneux

Combining Numerical Simulations and Experimental Visualisation by Confocal Fluorescence Microscopy 

for the Investigation of Proton Coupled Electron Transfer Reactions 

S15-048
Jack Robinson (School of Chemical Sciences, Dublin City University, Dublin, Ireland), Tia Keyes, Max Ryadnov

Investigation of Transmembrane Proteins on Suspended Lipid Bilayers on Gold Microcavity Arrays using 

Electrochemical Impedance Spectroscopy  

S15-049
Ludmila Simkova (Department of physical chemistry, Faculty of chemical and food technology, SUT in 
Bratislava, Bratislava, Slovakia) Michal Malcek, Karol Luspai

Dynamics of an anion radical electrochemically generated from push-pull molecule 2,2-dinitroethene-1,1-

diamine, observed in ESR spectra and clarified by simulation and DFT calculations

Symposium 16 Micro- and Nano-Scale Platforms to Study Electron 

Transport in (Bio) Molecular Systems: from 

Fundamentals to Molecular Devices

Mechanical break - junctions 
S16-001

Junyang Liu (Department of Chemical and Biochemical Engineering, Xiamen University, Xiamen, China), 
Hang Chen, Xiaotao Zhao, Xiaoyu Li, Martin R. Bryce, Wenjing Hong

Phenothiazine Radical-enhanced Charge Transport through Electrochemical-gating Mechanically 

Controllable Break Junction 

Molecular transistor devices 
S16-002

Shofu Matsuda (Department of Materials Science and Technology, Nagaoka University of Technology, 
Nagaoka, Niigata, Japan), Mitsuhiko Katagiri, Norio Nagayama, Minoru Umeda

Rectification Property of Triphenylamine Derivative/C
60

-doped Triphenylamine Derivative Layered Structure 
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Nano micro-scale bioelectronics 
S16-003

Magdalena Kundys (Charge Transfer Processes in Hydrodynamic Systems, IPC PAS, Warsaw, Poland), Martin 

Jönsson-Niedziólka

Detection of Multiple Neurotransmitters Using Nanoparticles – a Rotating Droplet System 

S16-004
Jingxian Yu (Department of Chemistry, The University of Adelaide, Adelaide, Australia)

Electrochemical Observation and Theoretical Insight into Tryptophan as Electron Transfer Relay in ß-Strand 

Peptides 

Nano micro-structured electrodes 
S16-005

Jingyuan Chen (Department of Applied Physics, University of Fukui, Fukui, Japan), Koichi Aoki, Jia Bei

Salt-free voltammetry 

S16-006
Hyeryeong Lee (School of Earth Sciences and Environmental Engineering, Gwangju Institute of Science and 
Technology, Gwangju, Korea), Yoo Seok Lee, In Seop Chang

Influence of inter-enzyme steric hindrance on direct electron transfer of glucose dehydrogenase via spatially 
controllable-, and nano-patterned AuNP electrode  

S16-007
Huaiguang Li (Center for Electrochemical Sciences - CES, Ruhr-Universität Bochum, Bochum, Germany), 
Gabriel Kopiec, Frank Müller, Frauke Möller, Nicolas Plumeré

Isotope Labels for Spectroscopic Evidences of Heterogeneous Au-C Bonds on Au Surfaces 

S16-008
Waldemir Paschoalino (Department of Analytical Chemistry, State Universtiy of Campinas, Campinas, Brazil), 
Sergio Kogikoski Jr, Lauro Kubota

Scanning Electrochemical Microscopy and Electrochemical Impedance Spectroscopy Approaches for 

Investigation of Self Assembled Gold and Silver Nanoparticles Modified with DNA 

S16-009
Shokoufeh Rastgar (Department of Chemistry, Carl von Ossietzky University of Oldenburg, Oldenburg, 
Germany)

Photo-activity of Nanostructured BiVO
4
 at Electrified Water/Oil Interfaces Studied by Scanning 

Electrochemical Microscopy 

S16-010
Yan Vogel (Department of Chemistry, Curtin University, Perth, Australia), Nadim Darwish, Justin Gooding, 

Simone Ciampi

Spatial light modulators for locally addressing electrochemical reactions 

S16-011
Takeshi Watanabe (Department of Electrical Engineering and Electronics, Aoyama Gakuin University, 
Sagamihara, Japan), Daichi Kuroki, Takashi Tokuda, Jun Ohta, Shinji Koh

Monolayer Graphene as Transparent Electrode Materials for Electrochemiluminescence Applications 

SAM-based molecular junctions 
S16-012

Carlos P. Silva (Materials Chemistry Department, Universidad de Santiago de Chile, Santiago, Chile), Camila 

F. Olguin, Javier Espinoza-Vergara, Juan F. Silva, Jorge Pavez

Covering Control of Funtionalized Aryldiazonium Salts on Gold Surfaces; Effect on Electrocatalysis of 

Oxygen Reduction 

S16-013
Carlos P. Silva (Materials Chemistry Department, Universidad de Santiago de Chile, Santiago, Chile), 
Geraldine Jara, Alejandra Gomez, Jorge Pavez

Design and Study of a Molecular Electrode Platform based on Azo-aryl Derivatives 
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SPM-based approaches 
S16-014

Denis Alikin (Department of Physics and CICECO, University of Aveiro, Aveiro, Portugal), Boris Slautin, 

Konstantin Romanyuk, Vladimir Shur, Andrei Kholkin

Quantitative characterization of the ionic mobility and concentration in Li-battery cathodes via low 

frequency electrochemical strain microscopy 

S16-015
Viliam Kolivoska (Electrochemistry at the Nanoscale, J. Heyrovsky Institute of Physical Chemistry of the CAS, 
Prague, Czech Republic), Jakub Sebera, Pavel Moreno Garcia, Stepanka Novakova Lachmanova, Jindrich 

Gasior, Gabor Meszaros, Michal Valasek, Marcel Mayor, Magdalena Hromadova

Investigation of the charge transport in model single molecule junctions based on extended viologen 

molecular conductor 

S16-016
Stepanka Novakova Lachmanova (Electrochemistry at the nanoscale, J. Heyrovsky Institute of Physical 
Chemistry of the CAS, Prague, Czech Republic), Tana Sebechlebska, Viliam Kolivoska, Jakub Sebera, Gabor 

Meszaros, Gregory Dupeyre, Philippe Laine, Magdalena Hromadova

Expanded Pyridinium Molecules: Correlation of Their Electrochemical Behaviour and Single Molecule 

Conductance 

Symposium 17  Physical Electrochemistry: Recent Developments 

in Spectroscopy, Microscopy and Theory for the 

Rational Design of Electrochemical Interfaces

Theoretical methods 
S17-001

Jiabo Le (Department of Chemistry, Xiamen University, Xiamen, China), Jun Cheng

Modelling Metal Electrolyte Interfaces from Density Functional Theory Based Molecular Dynamics 

S17-002
David Soares (Instituto de Fi sica Gleb Wataghin, UNICAMP, Campinas, Brazil)

The Electrical charging of the Air-Water Surface and of the interface Glass-Water 

Advanced functional materials 
S17-003

Artem Boichuk (Department of Chemistry, Lomonosov Moscow State University, Moscow, Russia), Eduard 

Levin, Sergey Vassiliev, Victoria Nikitina

Kinetic Patterns of Metal Ion Intercalation into Prussian Blue Particles of Different Morphologies and 

Composition 

S17-004
Jorge Correia (Centro de Química e Bioquímica; Centro de Química Estrutural, University of Lisbon, Lisbon, 
Portugal), Inês Jordão Pereira

Lightening the Mechanism of Electroless Metal Precipitation by Polyaniline 

S17-005
Claudio Fontanesi (Engineering Department, UniMORE, Modena, Italy), Anup Kumar, Eyal Capua, Raanan 

Carmieli, Ron Naaman

Injection of spin-polarized electrons into a GaN/AlGaN device, via CISS effect, allows the observation of 

unprecedented long spin lifetime 

S17-006
Khaled Tawfik Alali (College of Materials Science and Chemical Engineering, Harbin Engineering University, 
Harbin, China), Jingyuan Liu, Jun Wang

Hierarchical 3D Carbon Nanotubes / Electrospun Carbon Nanofibers, Synthesis and their Outstanding Gas 
Sensing Performance 
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Electrocatalysis 
S17-007

Christoph J. Bondue (Leiden Institute of Chemistry, Leiden University, Leiden, Netherlands), Federico Calle-

Vallejo, Marc Koper

Electrochemical Hydrogenation of Carbonyl Compounds: The Interaction Between Secondary Functional 

Group and Electrode and Its Influence on Catalytic Activity 

S17-008
Jongwon Kim (Department of Chemistry, Chungbuk National University, Cheongju, Korea), Hwakyeung Jeong

SERS Investigation of Methanol Dehydrogenation Reaction at Au@Pt Surfaces for Methanol 

Electrooxidation 

S17-009
Sander Ratso (Institute of Chemistry, University of Tartu, Tartu, Estonia), Nastaran Ranjbar Sahraie, Moulay 

Tahar Sougrati, Maike Käärik, Mati Kook, Rando Saar, Päärn Paiste, Qingying Jia, Jaan Leis, Sanjeev Mukerjee, 

Frédéric Jaouen, Kaido Tammeveski

Highly active Fe-N-C catalysts for PEMFC from carbide-derived carbons 

S17-010
Niusha Shakibi Nia (Physical Chemistry, University of Innsbruck, Innsbruck, Austria), Christoph Griesser, 

Thomas Götsch, Alessandro Martucci, Gaetano Granozzi, Simon Penner, Nicolas Alonso-Vante, Julia Kunze-

Liebhäuser

DEMS studies of electrochemical CO and ethanol oxidation on TiOC supported Pt catalysts 

S17-011
Mitsuru Wakisaka (Graduate School of Engineering, Toyama Prefectural University, Imizu, Japan), Kayoko 

Tamoto

Reaction Mechanism of Electrochemical Hydrogenation of Toluene at Pt Electrodes in Toluene/H
2
SO

4
 

Microemulsion System 

In situ and operando spectroscopy 
S17-012

Sabine Ernst (Institute of Environmental and Sustainable Chemistry, TU Braunschweig, Braunschweig, 
Germany), Tom Patrick Heins, Nicolas Schlueter, Uwe Schröder

Investigation of frequency-dependent nonlinear current-voltage relation of lithium-ion cells 

S17-013
Raul Garcia-Diez (Renewable Energy, Helmholtz-Zentrum Berlin fuer Materialien und Energie GmbH, Berlin, 
Germany), Regan G. Wilks, Marcus Baer

Characterization of real-world electrocatalysts under operando conditions by soft x-ray spectroscopy: 

Challenges and first results 

S17-014
Christoph Griesser (Institut für Physikalische Chemie, Leopold-Franzens-Universität Innsbruck, Innsbruck, 
Austria), Degenhart Hochfilzer, Eva-Maria Wernig, Thomas Götsch, Gonzalo García, Simon Penner, Elena 
Pastor, Julia Kunze-Liebhäuser, Niusha Shakibi Nia

Electrochemical reduction of CO and CO
2
 on transition metal carbides: A DEMS study 

S17-015
Fabian Hartl (Institute of Chemistry of Sao Carlos, University of Sao Paulo, Sao Carlos, Brazil), Hamilton 

Varela, Angel Cuesta

ATR-SEIRAS in situ pH dependent potential oscillation in Formic Acid Oxidation 

S17-016
Tom Patrick Heins (Institute of Environmental and Sustainable Chemistry, Technical University Braunschweig, 
Braunschweig, Germany)

Monitoring the degradation of large-scale lithium-ion cells by electrochemical impedance spectroscopy by 

application of the method of the distribution of relaxation times (DRT) 

S17-017
Haoliang Huang (Department of Chemistry, University of Southampton, Southampton, United Kingdom), 
Andrea Russell

In-situ XAS Study on Atomically Dispersed Pt under Potential Control 
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S17-018
Yi-Fan Huang (School of Physical Science and Technology, ShanghaiTech University, Shanghai, China), Yi-Fan 

Huang, Wei Wang, Hong-Yu Guo, Dongping Zhan, De-Yin Wu, Bin Ren, Zhong-Qun Tian

Photoejection of Electrons Activated Photochemistry Revealed by Ultramicro Electrochemical Surface 

Enhanced Raman Spectroscopy 

S17-019
Akihito Imanishi (Graduate School of Engineering Science, Osaka University, Toyonaka, Japan), Shodai 

Koyama, Tetsuya Tsuda, Susumu Kuwabata, Ken-ichi Fukui

Unusual Diffusion Behavior of Metal Ions at Ionic Liquid/Electrode Interface during Electrodeposition and 

Its Effect on Electrodeposits 

S17-020
Alexander Keeler (Department of Chemistry, University of Southampton, Southampton, United Kingdom), 
Andrea Russell

SERS study into the orientation dependence of nitrile substituted aromatic SAMs at the electrode / non-

aqueous interface 

S17-021
Julia Maibach (Institute for Applied Materials - Energy Storage Systems, Karlsruhe Institute of Technology , 
Karlsruhe, Germany), Ida Källquist, Kristina Edström, Hakan Rensmo, Hans Siegbahn, Maria Hahlin

Approaching realistic measurement conditions: battery electrodes and electrolytes studied by Ambient 

Pressure Photoelectron Spectroscopy 

S17-022
Marco Papasizza (Department of Chemistry, Aberdeen, United Kingdom), Angel Cuesta

In situ monitoring with ATR-SEIRAS of CO
2
 electroreduction on Au in a RTIL / water mixture 

S17-023
Shi-Gang Sun (Department of Chemistry, Xiamen University, Xiamen, China), Zhi-You Zhou, Ling Huang, Yan-

Xia Jiang, Zhao-Hui Wang, Hong-Gang Liao, Na Tian, Chun-Hua Zhen

Development of in-situ spectroscopies in studies of electrochemical reactions 

S17-024
Burak Ulgut (Department of Chemistry, Bilkent University, Ankara, Turkey), Can Uzundal, Pinar Aydogan-

Gokturk, Sefik Suzer
Understanding Double Layer Behavior in Ionic Liquids via Operando XPS and Modeling 

S17-025
Bao-Ying Wen (College of Chemistry and Chemical Engineering, Xiamen University, Xiamen, China), Jun Yi

In-situ Monitoring of the Electrochemical Behavior of Viologen at Au(hkl) Single-crystal Electrodes Using 

Raman Spectroscopy 

S17-026
Eva-Maria Wernig (Institute of Physical Chemistry, University of Innsbruck, Innsbruck, Austria), Niusha 

Shakibi Nia, Christoph Griesser, Thomas Götsch, Christoph Cobet, Jiri Duchoslav, Simon Penner, Kurt Hingerl, 

Julia Kunze-Liebhäuser

Mo
2
C synthesis and characterization for use in electrochemical CO

2
-reduction 

S17-027
JinYu Ye (Department of Chemistry, Xiamen University, Xiamen, China), Zhi-You Zhou, Shi-Gang Sun

Spectroscopic Study the CO
2
 Electroreduction Reaction Mechanism on Noble Metal Surfaces 

S17-028
Rahul Yewale (Department of Chemistry, University of Turku, Turku, Finland), Milla Suominen, Pia Damlin, 

Carita Kvarnström

In situ UV-VIS and FTIR studies of Vapor Phase Polymerized PEDOT films 

In situ scanning probe microscopy 
S17-029

Andrea Auer (Physical Chemistry, University of Innsbruck, Innsbruck, Austria), Niusha Shakibi Nia, Christoph 

Griesser, Julia Kunze-Liebhäuser

Electrochemical Scanning Tunneling Microscopy Study of Cu Single Crystals in CO Saturated Alkaline 

Solutions 
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S17-030
Alberto Battistel (Department of Molecular Sciences and Nanosystems, University Cà Foscari Venice, Venezia, 
Italy), Salvatore Daniele

Electrochemical SONAR and Scanning Electrochemical Microscopy 

S17-031
Baoping Chen (Department of Chemistry, University of Warwick, Coventry, United Kingdom), David Perry, 

Patrick Unwin

Defined and local delivery of charged mediators with pulse-potential scanning ion conductance microscopy 
(SICM) for simultaneous interfacial topography and reactivity mapping 

S17-032
Xin Deng (Institute of Chemistry, Leiden University, Leiden, Netherlands), Federica Galli, Marc Koper

In situ electrochemical AFM imaging of Pt electrode in sulfuric acid under potential cycling conditions 

S17-033
Dmitry Momotenko (Dept. of Information Technology and Electrical Engineering, Institute for Biomedical 
Engineering, ETH Zurich, Zurich, Switzerland), Tomaso Zambelli, Janos Vörös

Scanning Nanopipette Thermometry 

S17-034
Dmitry Momotenko (Dept. of Information Technology and Electrical Engineering, Institute for Biomedical 
Engineering, ETH Zurich, Zurich, Switzerland), Livie Dorwling-Carter, Janos Vörös, Tomaso Zambelli

Fast Simultaneous Topographical and Surface Charge Mapping with Microchanneled Cantilevers 

S17-035
Ove Oll (Institute of Chemistry, University of Tartu, Tartu, Estonia), Georg Gorbatovski, Erik Anderson, Jinfeng 

Zhao, Enn Lust

Reconstruction of Bismuth Single Crystal Planes upon Specific Adsorption of Anions from Ionic Liquids 

S17-036
Sabina Scarabino (Physical Chemistry, Carl von Ossietzky University, Oldenburg, Germany), Raffael Ruess, 

Derck Schlettwein, Gunther Wittstock

Scanning electrochemical microscopy (SECM) for the mechanistic analysis of competitive 

photoelectrochemical interfacial processes in dye-sensitize solar cells (DSSCs) 

S17-037
Nicolas Schlueter (Institute of Environmental and Sustainable Chemistry, TU Braunschweig, Braunschweig, 
Germany), Nina Harms, Tom Patrick Heins, Uwe Schröder

Application of Localized Electrochemical Impedance Spectroscopy to Lithium Ion Electrodes 

Nanostructured electrodes 
S17-038

Ernesto Julio Calvo (INQUIMAE, Facultad de Ciencias Exactas y Naturales, Universidad de Buenos Aires, 
Buenos Aires, Argentina), Federico Davia, Santiago Herrera, Federico Williams

Electron Transfer Across C16 Hexadecanethiol/Au(111) to Tethered Os(bpy)2pyCl Centers Enhanced by Au 

Nanoparticles 

Rational design 
S17-039

Barbara Palys (Biological and Chemical Research Centre, University of Warsaw, Warsaw, Poland), Sylwia 

Berbec, Mateusz Kasztelan, Anna Jablonska

Simple Preparation of Highly Sensitive SERS Platforms Composed of Reduced Graphene Oxide 

Sandwiched between Electrochemically Roughened Silver and Electrodeposited Silver Nanoparticles 

Structural characterisation 
S17-040

Nakkiran Arulmozhi (Catalysis and Surface Chemistry, Leiden University, Leiden, Netherlands), Thomas 

Hersbach, Marc Koper

Cathodic Corrosion on Noble Metal Electrodes: A Spherical Single Crystal Perspective 
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S17-041
Renata Costa (Chemistry and Biochemistry, CIQUP, Porto, Portugal), Tânia Rebelo, Ana Brandão, Carlos 

Pereira, A. Fernando Silva

Surface Plasmon Resonance Studies on Molecular Imprinting Polymerization Process of Biomarkers 

S17-042
Manuela Rueda (Department of Physical Chemistry, University of Seville, Seville, Spain), Francisco Prieto, 

Julia Alvarez-Malmagro

Surface-Enhanced Infrared Absorption Spectroscopy and DFT Studies of Cytosine Tautomers Adsorption on 

Gold Electrodes 

Symposium 18  Theory: from Understanding to Optimization and 

Prediction

Computational modeling 
S18-001

Logi Arnarson (Department of Chemistry, University of Copenhagen, Copenhagen, Denmark), Per Schmidt, 

Mohnish Pandey, Alexander Bagger, Kristian Thygesen, Ifan E.L. Stephens, Jan Rossmeisl

Fundamental Limitations of Electrochemical Methane Oxidation to Methanol 

S18-002
Katharina Becker-Steinberger (Institute of Engineering Thermodynamics, German Aerospace Center, 
Stuttgart, Germany), Anton Neumann, Simon Schardt, Arnulf Latz

All-Solid-State Cells - Dynamics and Interfacial Processes  

S18-003
Marion Chandesris (Electricity and Hydrogen for Transportation Division, Atomic Energy and Alternative 
Energies Commission (CEA), Grenoble, France), Damien Caliste, Didier Jamet, Benoît Mathieu, Pascal Pochet

Simulation of staging dynamic in graphite intercalation compounds  

S18-004
Georg Futter (Computational Electrochemistry, German Aerospace Center (DLR), Stuttgart, Germany), Arnulf 

Latz, Thomas Jahnke

Modeling of Solid Oxide Electrolysis Cells - Physics-based Impedance Analysis of Mixed Ionic Electronic 

Conducting Electrodes 

S18-005
Vladislav Ivanistsev (Institute of Chemistry, University of Tartu, Tartu, Estonia), Kathleen Kirchner, Maxim V. 

Fedorov

Double Layer in Ionic Liquids: Capacitance vs. Temperature 

S18-006
Zhujie Li (Maison de la Simulation, CEA/Saclay, Gif-sur-Yvette, France), Roza  Bouchal, Anne-Laure Rollet, 

Steven Le Vot, Frederic Favier, Mario Burbano, Benjamin Rotenberg, Olivier Fontaine, Mathieu Salanne

Water Shuttling Mechanisms in Water-in-Salt Electrolytes 

S18-007
Mohadeseh Meskinfam Langroudi (Industrial Engineering, University of Florence, Florence, Italy), Christian 

Silvio Pomelli, Romano Giglioli, Massimo Ceraolo, Cinzia Chiappe, Maida Aysla Costa de Oliveira, Barbara 

Mecheri, Silvia Licoccia, Alessandra D’Epifanio

Interaction of Vanadium Species involved with a functionalized graphite electrode: a combined theoretical 

and experimental study for flow battery applications 

S18-008
Alejandra Rendon-Calle (Departamento de Ingenieria de Procesos, Universidad EAFIT, Medellin, Colombia), 
Santiago Builes, Federico Calle-Vallejo

Different reaction pathways of CO
2
 reduction on Cu surfaces 
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S18-009
Raphael Richter (Institute of Engineering Thermodynamics, German Aerospace Center (DLR), Stuttgart, 
Germany), Joachim Haecker, Timo Danner, Norbert Wagner, K. Andreas Friedrich, Arnulf Latz

A Common Framework for the Simulation of Next-Generation Metal-Sulfur Batteries 

S18-010
Suguru Sakaguchi (Computational Science Group, Showa Denko K.K., Chiba, Japan), Takuya Imai, Yoshishige 

Okuno, Kunchan Lee

Study on Durability Improvement of Co Sulfide Catalyst for PEFC  Using First Principles Calculation. 
S18-011

Ace Christian Serraon (Department of Chemical Engineering, University of the Philippines, Diliman, Quezon 
City, Philippines), Julie Anne D. del Rosario, Allan Abraham Padama, Joey Ocon

First Principles Investigation for Oxygen Adsorption on Alkaline Earth-Doped Graphene (AE-Graphene): a 
Carbon-Based Two-Dimensional Solid Frustrated Lewis Pair (s-FLP) Nanomaterial 

S18-012
Irina Svir (Chimie, CNRS, ENS-PSL, Paris, France), Alexander Oleinick, Oleksiy V. Klymenko, Christian 

Amatore

Kissa, a Software for fast and Accurate Simulation of Complex Electrochemical Problems 

S18-013
Amalia Velardo (Chimica e Biologia, Università degli studi di Salerno, Fisciano, Italy), Amedeo Capobianco, 

Andrea Peluso

First principle analysis of charge transfer processes in organic solid state device 

Experimental validation 
S18-014

Mariam Fadel (Physical Chemistry, BIP/ Aix Marseille University, Marseille, France), Jean Vincent Daurelle, 

Jerôme Vicente, Vincent Fourmond

Novel Electrochemical Cell  for the kinetic Studies of Highly Active Enzymes 

Interfacial electrochemistry 
S18-015

Anouar Belhboub (CIRIMAT, University of Toulouse, Toulouse, France), Celine Merlet

Development of an Original Mesoscopic Model for the Study of Structural and Dynamical Properties of 

Porous Carbon based Supercapacitors 

S18-016
Yoshitaka Tateyama (GREEN, National Institute for Materials Science, Tsukuba, Japan)

DFT study on CO
2
 Reduction on Boron-doped Diamond Electrode 

Lithium batteries 
S18-017

Simon Hein (Institute of Engineering Thermodynamics, German Aerospace Center, Ulm, Germany), Timo 

Danner, Rares Scurtu, Lea Kremer, Alice Hoffmann, Margret Wohlfahrt-Mehrens, Daniel Westhoff, Volker 

Schmidt, Andre Hilger, Ingo Manke, Arnulf Latz

Microstructure-Resolved Impedance Simulations: Investigation of the Binder and Conductive Agents-

Network in Lithium-Ion Batteries 

Optimization 
S18-018

Dmitry Galyamin (Microenergy Sources and Sensors, Instituto de Microelectronica de Barcelona (IMB-CNM-
CSIC), Cerdanyola del Valles, Spain), Juan Pablo Esquivel, Neus Sabaté

Electrochemical Study of the Response of Hydroquinone and Ferricyanide in Glass Fiber and Cellulose 

Papers 
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Prediction 
S18-019

Laura Granda Marulanda (Department of Chemistry, Leiden Institute of Chemistry, Leiden, Netherlands), 
Xiaoting Chen, Ian McCrum, Federico Calle-Vallejo, Marc Koper

Insights into HCOOH Oxidation and HCOOH Production from CO
2
 on PdML/Pt-based Electrocatalysts 

from Theoretical and Experimental Studies 

Symposium 19  Single Entity Electrochemistry

Electrochemical imaging 
S19-001

Luca Bartolini (Department of Chemistry ‘Giacomo Ciamician’, University of Bologna, Bologna, Italy), 
Cristiano Albonetti, PierGiuseppe Pelicci, Francesco Paolucci, Stefania Rapino

Interactions between Single Cells and 2D Organic Films Studied by Scanning Electrochemical Microscopy 

Nanoelectrochemistry 
S19-002

Christophe Renault (Laboratory of Physics of Condensed Matter, CNRS/Ecole Polytechnique, Palaiseau, 
France), Philippe Allongue, Fouad Maroun, Qian Wang

Electron Transfer at Tunneling Nanoelectrodes 

Single cells, nanopores, nanopipettes 
S19-003

Stephane Arbault (ISM, CNRS UMR5255, NSysA group, University of Bordeaux, Pessac, France), Venkata S.R. 

Vajrala, Fadhila Sekli Belaïdi, Gabriel Lemercier, Camille Colin, Dodzi Zigah, Neso Sojic, Pierre Temple-Boyer, 

Jerome Launay

Microwell Array Integrating Ring Nanoelectrodes for the Monitoring of Bioenergetic Responses from Single 

Mitochondria 

S19-004
Chi Cheng Chau (Faculty of Biological Science, University of Leeds, Leeds, United Kingdom), Paolo Actis, 

Eric Hewitt, Sheena Radford

Study of alpha-synuclein aggregate toxicity using a nanopipette delivery system 

S19-005
Steven Linfield (Department of Chemistry, University of Southampton, Southampton, United Kingdom), Guy 

Denuault, Peter Birkin

Fabrication of Conical Glass Nanopores and their Application in the Detection of Transient Nanobubbles 

Single molecules, single nanoparticles 
S19-006

Mathies Evers (Micro- and Nano-Electrochemistry, Ruhr University Bochum, Bochum, Germany), Miguel 

Bernal Lopez, Beatriz Roldan Cuenya, Kristina Tschulik

Nanoreactor Impact Experiments for Electrochemical Particle Deposition 

S19-007
Kannasoot Kanokkanchana (Analytical Chemistry, Ruhr-University Bochum, Bochum, Germany), Kristina 

Tschulik

Nano Impact Electrochemistry: Effects of Electronic Filtering on Coulometric and Kinetic Data 

S19-008
Vladimír Marecek (Department of Biophysical Chemistry, J. Heyrovsky Institute of Physical Chemistry ASCR, 
Prague, Czech Republic)

Electrochemical Monitoring of the Water Clusters Formation in an Organic Solvent in the Presence of 

Hydrated Ions 
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S19-009
Zdenek Samec (Department of Biophysical Chemistry, J. Heyrovsky Institute of Physical Chemistry, Prague 8, 
Czech Republic), Vladimír Marecek, Antonin Trojanek

Open Circuit Potential Transients Associated with Single Emulsion Droplet Collisions at an Interface 

between Two Immiscible Electrolyte Solutions 

S19-010
En Ning Saw (Analytical Chemistry, Micro-/Nano-electrochemistry, Bochum, Germany), Niclas Blanc, 

Kannasoot Kanokkanchana, Kristina Tschulik

Using Time-Resolved Impact Electrochemistry to Determine Diffusion Coefficients in Solutions 

Symposium 20  Interfacial Electrochemistry in Non-Aqueous 

Electrolytes

Aprotic electrolytes 
S20-001

Xing Da (Institute of Physical and Theoretical Chemistry, University of Bonn, Bonn, Germany), Helmut 

Baltruschat

Determination of the Magnesium Ion Diffusion Coefficient and Insertion/De-insertion of Calcium into the 
Sb, Bi Modified Au Electrode 

S20-002
Jakob Krummacher (Institute for Technical Chemistry and EnvironmentalChemistry, Friedrich-Schiller-
University Jena, Jena, Germany), Andrea Balducci

Al(TFSI)
3
 as novel salt for EDLCs with improved stability at high voltage 

S20-003
Marta Mirolo (Electrochemistry Laboratory, Paul Scherrer Institut - PSI, Villigen, Switzerland), Carlos A.F. 

Vaz, Petr Novak, Mario El Kazzi

Electrodes’ surface evolution and cross-talk processes in a full cell NCA vs. LTO revealed by XPEEM 

S20-004
Tatiana Zakharchenko (Materials Science, Lomonosov Moscow State University, Moscow, Russia), Alina 

Belova, Alexander Frolov, Olesya Kapitanova, Juan Jesus Velasco-Velez, Denis Vyalikh, Daniil Itkis, Lada 

Yashina

Notable Reactivity of Acetonitrile Towards Li
2
O2/LiO

2
 Probed by NAP XPS during Li-O

2
 Battery 

Discharge 

Charge transfer processes 
S20-005

Ioannis Antonopoulos (Chemical Engineering, National Technical University of Athens, Athens, Greece), 
Antonis Karantonis

Mechanistic aspects of the oscillatory kinetics in the anodic oxidation of copper in methanolic solutions 

S20-006
Alina Belova (Department of Chemistry, Moscow State University, Moscow, Russia), Daniil Itkis, Lada Yashina

Evaluation of Oxygen Reduction Kinetics on Doped Graphene Electrodes in Aprotic Media 

S20-007
Aleksandra Markovic (Institute of Chemistry, University of Oldenburg, Oldenburg, Germany)

Electrochemical and spectroelectrochemical studies on electron transfer reactions on transition metal 

complexes with π-acceptor ligands 

S20-008
Lasse Murtomaki (Department of Chemistry and Materials Science, Aalto University, Espoo, Finland), Eemi 

Nieminen

SECM Study of Two-Phase Metal Reduction 
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S20-009
Victoria Nikitina (Department of Chemistry, Lomonosov Moscow State University, Moscow, Russia), Sergey 

Kislenko, Renat Nazmutdinov

Predicting Heterogeneous Electron Transfer Rates in Molecular and Ionic Solvents: Roles of Solvent 

Dynamic and Electrode/Electrolyte Interface Structure 

S20-010
Irene Ruggeri (Department of Chemistry Giacomo Ciamician, Alma Mater Studiorum - Bologna University, 
Bologna, Italy), Stefania Rapino, Catia Arbizzani, Francesca Soavi

SECM as probe to define Li
2
O

2
 formation mechanism in conventional and high concentrated electrolytes for 

Li/O
2
 battery 

Double layer structure 
S20-011

Nicolas Dubouis (Chaire de la Chimie du Solide et de l’Énergie, Collège de France, Paris, France), Alexis 

Grimaud

Understanding Electrochemical Interfaces in Superconcentrated Electrolytes 

S20-012
Tamás Pajkossy (Interfaces, Institute of Materials and Environmental Chemistry, Budapest, Hungary), Claus 

Müller, Timo Jacob

The metal-electrolyte interface in ionic liquids 

S20-013
Paula Sebastian Pascual (Instituto Universitario de Electroqui mica, Universidad de Alicante, San Vicent 
Raspeig, Spain), Elvira Gomez, Victor Climent, Juan M. Feliu

Copper electrodeposition insights on Au(hkl) in DES  

Electrodeposition 
S20-014

Federico Cuneo (Dip. di Chimica, Materiali e Ingegneria Chimica Giulio Natta, Politecnico di Milano, Milano, 
Italy), Gabriele Panzeri, Alessandra Accogli, Eugenio Gibertini, Luca Magagnin

Electrodeposition of Cobalt from Ethylene Glycol-based Solution: from Thin Films to Nanowires 

S20-015
Elvira Gomez (Ciencia de Materials i Quimica Fisica, University of Barcelona, Barcelona, Spain), Paula 

Sebastian Pascual, Midori Landa

Substrate influence on cobalt electrodeposits prepared in DES  
S20-016

Taihei Higashi (Faculity of Engneering, Hokkaido University, Sapporo, Japan)

The synthesis of Al(Tf
2
N)

3
•6(H

2
O) from AlCl

3
•6(H

2
O) and its electrochemical behavior in organic solvents 

S20-017
Haytham Hussein (Department of Chemistry, University of Warwick, Coventry, United Kingdom), Andrew Ray, 

Julie Macpherson

The feasibility of palladium electrochemical recovery in mixed solvent systems using electrodeposition 

S20-018
Steffen Link (Electrochemistry and Electroplating Group, Technische Universiät Ilmenau, Ilmenau, Germany), 
Svetlozar Ivanov, Andreas Bund

Electrochemical Deposition of Silicon from Ionic Liquids for novel battery anodes in Li-ion Batteries 

S20-019
Marta Michalska-Domanska (Department of Materials Science and Engineering, Delft University of 
Technology, Delft, Netherlands), Piotr Nyga, Mateusz Czerwinski, Johannes M.C. Mol

Nanotubular Anodic TiO
2
 Formed in Ethanol-Based Electrolyte  

S20-020
Kei Nishikawa (GREEN, National Institute for Materials Science, Tsukuba, Japan), Takaki Saitoh, Hisayoshi 

Matsushima, Mikito Ueda

In-situ Measurement of Concentration Profile of Li+ ion in the vicinity of Electrodes in Solvated Ionic Liquid
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S20-021
Adriana Nunes Correia (Analytical Chemistry and Physical Chemistry, Federal University of Ceara, Fortaleza, 
Brazil), João R. Bezerra-Neto, Luis-Paulo M. dos Santos, Natalia G. Sousa, Pedro de Lima-Neto

Cu2+ Ions in Ethylene Glycol-Choline Chloride-Water Mixture: Electrochemical Data and Dynamic 

Molecular Simulation 

S20-022
Gabriele Panzeri (Dept. Chimica, Materiali e Ingegneria Chimica G. Natta, Politecnico di Milano, Milano, 
Italy), Dominik Mueller, Luca Magagnin

Zinc Electrodeposition from Chloride-Free Organic Solution Based on Ethylene Glycol 

S20-023
Quentin Rayée (Chimie Analytique et Chimie des Interfaces, Université Libre de Bruxelles, Bruxelles, Belgium), 
Christophe Baustert, Fousseni Soma, Thomas Doneux, Claudine Buess-Herman

Palladium Electrodeposition from Deep Eutectic Solvents 

S20-024
Quentin Rayée (Chimie Analytique et Chimie des Interfaces, Université Libre de Bruxelles, Bruxelles, Belgium), 
Thomas Doneux, Claudine Buess-Herman

Silver Electrodeposition in Choline Chloride - Urea Deep Eutectic in the Presence of Thiourea 

S20-025
Paula Sebastian Pascual (Instituto Universitario de Electroqui mica, Universidad de Alicante, San Vicent 
Raspeig, Spain), Marina Inés Giannotti, Elvira Gomez, Juan M. Feliu

Surface sensitive Ni deposition in DES 

S20-026
Sandra Steiner (Institute of Chemistry and Technology of Materials, Graz University of Technology, Graz, 
Austria), David Moser, Gerald Kothleitner, Bernhard Gollas

The Electrochemical Behaviour of the Aluminium Anode in Rechargeable Batteries 

S20-027
Sze-yin Tan (Department of Chemical Engineering, Imperial College, London, United Kingdom), Jason Riley, 

David J. Payne, Nilay Shah, Jason P. Hallett, Geoffrey Kelsall

Lead Recovery from Spent Lead-Acid Batteries using Ionic Liquids 

S20-028
Yongde Yan (Materials Science and Chemical Engineering,  Harbin Engineering University,  Harbin, China), 
Yuhui Liu, Debin Ji, Yun Xue, Pu Wang, Taiqi Yin, Milin Zhang, Wei Han

Electrochemical Synthesis of Sm-M (M=Ni, Co) Alloys Magnetic Materials in LiCl-KCl Melt 

Ionic liquids 
S20-029

Miguel A. Montiel (Instituto de Electroquímica, Universidad de Alicante, Alicante, Spain), Carlos M. Sanchez-

Sanchez, Vicente Montiel, José Solla-Gullón

Understanding the use of Imidazolium Based Ionic Liquids in Electrocatalytic Studies  

S20-030
Yanpeng Suo (Institute of Energy and Climate Research (IEK-3), Juelich Research Center, Juelich, Germany), 
Klaus Wippermann, Juergen Giffin, Werner Lehnert, Carsten Korte

The Influence of the Acidity of Protic Ionic Liquids on the ORR Kinetics on Pt Electrodes 

S20-031
Fabio Terzi (Dipartimento di Chimica e Scienze Geologiche, Università di Modena e Reggio Emilia, Modena, 
Italy), Stefano Ruggeri, Fabrizio Poletti, Chiara Zanardi, Laura Pigani, Nicolò Dossi, Mikko Salomaki, Henri 

Kivelä, Jukka Lukkari, Renato Seeger, Fabio Terzi

Chemical and Electrochemical Properties of a Hydrophobic Deep Eutectic Solvent 

S20-032
Mireille Turmine (Laboratoire Interfaces et Systemes, LISE, CNRS, Sorbonne University, Paris, France), Rita 

Khalil, Ibrahim Bou Malham

Electrochemical Deposition of Zinc Oxide in Ionic Liquids 
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S20-033
Julien Vander Steen (Service de Chimie Analytique et Chimie des Interfaces, Université Libre de Bruxelles, 
Brussels, Belgium), Thomas Doneux, Christophe Coutanceau, Claudine Buess-Herman

Electrochemical Behavior of Furfural in Ionic Liquid and Deep Eutectic Solvent media 

S20-034
Wenyan Yin (College of Materials Science and Chemical Engineering, Harbin Engineering University, Harbin, 
China), Rongrong Chen, Milin Zhang

Study of Using Room Temperature Ionic Liquids [Cnmmim][TFSI] (n=2,4) as Electrolyte for Detection of 

Oxygen Concentration 

S20-035
Vladimir V. Zhulikov (Laboratory of Structure of Surface Layers, Frumkin Institute of Physical Chemistry and 
Electrochemistry, Moscow, Russia), Elena B. Molodkina, Maria R. Ehrenburg, Inna G. Botryakova, Alexander 

Rudnev

Electrosorption and Nucleation of Silver on Single-Crystal Electrodes in Ionic Liquids 

Single crystal electrochemistry 
S20-036

Jinfeng Zhao (Institute of Chemistry, University of Tartu, Tartu, Estonia), Ove Oll, Erik Anderson, Enn Lust

Influence of Water Additive on the Specific Adsorption from an Ionic Liquid at Single Crystal Bismuth 
Electrodes 

Solid state electrolytes 
S20-037

Tsuyoshi Hoshino (National Institutes for Quantum and Radiological Science and, QST, Rokkasho-mura, 
Kamikita-gun, Japan)

Lithium Recovery and Lithium-6 Enrichment using Innovative Electrodialysis Method with Lithium Ionic 

Conductor 

S20-038
Fang-Sian Lin (Institute of Polymer Science and Engineering, National Taiwan University, Taipei, Taiwan), 
Miao-Syuan Fan, Ru-Jong Jeng, Jiang-Jen Lin, Kuo-Chuan Ho

Spacer-Free Quasi-Solid-State Dye-Sensitized Solar Cells based on an Electrospun Polymer Ionic Liquid 

Electrolyte 

S20-039
Can Uzundal (Department of Chemistry, Bilkent University, Ankara, Turkey)

Electrochemical Activity of Liquid Crystalline Mesophases: pH in Unconventional Electrolytes 

Symposium 21  General Session

S21-001
Alejandro Alvarez-Lueje (Pharmacological and Toxicological Chemistry, University of Chile, Santiago, Chile), 
Lesly Urzúa

Electrocatalytic oxidation and voltammetric determination of sulfamethazine using a modified carbon 
electrode with ionic liquid 

S21-002
Marco Altomare (Department of Materials Science and Engineering WW4-LKO, University of Erlangen-
Nuremberg, Erlangen, Germany)

Dewetted-Alloyed NiCu Nanoparticles on TiO
2
 Nanotubes: Efficient Noble Metal-Free Photocatalytic H

2
 

Evolution 
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S21-003
Gregorio Bonazza (Molecular Sciences and Nanosystems, Ca’ Foscari University of Venice, Venice, Italy), 
Iacopo Moi, Giuseppe Toffoli, Salvatore Daniele

Detection of Imatinib in human plasma samples by adsorptive stripping voltammetry at glassy carbon 

electrodes 

S21-004
Santiago Botasini (Laboratorio de Biomateriales, Instituto de Química Biológica, Facultad de Ciencias, 
Montevideo, Uruguay), Eduardo Méndez

Electrochemical Detection of Dopamine, Ascorbic and Uric Acid by a New Thin-layer Method, using 

Screen-Printed Electrodes 

S21-005
Ihor Brazhnyk (Ukraine R&D Centre, Gimasi SA, Mendrisio, Switzerland), Yuliya Vyshnevska

Heterogeneous Architecture for a High-PerformanceProgrammable Electrochemical Instruments 

S21-006
Alessandro Brilloni (Department of Industrial Engineering, University of Bologna, Bologna, Italy), Nicola 

Mancuso, Alessandro Ceruti, Francesca Soavi, Francesca De Giorgio, Federico Poli

Using Batteries to supply Unmanned Aerial Vehicles (UAV): a trade-off analysis 

S21-007
Alexander Carreño (Center of Applied Nanosciences (CANS), Universidad Andres Bello (UNAB), Santiago, 
Chile), M. Angelica del Valle, Ramiro Arratia-Pérez, Juan Alexis Fuentes

Electrochemical Behaviour of Three Rhenium(I) Tricarbonyl Complexes with an Electron Withdrawing 

Ancillary Ligand 

S21-008
Eder Cavalheiro (Instituto de Química de São Carlos, Universidade de São Paulo, São Carlos, Brazil), José 

Eduardo Clarindo, Priscila Cervini

Determination of tetracycline using graphite-polyuretane composite electrodes modified with molecularly 
imprinted polymers metacrilates 

S21-009
Shengzhou Chen (School of Chemistry and Chemical Engineering, Guangzhou University, Guangzhou, China)

Experimental and Theoretical Investigation on Synergistic Effect of Electrocatalyst for Highly Efficient 
Hydrogen Evolution Reaction 

S21-010
Alexey Davydov (Physical Electrochemistry, A.N. Frumkin Institute of Physical Chemistry and 
Electrochemistry, Moscow, Russia), Tatyana Kabanova, Vladimir Volgin, Victor Lyubimov

Theoretical Analysis of Formation of Metal Microcolumns and Microtubes by Local Electrodeposition 

S21-011
Adrian Enache (Laboratory of Multifunctional Materials and Structures, National Institute of Materials 
Physics, Magurele, Romania), Victor Diculescu

Electrochemical Sensor for Carbonylated Protein Detection 

S21-012
Juan M. Feliu (Department of Physical Chemistry, Institute of Electrochemistry, University of Alicante , 
Alicante, Spain), William Cheuquepán, Antonio Rodes, José M. Orts

Spectroelectrochemical Study of the Adsorption and Reactivity of Rhodizonate on Au and Ag Electrodes 

S21-013
Janaina  Fernandes Gomes (Chemical Engineering Department, Federal University of São Carlos, São Carlos, 
Brazil), Alisson Henrique Marques da Silva, Cássia Sidney Santana, José Mansur Assaf

Catalytic hydrogenation of CO
2
 over Cu materials at gas phase: a comparison with the electrochemical 

reduction process exploiting the impact of the chemical environment on the reaction mechanism 

S21-014
Arturo García-Mendoza (Analytic Chemistry, Universidad Nacional Autónoma de México, UNAM, Mexico 
City, Mexico), Deborah Gutiérrez-Núñez, Alejandro Baeza-Reyes, Julio C. Aguilar

Construction and characterization of solid-state sensors based on tungsten oxides used for the determination 

of acidity in dairy samples 
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S21-015
Arturo García-Mendoza (Analytical Chemistry, Universidad Nacional Autónoma de México, UNAM, Mexico 
City, Mexico), F. Javier Olvera-García, Adrián de-Santiago, Alejandro Baeza-Reyes

Microscale Karl Fischer water titration with local low- cost instrumentation 

S21-016
Tyler Andrew Gully (Institut für Biologie und Chemie, Freie Universität Berlin, Berlin, Germany), Karsten 

Sonnenberg, Sebastian Riedel

Room Temperature Ionic Liquid Bromostannates, their Synthesis and Electrochemical Characterization 

S21-017
Michal Hanko (Department of Pharmaceutical Analysis and Nuclear Pharmacy, Comenius University in 
Bratislava, Bratislava, Slovakia), Peter Mikus, Alexandra Plankova

Analysis of Azathioprine by Electrochemical Methods Using a Boron Doped Diamond Electrode 

S21-018
Katarzyna E. Hnida (Academic Centre for Materials and Nanotechnology, AGH University of Science and 
Technology, Kraków, Poland), Antoni Zywczak, Dominika Gilek, Grzegorz Sulka, Marek Przybylski

Generation of Magnetic Properties in Semiconducting InSb by Doping with Mn or Co Atoms in Single 

Electrochemical Process 

S21-019
F. Joschka Holzhäuser (Institute of Technical und Macromolecular Chemistry, RWTH Aachen University, 
Aachen, Germany), Guido Creusen, Gilles Moos, Balint Salamon, Jens Artz, Stefan Palkovits

Electrocatalytic cross-coupling of biogenic di-acids for the sustainable production of fuels and fuel additives 

S21-020
DongYeon Kim (CO2 Energy Vector Research Group, Korea Research Institute of Chemical Science, Daejeon, 
Korea)

Electrochemical Conversion of Nitric Oxide into Ammonia with Metal Chelate  

S21-021
Joohoon Kim (Department of Chemistry, Kyung Hee University, Seoul, Korea), Jun Myung Kim, Seonghyun 

Jeong, Jae Kyu Song

Near-IR Electrochemiluminescence from Orange Fluorescent Gold Nanoclusters 

S21-022
Songha Lee (Department of Chemistry, Kyungpook National University, Daegu-city, Korea), Hyejin Lee

Synthesis of Alkaline Ionic liquid Electrolytes 

S21-023
Sang Hyuk Lee (Department of Chemistry, Kyungpook National University, Daegu-city, Korea), Hyejin Lee

Magnetic microbeads conjugated sandwich bioassays for protein detection 

S21-024
Benchaporn Lertanantawong (Nanoscience and Nanotechnology Program, King Mongkut’s University of 
Technology Thonburi, Bangkok, Thailand), Thanyarat Chaibun, Chan La-o-vorakiat, Anthony O’Mullane, 

Werasak Surareungchai

The Identification of Key Ingredients of Green Curry by use of Differential Pulse Voltammetry with an 
Unmodified Electrode 

S21-025
Jing Li (State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, 
Chinese Academy of Changchun, China), Qingfeng Zhai, Daoqing Fan, Erkang Wang

Dual-Electrochromic Bipolar Electrodes Based Universal Platform for the Construction of Various Visual 

Advanced Logic devices 

S21-026
Thays de Souza Lima (Department of Chemistry, University Federal of Sao Paulo, Diadema, Brazil), Michell 

Oliveira, Kathia Honorio, Mauro Coelho dos Santos, Lucia Codognoto

Electrochemical Oxidation of Methyl Parathion using Boron Doped Diamond Electrodes 
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S21-028
Daniel López (Division de Estudios de Posgrado e Investigacion, Tecnológico Nacional México, Instituto 
Tecnológico de Mérida, Mérida, Mexico), María Fernánda Rojas, Lucien Veleva, Javier Pacheco, Eduardo Flores

Nonlinear Behaviour During Electrodeposition of AgCd Alloy 

S21-029
Zekra Mousavi (Analytical Chemistry, Abo Akademi, Abo-Turku, Finland), Kim Granholm, Tomasz Sokalski, 

Andrzej Lewenstam

Utilization of Solid-State Composite Reference Electrode for Clinical Applications  

S21-030
Toshihiro Nakamura (Surface Finishing Technology Lab., Kyoto Municipal Institute of Industrial Tech. and 
Culture, Kyoto, Japan), Takayo Yamamoto, Tomio Nagayama

Electrodeposition and the throwing power of an environmentally-friendly Cu–Sn alloy plating in a sulfate 

acid bath 

S21-031
Tamás Pajkossy (Department of Physical Chemistry, Eotvos Lorand University, Budapest, Hungary)

Analysis of Quasi-Reversible Voltammograms: Transformation to Potential-Program Independent Form 

S21-032
Ana Cristina Perdomo Marin (Department of Chemistry, University of Southampton, Southampton , United 
Kingdom), Peter Tunbridge, Felix Liew, Peter N. Birkin, Guy Denuault

Microelectrode Arrays for in situ Conductivity Measurements at the Sea Surface Microlayer 

S21-033
Marta Podrazka (Department of Electrode Processes, Institute of Physical Chemistry, Polish Academy of 
Sciences, Warsaw, Poland), Emilia Witkowska Nery, Damien Arrigan, Martin Jönsson-Niedziólka

Ion Transfer Processes in Paper-Based Three Phase Electrode System 

S21-034
Valentín Pérez-Herranz (Chemical and Nuclear Engineering, Universitat Poltècnica de València, Valencia, 
Spain), Emma M. Ortega, Julia Mora-Gómez, Montserrat García-Gabaldón

Degradation of the beta-blocker propranolol using a BDD anode in an electrochemical flow reactor. Effect of 
the operating parameters

S21-035
Valentín Pérez-Herranz (Chemical and Nuclear Engineering, Universitat Politècnica de València, Valencia, 
Spain), Alan N.A. Heberle, Emma M. Ortega, Montserrat García-Gabaldón, Andrea M. Bernardes

Atenolol Degradation by Advanced Anodic Oxidation using BDD Electrodes  

S21-036
Irma Robles (Electrochemistry, CIDETEQ, Queretaro, Mexico), Faustino Ramírez, Luis A. Godinez

Study of Electroactive Area of Electrodes Used for Advanced Oxidation Water Treatment  

S21-037
Victor Pinheiro (Laboratorio de Eletroqui mica e Materiais Nanoestruturados, Universidade Federal do ABC, 
Santo André, Brazil), Mauro Santos , Edson Paz, Luanna Parreira, Pedro Camargo

Ceria nanorods modified carbon gas diffusion electrode for hydrogen peroxide electrogeneration 

S21-038
Mauro Santos (Laboratorio de Eletroqui mica e Materiais Nanoestruturados, Universidade Federal do ABC, 
Santo André, Brazil), Edson Paz, Victor Pinheiro, Luci Aveiro

Gas diffusion electrode modified with tungsten oxide nanoparticles for Sunset Yellow FCF azo dye 
degradation 

S21-039
Tali Sharabani (Department of Chemistry, Bar-Ilan University, Ramat Gan, Israel)

Micro metric growth of CNFs on flexible substrate by ambient chemical vapor deposition (CVD), the effect 
of catalyst thickness 

S21-040
Nick Sleegers (Department of Chemistry, AXES Research Group, University of Antwerp, Antwerp, Belgium), 
Alexander van Nuijs, Karolien De Wael

The Electrochemical Fingerprint of Intact Cephalosporin Antibiotics: The Groundwork for a Smart 

Voltammetric Monitoring Strategy
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S21-041
David Soares (Instituto de Física Gleb Wataghin, UNICAMP, Campinas, Brazil)

Water Bridge Formation 

S21-042
Valentina Spinelli (Department of Civil, Chemical and Environmental Engineering, University of Genoa, 
Genoa, Italy), Marina Delucchi, Mauro Legrottaglie, Fabrizio Valenza

Study of active pigments for the isolation of non-ferrous metal supports at the interface with “copper based” 

anti-fouling paints 

S21-043
Nelson Stradiotto (Analytical Chemistry, Araraquara, Brazil), Edervaldo Buffon

Electrochemical Behavior of Hexahydrofarnesol on Glassy Carbon Electrode 
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Bedolla Valdez, Zaira Itzel, S07-005
Bedouet, Maxime, (Tue S07a)10:00
Bedoya Lora, Franky Esteban, 

(Wed S14)09:45
Beebee, Charlotte, (Wed S17)09:45
Beer, Robin, S07-023
Beermann, Vera, (Thu S07b)15:15
Beguin, Francois, S08-002, S08-003, 

S08-019, (Tue S08)16:15, 

(Wed S08)09:30, (Thu S08)18:00
Behan, James, S10-029, (Mon S21)16:30
Behm, R. Jürgen, (Fri S20)09:45
Behrends, Jan, S07-097
Bei, Jia, S16-005
Bejtka, Katarzyna, S10-079
Bekaert, Emilie, S06-115
Belanger, Daniel, S10-038, 

(Thu S08)14:30, (Fri S21)10:30
Bele, Marjan, S07-149, (Thu S07b)15:30
Belenov, Sergey, S07-006
Belharouak, Ilias, (Thu S06a)14:00
Belhboub, Anouar, S18-015
Beljonne, David, (Fri S10)11:45
Belkhir, Fethi, S06-129
Bella, Federico, S06-007, S06-171, 

S09-042, (Tue S06a)14:45, 

(Tue S06a)15:30, (Fri S09)09:30
Beller, Matthias, (Fri S15)10:15
Bellini, Marco, S07-032, (Tue S07b)14:45
Bello, Abdulhakeem, S08-023

Bellusci, Mariangela, (Thu S06b)10:15
Bellutti, Pierluigi, (Fri S06a)10:30
Belova, Alina, S20-004, S20-006
Beltrop, Kolja, S06-068
Ben Barak, Ido, S06-008
Ben, Bonnie, (Mon S07a)14:45
Ben-Yoav, Hadar, (Tue S03)16:30
Benavides, Roberto, S07-062
Bending, Simon, (Thu S10)10:30
Benedé, Sara, (Mon S15)18:15
Benedetti, Tania, (Thu S07b)17:15
Benichou, Emmanuel, (Thu S20)14:45
Benincori, Tiziana, S01-034, 

(Mon S10)14:30, S15-002, S15-005
Benito, Patricia, S10-067, S14-019
Bentien, Anders, S06-089
Bentley, Cameron, (Mon S19)15:30, 

(Mon S11)18:00, (Tue S11)10:15
Beranová, Klára, (Mon S10)16:15
Berbec, Sylwia, S17-039
Bercoff, Paula G., S06-101
Beregoi, Mihaela, (Tue S03)14:15
Berg, Erik, S06-189
Bergamini, Jean-Francois, (Fri S10)11:15
Bergenti, Ilaria, (Mon S21)16:15
Bergman, Jenny, (Tue S03)16:00
Bergmann, Henry, (Mon S14)17:45
Berhault, Gilles, S07-005
Berhe, Taame Abraha, (Fri S21)09:45
Bernal Lopez, Miguel, S19-006
Bernardes, Andrea M., S21-035
Bernardoni, Paolo, (Fri S06a)10:30, 

(Fri S09)11:00
Bernasconi, Roberto, S07-007, S10-001
Bernt, Maximilian, S07-034, 

(Mon S07b)09:30, (Tue S07a)17:45
Berret, Jean François, S01-059
Berretti, Enrico, S10-065, (Wed S20)10:15
Berrio, Carlos, S15-031
Berry, Neil, (Thu S20)16:45
Bertasi, Federico, (Tue S07a)17:15, 

(Thu S07b)16:15
Bertei, Antonio, (Thu S07a)10:15
Bertini, Luca, S03-030
Bertolucci Coelho, Leonardo, S11-005
Bertoncello, Paolo, S01-041, 

(Thu S03)10:00
Bertotti, Mauro, S01-021, S03-070, 

(Mon S01)17:45
Bertram, Manon, (Mon S10)16:15, 

S09-030
Bertz, Morten, (Mon S10)14:45
Bessada, Catherine, (Tue S17)16:00
Bessegato, Guilherme, (Fri S21)10:15
Bestetti, Massimiliano, S03-024, 

S08-004, S08-016, (Thu S10)14:45, 

(Tue S10)17:30
Betelu, Stéphanie, (Tue S10)17:45
Bettayeb, Mohamed, (Mon S11)18:15
Bettazzi, Francesca, S03-037, S03-038, 

S03-053, S03-054, (Mon S01)17:15
Bettini, Cristian, (Tue S01)14:00
Beverina, Luca, S10-005
Bevilacqua, Nico, S06-097
Bezerra-Neto, João R., S20-021
Bhandari, Sabita, S07-089
Bi, Huiping, S08-043
Bi, Shuping, S01-061, (Mon S01)15:00
Bialek, Rafal, S05-005, (Thu S05)17:00

Bian, Zhaoyong, (Fri S09)11:15
Bichon, Marie, S06-092, (Thu S06a)14:30
Bier, Markus, (Wed S08)10:00
Biesheuvel, Maarten, (Thu S14)14:30, 

(Thu S14)17:30, S14-008
Bigarré, Janick, S07-171
Bignozzi, Carlo Alberto, (Fri S09)11:00
Bilewicz, Renata, S03-015, S03-078, 

(Mon S15)14:45, (Tue S03)14:45, 

(Tue S03)15:05, S15-034
Binninger, Tobias, (Tue S17)16:45
Birbilis, Nick, (Mon S11)18:30
Birkin, Peter, S19-005, S21-032
Birrozzi, Agnese, S06-066
Birzan, Liviu, (Tue S01)18:00
Bisello, Andrea, S07-169
Bisselink, Roel, (Tue S14)14:45
Bitenc, Jan, S06-187
Biton, Stav, (Tue S03)16:30
Bizzotto, Dan, (Tue S03)14:35, 

(Fri S02)09:30, (Fri S02)11:15
Bizzotto, Francesco, (Mon S10)18:15
Bjorefors, Fredrik, S04-001, S06-116
Black Serra, Ashley Phillip, S06-163, 

(Thu S06b)18:00
Blackwood, Daniel J., (Mon S11)16:45, 

(Tue S11)18:15, S14-026
Blanc, Niclas, S19-010
Blanchard, Florent, (Thu S08)16:15
Blanchard, Remi, (Fri S07a)10:00
Blanchard-Desce, Mireille, 

(Mon S15)17:30
Blangero, Maxime, S06-110
Blaxland, James, S03-010
Blidar, Adrian, S01-009, S02-001
Boanini, Elisa, (Mon S21)16:15
Boas, John, (Mon S15)09:30, S15-039
Bobnar, Jernej, (Tue S06b)14:00
Boccaccini, Aldo R, (Thu S12)15:15, 

S12-006
Bocchi, Nerilso, S21-050
Bocharov, Dmitry, (Thu S18)16:45
Bodart, Jérôme, (Mon S06a)15:00
Bodin, Charlotte, S08-014
Bodoardo, Silvia, S06-198, 

(Tue S06b)16:45, (Fri S06a)10:00
Bodoki, Ede, S02-001
Boettcher, Tim, (Fri S07b)10:30
Bogar, Marco, (Wed S07b)10:15
Bogusz, Joanna, S10-022
Bohn, Luca, S07-153
Bohn, Paul, S04-002, (Mon S04)09:30
Boiadjieva-Scherzer, Tzvetanka, 

(Fri S10)11:00
Boichuk, Artem, S17-003
Boillat, Pierre, (Tue S07b)10:00
Bojic, Aleksandar, S14-045, S14-053
Bojic, Danijela, S14-045
Bolay, Linda J., (Tue S06a)10:00
Boldrin Zanoni, Maria Valnice, 

(Tue S09)10:00
Bollella, Paolo, (Thu S03)10:30
Bollo, Soledad, S01-012, S01-031, S01-054
Bolouri, Amir, (Mon S07b)10:15
Bolzan, Agustin, (Mon S21)16:45
Bolzoni, Fabio, (Mon S11)14:45
Bombelli, Paolo, (Fri S05)10:00
Bonacchi, Sara, S15-032, S15-043
Bonaccorso, Francesco, S06-059
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Bonanni, Valentina, (Thu S02)17:00
Bonardd, Sebastian, S07-075
Bonazza, Gregorio, S13-004, S21-003
Bonchio, Marcella, S07-094
Bond, Alan, S01-039, S07-112, 

(Mon S15)09:30, S15-039
Bondue, Christoph J., S17-007
Boni, Mattia, S06-106
Bonnefont, Antoine, S09-045
Bonnet, Caroline, S07-145, S07-176, 

S08-001
Bonnet, Pierre, (Thu S06a)15:00
Bonomo, Matteo, S09-034, S09-035
Boom, Remko M., (Thu S12)17:15, 

S14-003
Boon-Brett, Lois, (Tue S06a)10:30
Booth, Samuel, (Wed S04)10:00
Borisenko, Natalia, (Wed S20)10:00
Borisov, Galin, (Thu S07a)17:15
Borisov, Sergey, (Wed S06b)09:30
Borowicz, Pawel, (Tue S01)16:30
Bors, Radu, S06-070
Bosch, Michael, S09-030
Boschetti, Micol, (Fri S06a)10:30, 

(Fri S09)11:00
Boschin, Andrea, (Mon S06a)16:45
Boschini, Frédéric, (Mon S06a)15:00
Bossola, Filippo, (Tue S07b)18:15
Botasini, Santiago, S21-004
Botelho do Rego, Ana, S07-076, 

(Thu S07a)17:30
Botryakova, Inna G., S20-035
Botta, Bruno, S03-060
Bottari, Fabio, S15-030
Botz, Alexander, (Mon S19)14:45
Bou Malham, Ibrahim, S20-032
Bouchal, Roza, (Fri S18)11:15, S18-006
Bouchet, Renaud, (Tue S17)16:00
Bouffier, Laurent, (Thu S02)16:45
Bouhachicha, Mehdi, (Fri S15)11:15
Boulanger, Clotilde, (Fri S21)11:15
Boulineau, Adrien, (Mon S06a)16:30, 

(Thu S06a)14:30
Bounor, Botayna, (Wed S08)10:15
Bourbos, Evangelos, (Tue S10)17:15
Bousse, Thierry, S08-029
Bouteau, Gaspard, S09-025
Bouteiller, Veronique, (Thu S13)10:15
Bouzek, Karel, S07-141, S07-155, S07-156, 

(Tue S07a)14:30, (Thu S07a)10:00, 

(Thu S14)16:15, S14-006, S14-010
Bozic, Bojan, S11-004
Bracamonte, Maria Victoria, S06-101, 

S06-102
Bracciale, Maria, S05-003
Brand, Izabella, (Thu S20)15:15, 

(Fri S10)10:15
Brandão, Ana, (Mon S21)18:30, S17-041
Brandell, Daniel, S06-165
Brandiele, Riccardo, S07-008, S07-024, 

(Tue S08)15:00, (Fri S07b)09:45
Brandl, Kurt, S07-106
Brandon, Nigel, (Thu S14)09:30, 

(Thu S07a)10:15
Brankovic, Goran, S10-083
Brankovic, Stanko, (Tue S10)09:30
Brazhnyk, Ihor, S21-005
Breitwieser, Matthias, S07-153, 

(Tue S07a)16:15

Brenna, Andrea, (Mon S11)14:45
Bresadola, Marco, (Mon S03)09:30
Brescia, Rosaria, (Tue S07b)18:15
Bresser, Dominic, (Thu S06a)15:30
Brett, Christopher, S01-049, S03-049, 

(Thu S10)17:00, (Fri S10)09:30, 
S15-036

Brett, Dan, S07-121
Breugelmans, Tom, S07-016, 

(Mon S07a)18:15, (Mon S15)18:30, 

(Tue S14)15:00
Brevet, Pierre-François, (Thu S20)14:45
Brianese, Nicola, S06-011
Brillas, Enric, (Mon S14)15:30, 

(Mon S14)16:00, (Mon S14)16:15, 
S14-054, S14-055

Brilloni, Alessandro, S06-167, 

(Tue S14)17:30, (Tue S08)18:30, S21-006
Briones, Nicole, S05-012
Brisse, Annabelle, (Thu S07a)10:30
Brito, Chystiane do Nascimento, S14-029
Brito, Germán, S07-084
Broekmann, Peter, S07-078, 

(Mon S07a)17:45
Brogioli, Doriano, (Tue S14)14:15
Broglia, Maria, S06-061
Broicher, Cornelia, S07-110, S07-119
Brombin, Federico, (Mon S10)18:30
Bron, Michael, S07-083
Brousse, Thierry, S08-014, S08-031, 

(Wed S08)10:15, (Thu S08)09:30
Broux, Thibault, (Thu S06b)16:30
Brown, David, S08-031
Brown, Jacquelin, (Tue S03)17:30
Bruce, Barry, (Thu S05)14:30
Bruchiel-Spanier, Netta, (Mon S01)14:15
Brudzisz, Anna, S10-022, S14-016
Brummel, Olaf, S09-030, (Mon S10)16:15
Bruno, Odemir M., S11-012
Bruschi, Maurizio, S03-030
Brutti, Sergio, S06-015, S06-164, 

(Thu S06a)16:30
Bryce, Martin R., S16-001
Brzózka, Agnieszka, S10-014, S10-022, 

S10-023, S10-064, S10-102, S11-026, 
S14-016

Buan, Marthe, (Mon S07a)14:15
Bucher, Christophe, (Mon S15)10:15
Bucher, Jan, S07-009, (Mon S10)18:15
Buchholz, Daniel, (Mon S06a)10:15
Buck, Manfred, (Mon S01)14:00
Buckingham, Mark, S10-002
Budnikov, Herman, (Tue S01)16:45
Buechi, Felix N., S07-177, S07-182
Buehler, Melanie, S07-120
Buehlmeyer, David, (Tue S06b)10:15
Buehrer, Minna, S07-182
Buesen, Darren, S03-084, S05-006, 

S05-007, S05-019, S10-032
Buess-Herman, Claudine, S20-023, 

S20-024, S20-033
Buffon, Edervaldo, S21-043
Buica, George-Octavian, (Tue S01)18:00
Builes, Santiago, S18-008
Bujewska, Paulina, S08-045
Bukosky, Scott, (Thu S12)14:00
Bund, Andreas, S06-162, S10-016, 

(Tue S06b)10:00, (Wed S20)10:00, 

(Thu S10)17:15, S20-018

Buoro, Rafael, S01-010, S01-011
Burbano, Mario, (Fri S18)11:15, S18-006
Burdin, Blagoy, S03-018
Burges, Rene, (Mon S06a)18:15
Burgess, David, (Tue S03)15:15
Burgess, Kaye, S01-056
Burgio, Giuseppe, (Tue S07a)17:00
Buriez, Olivier, S05-016, S15-044
Burshtein, Tomer, (Thu S07a)14:15
Busacca, Concetta, (Thu S06b)15:15
Busch, Michael, S07-010, (Mon S17)18:30, 

(Fri S07a)10:30
Busini, Valentina, (Thu S10)15:15
Bustos, Erika, (Thu S12)16:45, S12-005
Butler, Susannah Marie, (Tue S08)15:15
Buvat, Gaetan, (Mon S17)14:30, 

(Thu S07a)14:45
Buvat, Pierrick, S07-171
Buzzi, Ivo Franco, S15-005
Byers, Joshua, (Thu S04)10:30
Byun, Young Ho, S06-185

c
Caballero, Alvaro, S12-003
Cabanero, Joel, (Mon S06a)18:00
Cabanova, Varvara, S10-017
Cabelguen, Pierre-Etienne, S06-110
Cabot, Pere, (Mon S14)16:15, 

(Thu S07a)17:30, S14-055
Cáceres, Gustavo, S06-048
Cáceres, Nelson, S07-084
Cadinu, Paolo, (Mon S19)17:15
Cadot, Emmanuel, (Mon S09)15:00
Caetano, Gustavo Machado Domingues, 

S10-008
Cai, Qiong, S06-045, (Wed S06b)10:15
Cai, Senrong, S06-103
Cai, Wen-Bin, (Tue S07b)16:15, 

(Tue S07b)16:15
Cai, Zhixiong, (Mon S01)16:00
Cakal, Deniz, (Thu S10)17:45
Calcerrada, Ana, S07-143
Calderon, Andrea, (Tue S06b)14:00
Calderon-Hernandez, Jose Wilmar, 

S11-025
Caldevilla Collado, Paula, S02-016, 

S02-017
Calero, Yessica, S12-003
Caliste, Damien, S18-003
Calixto, Ma. Estela, S10-059
Calle-Vallejo, Federico, S10-099, 

(Mon S17)15:30, S17-007, S18-008, 
S18-019

Calnan, Sonya, (Wed S14)10:15
Calpa, Marcela, S06-104, S06-104
Calvente, Juan José, (Tue S16)15:15
Calvo, Ernesto Julio, S17-038
Cámara, Osvaldo, (Mon S17)15:00
Camargo, Pedro, (Mon S17)14:45, S21-037
Campana, Roberto, S14-020
Campidelli, Stephane, S02-019, 

(Thu S02)15:15
Campos-Roldán, Carlos A., 

(Wed S07a)10:00
Campuzano Ruiz, Susana, 

(Mon S15)18:15, S15-035
Cañas Kurz, Edgardo, (Thu S14)17:45
Cancellieri, Claudia, (Tue S11)15:15
Candia-Onfray, Christian, S01-012, 

S07-075
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Cañizares, Pablo, (Mon S14)14:00, 

(Mon S14)14:30, (Tue S14)14:30, 
S14-027, S14-043, S14-047

Cans, Ann-Sofie, (Tue S03)16:00
Cantelli, Lory, S21-046
Canton, Patrizia, S13-001
Cao, Dianxue, S06-111, S07-159
Cao, Tao, (Fri S15)11:00
Cao, Ting, S15-008
Cao, Yong, (Tue S06a)09:30
Capobianco, Amedeo, S18-013
Capodieci, Laura, (Thu S13)10:00
Capone, Isaac, S06-009, (Thu S06a)16:30
Caporali, Stefano, (Wed S20)10:15, 

(Thu S20)09:45
Cappelletti, Giuseppe, (Tue S01)14:45, 

(Thu S02)17:00
Capua, Eyal, S17-005
Caramori, Stefano, (Fri S09)11:00
Carballo, Romina, S01-042
Carbonari, Gilberto, S06-010, S06-037
Carbone, Alessandra, (Wed S08)09:45
Carboneras, María Belén, S14-027
Cardozo, Jussara C., (Mon S14)14:45
Cariati, Elena, S15-024
Carlier, Dany, S06-110, (Tue S17)16:00
Carlson, Annika, S07-170
Carmezim, Maria, (Tue S11)16:00
Carmieli, Raanan, S17-005
Carmona Orbezo, Aranzazu, 

(Thu S14)15:00
Carpanese, Maria Paola, S07-188, 

(Thu S07a)10:15, S14-028
Carrara, Serena, S01-001, (Mon S15)17:45
Carraro, Giorgio, (Mon S21)16:15
Carreño, Alexander, S21-007
Carreño, Gilberto, S14-030
Carretero, Nina, S06-091, (Mon S09)10:15
Carrico, Amanda, S01-030
Carrizo, Rolando, S09-043
Caruana, Daren, (Wed S17)10:15, S14-013
Carvalho da Paz, Edson, S07-183
Carvalho Padilha, Janine, (Fri S15)11:15
Casalegno, Andrea, S07-169, 

(Tue S07b)18:15
Casañ-Pastor, Nieves, S06-079, 

(Tue S03)17:00
Cassani, Maria Cristina, (Mon S21)16:15
Cassidy, John, S03-033, S03-034
Castañeda Briones, María Teresa, S01-002, 

S03-040
Castañeda, Locklsey, (Mon S14)18:15
Castañeda-Losada, Leonardo, S03-002
Castanheira, Luis, S07-121, 

(Tue S07a)10:00
Castaño-Alvarez, Mario, (Mon S21)17:45
Castell, Martin, (Thu S10)16:30
Castelli, Ivano E., S07-070
Castellino, Micaela, S10-079
Castro e Silva, Cecilia, (Tue S01)14:30
Castro, Laurent, (Tue S06a)14:45
Castro-Castillo, C., (Thu S03)10:15
Catalan, Jacopo, S06-089
Cattarin, Sandro, S06-011, (Tue S10)16:15, 

(Thu S10)15:30, (Fri S06a)11:00, 
S21-047

Cattiaux, Laurent, S15-044
Cauda, Valentina, S09-042
Causse, Nicolas, (Mon S11)16:15

Cauteruccio, Silvia, (Tue S01)17:00, 
S15-013

Cavalaglio, Sébastien, S08-031
Cavalheiro, Eder, S21-008
Cavaliere, Sara, S07-029, S07-184, 

(Thu S07b)10:00
Cavallo, Carmen, (Tue S06b)15:30
Cavallo, Luigi, S07-100
Cavalu, Simona, S01-043
Cavazza, Christine, S15-018
Cedeño López, Alena, S07-078
Celorrio, Veronica, S09-006, 

(Tue S17)14:00
Centellas, Francesc, (Mon S14)16:15, 

S14-055
Centeno, Teresa A., (Tue S08)16:00
Centi, Gabriele, S10-036
Ceolín, Marcelo, S10-035
Ceotto, Michele, (Mon S17)14:15
Ceraolo, Massimo, S18-007
Ceraulo, Paolo, (Tue S11)15:00
Cerisola, Giacomo, S07-188, S14-028
Cernat, Andreea, S01-013, S03-058, 

(Tue S03)09:30, S21-044
Cernuschi, Federico Maria, S06-061
Cerny, Michal, S14-006
Cerrato, Giuseppina, (Tue S01)14:45
Ceruti, Alessandro, S21-006
Cervini, Priscila, S21-008
Cesiulis, Henrikas, S07-052, S10-057, 

S10-082, (Thu S07a)15:15
Cha, Gihoon, S09-007
Cha, Min suc, S06-087
Chab, Vladimir, S11-032
Chacón, Joaquín, (Thu S06b)15:00
Chae, Munseok, S06-170
Chae, Sang Youn, (Mon S09)18:00
Chaguetmi, Samiha, (Mon S09)14:30
Chai, Geun Seok, (Tue S07a)14:45
Chai, Rosalie, S11-021
Chaibun, Thanyarat, S21-024
Chambers, Scott, (Tue S17)17:00
Chan, Candace, (Tue S06a)15:00
Chan, Eddie, (Tue S01)17:15
Chan, Ting-Shan, (Tue S06b)14:30
Chanda, Debabrata, S07-141
Chandesris, Marion, S18-003
Chang, In Seop, S03-057, S16-006
Chang, Tingru, (Mon S11)17:45
Charles Beugré, Romaric, (Thu S04)10:30
Charoen-Amornkitt, Patcharawat, 

(Mon S21)09:45
Chassande, Olivier, (Mon S03)14:45
Chau, Chi Cheng, S19-004
Chaudoy, Victor, (Tue S17)16:00, 

(Thu S06a)10:30
Chazalviel, Jean-Noel, (Tue S06a)18:00
Cházaro Ruiz, Luis Felipe, S08-027
Checchia, Stefano, S10-019
Checińska, Anna, (Tue S01)16:30
Chekannikov, Andrew, S06-180
Chelu, Mariana, S01-026
Chen, Baoping, S17-031
Chen, Chunguang, (Tue S06b)16:00, 

(Thu S06b)14:00
Chen, Han-Ting, S09-036
Chen, Hang, S16-001
Chen, Jingyuan, S16-005
Chen, Jun, S07-013

Chen, Li, (Thu S20)14:15
Chen, Li-Na, (Tue S07b)14:15
Chen, Lingjing, S15-009
Chen, Liwei, S06-105
Chen, Meishan, (Tue S07b)15:00
Chen, Ming, (Thu S07a)09:30
Chen, Po-Chun, S03-003
Chen, Po-Yu, (Thu S08)16:45
Chen, Qiang, (Thu S12)15:15
Chen, Ran, (Mon S01)15:00
Chen, Rongrong, S20-034
Chen, Shaochuan, (Thu S10)15:00
Chen, Shengzhou, S21-009
Chen, Wanghui, (Thu S12)14:30
Chen, Wei-Tin, S07-037
Chen, Xi, S02-002
Chen, Xiang, S07-013, (Tue S06b)16:00
Chen, Xiaoting, (Mon S17)18:15, S18-019
Chen, Xingxing, S07-012
Chen, Xuncai, S07-011
Chen, Yen-Ting, (Mon S19)14:45
Chen, Yuan, S01-058, S07-011, 

(Tue S08)14:00
Cheng, Fangyi, S07-013
Cheng, Hsyi-En, S07-122, S09-009
Cheng, Ju-Hsiang, S06-119, 

(Tue S06b)14:30, (Fri S21)09:45
Cheng, Jun, (Fri S18)10:00, S17-001
Cheong, Soshan, (Thu S07b)17:15
Cherevko, Serhiy, S02-004, S07-082, 

S07-115, (Mon S10)16:15
Cheriet, Abdelhak, (Tue S06a)18:00
Cheuquepán, William, S21-012
Chevallier, Floris, (Mon S15)10:15
Chi, Qijin, (Fri S05)10:15
Chi-An, Chen, S11-027
Chiappe, Cinzia, (Tue S01)17:00, S18-007
Chiarello, Gian Luca, (Thu S10)14:45
Chiarotto, Isabella, (Mon S15)15:00, 

S15-016
Chiavari, Cristina, S13-002
Chien, Yu-Chuan, S06-165
Chiku, Masanobu, (Thu S07a)10:45
Chinarro, Eva, (Thu S12)16:30
Ching, H. Y. Vincent, (Mon S15)18:30
Chiodoni, Angelica, S10-079
Chisaka, Mitsuharu, (Thu S07b)14:45
Cho, Hyun-Seok, S07-123
Cho, Kwon-Koo, S06-100, S06-134, 

S06-184, (Fri S06a)09:45
Cho, Won-Chul, S07-123
Cho, Woosuk, S06-133, S06-166
Cho, Younghyun, S14-002
Choi, Byungjin, (Thu S06a)15:15
Choi, Chang Hyuck, S07-015, S07-018
Choi, Hyejeong, (Mon S15)16:00
Choi, Hyunguk, (Thu S07a)14:00
Choi, In-Geol, S07-051
Choi, Jeong-Hee, S06-025
Choi, Kyoung-Sik, S07-014
Choi, Seowon, (Thu S07a)14:00
Choi, Yeon Jun, S08-008
Choi, Young-Woo, S07-146
Chojnacka, Agnieszka, S08-003, 

(Tue S08)16:15
Chon, Gajeon, S07-018
Chorkendorff, Ib, S07-107, 

(Mon S21)17:00, (Mon S17)17:15
Chou, Shih-Cheng, (Thu S12)18:00
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Choukroun, Daniel, S07-016
Chowdhury, Shagor, (Mon S15)10:15
Christian, Meganne, (Thu S12)16:15
Chu, Howie N., (Tue S14)16:00
Chu, Liangyong, S07-187
Chu, Steven,  (Mon Plenary) 08:15
Chuang, Cheng Hsun, S07-017
Chuang, Po-Ya Abel, S07-087, S07-117
Chudecka, Adrianna, S09-005
Chudzik, Krystian, S06-012, S06-032, 

S06-033, S06-149, S08-030
Chujo, Fumiya, S06-069
Chung, Min Wook, S07-018
Chung, Taek Dong, S01-047, S04-007, 

S07-157, S09-041, (Fri S05)11:15
Ciampi, Simone, (Mon S19)18:15, 

(Tue S16)16:45, S16-010
Cichon, Stanislav, S11-032
Cieplak, Maciej, (Mon S10)15:00
Cihaner, Atilla, (Thu S10)17:45
Cimino, Stefano, S21-047
Cincotto, Fernando H., S01-014, S01-030
Cinotti, Serena, (Thu S20)09:45
Cinti, Stefano, (Tue S01)10:00
Ciornii, Dima, (Fri S05)10:30
Cirilli, Roberto, S01-034, S15-005
Ciriza, Juan F., S14-025
Ciui, Bianca, S03-036, (Tue S03)09:30
Cizkova, Martina, S15-044
Claessens, Raf, (Tue S11)17:45
Clancy, Tomas, (Fri S06a)10:15
Clarindo, José Eduardo, S21-008
Clarke, Simon J., (Mon S10)15:15
Clausmeyer, Jan, (Mon S19)14:45
Clematis, Davide, S07-188, 

(Thu S07a)10:15, S14-028
Clément, Romain, (Mon S03)16:30, 

(Tue S03)14:55
Clesi, Maria, S11-034
Cliffel, David, (Tue S03)17:30, 

(Thu S05)16:00
Climent, Victor, (Thu S20)14:00, S20-013
Cloots, Rudi, (Mon S06a)15:00
Cobet, Christoph, S17-026
Codognoto, Lucia, S21-026
Coelho Alves, Nadja Maria, S14-029
Coelho dos Santos, Mauro, S07-183
Coelho, Dyovani, S10-047, S11-012
Cohen, Elazar, S06-013
Cohen, Yair, S06-023
Colavita, Paula, S10-029
Colbeau-Justin, Christophe, S09-045
Colet-Lagrille, Melanie, S09-038, S10-075, 

S14-036
Colic, Viktor, S07-106, S07-107, 

(Mon S21)17:00
Colin, Camille, S19-003
Colina, Alvaro, (Tue S01)14:00, 

(Tue S17)16:30, (Thu S02)14:30
Colleran, John, S03-033, S03-034
Colò, Francesca, S06-007, S06-041, 

S06-171
Colombo, Massimo, S07-035, 

(Tue S07b)18:15
Colominas, Sergi, S03-035, S07-166, 

S07-167, S07-168
Combellas, Catherine, (Mon S19)14:30, 

(Mon S19)15:15, (Fri S15)11:30
Comes, Ryan, (Tue S17)17:00

Cometto, Claudio, S15-009
Cominetti, Márcia Regina, S03-011
Comisso, Nicola, (Tue S10)16:15, 

(Thu S10)15:30, S21-047
Compton, Richard G., S02-021, 

(Mon S10)15:15, (Mon S19)16:45
Conesa, Jose Carlos, S05-018
Connor, Paula, S07-019
Consonni, Vincent, S09-020
Conti, Fosca, (Tue S07a)18:30
Conzuelo, Felipe, S05-019, (Thu S05)14:45
Cooper, Karyn, (Tue S11)10:00
Coote, Michelle, (Mon S19)18:15
Cordier, Stéphane, (Thu S12)14:30
Cordoba de Torresi, Susana, S10-004, 

(Mon S17)14:45, S15-015, S15-045
Corgiolu, Simona, (Mon S14)16:45, 

S14-020
Cornejo, Jose, (Tue S03)14:00
Cornejo, Oscar, S14-030
Cornell, Ann, (Tue S14)10:00
Cornut, Renaud, S02-019, (Mon S09)15:00, 

(Thu S02)15:15
Correia, Adriana, S10-060
Correia, Jorge, S03-031, (Mon S17)09:45, 

(Thu S10)18:00, S17-004
Correia, Rui, S03-031, (Thu S10)18:00
Corricelli, Michela, S03-053, 

(Mon S01)17:15
Corson, Elizabeth R., S09-001
Cosnier, Serge, S15-018
Costa Bassetto, Victor, S09-023, 

(Mon S10)17:00
Costa de Oliveira, Maida Aysla, 

(Mon S10)17:45
Costa, Isolda, (Tue S11)16:45
Costa, Renata, (Thu S20)14:45, S17-041
Costa, Virginia, (Wed S13)09:45
Costantini, Giovanni, (Mon S01)15:15
Costanzo, Alberto, (Fri S06a)10:00
Costea, Traian, S01-043
Costovici, Stefania, S10-056
Cottineau, Thomas, (Tue S09)10:15
Cottre, Thorsten, (Mon S09)14:45
Coutanceau, Christophe, S07-171, S20-033
Couto, Andrea B., S10-003, S10-063
Coville, Neil, (Tue S08)17:45
Cowsik, Aditya, (Thu S10)16:30
Cramer, Tobias, (Mon S21)14:00
Creatore, M. (Adriana), (Tue S07a)18:00
Creel, Erin B., S09-001
Cremers, Carsten, S07-158
Crespo, Gaston A., (Tue S01)17:30
Cretin, Marc, (Fri S07a)10:15
Creusen, Guido, S21-019
Cristea, Cecilia, S01-009, S01-013, 

S01-051, S02-001, S03-036, 
S03-058, S10-013, (Tue S03)09:30, 

(Thu S10)17:00, S21-044
Cristiani, Pierangela, S03-023, S03-024, 

S11-036
Cristino, Vito, (Fri S09)11:00
Croce, Fausto, S06-037
Croce, Roberta, (Tue S16)15:00
Croguennec, Laurence, (Tue S17)16:00
Crosnier, Olivier, S08-031
Crouch, Garrison, S04-002, 

(Mon S04)09:30
Cruden, Andrew, (Thu S06b)17:45

Crugliano, Manuel, S06-059
Cruz, Ana M., (Tue S03)17:00
Cruz Colín, María del Rocío, S01-002, 

S03-040
Csapó, Edit, S07-041
Csoklich, Christoph, (Tue S17)18:30
Cuartero, Maria, (Tue S01)17:30
Cubillana Aguilera, Laura, S01-038
Cudek, Pavel, S06-177
Cuesta, Angel, (Thu S20)16:30, S17-015, 

S17-022
Cui, Yanhua, S06-014
Cui, Yi, (Tue S06b)09:30
Cuneo, Federico, S10-021, (Thu S10)15:15, 

S20-014
Curcio, Efrem, S07-141
Curri, Maria Lucia, S03-054, 

(Mon S01)17:15
Cvetkovic, Vesna, S10-061, S10-083
Czerwinski, Mateusz, S20-019

D
D’Acapito, Francesco, S10-065
d’Almeida, Suysia R., S01-011
D’Alton, Laena, S01-001
D’Angelo, Adriana, S14-011
D’Avino, Gabriele, (Fri S10)11:45
D’Epifanio, Alessandra, (Mon S10)17:45, 

(Fri S06b)10:15, S18-007
Da Como, Enrico, (Fri S10)11:45
Da Silva, Aruã Clayton, S10-004
da Silva, Djalma, (Wed S14)10:00, S14-033
da Silva, Gabriel C., S07-115
Da, Xing, S20-001
Daasbjerg, Kim, S04-005, S07-050, 

S07-079, S10-096, (Wed S04)09:30
Daboss, Sven, S02-009, S03-050
Dabrowski, Marcin, (Mon S10)15:00
Daems, Nick, (Mon S07a)18:15
Daimon, Hideo, (Tue S07b)16:45
Dainese, Tiziano, (Tue S15)10:00
Dal Santo, Vladimiro, (Tue S07b)18:15
Dalchiele, Enrique Ariel, S09-043
Dale, Sara, (Thu S10)10:30
Dam-Quang, Liem, S07-125
Damen, Libero, (Fri S06b)09:45
Damjanovic, Ana Marija, S07-147
Damlin, Pia, S17-028
Damos, Flavio, S15-041
Dams, Denis, (Tue S06a)10:30
Dan, Pantos, S15-032
Dang, Ning, (Thu S02)17:15
Dangbegnon, Julien, S08-035
Danhel, Ales, (Wed S03)10:00
Daniel, Giorgia, S07-068, S10-024, 

(Mon S10)18:30
Daniel, Jonathan, (Mon S15)17:30
Daniele, Salvatore, S13-003, S13-004, 

S17-030, S21-003
Danielik, Vladimir, S14-018
Danis, Andrew, (Fri S02)10:30
Danner, Timo, (Thu S18)10:00, S18-009, 

S18-017
Dantras, Eric, (Mon S11)16:15
Darvishi, Sorour, S03-067, (Tue S03)18:15
Darwish, Nadim, (Mon S19)18:15, 

(Tue S16)16:45, S16-010
Das, Debanjan, S07-020
Dastpak, Arman, (Mon S11)15:30
Dau, Holger, (Mon S07a)16:15
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Daurelle, Jean Vincent, S18-014
Davia, Federico, S17-038
David, Melinda, (Fri S10)09:30
Daviddi, Enrico, (Mon S11)18:00
Davidi, Guy, S06-054
Davies, Bethan J.V., (Fri S20)11:45
Dávila-Jiménez, Martín M., S14-031
Davodi, Fatemeh, S07-021, 

(Mon S07a)14:15
Davydov, Alexey, S21-010, S21-027, 

S21-049
de Almeida, Andresa, (Mon S15)17:15
de Aquino, Jose Mario M., S21-050
de Araújo, Danyelle M., (Mon S14)14:45
de Araujo, William, S03-073
De Bon, Francesco, S15-014
De Cola, Luisa, (Mon S15)17:45
de Gioia, Luca, S03-030
De Giorgio, Francesca, S06-015, S06-167, 

(Tue S10)14:00, (Tue S14)17:30, 

(Tue S08)18:30, S21-006
De Guzman, Keana, S03-068
De Jongh, Christophe, S07-016
De Kok, John, (Tue S11)14:30
de la Cruz Morales, Karla, S03-074
de la Osa, Ana Raquel, S07-116, S07-143
De la Peña Hurtado, Marcela, S03-074
De Lacey, Antonio L., (Mon S03)18:15, 

S05-018
de Lima-Neto, Pedro, S10-060, S20-021
De Luca, Antonio, S10-065, S10-069, 

(Mon S10)10:00
de Lucas-Consuegra, Antonio, S07-116, 

S07-143, S07-144, S14-001
de Marco, Roland, (Tue S01)17:30
de Meatza, Iratxe, (Mon S06a)16:30
de Melo, Hercilio G., (Wed S13)10:15, 

S11-025
De Mot, Bert, (Mon S07a)18:15
de Moura Souza, Felipe, S07-183
de Oliveira, Pedro, (Tue S07b)14:30
de Oliveira Santiago Santos, Géssica, 

S14-056, S14-057
De Oliveira Silva, Karyn Nathallye, 

S14-051
de Oliveira, Tássia Regina, S03-011
De Poulpiquet, Anne, (Tue S03)14:55, 

(Thu S02)16:45
de Puit, Marcel, S03-056
de Smet, Louis C.P.M., S07-187
de Souza Lucas, Francisco Willian, 

S09-016
de Souza, Paulo, (Thu S06a)10:15
De Vito, Eric, (Thu S06a)14:30
de Vooys, Arnoud, (Tue S14)09:45
De Vos, Dirk, S07-129
De Wael, Karolien, S03-082, 

(Thu S13)09:30, (Thu S13)10:30, 

(Fri S05)11:30, S15-030, S21-040
de Zea Bermudez, Verónica, S07-076
De-Casas, Edgar, S07-062
de-Santiago, Adrián, S21-015
Deacon, Glen, (Tue S11)18:00
Debiemme-Chouvy, Catherine, 

(Tue S10)17:45
deBruin-Dickason, Caspar, (Tue S11)18:00
Dedigama, Ishanka, S07-121
Dedryvère, Rémi, (Tue S06b)15:15
Deflorian, Flavio, (Mon S11)16:30

Degn Jensen, Kim, (Mon S17)17:15
Degrigny, Christian, (Thu S13)09:45
Deidda, Ilaria, S03-037, S03-038
Dekel, Dario, (Tue S07b)14:45
del Barrio, Melisa, S03-030
del Río, Carmen, (Tue S07a)18:15
Del Rio Castillo, Antonio Esaù, S06-059
del Rosario, Julie Anne D., S07-117, 

S18-011
del Valle, M. Angelica, S21-007, S21-055
Del-Oso Acevedo, José Alfredo, S09-037
Delacotte, Jérôme, S05-016, 

(Fri S05)09:30
Delaporte, Philippe, (Tue S03)14:55
Delgado, Adriana, S21-046
Della Pergola, Roberto, S07-095
Della Rocca, Maria Luisa, (Tue S16)17:00
Dellacasa, Elena, (Thu S03)10:00
Delmas, Claude, S06-110
Delucchi, Marina, S07-188, S14-028, 

S21-042
Dembinska, Beata, (Mon S10)17:30
Demir, Elif, S07-022
Demopoulos, George P., (Thu S12)17:45
Denardin, Juliano, S10-060
Deng, Jianhua, (Tue S10)18:30
Deng, Min, (Tue S14)16:30
Deng, Xin, S17-032
Denk, Karel, (Thu S14)18:00
Denuault, Guy, S07-064, (Tue S17)10:15, 

S19-005, S21-032
Deo Malviya, Kirtiman, S09-014
Deresmes, Dominique, (Wed S08)10:15
Deroco, Patricia, S01-015
Dervishogullari, Dilek, (Thu S05)16:00
Dery, Linoy, (Mon S01)14:15
Derycke, Vincent, S02-019, 

(Thu S02)15:15
Deschamps, Michael, (Tue S17)16:00, 

(Thu S06a)10:30
Deschanels, Xavier, (Thu S12)17:00
Destro, Matteo, S06-007, (Tue S06a)09:45
Devillers, Charles, (Mon S10)17:30
Dewa, Takehisa, S05-013, S05-014, 

S05-015, (Thu S05)16:45
Dewalque, Jennifer, S09-039
Dhandole, Love Kumar, S10-044
Dharuman, Venkataraman, S01-017, 

S03-075
Di Bari, Chiara, (Mon S03)18:15
Di Bartolomeo, Elisabetta, S07-189, 

S07-191
Di Benedetto, Francesca, (Thu S13)10:00
Di Benedetto, Francesco, S10-065, 

S10-069, S10-070
Di Blasi, Alessandra, (Thu S06b)15:15
Di Blasi, Orazio, (Thu S06b)15:15
Di Carlo, Aldo, S09-034, S09-035
Di Cicco, Andrea, S06-044
Di Fonzo, Fabio, S03-012, S07-035, 

(Tue S07b)18:15

Di Franco, Francesco, (Mon S17)15:15, 

(Tue S11)14:45, (Tue S11)15:00, 

(Tue S11)16:30, (Tue S07a)17:00, 
S11-034

Di Lecce, Daniele, S06-083, S06-106
Di Liberto, Giovanni, (Mon S17)14:15
Di Marino, Davide, S11-013

Di Noto, Vito, (Tue S07a)16:30, 

(Tue S07a)17:15, (Thu S07b)16:15
Di Nuzzo, Daniele, (Fri S10)11:45
Di Palma, Luca, (Mon S14)17:15
Di Palma, Valerio, (Tue S07a)18:00
Di Persio, Franco, (Tue S06a)10:30
Di Quarto, Francesco, (Mon S17)15:15
Diamanti, Maria Vittoria, (Thu S10)15:00
Diaz, Ana, (Tue S17)16:45
Diaz, Fernando R., S21-055
Díaz, José Antonio, S07-116
Díaz-González, María, S03-061
Dib, Abdelhafid, S07-180
Dibden, James W., S06-113, (Thu S18)10:15
Diculescu, Victor, S03-052, 

(Tue S03)14:15, (Thu S03)09:45, 
S21-011

Diculescu, Victor C., S01-016
Dierre, Benjamin, (Thu S12)14:30
Diez Perez, Ismael, (Mon S19)18:15, 

(Mon S19)18:30
Dilger, Stefan, (Mon S09)15:30
Dimarogona, Maria, S15-037
Dimper, Matthias, S11-016
Ding, Ziming, (Thu S08)14:15
Dini, Danilo, S09-034, S09-035
Dispenza, Clelia, S10-098
Divya, Karutha Pandian, S01-017, S03-075
Dizon, Arthur, (Tue S14)14:00
Djurado, Elisabeth, S07-194
do Vale-Júnior, Edilson, S14-033
Dobricic, Marko, S02-023
Döbeli, Max, (Tue S11)15:15
Doh, Chilhoon, S06-107
Doi, Kotaro, (Tue S11)16:15, S11-028
Doi, Takashi, (Mon S11)10:15
Doi, Takayuki, (Tue S07b)16:45
Dokic, Stefan, S11-004
Dokko, Kaoru, (Mon S21)16:00, 

(Mon S21)17:30
Dolinska, Joanna, (Mon S01)10:00, 

(Mon S01)10:15
Dolle, Mickael, (Fri S20)10:15
Doménech-Carbó, Antonio, 

(Wed S13)09:30
Doménech-Carbó, María Teresa, 

(Wed S13)09:30
Domi, Yasuhiro, (Tue S06a)17:15
Domínguez Fernández, Carlota, S10-029
Dominko, Robert, S06-093, S06-187, 

(Tue S06b)14:00, (Tue S10)14:30, 

(Tue S06b)15:15, (Tue S06b)16:30
Domke, Katrin F., (Tue S16)14:45
Doneux, Thomas, (Thu S02)16:45, 

(Fri S02)11:15, S15-047, S20-023, 
S20-024, S20-033

Dong, Hongxing, S08-042
Dong, Jin-Chao, (Thu S20)17:00
Dong, Quan-Feng, S06-103, S06-192, 

(Thu S06b)09:45
Dong, Yongchang, S10-084
Dong, Yu, (Tue S07b)16:15
Donini, Stefano, S03-012
Donkeng Dazie, Joel, S15-028
Donnici, Margherita, S13-004
Donten, Mikolaj, S10-007
Doo, Seokgwang, (Fri S20)11:00
Dorado Fernández, Fernando, S07-143, 

S14-001
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Dorsel, Albrecht, (Tue S14)16:15
Dorwling-Carter, Livie, (Mon S19)17:30, 

S17-034
dos Santos, Alexsandro J., (Wed S14)10:00, 

S14-033
dos Santos, Luis, S10-060
dos Santos, Luis-Paulo M., S20-021
dos Santos, Mauro Coelho, S21-026
dos Santos Pinheiro, Victor, S07-183
Dossi, Nicolò, S10-049, S20-031
Dossot, Manuel, S15-046
Dotan, Hen, S07-131, (Mon S09)16:45
Douard, Camille, S08-014, S08-031, 

(Wed S08)10:15
Douillard, Thierry, (Tue S06a)16:00
Dourado, André H.B., (Mon S17)14:45, 

S15-015, S15-045
Downard, Alison, (Thu S10)10:15
Drabavicius, Audrius, S06-123
Drakselová, Monika, (Tue S07a)14:30
Drazevic, Emil, S06-089
Drazic, Goran, (Thu S07b)15:30
Drillet, Jean-F., (Thu S06b)14:45
Drnec, Jakub, S07-158
Drvaric Talian, Sara, S06-093, 

(Tue S06b)16:30
Dryfe, Robert, (Mon S01)18:15, 

(Wed S04)10:00, (Thu S14)15:00
Dsoke, Sonia, S06-071, (Thu S08)14:15
DSouza, Francis, (Mon S10)15:00
Du, Ronggui, S11-006
Du, Shiyu, S21-051
Du, Yingge, (Tue S17)17:00
Duan, Xiangfeng, (Thu S10)16:00
Duarte, Miguel, (Mon S07a)18:15
Dubacheva, Galina, (Fri S02)10:15
Dubernet, Marion, (Thu S12)14:30
Dubouis, Nicolas, S07-023, 

(Tue S10)15:30, S20-011
Duca, Matteo, S02-018, (Mon S17)14:30
Duchoslav, Jiri, S17-026
Duck Rye, Chang, S06-108, S06-109
Dudek, Katarzyna, (Tue S01)16:30
Duehnen, Simon, S06-068
Duffiet, Marie, S06-110
Duffy, Geraldine, S01-056
Dugas, Romain, (Thu S06b)10:00, 

(Thu S06b)10:30
Dumait, Noée, (Thu S12)14:30
Dumont, Elise, (Mon S15)10:15
Dunin-Borkowski, Rafal E., 

(Thu S07b)15:15
Dupeyre, Gregory, (Tue S16)18:00, 

S16-016
Dupré, Nicolas, (Thu S06a)14:30
Duquesne, Elise, (Tue S10)17:45
Durante, Christian, S07-008, S07-024, 

S07-068, S10-024, (Mon S10)18:30, 

(Tue S08)15:00, (Fri S07b)09:45
Duranti, Leonardo, S07-189
Durst, Julien, (Mon S07b)09:30
Dutta, Abhijit, S07-078
Dutta, Arnab, (Mon S07b)10:00
Dutta, Priyanka, S01-050
Dvorák, Dalimil, S15-042
Dykstra, Jouke, (Thu S14)17:30
Dyson, Paul, (Mon S07a)17:45
Dzwonek, Maciej, (Tue S03)14:45, 

(Tue S03)15:05

e
Easton, Christopher D., S07-112
Ebner, Kathrin, S07-025
Edel, Joshua, (Mon S19)17:00, 

(Mon S19)17:15
Edmondson, James, (Mon S01)15:15
Edström, Kristina, (Mon S17)09:30, 

(Mon S06a)15:30, (Tue S06b)18:00, 

(Thu S08)15:30, S17-021
Edvinsson, Tomas, S07-072
Efimov, Igor, (Thu S10)17:15
Egashira, Minato, S06-168
Eggink, Irene, S03-056
Egorov, Mikhail, S06-146
Eguchi, Yohei, (Mon S15)09:30
Eguia-Barrio, Aitor, (Mon S06a)16:30
Eguiluz, Katlin, S14-015
Ehrenberg, Helmut, S06-071, 

(Thu S08)14:15
Ehrenburg, Maria R., S20-035
Eikerling, Michael H., (Tue S06a)10:15, 

(Thu S18)17:45
Ein-Eli, Yair, S06-023
Einaga, Yasuaki, S02-003, S02-010, 

S02-013, S02-020, S08-038, 

(Tue S07a)15:30
Eisenberg, David, (Mon S07b)09:45, 

(Thu S07a)14:15
Ekimov, Evgenii, (Fri S10)10:30
Ekström, Henrik, S07-170
El Arrassi, Abdelilah, S07-026
El Euch, Salma, S11-029
El Kazzi, Mario, S20-003
El Khakani, My Ali, (Tue S09)10:15
El Sawy, Ehab, (Tue S03)15:35
El-Nagar, Gumaa, S06-094
El-Sayed, Hany, (Mon S07b)09:30, 

(Tue S07b)17:15
Elbaz, Lior, (Thu S07b)15:00
Elezovic, Nevenka, S07-048
Elia, Giuseppe Antonio, (Thu S06b)16:00
Eller, Jens, S07-177, S07-182
Ellis, David, (Mon S09)16:45
Emanuelsson, Rikard, (Tue S10)15:00
Emery, Flavio, (Mon S15)17:15
Emge, Steffen Patrick, S06-072
Enache, Adrian, S21-011
Enache, Teodor, S01-016, (Thu S03)09:45
Enculescu, Ionut, (Tue S03)14:15
Endo, Haruka, (Mon S09)16:15
Endres, Frank, (Wed S20)10:00
Endrikat, Anna, (Wed S20)10:00
Endrodi, Balazs, S10-071, (Tue S14)10:00, 

(Wed S10)10:00
Enemark-Rasmussen, Kasper, 

(Mon S21)17:00
Engler, Nathalie, S11-029
Ensch, Mary, S03-039
Ensinger, Wolfgang, (Fri S07b)10:30
Eom, Ji-Yong, S06-169
Ercolano, Giorgio, S07-029, 

(Thu S07b)10:00
Erikson, Heiki, (Mon S21)14:45, 

(Thu S07b)09:45, (Thu S07b)18:00
Eriksson, Björn, S07-170, 

(Mon S07a)14:15, (Tue S07b)17:30
Erives, David, (Thu S12)17:30
Ermakova, Nadezda, S10-062
Ernst, Sabine, S17-012

Erny, Guillaume, (Thu S13)09:45
Escalona Durán, Florymar, 

(Mon S14)14:45
Escribano, Pilar, (Tue S07a)18:15
Escudé, Roger, S03-006
Escudero-Escribano, Maria, S07-001, 

S07-150, (Mon S17)17:15, 

(Fri S07b)11:30, (Fri S20)11:45
Eshraghi, Nicolas, (Mon S06a)15:00
Eslami, Maryam, (Mon S11)16:30, 

(Mon S11)16:30
Esparcia, Eugene, Jr., S06-170
Espinós, Juan Pedro, S07-144
Espinoza, Lidia Carolina, S14-032
Espinoza-Castañeda, Marisol, S01-002, 

S03-040
Espinoza-Vergara, Javier, (Tue S16)18:15, 

S16-012
Esquivel, Juan Pablo, S03-006, S18-018
Esteve, Abraham, (Mon S14)18:30, 

S14-025
Estrada-Alvarez, Ana, (Fri S21)09:30
Estrela, Pedro, S03-010
Etiemble, Aurelien, (Tue S06a)16:00, 

(Tue S06a)17:30
Etienne, Mathieu, (Mon S01)14:30, 

(Thu S02)17:15
Etman, Ahmed S., (Thu S08)15:30
Etzold, Bastian J.M., S07-086, S07-102, 

(Thu S07b)10:15
Eugenio, Sónia, S10-080
Evangelisti, Claudio, S07-032, 

(Tue S07b)14:45
Evanghelidis, Alexandru, (Tue S03)14:15
Evers, Mathies, S19-006
Evers, Olga, S07-027
Ewa Karpik, Agnieszka, S03-055
Eyraud, Marielle, (Wed S20)09:45, S11-002

F
Fabbri, Emiliana, (Thu S07a)16:00
Fabbri, Lorenzo, S10-065(Mon S10)10:00
Fabiani, Davide, (Tue S08)18:30
Fabre, Bruno, (Mon S09)15:15
Fabris, Sabrina, S13-003
Facchi, Daniele, (Fri S06b)09:45
Facchinetti, Irene, S10-005
Fadel, Mariam, S18-014
Failla, Simone, S12-002
Faisal, Firas, (Mon S10)16:15
Fajardo, Ana S., (Wed S14)10:00, S14-033
Falciola, Luigi, S01-052, S03-053, 

S03-054, S10-006, S10-019, 

(Mon S10)10:15, (Mon S17)14:15, 

(Mon S01)17:15
Falco, Marisa, S06-171, (Tue S06a)14:45
Fallisch, Arne, S07-140
Fan, Daoqing, S21-025
Fan, Miao-Syuan, S09-040, S20-038
Fang, Yongzheng, S06-111
Fanjul Bolado, Pablo, S02-016, S02-017
Fantauzzi, Donato, (Fri S07b)09:30
Fantin, Marco, S15-021, S15-022
Farandos, Nick, (Wed S14)09:45
Farber, Eliyahu, S07-028, (Thu S07a)14:15
Faria, Ronaldo C., S01-014, S01-019, 

S03-011
Farina, Filippo, S07-029, (Thu S07b)10:00
Farina, Hermes, S10-006, S10-019
Farkhondehfal, Amin, S07-030, S07-128
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Fatibello-Filho, Orlando, S01-014, 
S01-018, S01-019, S01-044, S01-045, 

(Mon S01)16:45
Fauth, Francois, S06-110
Fava, Elson, S01-014, S01-019
Favara, Nicolo, S10-001
Fave, Claire, S15-009
Favero, Gabriele, S03-022, S03-060, 

S05-003
Favet, Thomas, (Tue S09)10:15
Favier, Frederic, S08-014, (Wed S08)10:15, 

(Fri S18)11:15, S18-006
Fedel, Michele, (Mon S11)16:30
Fedkiw, Peter S., S06-076, S06-136
Fedorkova Strakova, Andrea, S06-177
Fedorov, Maxim V., S18-005
Fehse, Marcus, (Wed S06a)09:30
Feier, Bogdan, S01-009, S02-001
Feifel, Sven, (Fri S05)10:30
Felemban, Shifa Jameel, (Tue S01)18:30
Felhosi, Ilona, (Tue S08)14:30
Feliu, Juan M., (Wed S17)10:00, 

(Thu S20)14:00, S20-013, S20-025, 
S21-012

Fellinger, Tim-Patrick, (Mon S10)18:00
Feng, Guiying, S01-061
Feng, Yue, (Tue S06a)18:00
Ferapontova, Elena, (Wed S03)09:30
Fereja, Tadesse Haile, S04-009
Fermin, David, (Mon S19)16:30
Fernandes, Diana, S07-031, 

(Thu S07b)14:30
Fernandes Gomes, Janaina, S21-013
Fernandez Macia, Lucia, (Thu S18)15:00
Fernández, Patricia, S14-025
Fernandez, Salvador, S07-062
Fernandez-la-Villa, Ana, (Mon S21)17:45
Fernández-Marchante, Carme M., S14-043
Fernández-Morales, Francisco Jesús, 

S14-027
Fernández-Rosas, Elisabet, S15-031
Fernandez-Trillo, Francisco, S01-064, 

S01-065
Feroci, Marta, (Mon S15)15:00, S15-016, 

S15-017
Ferrari, Begoña, S09-039, (Thu S12)16:30, 

(Thu S12)18:15, S12-003
Ferraria, Ana, S07-076, (Thu S07a)17:30
Ferre-Vilaplana, Adolfo, (Wed S17)10:00
Ferreira de Brito, Juliana, (Tue S09)10:00
Ferreira, Neidenei Gomes, S10-003, 

S10-063
Ferreira Rocha, João Miguel, 

(Mon S15)18:15
Ferreira, Virginia, (Wed S17)09:45
Ferrer-Vilanova, Amparo, S03-061
Fetyan, Abdulmonem, S06-094
Fiala, Roman, (Wed S07b)10:15
Fic, Krzysztof, S08-002, S08-024, 

S08-045, S08-046, (Tue S08)15:30, 

(Tue S08)17:30
Ficca, Valerio C.A., (Fri S06b)10:15
Fichtner, Johannes, S07-003, 

(Tue S07b)17:15
Figueiredo, Marta, (Mon S17)16:00, 

(Fri S20)11:45
Figueredo Rodriguez, Horacio Antonio, 

S06-006, S06-040, (Tue S14)16:45

Filippi, Jonathan, S07-032, 

(Tue S07b)14:45
Filser, Simon, (Tue S17)09:45
Fino, Debora, (Mon S14)17:00
Fiore, Michele, S06-031, 

(Mon S06a)16:15, (Tue S06b)18:30
Fischer, Fabian, (Mon S03)14:30
Fischer, Peter, S07-185, (Fri S06b)10:30
Fischer, Philipp, S06-074
Flanagan, Shane, S03-041
Flechsig, Gerd-Uwe, S01-062
Fleischer, Maximilian, S07-077, S07-138
Fleischmann, Simon, (Thu S08)17:00, 

S14-005
Flinois, Thomas, S03-021
Flores, Eduardo, S21-028
Flores, Luis, S10-073
Floresyona, Dita, (Tue S07b)14:30
Flox, Cristina, S06-091, (Fri S09)11:15
Focarete, Maria Letizia, (Tue S08)18:30
Foelske-Schmitz, Annette, (Thu S20)14:30
Fogel, Ronen, S03-041, S03-043
Foister, Shane, (Tue S07a)16:00
Fojta, Miroslav, (Wed S03)10:00
Folliero, Maria Gelsomina, 

(Tue S07b)14:45, S07-032
Fontaine, Olivier, S08-014, 

(Wed S06b)09:30, (Fri S18)11:15, 
S18-006

Fontanesi, Claudio, S10-005, 

(Fri S10)11:45, S15-002, S17-005
Ford, Hunter, (Tue S06b)17:15
Forero, Juan, (Thu S06b)10:30
Fori, Benoit, (Tue S11)14:45
Fornasari, Giuseppe, S10-067, S14-019
Fornasiero, Paolo, S07-094, 

(Tue S07b)14:45
Forster, Carola, (Thu S12)15:15
Forsyth, Maria, (Tue S17)16:00, 

(Tue S11)18:00
Forti, Juliane, S14-034
Fourmond, Vincent, S03-030, 

(Mon S03)18:00, S18-014
Fraboni, Beatrice, (Mon S21)09:30, 

(Mon S21)14:00
Fracchia, Martina, (Tue S17)14:45, 

(Thu S02)17:00
Frackowiak, Elzbieta, S08-002, S08-024, 

S08-045, S08-046, (Tue S08)15:30, 

(Tue S08)17:30
Fradale, Laura, S03-030
Franchi, Stefano, S01-066
Francia, Carlotta, S06-198, 

(Tue S06b)16:45, (Fri S06a)10:00
Francke, Robert, (Mon S15)14:30, 

(Fri S15)10:15
Franco, Alejandro, (Thu S18)10:30, 

(Thu S06a)16:15
Franco, Jefferson, S03-017
Frankel, Gerald, (Mon S11)09:30, 

(Mon S11)14:00
Franz, Silvia, (Thu S10)14:45
Frath, Denis, (Tue S16)17:00
Fredriksson, Hans, (Tue S07a)18:00
Freedy, Keren, (Mon S11)09:30
Freiberg, Anna T.S., S07-092
Freire, Cristina, S07-031, (Thu S07b)14:30
Freire, Rafael, S10-060
Frelon, Agathe, S07-171

Frese, Raoul, S05-005, S05-019, 

(Mon S03)14:00
Freunberger, Stefan, S06-093, 

(Wed S06b)09:30
Freyer, Katharina, (Mon S07b)09:30
Freyman, Megan, (Thu S12)14:00
Friebe, Vincent, S05-005, S05-019
Friedman, Anat, (Tue S03)16:30
Friedrich, K. Andreas, S07-140, 

(Mon S07a)14:30, (Thu S06b)16:15, 

(Fri S07a)11:00, S18-009
Friedrich, Thorsten, S03-069
Fritea, Luminita, S01-043
Frith, James, (Tue S10)15:30
Frittmann, Stefan, (Tue S10)16:00
Fritz, Pina A., (Thu S12)17:15, S14-003
Fritze, Stefan, (Tue S11)17:15
Frolov, Alexander, S20-004
Frontana, Carlos, (Mon S15)16:45, 

(Thu S10)17:30, S15-040
Frontana-Uribe, Bernardo Antonio, 

S09-037, S10-020
Frontera, Carlos, (Thu S06b)16:30, 

(Thu S06b)18:00
Frontera, Patrizia, (Tue S06b)18:30
Frost, Christopher, S03-010
Frühwirt, Philipp, S07-148
Frusteri, Leone, S10-036
Fryars, Stephanie, (Mon S21)15:30
Frydendal, Rasmus, S07-107
Fu, Cheng, S06-073
Fu, Fang, S06-017, S06-018
Fu, Han-Yi, (Fri S05)09:30
Fu, Kefei, S02-006
Fu, Qiang, S06-071
Fu, Yongsheng, S06-016
Fuchs, David, (Fri S10)09:45
Fühl, Matthias, (Fri S06b)10:30
Fuentes, Juan Alexis, S21-007
Fuentes Ramírez, Rosalba, S14-014
Fuenzalida, Francesca, S01-046
Fuertes, Amparo, (Thu S06b)18:00
Fugattini, Silvio, (Fri S06a)10:30, 

(Fri S09)11:00
Fuhrmann, Jürgen, (Thu S18)17:30
Fujigaya, Tsuyohiko, (Mon S07a)15:00
Fujii, Kenta, S06-086, (Mon S21)17:30
Fujiki, Satoshi, (Fri S20)11:00
Fujimoto, Shinji, (Mon S11)14:30, 

(Mon S11)15:00
Fujishima, Akira, S14-017
Fukami, Kazuhiro, S06-145, S10-076, 

S10-091
Fukami, Kenta, S06-112, S06-138
Fukui, Ken-ichi, (Thu S20)10:00, S17-019
Fukunaga, Hiroshi, S07-172
Fukunaga, Toshiharu, S06-028, S06-039, 

S06-063, (Tue S06b)14:15
Fukunaka, Yasuhiro, (Tue S10)14:45
Fukutsuka, Tomokazu, (Thu S07a)18:15
Fullerton, Susan, S04-002
Fumagalli, Francesco, S07-035
Fuoco, Giulia, S03-060
Furness, Liam, (Mon S06a)18:30, 

(Thu S18)10:15
Furrer, Julien, (Mon S07a)17:45
Furusawa, Satoshi, S06-069
Fusco, Giovanni, S05-003
Fushimi, Koji, (Mon S11)10:15
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Fusillo, Gianluca, S06-011
Futter, Georg, S18-004

G
Gaberscek, Miran, S07-149, 

(Tue S06b)16:30, (Thu S07b)15:30
Gabrielli, Giulio, S06-019
Gaertner, Cornelius, (Tue S11)18:00
Gaetani, Chiara, (Thu S13)10:30
Gago, Aldo Saul, (Fri S07a)11:00, S07-140
Gajda, Iwona, S03-062
Galagedera, Sarasi, S01-062
Galassi, Carmen, (Thu S12)15:00
Galatus, Ramona, S02-001
Galek, Przemyslaw, (Tue S08)15:30
Galia, Alessandro, S10-098, 

(Tue S14)18:15, S14-011, S14-039, 
S14-040, S14-052

Galizia, Pietro, (Thu S12)15:00, S12-002
Gallant, Betar, (Mon S06a)10:00
Gallego, Francisco J., (Mon S15)18:15
Galli, Federica, S17-032
Galliano, Simone, S09-042, (Fri S09)09:30
Gallo, Franz, (Thu S06a)17:30
Galloway, Thomas, (Thu S20)17:00
Galvao, Aline Guedes, S10-009
Galvez, Diego, (Thu S06a)17:30
Galyamin, Dmitry, S18-018
Gama, Adriana Medeiros, S10-008, 

S10-009
Gama da Rocha, Pedro, (Wed S07b)09:45
Gamba, Martina, S06-046
Gambaro, Chiara, (Tue S07a)16:30
Gambinossi, Filippo, S10-070
Gambirasi, Arianna, S06-011
Gamburg, Yuly D., S07-114
Gamero, Milenka, (Thu S06a)17:30
Gamero-Quijano, Alonso, S15-046
Ganapathi, Arulkumar, S11-030
Gandouzi, Islem, S01-013, S03-058, 

(Tue S03)09:30
Ganesan, Vellaichamy, S01-020, S10-025
Ganiyu, Soliu O., S14-041
Gao, Jun, (Mon S04)10:00
Gao, Mingming, S14-035
Garbarino, Sebastien, (Mon S17)14:30, 

(Thu S07a)14:45
Garcia, Amanda, S07-033
Garcia de Cortazar, Eduardo Miguel, 

S06-115
García, Gonzalo, (Mon S17)10:15, S17-014
Garcia Guzman, Juan Jose, S01-038
Garcia Lecina, Eva, S11-003
Garcia Sanchez, Daniel, (Wed S07b)09:45
Garcia-Araez, Nuria, S06-113, 

S06-160, S06-161, (Mon S06a)18:30, 

(Tue S10)15:30, (Thu S18)10:15
García-Cruz, Leticia, (Mon S10)17:15
Garcia-Diez, Raul, S07-034, S17-013
García-Gabaldón, Montserrat, S10-026, 

S10-039, S21-034, S21-035
Garcia-Garcia, Matias, S09-038, S10-075
Garcia-Melchor, Max, (Mon S21)16:30
García-Mendoza, Arturo, S21-014, S21-015
García-Montalvo, Verónica, S07-093
Gareth, Hinds, (Wed S06b)10:15
Garliauskas, Mantas, (Mon S01)17:00
Garlyyev, Batyr, S07-003, S07-106, 

S08-028, (Mon S21)10:15, 

(Tue S07b)17:15

Garrecht, Harald, S11-033
Garrigue, Patrick, S02-015, S04-008, 

(Mon S04)10:15, (Thu S02)16:45
Gartner, Mariuca, S01-026
Garza-Campos, Benjamín, S14-050
Gascon, Jorge, S07-096, S10-052
Gasilova, Natalia, S09-023
Gasior, Jindrich, (Tue S16)18:00, S16-015
Gasparro, Giulia, S06-106
Gasteiger, Hubert, S07-034, S07-092, 

S07-147, (Mon S07b)09:30, 

(Tue S07b)09:45, (Tue S07a)17:45
Gatalo, Matija, S07-149, (Thu S07b)15:30
Gatto, Irene, (Wed S08)09:45
Gauffre, Fabienne, (Mon S21)15:30
Gavilán, Maximiliano, (Mon S17)15:00
Gawlak, Karolina, S09-003, S09-004, 

S10-088, S10-089, (Mon S09)16:30
Gazdzicki, Pawel, (Wed S07b)09:45
Gazoni, Rodrigo, (Thu S10)10:15
Gazzano, Massimo, (Thu S12)16:15
Ge, Junjie, S07-056, S07-104, 

(Thu S07b)16:00
Geiger, Simon, (Mon S10)16:15
Geim, Andre, (Mon S01)18:15
Geiser, Jan, (Fri S06b)11:00
Gelb, Florian, (Tue S09)10:15
Gendel, Youri, (Thu S14)15:15
Genders, James P., (Tue S06b)15:30
Geng, Lan, (Fri S21)11:00
Gennarini, Federica, (Mon S15)18:00
Gennaro, Armando, S07-008, S07-024, 

S07-068, S10-024, (Mon S10)18:30, 

(Tue S15)09:30, (Tue S08)15:00, 

(Fri S07b)09:45, (Fri S15)11:45, 
S15-013, S15-014, S15-021, S15-022

Genorio, Bostjan, (Tue S06b)14:00
Gentil, Solène, S06-096, S09-010, S15-018
Geppert, Janis, (Tue S17)15:00
Geppert, Timon, (Mon S07b)09:30
Gerard, Angela Y., (Mon S11)09:30
Gerasimova, Irina, S07-006
Gerbaldi, Claudio, S06-007, S06-041, 

S06-171, S09-042, (Tue S06a)14:45, 

(Tue S06a)15:30, (Fri S09)09:30
Gerbasi, Rosalba, (Thu S10)15:30
Gerlach, Patrick, (Mon S06a)18:15
Gervasi, Claudio, (Mon S21)16:45
Gescheidt, Georg, S07-148
Gewirth, Andrew, (Wed S20)09:30
Ghamouss, Fouad, S08-009, 

(Tue S17)16:00, (Thu S06a)10:30
Ghelli, Anna, (Mon S03)18:30
Gheorghe, Marin, S01-026
Ghica, Mariana Emilia, (Fri S10)09:30, 

S01-049, S03-049
Ghigna, Paolo, (Mon S09)17:30, 

(Tue S17)14:45, (Thu S02)17:00
Ghirga, Francesca, S03-060
Ghosh, Srabanti, (Tue S07b)14:30
Giaccherini, Andrea, S10-065, 

(Wed S20)10:15, (Thu S20)09:45
Giacco, Daniela, S06-164
Giannotti, Marina Inés, S20-025
Gibasiewicz, Krzysztof, S05-005, 

(Thu S05)17:00
Gibertini, Eugenio, S06-114, S10-021, 

S20-014

Giebeler, Lars, S06-035, S06-137, 

(Tue S10)15:15, (Tue S06a)16:15, 

(Tue S06a)17:45
Giera, Brian, (Thu S12)14:00, 

(Thu S12)14:45
Giffin, Juergen, (Tue S07a)14:45, 

(Fri S20)09:30, S20-030
Gigli, Matteo, (Fri S06b)10:15
Giglia, Angelo, S06-044
Giglioli, Romano, S18-007
Gil-Costra, Jorge, S07-144
Gilek, Dominika, S10-064, S11-026, 

S21-018
Gilles, Ralph, (Tue S14)16:15
Giltzau, Niels, (Mon S15)14:30
Giner Sanz, Juan Jose, S07-173, S10-026, 

S10-039
Giorgetti, Marco, S06-066, (Tue S10)18:00
Giovanetti, Lisandro J., S06-152
Giraud, Marion, S21-048
Girault, Hubert, S02-022, S03-067, 

S06-090, S06-092, S06-096, 
S09-010, S09-023, (Mon S10)17:00, 

(Tue S03)18:15, (Thu S02)16:00
Girginov, Christian, S11-031
Gisbert-Gonzalez, Jose M., 

(Wed S17)10:00
Giubertoni, Damiano, (Fri S06a)10:30
Giudici-Orticoni, Marie-Therese, 

(Mon S03)15:15, (Tue S03)14:55
Giuffredi, Giorgio, S03-012, S07-035, 

(Tue S07b)18:15
Giurg, Adam, (Tue S07a)14:30, 

(Thu S14)18:00
Giurlani, Walter, S10-065, S10-069, 

S10-070, (Mon S10)10:00
Giusti, Paolo, (Thu S20)09:45
Gjuroski, Ilche, (Mon S07a)17:45
Gladkikh, Alex, (Thu S06a)09:30
Glatz, Zdeněk, S15-003
Gloukhovski, Robert, (Tue S14)17:15
Gniadek, Marianna, S10-007
Gnidina, Inna, S21-027, S21-049
Go, David, S04-002
Gobel, Ali Sercenk, S11-015
Gobet, Mallory, (Tue S17)16:00
Gocyla, Martin, (Thu S07b)15:15
Godiksen, Anita, S10-096
Godinez, Luis A., S14-048, S21-036
Godja, Norica, S14-012
Göbel, Gero, S05-003
Goenaga, Gabriel, (Tue S07a)16:00
Görling, Andreas, S09-030
Goetheer, Earl, (Tue S14)14:45
Götsch, Thomas, S17-010, S17-014, 

S17-026
Goggins, Sean, S03-010
Goglio, Andrea, S03-023
Gogoll, Adolf, (Tue S10)15:00
Goidanich, Sara, S13-005
Goikolea, Eider, (Thu S08)10:15
Gojkovic, Snezana, S07-048
Goktas, Mustafa, (Thu S06a)17:00
Gollas, Bernhard, S06-088, (Fri S10)09:45, 

S20-026
Golodnitsky, Diana, S06-008, S06-013, 

S06-054, (Mon S06a)17:15, 

(Thu S06a)09:30
Golovnev, Anatoly, (Thu S18)16:00
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Golvoko, Vladimir, S09-026
Gomes, Adriano, (Mon S17)18:30
Gomez, Alejandra, S16-013
Gómez Castelan, Ana Victoria Selene, 

S03-040
Gomez, Elvira, (Thu S20)14:00, S20-013, 

S20-015
Gómez Hernández, Martin, S03-074
Gomez Vidales, Abraham, S07-125
Gómez-Cámer, Juan Luis, (Thu S08)10:15
Gomez-Gil, Jose Maria, S02-021
Goncales, Vinicius,

Goncalves, Anne-Marie, (Mon S03)17:45
Goncalves, Emerson Sarmento, S10-008, 

S10-009
Gonçalves, Josué Martins, S01-021, 

(Mon S01)17:45
Gonzáles-Lara, Mario-Alberto, S08-027
González, Federico, S06-099
González García, María Begoña, S02-016, 

S02-017
González, Ignacio, S06-099
González, M. Teresa, (Tue S16)17:15
Gonzalez, Zoilo, S09-039, (Thu S12)16:30, 

(Thu S12)18:15, S12-001, S12-003
Gonzalez-Castaño, Mirian, (Tue S11)15:15,

González-Elipe, Agustín, S07-144
Gonzalez-Gutierrez, Linda, S03-013, 

(Thu S10)17:30
González-Huerta, Rosa Guadalupe, 
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S14-036
Gonzalez-Rodriguez, Maria Luisa, 
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Goor-Dar, Meital, S06-008, 
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Gorbatovski, Georg, S17-035
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Gorostiza, Pau, (Tue S16)15:00
Gorska, Barbara, S08-002, (Thu S08)18:00
Gorton, Lo, (Tue S16)15:15, 
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Gossage, Zachary, S02-005, 
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Goto, Akari, S05-014, S05-015
Goto, Himeka, S03-014
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Goudeau, Bertrand, S02-015, S04-008, 
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Graetzel, Michael, (Fri S09)09:30
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Granda Marulanda, Laura, S18-019
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Granozzi, Gaetano, S07-068, 
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Grasset, Fabien, (Thu S12)14:30
Grassi, Andrea, (Tue S14)15:15
Grattieri, Matteo, (Mon S03)15:00, 

(Thu S05)16:30
Grave, Daniel, S09-014, (Mon S09)16:45
Graves, Christopher, (Thu S07a)09:30
Grecchi, Sara, S01-063, S01-063, 

(Tue S01)17:00, S15-002, S15-002
Greco, Claudio, S03-030
Greenhalg, Daniel, S07-121
Greenman, John, S03-062
Grey, Clare, S06-072, S06-194, 

(Tue S10)15:30, (Thu S18)10:30
Grez, Paula, S01-023, S07-084
Grgur, Branimir, S11-004
Gribkova, Oxana, S10-010, S10-011, 

S10-017
Griesser, Christoph, S17-010, S17-014, 

S17-026, S17-029
Grigoriou, Dimitrios, (Thu S14)10:30
Grimaud, Alexis, S07-023, 

(Fri S07a)11:45, S20-011
Grimaud, Laurence, S05-016
Grimler, Henrik, S07-170
Grinyte, Ruta, S15-031
Grippo, Valentina, S03-015
Griveau, Sophie, (Tue S01)10:15
Grönbeck, Henrik, (Tue S07b)17:30, 

(Fri S07a)10:30
Groh, Matthias F., S06-072
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Grudzien, Joanna, S03-004, S03-016, 

S03-019, (Mon S09)16:30
Grünebaum, Mariano, (Mon S06a)17:15
Gruia, Violeta, S10-016
Gu, Meng, S09-006
Gu, Yu, S06-192, (Thu S06b)09:45
Gualandi, Isacco, (Mon S21)09:30, 
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Guan, Zichao, S11-006
Guang, Shanyi, S08-012, S08-012
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Guay, Daniel, (Mon S17)14:30, 
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Guenot, Benoit, (Fri S07a)10:15
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Guerriero, Paolo, S06-011, (Tue S10)16:15, 
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Guo, Jincheng, S10-068
Guo, Jing, (Tue S06a)17:45
Guo, Jinghua, (Tue S06a)16:30
Guo, Lin, (Fri S07a)11:30

Guo, Lu, S08-041, S14-004
Guo, Qian, S14-037
Guo, Rui, (Mon S06a)10:00
Guo, Si-Xuan, S01-039, (Mon S15)09:30, 

S15-039
Guo, Zhenguo, S15-009
Gupta, Bhavana, S04-008, (Mon S04)10:15
Gupta, Gaurav, S07-126
Gurgul, Magdalena, S09-004, S10-088, 
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Guzmán, Paola V., S14-029
Guzmán-Mar, Jorge, S14-050

H
Ha, Heung Yong, (Mon S10)18:00
Ha, Jinsu, (Thu S06a)15:15
Haas, Sebastian, S09-024, S09-044
Habazaki, Hiroki, (Tue S11)14:00
Hadj Youssef, Azza, (Thu S07a)14:45
Haecker, Joachim, S18-009
Härmas, Meelis, (Tue S08)14:45
Haga, Masa-aki, S10-030, S10-053, 

S10-055, (Thu S10)16:45
Haga, Sachiko, S09-011
Hahlin, Maria, S17-021
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Hajduk, Andreas, (Mon S09)14:45
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Hao, Yongsheng, (Tue S11)18:30
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Harada, Yoshitaka, S03-042
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He, Calvin, (Mon S14)15:15, 
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He, Dingwen, (Thu S04)10:15
He, Mingfu, (Mon S06a)10:00
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Heberle, Alan N.A., S21-035
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Hegetschweiler, Kaspar, (Fri S06b)11:00
Hegge, Friedemann, S07-120, 

(Tue S07b)14:00
Heggen, Marc, (Thu S07b)15:15
Heilmann, Oliver, (Tue S11)18:00
Hein, Simon, S18-017

Heine, Burkhard, S11-033
Heins, Tom Patrick, S17-012, S17-016, 

S17-037
Heintz, Olivier, (Mon S10)17:30
Heise, Svenja, (Thu S12)15:15
Hejdukova, Martina, (Wed S03)10:00
Hekmatfar, Maral, (Mon S06a)16:30
Helena Mascaro, Lucia, S09-016, S09-017
Hellman, Anders, (Fri S07a)10:30
Hellriegel, Ulrich, (Thu S14)17:45
Hellwig, Petra, S03-069
Hempelmann, Rolf, (Fri S06b)11:00
Henig, Joerg, S10-032
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Henry de Villeneuve, Catherine, 

(Tue S06a)18:00
Heo, Jungwon, S06-100, S06-134, 

(Fri S06a)09:45
Heo, Kookjin, S06-117
Heras, Aranzazu, (Tue S01)14:00, 

(Tue S17)16:30, (Thu S02)14:30
Hereijgers, Jonas, (Mon S07a)18:15, 

(Mon S15)18:30, (Tue S14)15:00
Hermann, Johannes, (Mon S17)16:30
Hernández, Loreto, S09-043
Hernandez, Olivier, (Fri S21)11:15
Hernández Santos, David, S02-016, 

S02-017, S03-015
Hernández, Sheila, (Thu S02)14:30
Hernandez, Simelys, S07-030, S07-128, 

S09-046, S10-036, (Mon S14)17:00
Hernandez-Aldave, Sandra, 

(Thu S03)10:00
Hernández-Burgos, Kenneth, S02-005, 

(Thu S02)15:00
Hernandez-Perez, Fidel, S15-040
Hernández-Ramírez, Aracely, S14-050
Herrada, Rosa, (Thu S12)16:45
Herranz, Juan, S07-025, (Tue S17)16:45, 

(Fri S02)11:45
Herrera, Santiago, S17-038
Herrero, Enrique, (Wed S17)10:00
Herring, Andrew, (Tue S07a)14:00
Herrmann, Christian, S03-084
Hersbach, Thomas, S10-099, 

(Mon S10)15:30, S17-040
Herve Bang, Yannick, (Thu S07b)16:15
Herzog, Grégoire, (Mon S01)14:30, 

S15-046
Hess, Corinna R., S07-092
Hess, Lars Henning, (Tue S08)16:30, 

(Thu S20)09:30
Hetemi, Dardan, (Fri S15)11:30
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Hewitt, Eric, S19-004
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Hibino, Hiroshi, S02-010
Hibino, Yuya, (Thu S03)10:30
Hickey, David P., (Mon S03)15:00, 

(Thu S05)16:30, S03-017
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S09-023
Hideshima, Sho, S03-042
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Higashi, Taihei, S20-016
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Higuchi, Tatsuya, (Thu S18)15:30
Hihath, Joshua, (Tue S16)16:30
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Hilger, Andre, S18-017
Hillman, Robert, S10-012, (Wed S17)09:45
Hinds, Gareth, S07-121, (Tue S07a)10:00
Hingerl, Kurt, S17-026
Hinojosa-Reyes, Laura, S14-050
Hinrichsen, Kai-Olaf, S07-077, S07-138
Hirabaru, Hikaru, S15-039
Hirai, Haruka, (Mon S06a)16:00
Hirai, Shigeto, S07-037, S07-037
Hiraka, Kentaro, (Tue S03)14:25
Hirano, Shoko, S07-080
Hirano, Susumu, S02-014
Hiranuma, Takuya, (Thu S06a)14:15
Hirasawa, Yoshiaki, S10-027
Hiratsuka, Kaori, S06-168
Hirohata, Youhei, (Tue S11)15:30
Hiromoto, Sachiko, (Tue S11)16:15, 

S11-028
Hiruma, Yusuke, S10-055
Hitaishi, Vivek Pratap, (Tue S03)14:55
Hitrik, Maria, (Mon S01)14:15
Híves, Ján, S14-018
Hlongwa, Ntuthuko Wonderboy, S06-120
Hnát, Jaromír, (Thu S14)16:15, S07-141
Hnida, Katarzyna E., S10-064, S11-026, 
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Ho, Kuo-Chuan, S07-017, S09-033, 
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Ho, Phuoc Hoang, S10-067
Hoang Ho, Phuoc, S14-019
Hochfilzer, Degenhart, S17-014
Hodgson, Andrew, (Tue S16)17:15
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Holdynski, Marcin, (Mon S01)10:00, 
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Holtz, Megan, (Thu S07b)15:15
Holze, Rudolf, S07-038
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Homma, Takayuki, (Mon S10)14:45, 
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Honda, Kensuke, S07-039
Honda, Shunsuke, S07-137
Hong, Hye-Jin, S10-028, S10-041, S10-045
Hong, Jong-In, (Mon S21)18:00
Hong, Seung-Tae, S06-170
Hong, Sukgi, (Thu S06a)15:15
Hong, Wenjing, (Tue S16)17:45, S16-001
Hong, Young Taik, S06-087
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Hu, Xile, S07-054, S07-118, 

(Mon S07a)10:00
Hu, Xin-Ming, S07-079, S10-096
Hu, Yong-Xu, (Mon S19)17:45, 

(Mon S19)18:00
Huang, Binbin, S14-037, S15-020
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Ikegawa, Shiori, S10-046
Ikemiya, Norihito, S02-020
Ikeuchi, Issei, S06-064
Ikpo, Chinwe, S06-120
Ilbert, Marianne, (Mon S03)16:30
Ilieva, Maria, (Fri S10)11:00
Im, Dongmin, (Fri S20)11:00
Im, Mintaek, (Mon S07a)16:45
Imai, Hideto, (Fri S07b)11:15
Imai, Takuya, S18-010
Imamura, Masanori, (Tue S11)15:30
Imanishi, Akihito, (Thu S20)10:00, 

S17-019
Inaba, Kenta, S07-162
Inaba, Masanori, S07-150, (Mon S10)18:15
Inaba, Minoru, (Tue S07b)16:45
Inada, Akiko, S07-179
Inada, Ryoji, S06-050
Inagaki, Motoharu, (Tue S17)14:30
Inagi, Shinsuke, (Thu S04)09:30
Inami, Yuta, (Mon S07a)18:00
Infossi, Pascale, (Mon S03)15:15

Ingrosso, Chiara, S03-053, S03-054, 

(Mon S01)17:15
Inguanta, Rosalinda, S01-003, 

(Mon S01)18:00
Innocenti, Massimo, S10-065, 

S10-069, S10-070, (Mon S10)10:00, 

(Wed S20)10:15, (Thu S20)09:45
Ino, Kosuke, S03-008, S03-045, S04-010
Inoue, Hideo, (Tue S07b)16:45
Inoue, Hiroshi, (Thu S07a)10:45
Inoue, Kumi Y., (Wed S04)10:15
Inukai, Junji, (Tue S07b)16:00
Iordãnescu, Andreea, S21-044
Iovan, Ciprian, S01-043
Iraola Iriondo, Unai, S06-115
Irkham, Irkham, S02-003
Ishibashi, Chiaki, S06-022
Ishida, Naoya, S06-022, S06-121, S06-176, 

S07-190, S10-027, (Thu S06a)14:15
Ishihara, Akimitsu, (Fri S07b)11:15
Ishihara, Masaru, S11-011
Ishihara, Tadao, S02-014
Ishii, Yosuke, S06-122, S08-007
Ishikawa, Yoshihisa, S06-039
Ishikawa, Yosuke, S14-046
Ishitobi, Hirokazu, (Fri S06b)09:30
Ishizaki, Kakeru, S07-190
Ismail, Ahmed Mohsen, S07-041
Isopi, Jacopo, S07-042
Ispas, Adriana, S10-016, (Wed S20)10:00, 

(Thu S10)17:15
Isse, Abdirisak Ahmed, (Fri S15)11:45, 

S15-013, S15-021, S15-022
Istakova, Olga, (Mon S10)17:30
Itagaki, Masayuki, S03-009, S03-014, 

S03-028, S03-064, S03-071
Itkis, Daniil, S20-004, S20-006
Ito, Kimihiko, S06-126
Ito, Kohei, S07-179
Ito, Seitaru, (Fri S20)11:00
Iurlo, Matteo, S15-032
Ivanistsev, Vladislav, (Thu S20)16:00, 

(Fri S18)11:00, S18-005
Ivanov, Aleksandar, (Mon S19)17:00, 

(Mon S19)17:15
Ivanov, Svetlozar, S20-018
Ivanova, Kristina, S03-061
Ivon Barrios Eguiluz, Katlin, S14-056, 

S14-057
Iwama, Etsuro, (Thu S08)17:15
Iwuoha, Emmanuel, S06-120, 

(Thu S07b)14:30

J
Jabin, Ivan, (Fri S15)11:15
Jablonska, Anna, S17-039
Jablonskiene, Jolita, S06-123
Jacob, Timo, (Mon S17)16:30, 

(Fri S07b)09:30, S20-012
Jacobse, Leon, (Tue S17)17:45, 

(Thu S02)17:30
Jaegermann, Wolfram, S07-019, S07-085, 

(Mon S09)14:45, (Wed S10)09:30, 

(Fri S20)10:00
Jänes, Alar, S08-037, S08-039, 

(Tue S08)14:45, (Thu S20)16:00
Jagdale, Pravin, S06-041
Jahnke, Thomas, S07-169, S18-004
James, David, (Tue S16)17:00
Jamet, Didier, S18-003
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Jamet, Hélène, S15-018
Janáky, Csaba, S07-040, S07-041, 

S09-019, S10-071, (Mon S09)17:15, 

(Wed S10)10:00, S15-027
Jand, Sara Panahian, (Tue S06b)14:30
Janek, Jürgen, (Wed S06b)09:45
Jang, Jihyun, S06-126
Jang, Jum Suk, S10-044
Jang, Seol, S07-146
Jang, Yunhyeock, S02-011
Janik, Michael, (Mon S17)18:15
Janßen, Arne, S07-102
Janssen, Mathijs, S08-044, (Wed S08)10:00
Jansson, Ulf, (Tue S11)17:15
Jaouen, Frédéric, S07-082, 

(Tue S07b)18:00, S17-009
Jaouen, Kevin, S02-019, (Thu S02)15:15
Jara, Geraldine, (Tue S16)18:15, S16-013
Jaramillo, Thomas, (Mon S17)17:30
Jarne, Carmen, S05-018
Jarosz, Magdalena, S03-004, S03-016, 

S03-019
Jasso, Kamil, S06-177
Jasulaitiene, Vitalija, S06-123
Jaumann, Tony, (Tue S06a)16:15
Jayawickrama, Samindi, (Mon S07a)15:00
Jee, Hyung-Woo, S02-011
Jehnichen, Philipp, (Thu S06a)18:00
Jelen, Paulina, S03-020
Jeng, Ru-Jong, S20-038
Jenkins, Max, S06-175
Jennings, Kane, (Thu S05)16:00
Jensen, Anders Westergaard, S07-150
Jensen, Henrik, S04-005
Jensen, Mikkel, S07-079
Jensen, Søren Højgaard, (Thu S07a)09:30
Jeon, Jinwoo, S06-100
Jeon, Seongho, (Tue S06a)18:30
Jeon, Woosung, (Tue S06a)18:30
Jeong, Areum, S07-151
Jeong, Chaehwan, S06-117
Jeong, Goojin, S06-025, S06-166
Jeong, Hwakyeung, S17-008
Jeong, Hyung Mo, S08-005
Jeong, Jun Hui, S08-008
Jeong, Seonghyun, S21-021
Jeong Woo, Yun, S06-108
Jeremiasse, Adriaan, S07-096
Jeschull, Fabian, (Tue S06a)18:15
Jeuken, Lars, (Mon S03)17:00
Jeurgens, Lars P.H., (Tue S11)15:15
Jevric, Martyn, S09-030
Jezowski, Pawel, S08-003, (Tue S08)16:15
Jhang, Jin-Siang, S06-124
Ji, Debin, S20-028, S21-051
Ji, Hyunjoon, (Fri S06b)10:00
Ji, Shanshan, S10-072
Jia, Qingying, (Tue S07b)14:45, 

(Fri S07a)10:00, S17-009
Jiang, Hua-Wei, (Tue S16)17:15
Jiang, Jiangmin, (Thu S08)10:30
Jiang, Wen-Jie, (Thu S07b)14:15
Jiang, Yan-Xia, (Mon S10)16:45, S17-023
Jiménez-Sandoval, Omar, S07-093
Jin, Wei, (Tue S14)10:15
Jin, Ying, (Mon S11)17:45
Jin, Zhao, S07-056
Jirakova, Ludmila, S03-076
Jitianu, Andrei, S11-001

Jo, Jae Hyeon, (Thu S06b)17:30
Jo, Sungnim, S06-125
Jobst, Nicola, S06-019
Jönsson-Niedziółka, Martin, S03-020, 

S03-066, S03-072, (Mon S01)15:30, 

(Fri S21)11:30, S16-003, S21-033
Jogdeo, Prasanna, S11-021
Johansson, David, S06-116
Johansson, Kristina, (Tue S11)17:15
Johansson, Patrik, (Mon S06a)16:45
John, Varcoe, (Thu S07b)17:00
Joiret, Suzanne, (Thu S13)10:15
Jolly, Pawan, S03-010
Jones, Deborah, S07-029, S07-184, 

(Thu S07b)10:00
Jones, Michael R., S05-005, S05-019, 

(Thu S05)17:00
Joo, Jong Hoon, S06-075
Joo, Oh-Shim, (Mon S09)18:00
Joo, Sang Hoon, (Thu S07b)09:30
Jooss, Christian, (Tue S17)15:00
Jordão Pereira, Inês, S17-004
Jordy, Christian, S06-174
Joseph, Edith, S13-006
Joshi, Gaurav, (Tue S11)10:00
Jouikov, Viatcheslav, S06-146
Jousselme, Bruno, S02-019, 

(Thu S02)15:15
Jovanov, Zarko P., (Mon S07a)16:15
Jovanovic, Primoz, S07-149
Jovanovic, Vladislava, S07-048
Jovic, Milica, (Thu S02)16:00, 

(Fri S02)11:00
Jovicevic, Jovan, S10-061, S10-083
Jovicevic, Niko, S10-061
Juhera, Eduard, S07-166, S07-167, S07-168
Juhl, Rene, S07-079
Jung, Chiyoung, S07-152, (Thu S07a)14:00
Jung, Heechul, (Tue S06a)18:30
Jung, Young Hwa, S06-003
Junge, Henrik, (Fri S15)10:15
Junk, Peter, (Tue S11)18:00
Junker, Nils, S06-020
Jurng, Sunhyung, (Tue S06a)14:00, 

(Tue S06a)16:30
Jurzinsky, Tilman, S07-049, S07-158
Jusys, Zenonas, (Fri S20)09:45

K
Kabanova, Tatyana, S21-010, S21-027, 

S21-049
Kabelac, Martin, (Wed S03)10:15
Kabongo, Guy, (Thu S08)15:15
Kadowaki, Mizuki, S06-050
Kadyk, Thomas, (Thu S18)17:15
Käärik, Maike, (Thu S07b)18:00, S17-009
Källquist, Ida, S17-021
Kaesche, Stefanie, S11-033
Kaetelhoen, Enno, (Mon S19)16:45
Kaghazchi, Payam, (Tue S06b)14:30
Kahlfuss, Christophe, (Mon S15)10:15
Kaiser, Bernhard, S07-019, S07-085, 

(Mon S09)14:45
Kaiser, Ute, S06-036
Kaiser, Wolfgang, S03-084
Kakinuma, Katsuyoshi, (Wed S07b)10:00, 

(Thu S07a)17:00
Kakiuchi, Takashi, (Mon S21)17:15
Kalaitzidou, Ioanna, (Thu S14)10:30
Kalasina, Saran, S08-006, (Fri S09)11:30

Kaljuvee, Tiit, (Thu S07b)18:00
Kallio, Tanja, S07-088, (Mon S07a)14:15
Kamai, Yuichiro, S07-179
Kameda, Yasuo, (Mon S21)16:00, 

(Mon S21)17:30, (Fri S21)10:00
Kameoka, Mayuko, S06-122
Kaminski, Kamil, S03-016, S03-019
Kamir, Yosef, S06-008
Kamir, Yossi, (Thu S06a)09:30
Kamphaus, Ethan, (Thu S18)09:30
Kanamura, Kiyoshi, S06-043
Kanazawa, Tomomi, (Mon S11)10:15
Kang, Bum-Hee, S06-026
Kang, Chung Mu, S04-007
Kang, Huaizhi, S02-002
Kang, Long, S08-032
Kang, Minkyung, (Mon S19)15:30
Kang, Sujin, S03-077
Kang, Tuo, S06-105
Kang, Yoon-Sok, S06-126
Kanninen, Petri, (Mon S07a)14:15
Kano, Kenji, (Thu S03)10:30, 

(Fri S05)09:45
Kanokkanchana, Kannasoot, S19-007, 

S19-010
Kanoufi, Frederic, (Mon S19)14:30, 

(Mon S19)15:15, (Fri S15)11:30
Kanso, Hussein, S03-015
Kapitanova, Olesya, S20-004
Kapteijn, Freek, S07-096, S10-052
Kapun, Gregor, (Tue S06b)15:15
Kapusta-Kołodziej, Joanna, S09-005, 

S10-014, (Mon S09)16:30
Kar, Sanjib, S15-038
Karan, Kunal, (Mon S07a)09:30, S14-021
Karantonis, Antonis, S15-037, S20-005
Karbarz, Marcin, S10-007
Karimata, Takahiro, S07-179
Karimi, Fatemeh, S14-021
Karkar, Zouina, (Tue S06a)16:00
Karman, Cheryl, (Mon S01)14:30
Karpova, Elena, (Tue S03)15:25
Karyakin, Arkady, S03-032, 

(Tue S03)15:25, (Tue S03)16:45
Kasahara, Seiji, S02-020
Kasai, Naoya, S11-011
Kasamatsu, Shusuke, (Fri S07b)11:15
Kashtiban, Reza, S10-074
Kasian, Olga, (Mon S10)16:15
Kasikov, Aarne, (Mon S21)14:45
Kasinathan, Raam, (Tue S06a)16:45
Kasnatscheew, Johannes, (Mon S06a)17:15
Kastrinaki, Georgia, (Fri S06a)10:00
Kasztelan, Mateusz, S17-039
Katagiri, Mitsuhiko, S16-002
Katakura, Katsumi, S06-080, S06-173
Kataky, Ritu, (Tue S03)17:15
Katayama, Chiaki, (Thu S20)10:00
Katayama, Jun-ichi, S06-145
Kato, Akihiro, S07-132
Kato, Ryoko, (Mon S09)16:15
Kato, Yukiya, S10-076
Katsaounis, Alexandros, S07-127, 

(Thu S14)10:30
Katsounaros, Ioannis, (Mon S17)17:00
Kaufman, Rok, (Tue S06b)16:30
Kauppinen, Esko, S07-088
Kautek, Wolfgang, S10-087, 

(Tue S14)09:30
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Kavan, Ladislav, S09-022
Kavanagh, Christopher, (Mon S01)14:45
Kavirayasu, Kasinathan, S01-029
Kawaguchi, Kenji, (Thu S14)10:00
Kawakami, Natsumi, S06-176
Kawakami, Shinji, S10-103
Kawasaki, Shinji, S06-122, S08-007
Kazda, Tomas, S06-177
Kazemi, Rezvan, (Tue S01)10:15
Kazzazi, Arefeh, (Thu S06a)15:30
Kecsenovity, Egon, S10-071, 

(Wed S10)10:00
Keeler, Alexander, S17-020
Keeley, Gareth, (Thu S07a)17:45
Keighron, Jacqueline, (Tue S03)16:00
Keisar, Or, S06-023
Kekedy-Nagy, Laszlo, (Wed S03)09:30
Keller, Marlou, (Wed S06a)10:00
Keller, Valérie, (Tue S09)10:15
Kelsall, Geoffrey, (Wed S14)09:45, 

S20-027
Kelso, Meagan, (Mon S10)14:00
Kemppainen, Erno, (Wed S14)10:15
Kendrick, Ian, (Fri S07a)10:00
Kenis, Paul, (Mon S07a)17:30
Kenmoe, Stéphane, (Thu S18)16:45
Kerber, Rachel, (Tue S10)15:30
Kerr-Phillips, Thomas, (Tue S01)17:15
Kersys, Algirdas, (Tue S06a)10:30, 

(Tue S06a)16:45
Kesarkar, Sagar, (Fri S02)11:30
Kesten, Oliver, (Tue S06b)10:15
Keyes, Tia, S15-048
Khadke, Prashant, (Fri S07b)10:30
Khalakhan, Ivan, S01-066, S05-011, 

(Wed S07b)10:15
Khalil, Ibrahim, S07-007
Khalil, Rita, S20-032
Khani, Milad, S15-012
Khanipour, Peyman, (Mon S17)17:00
Khataee, Amirreza, S06-089
Kholkin, Andrei, S16-014
Kibena-Põldsepp, Elo, S10-038
Kibler, Ludwig, (Mon S17)16:30
Kientz, Martin, (Thu S07b)17:15
Kierulf-Vieira, Walace, (Thu S10)14:00
Kikuchi, Naohiko, S06-069
Killian, Manuela, S09-007
Kilmartin, Paul, S01-032
Kim, Bae-Jung, S07-025, (Tue S17)16:45
Kim, Byung-Su, S10-028, S10-041, 

S10-045
Kim, Chang-Hee, S07-123
Kim, Charn-Jung, S07-151, S07-174
Kim, Chunjoong, S06-026
Kim, Dae Won, S06-024
Kim, Dahee, S06-026
Kim, Dojin, S06-026
Kim, Dong Kook, S14-002, S14-008, 

S14-009
Kim, Dong Young, S06-126
Kim, DongYeon, S07-047, S21-020
Kim, Dongyun, S06-117
Kim, Eun Joong, S07-157
Kim, Gunwoo, S06-194, (Tue S10)15:30
Kim, Gyeongho, S03-046
Kim, Hansu, S06-025
Kim, Hansung, (Thu S07b)17:45
Kim, Hearan, S06-075

Kim, Hee-Tak, (Tue S07a)14:45, 

(Tue S06b)18:15
Kim, Hoon Jun, (Mon S21)18:00
Kim, Hyekyung, S14-007
Kim, Hyenki, S07-045
Kim, Hyun-Soo, S06-128
Kim, Hyung Min, S07-174
Kim, Hyung Sun, S06-127
Kim, Hyunki, S07-043, S07-044, S07-046
Kim, Jihyeon, S03-047
Kim, Jong Seok, S06-024
Kim, Jongsoon, (Mon S06a)15:15, 

(Thu S06b)17:30
Kim, Jongwon, S17-008
Kim, Joohoon, S21-021
Kim, Jooyoung, S07-043, S07-044, S07-046
Kim, Ju Young, S06-142
Kim, Jumi, S06-142
Kim, Jun Myung, S21-021
Kim, Junhyeong, S07-043, S07-044, 

S07-046
Kim, JunYoung, (Tue S07a)14:45
Kim, Kwang Bum, S08-008
Kim, Kwang Man, S06-142
Kim, Kyoung-Rok, (Mon S21)18:00
Kim, Kyungsu, S06-166
Kim, MinJoong, S07-129
Kim, Saeyun, (Thu S20)10:00
Kim, Seo-Yeon, (Mon S21)18:00
Kim, Seong-In, S06-169
Kim, Seonghwan, (Thu S14)16:45
Kim, Seongwon, S06-075
Kim, Seoni, (Thu S14)16:45
Kim, Tae Hyun, S06-024
Kim, Tae-Young, S07-146, S07-152, 

(Thu S07a)14:00
Kim, Yang Soo, S06-024
Kim, Yang-Rae, S03-077, S07-014
Kim, Yong-Tae, (Wed S07b)09:30
Kim, Young Hwan, S08-008
Kim, Young-Jun, S06-025
Kim, Youngsang, S09-001
Kim, Yousoo, S02-020
Kimmich, Daniel, S09-008
Kimura, Kento, S06-083, (Mon S06a)17:00
Kimura, Noritaka, S14-046
Kimura, Shuhei, (Thu S14)10:00
King, Andrew, S06-067, (Tue S06a)17:30
Kinumoto, Taro, S07-181
Kirakosyan, Serezja, (Tue S07b)17:00
Kiran, Kiran, S07-078, (Mon S07a)17:45
Kirchhoff, Björn, (Fri S07b)09:30
Kirchner, Kathleen, S18-005
Kislenko, Sergey, S20-009
Kisu, Kazuaki, (Thu S08)17:15
Kitada, Atsushi, S06-145, S10-076, 

S10-091
Kitagawa, Yuichi, (Mon S11)10:15
Kitajou, Ayuko, (Mon S06a)16:00
Kitamura, Naoto, S06-022, S06-121, 

S06-176, S07-190, S10-027, 

(Thu S06a)14:15
Kitani, Akira, S07-165
Kiuchi, Hisao, S06-028, S06-063, 

(Tue S06b)14:15
Kivelä, Henri, S20-031
Kizling, Michal, (Tue S03)14:45, 

(Tue S03)15:05
Klein, Lisa C., S11-001

Klein, Lorena H., (Mon S11)18:15
Klement, Uta, S10-087
Klemenz, Sebastian, S07-085
Klett, Matilda, S06-139
Klidi, Nizar, S14-028
Kline, Kimberly, (Mon S03)17:15
Klingan, Katharina, (Mon S07a)16:15
Klingele, Matthias, S07-153, 

(Tue S07a)16:15
Klingenhof, Malte, (Thu S07b)15:15
Klose, Carolin, S07-153
Klotz, Dino, S09-014
Klusácková, Monika, (Mon S09)18:15
Klymenko, Oleksiy V., S18-012
Knauth, Philippe, (Wed S20)09:45, 

S11-002
Knittel, Peter, S02-009
Kobayashi, Hironori, S06-028, S06-029, 

S06-147, (Tue S06b)14:15
Kobayashi, Takuya, S09-018
Kobayashi, Yo, S06-027
Kobielusz, Marcin, (Fri S09)10:00
Koca, Atif, S10-050
Kocabova, Jana, S11-032
Kodym, Roman, (Tue S07a)14:30, 

(Thu S07a)10:00, (Thu S14)16:15
Koefoed, Line, S04-005, (Wed S04)09:30
Köllisch, Andreas, (Thu S20)17:30
Koganei, Kazuto, S06-028
Kogikoski Jr, Sergio, (Tue S01)14:30, 

(Fri S15)10:00, S02-012, S16-008
Koh, Meiten, S06-126
Koh, Shinji, S16-011
Kohlbrecher, Joachim, (Tue S17)16:45
Koike, Junpei, S07-132
Kojima, Katsuhiro, (Tue S03)14:25
Kojima, Toshikatsu, (Tue S06b)17:30
Kokoh, Boniface, S07-066
Kolivoska, Viliam, (Tue S16)18:00, 

S16-015, S16-016
Kolla, Praveen, (Fri S07a)10:00
Kolodziej, Adam, S01-064, S01-065, 

(Mon S17)18:00
Komarova, Natal’ya, S10-034
Komkova, Maria, S03-032, 

(Tue S03)15:25
Konakawa, Kotaro, S06-148, S06-151
Konda, Akihiro, (Tue S10)17:00
Kondarides, Dimitris, S07-002
Kondo, Toshihiro, S06-178
Konev, Dmitry, (Mon S10)17:30, 

(Fri S18)11:30
Kong, Lingbin, S08-013
Kong, Nak Won, (Tue S07a)14:45
Kongi, Nadezda, (Thu S07b)09:45
Konhefr, Martin, S15-003
Koo, Bon-Min, (Tue S06a)18:00
Kook, Mati, S17-009
Koper, Marc, (Thu Plenary) 08:15, 

S07-033, S07-036, S07-061, S07-073, 
S07-096, S07-108, S10-058, S10-099, 

(Mon S10)15:30, (Mon S17)18:15, 

(Tue S14)09:45, (Tue S17)17:45, 

(Thu S02)17:30, (Fri S07b)11:45, 
S17-007, S17-032, S17-040, S18-019

Kopiec, Gabriel, S03-084, S16-007
Korb, Marcus, S01-034
Kormányos, Attila, S09-019, S15-027
Korolev, Ivan, (Tue S10)10:15
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Korte, Carsten, (Tue S07a)18:30, 

(Thu S06a)18:00, (Fri S20)09:30, 
S20-030

Kosa, Gabor, (Thu S06a)09:30
Kosmidou, Theodora, (Tue S06a)10:30
Kosova, Nina, S06-186
Kostc, Milos, S14-045
Kostecki, Robert, S09-001, (Tue S06a)16:30
Koster, Dominique, S07-130
Kosto, Yuliia, S01-066, S05-011
Kothleitner, Gerald, S20-026
Kotkin, Aleksandr, S10-034
Kotsiras, Alexandros, (Thu S14)10:30
Kottakkat, Tintula, (Mon S07a)16:15
Kottam, Pranay Kumar Reddy, S06-074
Koutalidi, Stavroula, (Tue S10)17:15
Kovacheva, Daniela, S06-004
Kovalenko, Andriy, (Thu S18)18:15
Kovalska, Natalia, (Tue S14)09:30
Kovtun, Alessandro, (Tue S01)14:00
Kowalski, Jaroslaw, (Mon S15)10:00
Koyama, Shodai, S17-019
Kozlova, Ekaterina, (Tue S01)16:45
Kr, Sindhu, (Mon S03)14:45
Kraljic Rokovic, Marijana, S10-015
Kramer, Denis, (Wed S06b)09:30
Kramm, Ulrike, S07-049, S07-097, 

S07-098, S07-102, (Thu S07b)16:30
Kranz, Christine, S02-009, S03-050
Krauter, Kerry, (Thu S12)14:00
Krbal, Milos, S09-028
Kremer, Lea, S18-017
Krewer, Ulrike, S06-129, (Tue S06b)14:45, 

(Thu S18)14:15
Kriele, Armin, (Tue S14)16:15
Krischer, Katharina, (Tue S17)09:45
Kriston, Akos, (Tue S06a)16:45
Krivenko, Aleksandr, S10-034, S10-051
Krotova, Marina, (Fri S10)10:30
Krstajic Pajic, Mila, S07-048
Krtil, Petr, S07-070, S09-022, 

(Mon S09)18:15
Krueger, Bastian, S06-179
Krummacher, Jakob, (Thu S20)09:30, 

S20-002
Kruth, Angela, (Thu S08)17:00
Krzak, Agata, S03-078
Kubináková, Emília, S14-018
Kubo, Tatsuya, S06-069
Kubo, Yoshimi, S06-126
Kubota, Lauro, S02-012, (Tue S01)14:30, 

(Fri S15)10:00, S15-041, S16-008
Kucernak, Anthony, S01-004, 

(Tue S07a)10:00
Kübler, Markus, S07-049, S07-097, 

S07-098, (Thu S07b)16:30
Kühl, Stefanie, S07-158, (Thu S07b)15:15
Kühnel, Ruben-Simon, S08-021, 

(Mon S06a)14:45
Kuenzel, Matthias, (Thu S06a)15:30
Kuettinger, Michael, S07-185, 

(Fri S06b)11:15
Kuhn, Alexander, S02-015, S03-029, 

S04-008, (Mon S04)10:15, 

(Mon S10)14:15, (Mon S03)14:45, 

(Mon S10)15:00
Kulesza, Pawel J., (Mon S10)17:30, 

(Thu S10)09:30, (Thu S18)16:30
Kulisch, Joern, (Wed S06a)10:00

Kulova, Tatiana, S06-060, S06-180, 
S06-191

Kumagai, Yu, (Thu S06b)16:45
Kumar, Abhishek, S01-021, 

(Mon S01)17:45
Kumar, Anup, S17-005
Kundys, Magdalena, S16-003
Kunimoto, Masahiro, (Mon S10)14:45, 

(Tue S10)14:45
Kunowsky, Mirko, S08-020
Kuntz, Joshua, (Thu S12)14:00, 

(Thu S12)14:45
Kunz, Sebastian, (Mon S10)18:15
Kunze-Liebhäuser, Julia, (Mon S17)10:15, 

S17-010, S17-014, S17-026, S17-029
Kuo, Fang Yu, S09-040
Kuo, Li-Ming, S06-119
Kuo, Liang-Yin, (Tue S06b)14:30
Kuo, Mei-Chen, (Tue S07a)14:00
Kuramoto, Kodai, S07-193
Kuratani, Kentaro, S06-029
Kure-Chu, Song-Zhu, S06-130, S06-131
Kurig, Heisi, S08-037, (Thu S20)16:00
Kuroda, Yoshiyuki, S07-132, 

(Fri S07b)11:15
Kuroiwa, Shigeki, S03-042
Kuroki, Daichi, S16-011
Kús, Peter, (Wed S07b)10:15
Kuscer, Danjela, (Thu S12)16:00
Kutner, Wlodzimierz, S03-005, S10-031, 

(Mon S10)15:00, (Tue S03)09:45
Kuwabata, Susumu, (Tue S10)17:00, 

(Tue S17)18:15, S17-019
Kuz’mina, Anna, S06-180, S06-191
Kuznetsov, Vitaly V., S07-114
Kvarnström, Carita, S17-028
Kwak, Bumju, S01-047
Kwak, Da Eun, S03-048
Kwak, Sung Jo, S14-009
Kwon, Boksoon, (Tue S06a)18:30
Kwon, Seung-Ryong, S04-007, S09-041
Kwon, Seunguk, S06-125
Kwon, Youngkook, S07-047, 

(Mon S07a)16:30, (Mon S07a)16:45

L
La Cara, Francesco, S03-031, 

(Thu S10)18:00
La Mantia, Fabio, S07-130, 

(Tue S14)14:15, (Tue S17)15:30
La Sala, Giorgio, S06-011
La-o-vorakiat, Chan, S21-024
Laasonen, Kari, S07-088
Labbé, Eric, S05-016, S15-044
Laborda, Eduardo, S02-021, 

(Fri S21)11:45, (Fri S18)11:45
Lacey, Matthew J., S06-165
Lacina, Karel, S04-003, S15-003
Lacroix, Jean Christophe, (Tue S16)17:00, 

(Fri S10)11:30
Lämmel, Christoph, S06-020
Lafarge, Philippe, (Tue S16)17:00
Lafolet, Frederic, (Tue S16)17:00
Lagergren, Carina, S07-170, 

(Tue S07b)17:30
Lagrost, Corinne, S03-021, 

(Mon S21)15:30, (Fri S10)11:15, 

(Fri S15)11:15
Lahav, Ori, (Thu S14)15:15
Lahrar, El Hassane, S08-033

Lai, Zhiwei, S02-002
Laik, Barbara, (Thu S06a)15:00
Laine, Philippe, (Tue S16)18:00, S16-016
Lam, Chiu Marco, (Mon S15)14:45
Lam, Ling Ning, (Mon S03)17:15
Lamagni, Paolo, S07-050, S10-096
Lamaka, Sviatlana, (Tue S14)16:30
Lambert, Colin J., (Tue S16)17:15
Lamberti, Andrea, S06-007
Lambertini, Laura, S03-022
Lamy, Claude, (Fri S07a)10:15
Landa, Midori, S20-015
Landa-Medrano, Imanol, (Tue S17)18:00
Landau, Ehud, (Mon S15)15:30
Landi, Elena, (Thu S12)15:00
Landman, Avigail, S07-131
Landstorfer, Manuel, (Thu S18)14:30
Lang, Heinrich, S01-034, (Mon S15)17:00
Lange, Stefanie C., (Thu S12)17:15
Langhammer, Elin, S06-116
Langley, Amelia, S11-014
Langsdorf, Daniel, (Wed S06b)09:45
Lannelongue, Pierre, S08-014
Lanza, Clara, S15-006
Lanza, Mario, (Thu S10)15:00
Lanzalaco, Sonia, S10-098
Lapeire, Linsey, (Mon S11)18:15
Lapeyre, Veronique, (Mon S10)14:15
Lapicque, Francois, S07-145, S07-176, 

S08-001, (Mon S14)15:00
Laschi, Serena, S03-054
Laskos, Andreas, S06-088, S14-012
Laszczynski, Nina, S06-066
Latz, Arnulf, (Tue S06a)10:00, 

(Thu S18)10:00, S18-002, S18-004, 
S18-009, S18-017

Lau, Kai-Chung, S15-009
Lau, Tai-Chu, S15-009
Laue, Vincent, (Thu S18)14:15
Launay, Jerome, S19-003
Laura, Calvillo, (Tue S17)14:00
Laurencin, Jerome, S07-194
Laurinavicius, Lukas, (Mon S01)17:00
Lauro, Federico, S11-021
Lavacchi, Alessandro, S10-065, S10-069, 

S10-070, (Thu S20)09:45
Laverde-Perdomo, Carolina, S03-002
Lavon, Avia, (Tue S03)16:30
Lawrence, Matthew J., S09-006
Lawson, John, (Thu S06b)14:30
Laycock, Nicholoas J., (Tue S11)09:30
Lazaro, Maria Jesus, (Thu S07a)15:30
Lopez Ortiz, Manuel, (Tue S16)15:00
Le Bideau, Jean, S08-029, (Wed S08)10:15
Le Goff, Alan, S15-018
Le, Jiabo, (Fri S18)10:00, S17-001
Le Poul, Nicolas, (Mon S15)18:00
Le Vot, Steven, S08-014, S08-022, 

S18-006, (Tue S08)18:00, (Fri S18)11:15
Leach, Andrew, (Tue S17)14:00
Leary, Edmund, (Tue S16)17:15
Lebedev, Mikhail V., (Mon S09)14:45
Lebedeva, Maria A., (Tue S16)17:15
Lebedeva, Natalia, (Tue S06a)10:30
Lebegue, Estelle, (Mon S03)17:30
Lecarme, Laureline, S09-020
Lecki, Tomasz, (Thu S10)14:00
Lecomte, Sophie, (Mon S03)16:30
Lee, Andrew J., (Mon S19)17:00
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Lee, Chuan-Pei, S09-033, S09-036
Lee, Dahye, S04-007
Lee, Dong Geun, S06-025
Lee, Dong-Hee, S10-045
Lee, Elaine, (Thu S12)14:00
Lee, Eunha, (Tue S06a)18:30
Lee, Hyejin, S01-048, S21-022, S21-023
Lee, Hyeryeong, S03-057, S07-051, 

S16-006
Lee, Jaehan, (Thu S14)16:45
Lee, Jang Yong, S06-087
Lee, Jeong-Seon, S06-117
Lee, Jihye, S09-041
Lee, Juhan, S05-008, (Thu S14)14:00, 

(Thu S14)14:45, S14-005
Lee, Kunchan, S18-010
Lee, Moo Seok, (Tue S07a)14:45
Lee, Myeong Ju, S06-142, 

(Wed S06a)09:45
Lee, Samuel, S14-026
Lee, Sang Hyuk, S21-023
Lee, Sang Jung, S01-025
Lee, Sanghyuk, S01-048
Lee, Sangmin, S06-181
Lee, Seung Hun, S07-174
Lee, Seungbok, S06-132
Lee, Si Young, (Mon S07a)17:15
Lee, Songha, S21-022
Lee, Soo Youn, (Fri S05)11:15
Lee, Sun-Mee, S06-133
Lee, Sungchul, (Tue S07b)17:45
Lee, Wan-Jin, S06-132
Lee, Yong-Gu, S14-038
Lee, Yoo Seok, S03-057, S07-051, S16-006
Lee, Young-Gi, S06-142, (Wed S06a)09:45
Lee, Younki, S06-075
Leech, Dónal, (Fri S05)10:15
Lefrancois, Pauline, (Tue S03)16:15, 

(Thu S02)16:45
Lefterova, Elefteria, (Thu S07a)17:15
Léger, Christophe, S03-030
Legras, Laetitia, (Fri S02)10:15
Legrottaglie, Mauro, S21-042
Lehnert, Werner, (Tue S07a)18:30, 

(Fri S20)09:30, S20-030
Lei, Chao, S14-037, S15-020
Leimkühler, Silke, (Mon S03)18:00
Leis, Jaan, (Thu S07b)18:00, S17-009
Leiva, Angel, S07-075
Leiva, Ezequiel, S06-030, S06-101, 

(Mon S17)15:00, (Tue S06b)14:00
Lekakou, Constantina, (Wed S06b)10:15
Lemaitre, Frederic, S05-016, 

(Fri S05)09:30
Lemercier, Gabriel, S19-003
Lemineur, Jean-Francois, (Mon S19)14:30
Lemos Batista, Bruno, S07-183
Lemus, Luis, (Thu S07b)17:30
Lenarda, Anna, (Tue S07b)14:45
Lener, Germán, S06-030, S06-101, 

(Mon S17)15:00
León, Itzel, (Thu S12)16:45
Leote, Ricardo, S03-049
Lepage, David, (Fri S20)10:15
Lepicka, Kamila, S10-031
Lepretre, Jean-Claude, S09-020
Lerch, Martin, S07-158
Leroux, Yann, (Fri S10)11:15, 

(Fri S15)11:15

Lertanantawong, Benchaporn, S21-024
Lesch, Andreas, S03-067, (Mon S10)17:00, 

(Tue S03)18:15, (Thu S02)16:00, 

(Fri S02)11:00
Lestriez, Bernard, (Tue S06a)16:00, 

(Tue S17)16:00, (Thu S06a)14:30
Letardi, Paola, S13-006
Lete, Cecilia, S01-026
Lethien, Christophe, (Wed S08)10:15, 

(Thu S08)16:15
Lettenmeier, Philipp, S07-140, 

(Fri S07a)11:00
Leung, Kaylyn K., (Tue S03)14:35, 

(Fri S02)09:30
Levassort, Franck, (Thu S12)16:00
Levin, Eduard, S17-003
Levinas, Ramūnas, S07-052
Levingstone, Tanya, S03-068
Levitskiy, Oleg, S10-033
Lewenstam, Andrzej, S21-029
Lewera, Adam, S07-071
Lewin, Erik, (Tue S11)17:15
Lex-Balducci, Alexandra, 

(Mon S06a)18:15
Leygraf, Christofer, (Mon S11)17:45
Li, Canghao, S08-007
Li, Chun-Ting, S09-036
Li, Chunyan, S06-043
Li, Dongjie, S10-066
Li, Fengwang, S07-112
Li, Guanchen, (Thu S20)15:00
Li, Guangfu, S07-087, S07-117
Li, Haidong, S01-050
Li, Haipeng B., (Tue S16)16:30
Li, Hongyi, (Thu S06b)16:45
Li, Huaiguang, S05-007, S10-032, S16-007
Li, Jian-Feng, (Thu S20)17:00
Li, Jiezhen, S01-039
Li, Jing, (Tue S07a)10:15, (Thu S04)09:45, 

S15-020, S21-025
Li, Kui, S07-056
Li, Liangyu, (Thu S06b)14:00
Li, Mei, S10-081, S10-084, S10-085, 

S10-094
Li, Meixian, S07-053
Li, Meng, S04-004
Li, Miangang, (Thu S20)14:15
Li, Qiaoxia, S07-105
Li, Tianshu, (Mon S11)14:00
Li, Wei, (Tue S06b)16:15
Li, Xiaohe, (Wed S06a)10:15
Li, Xiaoyu, S16-001
Li, Xinran, S11-024
Li, Xueying, S06-100, S06-134, 

(Fri S06a)09:45
Li, Yi-Juan, (Thu S06b)09:45
Li, Zhenguang, S06-083
Li, Zhujie, (Fri S18)11:15, S18-006
Lian, Huiting, S02-006
Lian, Jiaxin,

Lian, Ye, S10-072
Liang, Feng, (Mon S21)18:15
Liang, Yunchang, (Mon S21)10:15, 

(Tue S17)18:30
Liao, Hong-Gang, S17-023
Liao, Weicheng, S01-067
Liardet, Laurent, S07-054
Liberale, Francesco, S06-031
Libuda, Jörg, S09-030, (Mon S10)16:15

Licandro, Emanuela, (Tue S01)17:00, 
S15-013

Licoccia, Silvia, S07-191, (Mon S10)17:45, 

(Fri S06b)10:15, S18-007
Liebl, Sebastian, S06-182, 

(Mon S06a)14:15
Liebmann, Tobias, S06-020
Liew, Felix, S21-032
Ligabue, Maria Laura, S01-057
Lim, Sung Yul, S01-047, (Fri S05)11:15
Lim, Young Jin, S06-133
Lima, Thays de Souza, S21-026
Limanton, Emmanuelle, (Mon S21)15:30
Limson, Janice, S03-041, S03-043
Limtrakul, Jumras, (Mon S10)14:15
Lin, Fang-Sian, S09-040, S20-038
Lin, Jiang-Jen, S20-038
Lin, Jing, S03-050
Lin, Jingjing, (Fri S20)09:30
Lin, Tzu-En, S03-067, (Tue S03)18:15
Lin, Xiaodong, S06-103
Linacero, Rosario, (Mon S15)18:15
Linares, Oscar A. C., S11-012
Lindahl, Niklas, (Tue S07b)17:30
Lindbergh, Göran, S06-139, S07-170, 

(Tue S07b)17:30
Lindgren, Fredrik, (Mon S06a)15:30
Lindh, Jonas, (Tue S06b)18:00
Lindsay, Robert, (Tue S11)10:00
Linfield, Steven, S19-005
Linge, Jonas Mart, (Thu S07b)18:00
Link, Steffen, S20-018
Linke, Alexander, (Thu S18)17:30
Linnemann, Julia, (Tue S10)15:15
Lins, Francisco, S07-004
Liong, Kyrin, S14-026
Lis, Marcelina, S06-012, S06-032, 

S06-033, S06-149, S08-030
Liscio, Andrea, (Tue S01)14:00
Lisdat, Fred, S05-003, (Fri S05)10:30
Liska, Alan, (Mon S15)16:30, S15-033
Lisovski, Oleg, (Thu S18)16:45
Lisowska-Oleksiak, Anna, S09-029, 

(Mon S09)17:00
Lisowski, Wojciech, (Mon S10)15:00, 

(Tue S01)16:30
Liu, Baohong, (Thu S02)16:30
Liu, Bin, S02-006
Liu, Bowen, (Mon S17)14:00
Liu, Changpeng, S07-056, S07-104, 

(Thu S07b)16:00
Liu, Chung, S07-004
Liu, Hao Wen, (Tue S06b)17:45
Liu, Hongfang, S09-048
Liu, Huimin, S07-012
Liu, Jianguo, S07-154
Liu, Jianyun, S01-024
Liu, Jilei, (Thu S06b)09:30
Liu, Jingyuan, S17-006
Liu, Junyang, S16-001
Liu, Li, S15-023
Liu, Liang, (Thu S02)17:15
Liu, Lilai, S06-034
Liu, Lili, S06-135
Liu, Meng, S07-055, S07-094
Liu, Mengmeng, (Tue S06b)16:15
Liu, Nian, S06-183
Liu, Qi, S08-047
Liu, Shijie, (Fri S07a)11:30
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Liu, Shuai, (Thu S20)14:15
Liu, Tao, S06-194, (Tue S10)15:30
Liu, Tong, (Fri S07a)11:30
Liu, Xiaoqing, S05-016
Liu, Xien, (Tue S07b)10:15
Liu, Yang, (Mon S01)16:15
Liu, Yichuan, S10-081, S10-084
Liu, Ying, S06-100, S06-134, S06-184, 

(Fri S06a)09:45
Liu, Yipeng, (Mon S11)17:30
Liu, Yuhui, S20-028
Liu, Yujie, S09-012
Liu, Zhongyuan, S04-009
Liwinska, Wioletta, S03-079
Lizardi, José Joaquín, S09-037
Lizotte Lavallée, Laurent, (Thu S04)10:30
Ljubek, Gabrijela, S10-015
Llanos, Javier, (Mon S14)14:00, 

(Tue S14)14:30, S14-047
Llorella, Anna, S03-006
Llorente, Irene, (Tue S08)16:45
Lo Dico, Riccardo, (Tue S11)16:30
Lo, Po-Kam, S15-009
Lo Presti, Leonardo, (Mon S17)14:15
Lo Vechio, Carmelo, (Thu S07a)15:00
Lobato, Belén, (Tue S08)16:00
Lobato, Justo, (Mon S14)14:00, S14-043
Lobos, Gabriela, S09-043
Lock, Nina, S07-050, S10-096
Loeffler, Mario, (Mon S17)17:00
Löffler, Tobias, (Mon S19)14:45
Lölsberg, Jonas, (Tue S14)15:00
Loget, Gabriel, (Mon S09)15:15, 

(Mon S09)17:45
Lohrmann, Tabea, (Wed S06b)10:00
Loiferman, Ilya, (Tue S14)17:15
Loiola, Paula Torres Costa de, S10-009
Lojou, Elisabeth, (Mon S03)15:15, 

(Tue S03)14:55, (Fri S05)10:30
Lolli, Alice, S14-019
Lombardo, Lucia, S06-078
Long, Yi-Tao, (Mon S19)17:45, 

(Mon S19)17:45, (Mon S19)18:00
Longatte, Guillaume, (Fri S05)09:30
Longhi, Mariangela, (Tue S01)14:45, 

(Tue S01)17:00
Longo-Pazos, Roberto, (Thu S18)09:30
Lopes, Marcela, (Mon S15)16:45
Lopes, Osmando, S07-124
Lopes, P. Papa, (Thu S20)17:45
López Campos, Cazif Maximiliano Izta-

mixtlli, S01-002
López, Conrado, (Tue S14)14:30
López Cudero, Ana, (Thu S06b)15:00
López, Daniel, S21-028
López de Mishima, Beatriz, 

(Mon S17)15:00
Lopez Iglesias, David, S01-038
Lopez, Isidoro, (Mon S15)18:00
López, José Ramon, S10-073
Lopez-Fernandez, Esther, S07-143, 

S07-144
Lopez-Martinez, Montserrat, 

(Tue S16)15:00
Lopez-Tenes, Manuela, (Fri S18)11:45, 

(Fri S21)11:45
Lorandi, Francesca, (Fri S15)11:45, 

S15-021, S15-022
Lorenzo, Agustin, S10-035

Loretti, Gustavo, S14-034
Louro, Ricardo, (Mon S03)17:30
Lovera, Pierre, S01-036
Low, Pui Man, (Mon S03)17:15
Lozinskaya, Elena, S08-025
Lu, Jia-Xing, S15-023, S15-023, S15-026
Lu, Pin, (Mon S11)09:30
Lu, Tingli, (Thu S12)15:15
Lu, Wei, S06-105
Lu, Xiangyu, S10-054
Lu, Yaxiang, (Thu S07b)17:00
Lu, Zhenjie, S07-012
Lu, Zhiyi, (Thu S07a)16:30
Luan, Peng, S09-021
Lucena, Sebastiao, S07-098
Lucenti, Elena, S15-024
Lucero, Gisella, S10-016
Lucht, Brett, (Tue S06a)14:00, 

(Tue S06a)16:30
Ludvik, Jiri, (Mon S15)16:30, S15-007, 

S15-028, S15-033
Ludwig, Ralf, (Fri S15)10:15
Ludwig, Roland, S03-015
Lüsi, Madis, (Mon S21)14:45
Lufrano, Francesco, (Wed S08)09:45
Luisetto, Igor, S07-189, S07-191
Luiso, Salvatore, S06-076, S06-136
Lukas, Fromm, S09-030
Lukkari, Jukka, S20-031
Lundström, Mari, (Mon S11)15:30, 

(Tue S10)10:15
Luo, Hongxia, (Tue S01)14:15
Luo, Jing, (Tue S06b)17:45
Luo, Jingshan, (Mon S09)09:30
Luque, Guillermina, S05-009, S06-101, 

S06-102, S06-143, (Mon S17)15:00
Lust, Enn, S08-037, S08-039, 

(Tue S08)14:45, (Thu S20)16:00, 

(Fri S07b)10:00, (Fri S18)11:00, 
S17-035, S20-036

Lust, Karmen, (Thu S20)16:00
Lusvardi, Gigliola, S01-057
Lutton Cwalina, Katie, (Mon S11)09:30
Luz, Rita, S15-041
Lvovich, Vadim, (Thu S06b)14:30
Lykhach, Yaroslava, (Mon S10)16:15
Lyubimov, Victor, S21-010, S21-027, 

S21-049

M
Ma, Hongrui, S14-039, S14-040
Ma, Jinxing, (Mon S14)15:15, 

(Thu S14)15:30
Ma, Pengfei, S14-039, S14-040
Ma, Su, S03-015
Ma, Xiaochuan, S10-072
Ma, Xuejing, S08-013
Ma, Yi, S07-099
Maaza, Malik, S01-028, S01-029
Mabuba, Nonhlangabezo, S01-027
Mabuchi, Michiaki, S07-165
Mabuchi, Takuya, (Mon S07a)15:30
Máca, Joserf, S06-001
Macak, Jan, S09-028, (Thu S10)14:30, 

S11-032
MacFarlane, Douglas, S07-100
Machini, Wesley Bruno Silva, S03-051
Maciejewska, Dorota, S03-005
Maciejewska, Julia, (Fri S21)11:30

Macpherson, Julie, (Tue S01)09:30, 
S20-017

Macyk, Wojciech, (Fri S09)10:00
Madian, Mahmoud, S06-035
Madkikar, Pankaj, (Tue S07b)09:45
Madonia, Antonino, (Mon S09)14:30
Mados, Edna, S06-054
Madrid, Elena, (Tue S03)15:15
Madsen, Monica Rohde, (Wed S04)09:30
Maeda, Takehiro, S06-063
Magagnin, Luca, S06-031, S06-114, 

S07-007, S10-001, S10-021, 

(Thu S10)15:15, S20-014, S20-022
Magalon, Axel, (Mon S03)18:00
Magdesieva, Tatiana, S10-033
Magner, Edmond, (Mon S03)15:30
Magni, Mirko, S01-034, (Mon S10)14:30, 

S15-002, S15-013, S15-024
Magnussen, Olaf, (Mon S10)16:00, 

(Mon S10)16:30
Magusin, Pieter C.M.M., (Thu S18)10:30
Mahmoud, Abdelfattah, (Mon S06a)15:00
Mahne, Nika, (Wed S06b)09:30
Maibach, Julia, S17-021
Maier, Thomas, (Tue S17)09:45
Maire, Eric, S06-067, (Tue S06a)16:00, 

(Tue S06a)17:30
Mais, Laura, (Mon S14)16:45, S14-020
Maisonhaute, Emmanuel, (Thu S02)14:45
Maitra, Urmimala, (Wed S06b)09:45
Maiza, Mariem, (Thu S06a)16:15
Maizia, Radouane, S07-180
Majchel, Jan, (Thu S06b)16:15
Majdecki, Maciej, S03-078
Makaraviciute, Asta, S21-056
Makarov, Alexander, (Tue S03)18:00
Maki, Fumihiko, S06-140
Makri, Marialena, (Thu S14)10:30
Maksimova-Dimitrova, Katerina, 

(Thu S07a)17:15
Malacrida, Claudia, (Mon S10)14:30
Malaie, Keyvan, (Thu S08)16:30
Malara, Francesco, (Tue S17)14:45
Maldonado, José Luis, S09-037
Maldonado, Vanessa Y., S03-039
Maletti, Sebastian, S06-137
Malferrari, Marco, (Mon S03)18:30
Malherbe, Cédric, (Mon S06a)15:00
Mali, Gregor, S06-187
Malic, Barbara, (Thu S12)16:00
Malis, Jakub, S07-155, S07-156, S14-006, 

S14-010
Mallet, Jean-Maurice, S15-044
Mallet, Jeremy, (Tue S06a)17:00
Malvankar, Nikhil, (Tue S16)14:30
Mamlouk, Mohamed, S07-126
Mancerieu, Laura, S09-039
Mancini, Marilena, S06-036
Mancuso, Nicola, S21-006
Mandai, Toshihiko, S07-162
Mandler, Daniel, (Mon S01)14:15
Mangiardi, Laura, S03-060
Manke, Ingo, S18-017
Mano, Nicolas, S03-029, S04-008, 

(Mon S03)14:45, (Mon S03)15:15, 

(Mon S03)18:15
Manriquez, Juan, (Thu S12)16:45, 

(Thu S06b)17:15, S14-050
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Manyala, Ncholu, S08-023, S08-035, 
S08-040, (Tue S08)17:45

Manzhos, Roman, S10-034, S10-051
Manzine, Patricia Regina, S03-011
Mao, Bing-Wei, S06-192, (Mon S21)15:30, 

(Thu S06b)09:45, (Thu S04)10:15, 

(Thu S20)14:15
Maphumulo, Tobile, (Thu S08)15:15
Maran, Flavio, (Fri Plenary) 08:15, 

(Tue S15)10:00
Marasco, Luigi, S06-059
Marbella, Lauren E., S06-072
Marcaccio, Massimo, S02-023, S07-094, 

(Fri S02)11:30, S15-032, S15-043
Marcantelli, Patrick, S10-065
Marchante, Elena, (Thu S06b)10:30, 

(Thu S06b)10:30
Marchionna, Stefano, (Fri S06a)11:30
Marchionni, Andrea, S07-032, 

(Tue S07b)14:45
Marcilla, Rebeca, S08-015, 

(Thu S06b)15:30
Marco, Jose, S07-075, (Thu S03)10:15
Marcoccio, Eleonora, S21-045
Marcoen, Kristof, (Tue S11)14:30
Marcucci, Andrea, S07-191
Marcus, Philippe, (Mon S11)18:15, 

(Tue S11)14:45
Mardare, Andrei, S10-101
Mardare, Cezarina, S10-101
Marecek, Vladimír, S19-008, S19-009
Marek, Tamás, (Tue S08)14:30
Marelli, Marcello, (Tue S07b)14:45
Margail, Isabelle, S01-059
Margineda, Joan, S07-167
Mariani, Federica, (Mon S21)09:30, 

(Mon S21)14:00
Mariappan, Sakthivel, (Thu S06b)14:45
Marie-Victoire, Elisabeth, (Thu S13)10:15
Marin, Mariana, S01-026
Marinaro, Mario, S06-074, 

(Tue S06a)16:45
Marino, Cyril, S06-190, (Mon S06a)18:00
Marion, Antoine, S11-029
Markic, Mario, (Fri S06b)10:00
Marková, Veronika, S07-155
Markova-Velichkova, Maya, S06-004
Markovic, Aleksandra, S15-029, S20-007
Markovic, Nenad M., (Thu S20)17:45
Marmisolle, Waldemar, S10-035
Marone, Federica, S07-182
Maroni, Fabio, S06-010, S06-037
Maroun, Fouad, (Mon S10)16:00, 

(Tue S06a)18:00, S19-002
Marquardt, Krystan, (Thu S06b)16:00
Marques da Silva, Alisson Henrique, 

S21-013
Marques da Silva, Anderson, 

(Mon S17)14:45
Marquitan, Miriam, S03-084
Marrani, Andrea Giacomo, S06-164
Marrazza, Giovanna, S10-013
Marshall, Aaron, S09-026, 

(Tue S07a)15:15
Marsili, Enrico, (Mon S03)17:15, S11-021
Marszalowicz, Weronika, S06-149
Marta, Andreia, (Thu S10)18:00
Martemianov, Serguei, S07-180
Martin, Alexandra, (Tue S03)15:15

Martin, Francisco, S09-043
Martin, Jan, S06-036
Martin, Pascal, (Tue S16)17:00, 

(Fri S10)11:30
Martin, Pierre-Alexandre, (Tue S17)16:00
Martín-Pedraza, Laura, (Mon S15)18:15
Martin-Sabi, Mercé, (Mon S09)14:30
Martinaiou, Ioanna, S07-097, S07-102
Martínez Alfaro, Minerva, (Tue S01)10:15
Martinez, Dinorah, (Fri S21)09:30
Martinez Huerta, Maria Victoria, 

(Thu S07a)15:30
Martinez-Gonzalez, Eduardo, 

(Mon S15)16:45
Martínez-Huitle, Carlos Alberto, 

(Mon S14)14:45, (Wed S14)10:00, 
S14-029, S14-033, S14-041, S14-042, 
S14-051

Martinez-Ibañez, Maria, (Tue S06a)15:15, 

(Tue S06a)15:15
Martinez-Ortiz, Francisco, (Fri S18)11:45
Martínez-Rojas, Francisco, S03-052
Martini, Carla, S13-002
Martins de Godoi, Denis, S14-032
Martins, Vitor L., (Tue S08)17:15
Martinuzzi, Stefano M., (Wed S20)10:15
Martoni, Lucas V. L., S01-010
Martucci, Alessandro, (Mon S17)10:15, 

S17-010
Maruccia, Elisa, S09-042, (Fri S09)09:30
Maruyama, Takahiro, S07-080
Marzak, Philipp, S06-070, (Tue S14)16:15
Marzec, Mateusz, S10-023
Marzorati, Stefania, S03-023, S03-024
Masa, Justus, S07-012, S07-057, 

(Mon S19)14:45, (Fri S07a)11:15
Masa, Marc, S15-031
Mascaro, Lucia, S05-017, S10-078
Mascaro, Lucia H., S11-012
Mascia, Michele, (Mon S14)16:45, S14-020
Masikhwa, Tshifhiwa, S08-023
Maslakov, K.I., (Fri S10)10:30
Masquelier, Christian, (Tue S17)16:00
Massa, Andrea, S10-036, (Mon S14)17:00
Masteghin, Mateus, S14-032
Masturah Binti Fakhrunddin, Siti, 

(Wed S04)10:15
Matanovic, Ivana, (Tue S07b)09:30
Mateo-Alonso, Aurelio, S07-058, 

(Tue S16)15:30
Materska-Wilczynska, Paulina, S03-005
Mathieu, Benoît, S18-003
Mathuma, Penny, (Thu S07b)14:30
Mathwig, Klaus, (Fri S02)10:00
Matias, T. A., S01-021
Matic, Aleksandar, (Mon S06a)17:45, 

(Tue S06b)15:30
Matinise, Nolubabalo, S01-028, S01-029
Matisen, Leonard, (Mon S21)14:45, 

(Thu S07b)09:45
Matolín, Vladimír, S01-066, S05-011, 

(Mon S10)16:15, (Wed S07b)10:15
Matrakova, Maria, S06-004, S06-038
Matsubara, Eiichiro, S06-028, S06-039, 

S06-063, S06-147, (Tue S06b)14:15
Matsubara, Hiroshi, S10-090
Matsubara, Kouki, S06-168
Matsuda, Hirofumi, S06-151, 

(Tue S06a)10:00

Matsuda, Honoka, (Mon S09)16:15
Matsuda, Shofu, S16-002
Matsuda, Takeshi, S07-037
Matsumoto, Kanji, S10-090
Matsumoto, Masashi, (Fri S07b)11:15
Matsumoto, Seiichiro, S10-103
Matsumoto, Tomoaki, S04-010
Matsunaga, Toshiyuki, S06-039
Matsunami, Takashi, S06-145
Matsuo, Yutaka, (Mon S21)15:15
Matsushima, Hisayoshi, S20-020
Matsuura, Hiroaki, S07-186
Matsuzaka, Taku, S06-112, S06-138
Matsuzawa, Koichi, (Fri S07b)11:15
Mattana, Giorgio, (Mon S03)10:15
Mattarozzi, Luca, S06-011, 

(Tue S10)16:15, (Thu S10)15:30, 

(Fri S06a)11:00, S21-047
Matthey, Björn, S06-020
Mattiello, Leonardo, (Mon S15)15:00, 

S15-017
Mattinen, Ulriika, S06-139
Mattiuzzi, Alice, (Fri S15)11:15
Matyjaszewski, Krzysztof, S15-021, 

S15-022
Matysik, Frank, (Thu S02)15:30
Mauger, Scott, (Thu S07b)10:30
Maurice, Vincent, (Mon S11)18:15
Mauzeroll, Janine, S03-007, 

(Fri S02)10:30
Maye, Sunny, S06-090, (Fri S06b)11:30
Mayedwa, Noluthando, S01-028, S01-029
Mayor, Marcel, S16-015
Mayrhofer, Karl J.J., S07-115, 

(Mon S10)16:15, (Mon S17)17:00
Maza, Eliana M., S10-035
Mazafi, Alon, (Tue S03)16:30
Mazal, Ctibor, S15-003
Mazouzi, Driss, (Tue S06a)16:00
Mazurenko, Ievgen, (Mon S03)15:15, 

(Mon S03)16:30, (Tue S03)14:55
Mazzapioda, Lucia, S07-175
Mazzaracchio, Vincenzo, (Tue S01)15:30
Mazzei, Franco, S03-022, S03-060, 

S05-003
Mazzolini, Piero, S07-035, 

(Tue S07b)18:15
Mazzuca, Claudia, (Thu S13)10:00, 

S13-007
McCaig, Colin, (Tue S03)17:00
McClain, Ethan, (Tue S03)17:30
McCloskey, Bryan, S09-001, 

(Wed S06b)09:30
McCreery, Richard, (Tue S16)17:00, 

(Wed S17)09:30
McCrum, Ian, (Mon S17)18:15, S18-019
McDonnell, Stephen, (Mon S11)09:30
McGrath, Louise, (Fri S06a)10:15
McKerracher, Rachel, S06-006, S06-040, 

(Tue S14)16:45, (Thu S06b)17:45
McLaughlin, David, (Tue S17)18:30
McNeill, Alexandra, (Thu S10)10:15
McPherson, Ian, S02-018
Meas, Yunny, S10-073
Mecerreyes, David, (Tue S06a)15:30
Mecheri, Barbara, (Mon S10)17:45, 

(Fri S06b)10:15, S18-007
Mechler, Anna K., S07-089, 

(Tue S07b)18:00, (Thu S07a)14:30
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Meda, Laura, (Tue S07a)16:30, 

Meddings, Nina, S06-113, (Thu S18)10:15
Medeiros, Joabe, S07-004
Medina-Orta, Ramiro, S07-067
Medri, Valentina, (Thu S12)15:00
Mehmood, Asad, (Mon S10)18:00
Mehrgardi, Masoud, (Thu S04)10:00
Mei, Bastian, (Tue S10)16:30
Meinhard, Sandra, (Tue S06b)10:00, 

(Tue S06b)10:15
Meister, Paul, (Mon S06a)17:15
Melander, Marko, (Fri S18)10:15
Melchionna, Michele, S07-094
Meligrana, Giuseppina, S06-007, S06-041, 

S06-171, (Tue S06a)14:45
Melin, Frédéric, S03-069
Melinte, Gheorghe, S10-013
Melo Henrique, João Miller, S14-029
Melo, Shaiani, (Mon S15)17:15
Melot, Sandra, (Fri S15)11:15
Melucci, Manuela, (Tue S01)14:00
Menart, Eva, (Thu S13)09:45
Méndez, Antonio, S10-059
Méndez, Eduardo, S21-004
Mendez Torres, Ana Maria, S10-097
Mendoza-Hernandez, Omar S., 

(Tue S06a)10:00
Mendoza-Pérez, Rogelio, S09-037
Meneghello, Anna, S03-001
Meneghetti, Moreno, S13-001
Menetrier, Michel, (Tue S17)16:00
Meng, Lingcong, S10-074
Menga, Davide, (Tue S07b)09:45
Menkin, Svetlana, S06-008, S06-054, 

(Thu S06a)09:30
Menshchikov, Vladislav, S07-006
Mercado, James, S11-001
Mercado, Jesús Alfonso, S07-062
Mercier, Hugo, (Thu S12)16:00
Merdon, Christian, (Thu S18)17:30
Merisalu, Maido, (Mon S21)14:45, 

(Thu S07b)09:45, (Thu S07b)18:00
Merkoçi, Arben, S10-043
Merlet, Celine, S08-033, (Thu S18)10:30, 

S18-015
Merlo, Luca, (Mon S07a)14:00, 

(Fri S06b)09:45
Meroni, Daniela, (Mon S10)10:15, 

(Thu S02)17:00
Merrill, Laura, (Tue S06b)17:15
Mertens, Stijn F. L., (Tue S16)18:30
Merz, Anna, S11-008
Merz, Michael, (Tue S07b)09:45
Meskinfam Langroudi, Mohadeseh, 

S18-007
Messinger, Robert, (Tue S17)16:00
Mestre, Sergio, S10-026, S10-039
Meszaros, Gabor, (Tue S16)18:00, 

S11-009, S16-015, S16-016
Metivier, Pascal, (Fri S15)11:00
Meynen, Vera, S03-082
Mezzetti, Alessandro, S07-035
Miao, Chenxu, S08-034
Miao, Qiang, (Mon S01)15:00
Michaelis, Alexander, S06-020
Michalak, Magdalena, (Mon S01)15:30
Michalska, Agata, (Tue S01)15:15
Michalska-Domanska, Marta, S20-019
Michea, Sebastian, S10-060

Michel, Hartmut, S03-069
Micheli, Laura, (Thu S13)10:00, S13-007
Michieletto, Alessandro, (Fri S15)11:45
Mieda, Eiko, S06-080, S06-173
Mierwaldt, Daniel, (Tue S17)15:00
Migliori, Andrea, (Mon S21)16:15
Mignet, Nathalie, S01-059
Mika, Krystyna, S10-037, S10-089
Mikawa, Tsutomu, S03-014, S03-028
Mikhailova, Daria, S06-042, S06-137
Mikus, Peter, S21-017
Mikysek, Tomas, S15-004
Milano, Francesco, (Thu S05)17:15
Milczarek, Grzegorz, S01-040
Mild, Heiko, (Fri S06b)10:30
Miles, Mervyn, (Mon S19)16:30
Millán Espinar, María, S14-043
Miller, Dusty, (Tue S03)17:30
Miller, Hamish, S07-032, (Tue S07b)14:45
Miller, John R., (Tue S08)15:15
Millet, Pierre, (Mon S09)15:00
Min, Ji Yun, S06-081
Min, Yulin, (Tue S11)17:30
Ming-Der, Ger, S11-027
Minguzzi, Alessandro, S07-095, 

(Mon S09)17:30, (Tue S17)14:45, 

(Thu S02)17:00
Minhová Macounová, Katerina, S09-022
Minteer, Shelley, (Wed Plenary) 08:15, 

S03-017, (Mon S03)15:00, 

(Thu S05)16:30
Mints, Vladislav, S10-099
Miola, Matteo, S07-050, S07-059, S07-060
Miomandre, Fabien, (Fri S02)10:15
Mirolo, Marta, S20-003
Mishra, Devesh, (Tue S03)16:00
Mitkevich, Vladimir, (Tue S03)18:00
Mitov, Mario, S03-018, S05-001, S05-004
Mitra, Shantanu, (Thu S08)10:00
Mitrovic, Jelena, S14-053
Mitsushima, Shigenori, S07-132, 

(Fri S07b)11:15
Mittermeier, Thomas, (Tue S07b)09:45
Miura, Akira, S06-104, (Thu S06a)14:45
Miyachi, Mariko, (Thu S05)14:00
Miyahara, Yuto, (Thu S07a)17:30
Miyakawa, Ryutaro, (Tue S10)17:00
Miyakawa, Taku, S07-091
Miyamoto, Yuki, (Thu S07a)17:00
Miyatake, Hiroyuki, (Thu S20)10:15
Miyauchi, Syun, S06-050
Mizowaki, Natsu, S06-050
Mochizuki, Dai, (Thu S08)14:00
Mochizuki, Tomohiro, S07-091
Modi, Krunal, (Mon S15)16:30
Modica, Esterina, (Thu S06b)15:15
Modzrejewska-Sikorska, Anna, S01-040
Möller, Frauke, S16-007
Mogensen, Mogens Bjerg, 

(Thu S07a)09:30
Moguchikh, Elisaveta, (Tue S07b)17:00
Mohammed, Mohammed, S10-012
Moi, Iacopo, S21-003
Moise, Calin, S10-056
Mojica, José, S10-073
Mokgwadi, Kgaogelo J., S01-027
Mokwebo, Vanessa, S01-006
Mol, Arjan, (Tue S11)14:30
Mol, Johannes M.C., S20-019

Moldovan, Liviu, S01-043
Molenda, Marcin, S06-012, S06-032, 

S06-033, S06-149, S08-030
Molina, Angela, S02-021, (Fri S21)11:45, 

(Fri S18)11:45
Molina Osorio, Andres F., (Mon S21)14:30, 

(Fri S05)11:00, S15-046
Molinari, Michael, (Tue S06a)17:00
Molnar, Maria, (Wed S10)10:00
Molodkina, Elena B., S20-035
Mom, Rik, (Tue S17)15:15
Momma, Toshiyuki, S06-141
Momodu, Damilola, S08-023, S08-040, 

(Thu S08)16:00
Momotenko, Dmitry, (Mon S19)17:30, 

S17-033, S17-034
Monaco, Rossella, S15-005
Monaco, Simone, (Fri S06a)10:30
Monaghan, Joseph, (Mon S19)14:00
Mondello, Angelo, S14-019
Monforte, Giuseppe, (Thu S06b)15:15
Mongwaketsi, Nametso, S01-028, S01-029
Monroe, Charles, (Mon S21)14:15, 

(Tue S14)16:00, (Thu S20)15:00, 

(Thu S18)15:15
Monsalvo, Víctor M, (Mon S14)18:30, 

S14-025
Montalti, Marco, S15-043
Montanaro, Daniele, (Mon S14)17:15, 

(Tue S14)18:30
Montegrossi, Giordano, S10-065, 

(Thu S20)09:45
Monteiro, Mariana C.O., S07-061, 

S09-007, (Mon S11)15:30
Monteiro, Mayra Kerolly Sales, S14-051
Montemor, Fatima, S10-080, 

(Tue S11)16:00, (Tue S10)18:15, S11-005
Montenegro, João, (Thu S03)09:30
Monti, Damien, (Mon S06a)16:45
Monticelli, Cecilia, S13-002
Montiel, Miguel A., (Mon S10)17:15, 

S20-029
Montiel, Vicente, (Mon S10)17:15, 

S20-029
Moos, Gilles, S21-019
Moos, Ralf, S21-054
Mooste, Marek, S10-038
Mora Gomez, Julia, S10-026, S10-039, 

S21-034
Moraes, Fernando C., S01-014, S01-030
Moral Vico, Javier, (Tue S03)17:00
Morales C., Carolina, (Tue S16)18:15
Morales, Diana, S07-062, S14-050
Morales, Enrique, (Tue S07a)18:15
Morales, Julian, S12-003
Morales-Santelices, Joaquin, S10-075
Morales-Yanez, Francisco, (Fri S05)11:30
Morana, Alessandra, S03-031, 

(Thu S10)18:00
Morandi, Vittorio, (Mon S21)16:15, 

(Thu S12)16:15
Morante, Joan R., S06-091, 

(Mon S09)10:15, (Fri S09)11:15
Morat, Julia, S06-116
Morata, Alex, (Wed S06a)09:30
Morawietz, Tobias, (Mon S07a)14:30, 

(Wed S07b)09:45
Morcrette, Mathieu, S08-031, 

(Tue S06a)17:00



Program of the 69th Annual Meeting of the International Society of Electrochemistry 243

IN
DE

X

Moreira, Thamyres, S07-066
Moreno Garcia, Pavel, S16-015
Moreno, Margherita, S06-051
Moreno-Fernandez, Gelines, 

(Tue S08)16:45
Moretti, Arianna, (Mon S06a)16:30
Moretto, Ligia Maria, (Thu S13)10:30, 

S13-001, S15-030
Morgenstern, Bernd, (Fri S06b)11:00
Morici, Luca, S06-167
Morigayama, Yukiya, S03-014
Morimitsu, Masatsugu, (Thu S14)10:00
Morishita, Masanori, S06-069, S06-140, 

S06-140
Morita, Hiroshi, S07-192
Morita, Masayuki, S06-086
Moro, Giulia, S15-030
Morrin, Aoife, S03-068
Mortet, Vincent, (Tue S01)15:00
Mosa, Jadra, (Tue S07a)18:15, S11-001
Moscone, Danila, (Tue S01)10:00, 

(Tue S01)15:30, S21-045
Moscoso, Raúl, S01-031, S03-026
Moser, David, S20-026
Moskon, Joze, (Tue S06b)16:30
Mossin, Susanne, S10-096
Moteshakeri, Mahsa, S01-032
Moth-Poulsen, Kasper, S09-030, 

(Tue S16)16:30
Motobayashi, Kenta, (Tue S17)14:30, 

(Thu S20)10:30
Motoyama, Daisuke, S10-055
Motz, Andrew, (Tue S07a)14:00
Moura e Silva, Teresa, S10-080
Moura, Fabiana Andrea, S15-041
Moura, Maite R., (Wed S13)10:15
Mourad, Eleonore, (Wed S06b)09:30
Mousavi, Zekra, S21-029
Mousty, Christine, (Mon S03)17:45
Moyano, Laura, S05-009
Moyo, Belinda, S08-023
Mróz, Krystian, (Fri S09)10:00
Muchez, Laurens, S07-129
Müller, Claus, S20-012
Mueller, Dominik, S20-022
Müller, Frank, S10-032, S16-007
Müller, Heiko, (Mon S17)16:30
Muench, Falk, (Fri S07b)10:30
Mugikura, Yoshihiro, S07-192
Muhammad, Niaz, (Mon S09)18:30
Mukai, Takashi, S06-069
Mukerjee, Sanjeev, (Tue S07b)14:45, 

(Fri S07a)10:00, S17-009
Mukherjee, Mainak, S07-176
Mukoyama, Daikichi, S06-141
Mukra, Tzach, (Thu S06a)09:30
Mukunda, Vineetha, (Tue S16)17:00
Mul, Guido, (Tue S10)16:30
Mularczyk, Adrian, S07-177
Mullaliu, Angelo, S06-066, 

(Thu S06b)17:00
Muller, David, (Thu S07b)15:15
Mulone, Antonio, S10-087
Mundszinger, Manuel, S06-036
Munhos, Renan, S15-015
Muñoz, Eduardo, S06-048
Muñoz, Karina, S07-075
Munoz, Macarena, (Thu S07b)10:15
Muñoz, Martin, (Mon S14)14:00

Munoz, Rodrigo, S01-033
Muñoz-Becerra, Karina, (Thu S07b)17:30
Muñoz-Berbel, Xavier, S03-061
Muñoz-García, Ana B., S06-007, 

(Tue S07b)09:45, (Thu S06a)16:30
Murakami, Daiki, (Mon S06a)16:00
Murakami, Miwa, S06-147
Muramatsu, Kazuo, S07-181
Murase, Kuniaki, S06-145, S10-076, 

S10-091
Murcia-López, Sebastián, S06-091, 

(Mon S09)10:15, (Fri S09)11:15
Muresan, Liana Maria, (Mon S01)17:30
Murrieta, Maria, S14-044
Murtomaki, Lasse, S20-008
Murugappan, Krishnan, (Thu S10)16:30
Muryn, Christopher, (Tue S11)10:00
Musavi, Mehdi, S05-011
Musella, Elisa, (Tue S10)18:00
Musiani, Marco, (Tue S07a)15:30, 

(Tue S10)16:15, (Thu S10)15:30, S21-047
Mussini, Patrizia Romana, S01-034, 

S01-063, (Mon S10)14:30, 

(Tue S01)17:00, S15-002, S15-005, 
S15-013, S15-024

Muthukrishnan, Azhagumuthu, S07-063
Mutlu, Ilven, (Thu S12)15:30, S11-015
Muto, Marika, (Thu S07a)16:45
Mutuma, Bridget, S08-023, (Tue S08)17:45
Muyldermans, Serge, (Fri S05)11:30
Myalo, Zolani, S06-120
Myung, Noseung, S02-011
Myung, Seung-Taek, (Thu S06b)17:30

n
Naaman, Ron, (Tue S16)14:00, S17-005
Nabae, Yuta, S07-063
Nachtegaal, Maarten, S07-025, 

(Tue S17)16:45
Nagai, Takaaki, (Fri S07b)11:15
Nagakawa, Haruki, S09-013, 

(Thu S05)15:15
Nagao, Toshimitsu, S06-145
Nagasaka, Yuji, S07-186
Nagasawa, Kensaku, S07-132
Nagashima, Takumi, (Thu S10)16:45
Nagata, Morio, S09-011, S09-013, 

S09-015, (Thu S05)15:15
Nagata, Shinsuke, S07-063
Nagata, Takefumi, S07-181
Nagatani, Itsuki, (Thu S08)14:00
Nagayama, Norio, S16-002
Nagayama, Tomio, S10-095, S21-030
Nagel, Peter, (Tue S07b)09:45
Nagel, Robin, (Tue S17)09:45
Nagura, Toshinari, S14-046
Nair, Jijeesh R., (Tue S06a)14:45, 

(Tue S06a)15:30
Nair, Vinod, (Thu S08)10:00
Naitlho, Nabila, (Tue S03)17:45
Najdanovic, Slobodan, S14-045, S14-053
Nakagawa, Nobuyoshi, (Fri S06b)09:30
Nakagawa, Takafumi, (Mon S21)15:15
Nakajima, Hironori, S07-179
Nakamoto, Kosuke, (Mon S06a)16:00
Nakamura, Masashi, S02-020, 

(Tue S17)10:00
Nakamura, Toshihiro, S10-095, S21-030, 

S21-030
Nakanishi, Koji, S06-063, (Tue S06b)14:15

Nakanishi, Takayuki, (Mon S11)10:15
Nakano, Keiji, (Mon S21)17:15
Nakayama, Masanobu, S06-053
Nakayama, Rei, (Mon S07a)15:00
Nakova, Aneliya, (Fri S10)11:00
Nakura, Kensuke, S06-064
Naldoni, Alberto, (Tue S17)14:45
Nale, Angeloclaudio, (Thu S07b)16:15
Nam, Jin Hyun, S07-151, S07-174
Nanda, Karuna Kar, S07-020
Nandenha, Julio, S07-183
Nanni, Daniele, (Mon S21)16:15
Nanri, Yoshihisa, S07-181
Naoi, Katsuhiko, (Thu S08)17:15
Naoi, Wako, (Thu S08)17:15
Napporn, Teko, S07-066
Nara, Hiroki, S06-141
Naragino, Hiroshi, S07-039
Narangoda, Praveen V., S07-089
Narutomi, Takuya, (Mon S06a)14:30
Nascimento, José, S03-063, 

(Thu S03)09:30
Nascimento, Maysa, S03-063
Nascimento, Raphael, (Thu S03)09:30
Nascimento, Valberes, S03-063, 

(Thu S03)09:30
Nasi, Roberto, S14-022
Nasir, Tauqir, (Mon S01)14:30
Nasiri, Hamid, S03-069
Natali Sora, Isabella, S07-191
Nativ, Paz, (Thu S14)15:15
Natsui, Keisuke, S02-013, S08-038, 

(Tue S07a)15:30
Natsui, Ryuichi, S06-064
Nava, José Luis, (Mon S14)16:00, 

(Mon S14)18:15, S14-014, S14-030, 
S14-044

Navarra, Maria Assunta, S06-078, S07-175, 

(Mon S06a)17:45, (Fri S20)11:15
Navarrete, Emilio, S06-048
Navarro, Freddy, S01-046
Navarro, Vicente, (Mon S14)14:30
Nawaz, Qaisar, S12-006
Nayak, Simantini, S02-018
Nazaruk, Ewa, (Mon S15)15:30, S15-034
Nazmutdinov, Renat, S20-009
Ndiaye, Ndeye Maty, S08-035
Ndipingwi, Miranda, S06-120
Neagu, Daniela, S21-045
Nebel, Christoph, S02-009
Nebel, Roman, S09-022, (Mon S09)18:15
Neelakantan, Lakshman, S11-030
Negro, Enrico, (Tue S07a)17:15, 

(Thu S07b)16:15
Neitzel, Armin, (Mon S10)16:15
Nekrasov, Alexander, S10-017
Nemaga, Abirdu Woreka, (Tue S06a)17:00
Nematollahi, Davood, S15-012
Neophytides, Stylianos, S07-109
Nerut, Jaak, (Fri S07b)10:00
Neto, Eduardo Lins De Barros, S14-042
Neukermans, Sander, (Mon S15)18:30
Neumann, Anton, S18-002
Neupane, Shova, S11-010
Nevelskaya, Alina, S07-006
Newton, Mark, (Tue S01)09:30
Neyerlin, K.C., (Thu S07b)10:30
Ngandjong, Alain, (Thu S06a)16:15
Ngo, Chilan, (Thu S07b)10:30
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Ngom, Balla Diop, S08-035
Nguyen, Dan-Thien, S06-197
Nguyen, Khue, (Mon S03)10:15
Nguyen, Manh Tien, S06-197
Nguyen, Ngan T.K., (Thu S12)14:30
Nguyen, Nhat Truong, (Fri S09)11:45
Nguyen, Thi Hai Quyen, S09-024, 

S09-044, (Wed S10)10:15
Nguyen, Tuan, (Mon S03)10:15
Nguyen, Van Hiep, S10-045
Nguyen Van Nhien, Albert, S09-025
Ngwanya, Olwethu, (Tue S01)16:15
Ni, Lingmei, S07-098
Niakolas, Dimitrios, (Thu S07a)10:00
Nichols, Richard, (Tue S16)17:15, 

(Thu S20)16:45
Nicolas, Wolff, (Thu S18)14:45
Nicolella, Cristiano, (Thu S07a)10:15
Nielsen, Dennis, S07-079
Niemantsverdriet, J.W. (Hans), 

(Tue S07a)18:00
Nieminen, Eemi, S20-008
Nieva, María Luz, S05-009
Niida, Asako, S06-178
Niiyama, Ayumu, S03-028
Nijhuis, Christian, (Tue S16)16:00
Nikfar, Majid, S14-008, S14-009
Nikiel, Marek, (Tue S11)10:00
Nikitina, Victoria, S06-057, S17-003, 

S20-009
Nikolaev, Anton, S03-069
Nikolic, Nebojsa, S10-083
Nikolov, Plamen, S06-004, S06-038
Nimmo, Tammy, S07-064, (Tue S17)10:15
Nishi, Naoya, (Thu S20)10:15
Nishigami, Ryuta, S06-121
Nishihara, Hiroshi, (Thu S05)14:00
Nishii, Akihiro, S06-145
Nishikata, Atsushi, (Mon S11)17:30
Nishikawa, Kei, S06-043, S20-020
Nishiki, Yoshinori, S07-132
Nitta, Koji, S06-049
Niu, Tianxing, S01-061
Niwa, Etsuko, S07-080
Njel, Christian, (Tue S06b)15:15
Nkosi, Duduzile, S01-035
Noack, Jens, (Fri S06b)10:30
Nobili, Francesco, S06-010, S06-037, 

S06-044
Nobili, Luca, S07-007
Noda, Yusuke, S06-053
Noel, Jean-Marc, (Mon S19)14:30
Noël, Vincent, (Mon S03)10:15
Nöll, Gilbert, (Mon S03)16:45
Nogala, Wojciech, (Mon S01)15:30
Nogami, Rina, S03-009
Nohara, Shinji, (Thu S07a)17:00
Nokbin, Somkiat, (Mon S10)14:15
Noked, Malachi, S06-065, S06-158, 

(Thu S06b)14:15
Nolly, Christopher, S06-120
Nong-Reier, Hong Nhan, S07-158
Noori, Seyedreza, (Thu S10)15:00
Norkus, Eugenijus, S10-086, S10-092, 

S10-093
Nossol, Edson, S01-033
Nothnagel, Gawie, S08-040
Nourmohammadi, Jhamak, S12-001
Novais, Hugo, S07-031

Novak, Michal, S11-032
Novak, Petr, S06-189, S20-003
Novakova Lachmanova, Stepanka, 

(Tue S16)18:00, S16-015, S16-016
Novikova, Svetlana, S06-191
Novitski, David, (Wed S07a)09:30
Novoselov, Kostya, (Mon S01)18:15
Nowaczyk, Marc M., S05-002, 

(Thu S05)14:45, (Thu S05)18:00
Nowak, Marlena, S10-023
Noworyta, Krzysztof, S03-005, 

(Mon S10)15:00, (Tue S01)16:30
Nozaki, Erika, (Mon S21)16:00, 

(Mon S21)17:30
Nunes Correia, Adriana, S20-021
Nyga, Piotr, S20-019
Nyholm, Leif, S04-001, S06-098, S06-165, 

(Mon S06a)15:30, (Tue S10)14:15, 

(Tue S03)15:05, (Tue S11)17:15, 

(Tue S06b)18:00, (Thu S08)15:30, 
S21-056

Nyikos, Lajos, (Tue S08)14:30
Nzimande, Nkosikhona, (Thu S08)15:15

o
O’Connell, Michael, (Tue S07b)15:30
O’Dell, Luke, (Tue S17)16:00
O’Dwyer, Colm, S06-198
O’Mullane, Anthony, (Tue S07b)18:30, 

S21-024
O’Riordan, Alan, S01-036, S01-056, 

(Mon S01)16:15
O’Sullivan, Benjamin, S01-036, 

(Mon S01)16:15
Oba, Fumiyasu, (Thu S06b)16:45
Oba, Kosuke, (Fri S06b)09:30
Oberem, Elisabeth, (Fri S15)10:15
Oberhauser, Werner, S07-032
Oca, Laura, S06-115
Ochi, Akihisa, (Thu S07a)10:45
Ochiai, Tsuyoshi, S09-011, S09-013, 

S09-015, S14-017, S14-046
Ocon, Joey, S06-170, S07-087, S07-133, 

S07-134, S18-011
Ocon, Joey D., S07-117
Odahara, Masashi, (Mon S11)14:30
Odnevall Wallinder, Inger, (Mon S11)17:45
Oehl, Denis, (Mon S19)14:45
Oezaslan, Mehtap, S07-065
Ogata, Genki, S02-010
Ogata, Setsuro, S07-132
Ogihara, Hitoshi, (Mon S07a)18:00
Ogishima, Yuji, (Mon S07a)18:00
Ogose, Taiga, S02-020
Ogumi, Keisuke, (Mon S21)15:15
Oh, Jimin, S06-142
Oh, Kiseok, (Mon S09)15:15
Oh, Seong-Geun, S06-087
Ohama, Ayano, S06-178
Ohashi, Naoki, (Thu S12)14:30
Ohma, Atsushi, S06-063
Ohno, Hideaki, (Thu S07a)17:00
Ohno, Hiroyuki, S03-081
Ohno, Tomoya, S07-037
Ohta, Jun, S16-011
Ohta, Toshiaki, S06-063, (Tue S06b)14:15
Ojha, Kasinath, (Thu S07a)14:15
Okada, Hiroshi, (Mon S21)15:15
Okada, Shigeto, (Mon S06a)16:00
Okamoto, Norihiko L., (Thu S06b)16:45

Okazaki, Ken-ichi, S06-039
Okazaki, Shinji, S02-014, S11-011
Okuno, Kazuki, S06-049
Okuno, Yoshishige, S18-010
Olaya, Astrid J., S09-010
Oldani, Claudio, (Mon S07a)14:00, 

(Fri S06b)09:45
Oldani, Fabio, (Tue S07a)16:30
Oleinick, Alexander, (Thu S04)10:15, 

S18-012
Olguin, Camila F., (Tue S16)18:15, 

S16-012
Oliva, Fabiana, (Mon S17)15:00
Olivares-Marin, Mara, (Tue S17)18:00
Oliveira, Aloadir L. S., S11-012
Oliveira, Michell, S21-026
Oliveira Neto, Almir, S07-183
Oliveira, Rafael, S07-076, (Fri S07b)11:00
Oliveira, Renata, (Mon S15)16:45
Oliveira, Samilly Cristine Alves, S14-051
Oliveira, Severino Carlos, S03-063, 

(Thu S03)09:30
Oliveira-Brett, Ana Maria, S03-051, 

(Mon S03)16:15
Olivi, Paulo, S07-066
Olivier, Marie-Georges, (Mon S11)17:00, 

S11-005
Oll, Ove, (Thu S20)16:00, S17-035, 

S20-036
Olloqui-Sariego, José Luis, (Tue S16)15:15
Olmos, José Manuel, (Fri S21)11:45
Olmos Moya, Patricia, (Tue S01)10:15
Olsson, Emilia, S06-045, (Thu S07b)17:00
Olszewski, Bartlomiej, S03-027
Oluwafemi, Samuel, S01-006
Olvera-García, F. Javier, S21-015
Omanovic, Sasha, S07-125, 

(Mon S11)16:30
Omar, Ahmad, (Tue S06a)16:15, 

(Tue S06a)17:45
Omar, Noshin, (Thu S18)15:00
Omatsu, Teramusa, S09-010, S09-023
Omirkhan, Aigerim, S11-022
Onal, Ahmet M., S07-022, S10-018, 

(Thu S10)17:45
Ongaro, Michael, S04-006
Onida, Barbara, (Fri S06a)10:00
Onishi, Yuki, (Mon S21)17:15
Onodera, Takehiro, S03-045
Ooi, Azusa, (Mon S11)17:30
Oonk, Stijn, S03-056
Opallo, Marcin, (Mon S01)10:00, 

(Mon S01)10:15, (Mon S01)15:30
Operamolla, Alessandra, (Thu S13)10:00
Opitz, Martin, (Tue S06b)15:00
Oram, Joseph, (Mon S03)17:00
Orazem, Mark E., (Tue S14)14:00
Ordomsky, Vitaly, (Fri S15)11:00
Ormellese, Marco, (Mon S11)14:45
Oropeza Guzman, Mercedes Teresita, 

S07-005
Orsini, Monica, (Tue S14)18:30
Orsini, Silvia, (Tue S01)14:45
Ortega, Eduardo, S21-055
Ortega, Emma M., S07-067, S07-173, 

S10-026, S10-039, S21-034, S21-035
Ortega, Laura, S03-006
Ortenero, Joseph, S07-133, S07-134
Ortenzi, Marco Aldo, S10-006, S10-019
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Ortiz, Juan M, (Mon S14)18:30, S14-025
Ortiz, Mariela G., S06-046, S08-036
Orts, José M., S21-012
Osaka, Tetsuya, S03-042, S06-141
Osawa, Masatoshi, (Mon S17)16:45
Oshiro, Renata Harumi, S10-009
Ossonon, Benjamin Diby, S10-038
Ostatna, Veronika, S03-080
Ostuka, Kuniaki, S06-145
Ota, Hiromi, (Mon S15)09:30, S15-039
Ota, Ken-ichiro, (Fri S07b)11:15
Otero, Manuel, S06-030, (Tue S06b)14:00
Othman, Abdul Rahim, S11-020
Otsuka, Satoshi, S06-151
Ott, Noemie, (Mon S11)18:30, S11-023
Ottaviani, Michela, S06-051
Ouendi, Saliha, (Wed S08)10:15, 

(Thu S08)16:15
Oukali, Ghenima, (Tue S17)16:00
Oviedo, Oscar, (Mon S17)15:00
Owen, John, S06-113, S06-160, S06-161, 

(Mon S01)14:45, (Mon S06a)18:30, 

(Thu S18)10:15
Oyala, Astrid, S09-023
Oyarzun, Maria Paz, (Thu S03)10:15
Ozawa, Hiroaki, S10-030, S10-055, 

(Thu S10)16:45
Ozcan, Ozlem, S11-016
Ozkan, Selda, S01-037, S10-040
Ozkar, Saim, S07-022
Ozoemena, Kenneth, (Thu S08)15:15

P
Pace, Giuseppe, (Tue S07a)16:30, 

(Tue S07a)17:15, (Thu S07b)16:15
Pacek, Joanna, S06-033, S08-030
Pacheco, Javier, S21-028
Pacheco-Bubi, Ivan, (Mon S10)16:00
Padama, Allan Abraham, S18-011
Padmanabhan, Vivek, (Thu S20)16:45
Paduano, Andrea, (Mon S17)10:15
Paeng, Ki-Jung, S02-011
Pagliaro, Maria, S07-032, (Tue S07b)14:45
Pagot, Gioele, (Tue S07a)17:15, 

(Thu S07b)16:15
Paidar, Marin, S07-141
Paidar, Martin, S07-155, S07-156, 

(Thu S07a)10:00, (Thu S14)16:15, 

(Thu S14)18:00, S14-006, S14-010
Paiste, Päärn, S17-009
Pajkossy, Tamás, (Tue S08)14:30, S20-012, 

S21-031
Pajot, Ségolène, S06-019
Pakstas, Vidas, S06-123
Palacin, Maria Rosa, S06-163, 

(Tue S17)18:00, (Thu S06b)18:00, 

(Thu S06b)16:30
Palacios Santander, Jose Maria, S01-038
Palagonia, Maria Sofia, (Tue S14)14:15
Palchetti, Ilaria, S03-037, S03-038, 

S03-053, S03-054, (Mon S01)17:15
Palermo, Vincenzo, (Tue S01)14:00, 

(Thu S12)16:15
Palkovits, Regina, S07-110, S07-119
Palkovits, Stefan, S07-110, S07-119, 

S21-019
Palleschi, Giuseppe, (Tue S01)10:00
Palm, Rasmus, (Thu S20)16:00
Palma, Jesus, S08-015, (Thu S06b)15:30

Palmas, Simonetta, (Mon S14)16:45, 
S14-020

Palmer, Michael, S06-161
Palowska, Renata, S10-014
Paltrinieri, Laura, S07-187
Palys, Barbara, S17-039
Pampel, Jonas, (Mon S10)18:00
Pan, Haoran, S07-012
Pan, Ruijun, S06-098, S06-165, 

(Tue S06b)18:00
Pan, Xuexue, S08-003
Panagopoulou, Marianthi, (Tue S06a)18:00
Pandey, Mohnish, S18-001
Pandini, Loris, S06-083
Pandolfi, Fabiana, (Mon S15)15:00, 

S15-016, S15-017
Panero, Stefania, S06-078, S07-175, 

(Mon S06a)17:45, (Fri S20)11:15
Panias, Dimitrios, (Tue S10)17:15
Panizza, Marco, S07-188, S14-028
Pankratov, Dmitry, (Fri S05)10:15
Pankratova, Galina, (Fri S05)10:15
Pantò, Fabiola, (Tue S06b)18:30
Panzeri, Gabriele, S06-114, S10-021, 

S20-014, S20-022
Paolucci, Francesco, S01-066, 

S02-023, S07-094, (Mon S03)18:30, 

(Tue S07a)15:30, (Fri S02)11:00, 

(Fri S02)11:30, S15-032, S15-043, 
S19-001

Papaderakis, Athanasios, S10-048, 

(Mon S21)10:00
Papageorgiou, Alexia, S15-047
Papasizza, Marco, S17-022
Paquin, Ludovic, (Mon S21)15:30
Para, Laura, (Mon S17)15:00
Para, Maria Laura, S05-009, S06-143
Pardo, M. Angelica, S21-055
Pargoletti, Eleonora, (Tue S01)14:45
Parise, Chiara, (Mon S21)16:15
Parisini, Emilio, S03-012
Park, Cheolho, S06-025
Park, Hyeong-Il, S06-025
Park, In-Su, S10-028, S10-041, S10-045
Park, Inhee, S06-144
Park, Jae-Sang, (Thu S06b)17:30
Park, Jesik, S06-166
Park, Jin-Hwan, S06-126
Park, Jun Hui, S01-068
Park, Kwangjin, (Thu S06a)15:15
Park, Mijung, S07-135
Park, Min-Sik, S06-133, S06-166
Park, Noeon, S06-185
Park, Sangmee, S07-157
Park, Woon Bae, S06-003
Park, Youngsin, (Fri S20)11:00
Parreira, Luanna, S21-037
Partovi-Azar, Pouya, (Tue S06b)14:30
Pascall, Andrew, (Thu S12)14:00, 

(Thu S12)14:45
Paschoalino, Waldemir, S16-008
Pascual, Laura, (Tue S08)16:45
Paskalev, Denis, (Thu S07a)17:15
Paspaliaris, Ioannis, (Tue S10)17:15
Pasquali, Mauro, S06-051
Pasqualini, Marta, S06-044
Passaponti, Maurizio, S10-065, S10-069, 

S10-070, (Mon S10)10:00
Passarello, Donata, S01-004

Passerini, Stefano, S06-044, S06-066, 

(Mon S06a)10:15, (Mon S06a)16:30, 

(Thu S06a)15:30, (Fri S06a)11:00
Pasta, Mauro, S06-009
Pastor, Elena, (Mon S17)10:15, S17-014
Pastorino, Laura, (Thu S03)10:00
Patella, Bernardo, S01-003, S01-036, 

(Mon S01)18:00
Patolsky, Fernando, S06-054
Patra, Bratati, S15-038
Patrian, Fabian, (Mon S17)14:45
Patru, A., (Fri S02)11:45
Patsalas, Panagiotis, (Mon S21)10:00
Pattanathummasid, C., S06-163
Paul, Logan, S05-018
Paul, Stephen, (Thu S07b)16:30
Paulitsch, Bianca, S06-070
Pauliukaite, Rasa, (Mon S01)17:00
Paulose Nadappuram, Binoy, 

(Mon S19)17:15
Pauwels, Danny, (Mon S15)18:30
Pavez, Jorge, (Tue S16)18:15, S16-012, 

S16-013
Pavlatou, Evangelia, S10-077
Pavlets, Angelina, (Tue S07b)17:00
Pavlin, Nejc, (Tue S06b)15:15
Pavone, Michele, S06-007, 

(Tue S07b)09:45, (Thu S06a)16:30
Pawlik, Anna, S12-004, S12-006
Payne, David J., S20-027
Paz, Alexis, (Mon S17)15:00
Paz, Edson, S21-037, S21-038
Pebere, Nadine, (Mon S11)16:15, 

(Tue S11)16:45
Pecher, Oliver, S06-072
Pedeferri, MariaPia, (Mon S11)14:45, 

(Thu S10)15:00
Pedersen, Birgitte Lodberg, S10-096
Pedersen, Steen Uttrup, S07-079, S10-096, 

(Wed S04)09:30
Pedrero, María, S15-035
Pei, Heng, (Thu S07b)16:30
Peipmann, Ralf, (Wed S20)10:00
Peled, Emanuel, S06-008, S06-054, 

(Mon S06a)17:15
Peleyeju, Moses, S14-024
Pelicci, PierGiuseppe, S19-001
Peljo, Pekka, S02-022, S06-090, S06-092, 

S06-096, S09-023, (Fri S06b)11:30
Pellegrini, Vittorio, S06-059
Peluso, Andrea, S18-013
Pena, Eloy, S15-031
Peña-González, María C., S03-013
Penchev, Hristo, (Tue S07a)18:00
Pendashteh, Afshin, S08-015, 

(Thu S06b)15:30
Peng Fei, Ma, S14-052
Peng, Yu, (Tue S11)18:00
Penner, Simon, S17-010, S17-014, S17-026
Penoni, Andrea, S15-005
Pepponi, Giancarlo, (Fri S06a)10:30
Pera-Titus, Marc, (Fri S15)11:00
Perales-Rondón, Juan Victor, 

(Tue S17)16:30, (Thu S02)14:30
Perathoner, Siglinda, S10-036, 

(Tue S09)10:00
Perazzolo, Valentina, S07-068, 

(Fri S07b)09:45
Perdomo Marin, Ana Cristina, S21-032
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Perego, Andrea, S03-012, S07-035, 

(Tue S07b)18:15
Perego, Daniele, (Fri S02)11:45
Pereira, Carlos, (Mon S21)18:30, 

(Thu S20)14:45, S17-041
Pereira Crulhas, Bruno, S03-055
Pereira, Ernesto, S10-047, S11-012
Pereira Gomes, Maurilio, (Tue S11)16:45
Pereira, Lania Auxiliadora, S10-063
Pereira-Ramos, Jean-Pierre, 

(Thu S06a)15:00
Pereiro, Eva, S06-066, (Tue S17)18:00
Perez Beltran, Saul, (Thu S18)09:30
Pérez, Estela, S06-079
Perez, José de Jesus, S10-073
Pérez, José Fernando, (Tue S14)14:30
Perez Rodriguez, Sara, S10-036
Perez-Alonso, Francisco Jose, 

(Thu S06b)15:00
Perez-Ferreras, Susana, (Tue S08)16:45
Pérez-Herranz, Valentín, S07-067, 

S07-173, S10-026, S10-039, S21-034, 
S21-035

Pérez-Junquera, Alejandro, S02-016, 
S02-017

Pérez-López, Briza, S15-031
Perini, João Angelo, (Tue S09)10:00
Peron, Jennifer, S21-048
Perova, Tatiana, S10-029, (Mon S21)16:30
Perro, Adeline, S02-015
Perrot, Hubert, (Tue S10)17:45
Perry, David, S17-031
Perry, Samuel, S03-007, (Fri S02)10:30
Pessanha, Tatiana, (Tue S01)14:30
Petermann, Marcus, S07-027
Petica, Aurora, (Mon S21)18:30
Petit, Yann, (Wed S06b)09:30
Petiti, Chiara, S13-005
Petrizza, Luca, S15-043
Petroli, Alessandra, S14-019
Petrov, Mikhail, (Fri S18)11:30
Petrovic, Milica, S14-045, S14-053
Petrucci, Elisabetta, (Mon S14)17:15, 

(Tue S14)18:30
Pettersson, Jean, (Mon S06a)15:30, 

S21-056
Pezzella, Alessandro, S03-065, 

(Tue S08)17:00
Pezzolato, Lorenzo, S07-069, S14-022
Pfisterer, Jonas, S06-070, (Tue S17)18:30
Pfrang, Andreas, (Tue S06a)10:30, 

(Tue S06a)16:45
Pham, Minh-Chau, (Mon S03)10:15
Phattharasupakun, Nutthaphon, S08-006, 

(Thu S08)15:00, (Fri S09)11:30
Phillips, Anthony, S01-032
Piallat, Theo, (Thu S14)16:15
Piana, Giulia, S06-171, (Tue S06a)14:45, 

(Fri S09)09:30
Piana, Michele, (Tue S07b)09:45
Pianta, Nicolo, S06-077
Piazza, Salvatore, S01-003, 

(Mon S01)18:00
Picard, Quentin, S11-001
Picelli, Luca, (Tue S08)15:00
Pichugov, Roman, (Fri S18)11:30
Piciollo, Emanuele, S10-065, S10-069, 

(Mon S10)10:00, (Thu S20)09:45
Pieta, Piotr, S10-031

Pifferi, Valentina, S01-052, S03-053, 
S03-054, S10-006, S10-019, 

(Mon S10)10:15, (Mon S17)14:15, 

(Mon S01)17:15
Pigani, Laura, S01-038, S10-049, S20-031
Pikma, Piret, (Thu S20)16:00
Pingarrón, José Manuel, (Mon S15)18:15, 

S15-035
Pinheiro, Victor, S21-037, S21-038
Pinkwart, Karsten, (Fri S06b)10:30, 

(Fri S06b)11:15
Pino, Mikel, (Thu S06b)15:00
Pinson, Jean, (Fri S15)11:30
Pinto, Oscar, (Mon S17)15:00
Pinto, Stefania, S15-013
Piro, Benoît, (Mon S03)10:15
Pirri, Candido, S10-079
Piskunov, Sergei, (Thu S18)16:45
Piszcz, Michal, (Tue S06a)15:15
Pita, Marcos, S05-018, (Mon S03)18:15
Pittkowski, Rebecca, S07-070
Pivovar, Bryan, (Thu S07b)10:30
Piwek, Justyna, S08-024, (Tue S08)17:30
Piwowar, Justyna, S07-071
Pizarro, Jaime, S01-046
Placke, Tobias, S06-068, (Fri S06a)11:15
Plana, Daniela, (Mon S19)16:30
Plankova, Alexandra, S21-017
Platek, Anetta, S08-024, (Tue S08)17:30
Pleis, Sebastian, S09-008
Pleskov, Yuri, (Fri S10)10:30
Plesse, Cédric, S08-025
Pliatsikas, Nikolaos, (Mon S21)10:00
Plumeré, Nicolas, S03-002, S03-084, 

S05-005, S05-006, S05-007, 
S05-019, S10-032, (Thu S05)14:45, 

(Thu S05)15:00, (Thu S05)18:00, 
S16-007

Pochet, Pascal, S18-003
Podrazka, Marta, (Fri S21)11:30, S21-033
Podvorica, Fetah, (Fri S15)11:30
Pohl, Maarja, S08-037
Pohl, Marcus D., (Mon S17)17:00
Pohl, Sebastian, (Tue S06b)10:15
Poiana, Ruggero, S06-078, 

(Mon S06a)17:45
Pokrant, Simone, (Mon S09)15:30
Poletti, Fabrizio, S20-031
Poli, Anne Karoline dos Santos, S10-008
Poli, Federico, S06-167, (Tue S14)17:30, 

(Tue S08)18:30, S21-006
Polizzi, Stefano, (Thu S07b)16:15
Pollegioni, Loredano, S03-007
Polman, Katja, (Fri S05)11:30
Polo, Federico, S03-001, (Mon S15)17:30
Poloznikov, Andrey A., (Tue S16)15:15
Poltorak, Lukasz, S03-056, S07-187
Pomelli, Christian Silvio, S18-007
Ponce de Leon, Carlos, S06-006, S06-040, 

(Mon S21)15:00, (Tue S14)16:45
Ponce, Victor, (Thu S06a)17:30
Ponkratov, Denis, S08-025
Ponrouch, Alexandre, (Mon S06a)16:45, 

(Tue S17)18:00, (Thu S06b)10:00, 

(Thu S06b)10:30, (Thu S06b)16:30, 

(Thu S06b)18:00
Popov, Alexey, (Thu S02)17:45
Popovic, Jelena, (Thu S20)15:30
Porada, Slawomir, (Thu S14)17:30

Porcarelli, Luca, (Tue S06a)15:30
Porcher, Willy, (Mon S06a)16:30, 

(Thu S06a)14:30
Porchetta, Alessandro, S02-023
Porfyrakis, Kyriakos, (Tue S16)17:15
Portenkirchner, Engelbert, S06-182, 

S06-195, (Mon S06a)14:15
Pospisil, Lubomir, S11-032, S15-006
Potts, Karlie, (Fri S02)10:30
Pourdeyhimi, Behnam, S06-136
Povedano, Eloy, (Mon S15)18:15, S15-035
Povia, Mauro, (Mon S06a)18:00, 

(Tue S17)16:45
Pozniak, Boguslaw, (Thu S02)14:00
Pozo-Ayuso, Diego F., (Mon S21)17:45
Pradeep, K.G., (Thu S06a)16:45
Prado, Tiago M., S01-030
Pradon, Alexandre, (Mon S09)15:00
Prati, Laura, S01-052
Prato, Maurizio, S07-094
Prato, Mirko, (Tue S07b)18:15, 

(Thu S07b)16:15
Preda, Nicoleta, (Tue S03)14:15
Prehal, Christian, S06-093
Presser, Volker, S05-008, (Thu S14)14:00, 

(Thu S14)14:45, (Thu S08)17:00, 
S14-005

Prestipino, Carmelo, (Fri S21)11:15
Presto, Sabrina, S07-188
Preuss, Kathrin, (Thu S07b)17:00
Previtali, Andrea, S15-024
Pribyl, Bermhard, S07-136
Price, Stephen, (Tue S17)14:00
Prieto, Francisco, (Tue S03)17:45, S17-042
Prikryl, Jan, S09-028
Primo, Emiliano N., S06-101, S06-102, 

(Thu S06a)16:15
Prince, Kevin C., (Mon S10)16:15
Priyadarshani, Nilusha, (Mon S07b)10:00
Prodi, Luca, (Fri S02)11:30, S15-032, 

S15-043
Proietti Zaccaria, Remo, (Fri S06a)10:30
Prokein, Michael, S07-027
Prosini, Pier Paolo, S06-051
Proux, Olivier, (Mon S07b)09:30
Prudnikau, Anatol, S01-005
Pryadchenko, Vasiliy, S07-006
Przybylski, Marek, S21-018
Przygocki, Patryk, S08-002, 

(Wed S08)09:30, (Thu S08)18:00
Puga, Beatriz, (Tue S17)09:30
Pugliese, Diego, (Fri S09)09:30
Pujades-Otero, Eulalia, S06-079
Pumera, Martin, (Mon S01)09:30
Puntes, Victor, S10-043
Puts, Theo, S07-187
Pylypenko, Svitlana, (Thu S07b)10:30

Q
Qi, Hongfei, (Thu S12)15:15
Qi, Jiahui, (Tue S11)09:30
Qi, Liming, S04-009
Qi, Ming, (Tue S07a)16:00
Qiao, Liang, S09-012
Qin, Bingsheng, S06-047
Qin, Qing, (Tue S07b)10:15
Qin, Zhenlan, (Tue S11)17:30
Qiu, Linghang, S02-002
Qiu, Zhen, S07-072
Qiu, Zhi, S06-192
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Quade, Antje, (Thu S08)17:00
Quadrelli, Elsje Alessandra, S09-046
Quaglio, Deborah, S03-060
Quast, Thomas, (Mon S19)14:45
Queiroz, Nathalia, S03-063
Quiambao, Kathleen F., (Mon S11)09:30
Quinson, Jonathan, S07-001, 

(Mon S10)18:15
Quinzeni, Irene, S06-061
Quirino, Sandro Fonseca, S10-008
Quispe-Aviles, Janeth M., S11-025

R
Raaijman, Stefan, S07-073
Rabasco, Antonio M., (Tue S03)17:45
Rabuel, François, S08-031
Raccichini, Rinaldo, (Mon S06a)18:30, 

(Thu S18)10:15
Raciukaitis, Gediminas, S10-093
Radaelli, Mariano, S06-061
Radford, Sheena, S19-004
Radko, Sergey, (Tue S03)18:00
Radmilovic, Velimir, S07-048
Radmilovic, Vuk, S07-048
Radovic, Miljana, S14-045
Rähn, Mihkel, (Thu S07b)09:45
Raeissi, Keyvan, (Tue S11)15:00
Raèiukaitis, Gediminas, S10-092
Rael, Stephane, S07-145, S07-176, 

S08-001
Ragoisha, Genady, S01-005, S10-057
Ragones, Heftsi, (Thu S06a)09:30
Ragonis, Danielle, (Tue S14)17:15
Rahemi, Vanoushe, S03-082
Rahman, Md Anisur, S01-039
Rajala, Taneli, S07-074
Rajnicek, Ann, (Tue S03)17:00
Ramachandran, Ashwin, (Thu S14)17:15
Ramalho, Taynara, S07-004
Ramirez, Andres M.R., S21-055
Ramírez, Daniel, S09-043
Ramírez, Faustino, S21-036
Ramirez, Marina, (Mon S14)18:30
Ramirez, Sara, (Thu S03)10:15
Ramos, Laurence, (Tue S07b)14:30
Ramos-Sanchez, Guadalupe, S06-099
Rampazzo, Enrico, (Fri S02)11:30, 

S15-043
Ran, Fen, S08-026, S08-026
Rancan, Marzio, (Tue S10)16:15
Randon-Vitanova, Anna, S06-187
Rangel-Méndez, José René, S08-027
Ranjbar Sahraie, Nastaran, S17-009
Ranjbari, Alireza, (Mon S09)15:00
Rapino, Stefania, S07-094, 

(Mon S03)18:30, (Fri S02)11:00, 
S19-001, S20-010

Rappaport, Fabrice, (Fri S05)09:30
Rasche, Bertold, (Mon S10)15:15
Raschitor, Alexandra, S14-047
Rassaei, Liza, (Fri S02)10:00
Rastgar, Shokoufeh, S16-009
Rasul, Shahid, S07-103, (Mon S07a)17:00
Ratajczak, Paula, S08-019, (Wed S08)09:30
Ratautas, Karolis, S10-092, S10-093
Ratso, Sander, S17-009
Rau, Ileana, (Tue S03)14:15
Ravaine, Valérie, S01-050
Raveendran, Mukhil, (Mon S19)17:00
Ravn, Anne, S07-079

Ray, Andrew, S20-017
Rayée, Quentin, S20-023, S20-024
Raymundo-Pinero, Encarnacion, 

(Tue S17)16:00
Real, Jose Antonio, (Tue S01)17:30
Real, Silvia G., S06-046, S08-036
Reale Hernandez, Cuauhtemoc, 

(Tue S06a)16:00
Reale, Priscilla, (Mon S06a)17:45
Rebeccani, Sara, S10-019
Rebelo, Tânia, S17-041
Reber, David, S08-021, (Mon S06a)14:45
Rebis, Tomasz, S01-040
Rebmann, Guillaume, S08-031
Rechenberg, Robert, S03-039
Recio, Javier, S01-012, S07-075, 

(Thu S07b)17:30
Reculusa, Stéphane, S03-029
Redel, Engelbert, (Fri S10)10:15
Rees, Matthew, S01-041
Reeves, Roger, (Thu S10)10:15
Reginald, Stacy, S03-057, S07-051
Rehnlund, David, (Mon S06a)15:30, 

(Tue S10)14:15, (Tue S11)17:15
Reichert, Andreas, (Mon S17)17:00
Reid, Gillian, (Mon S01)14:45, S10-074
Reikowski, Finn, (Mon S10)16:00
Reinaud, Olivia, (Fri S15)11:15
Reinsberg, Philip, S06-144, 

(Wed S06b)10:00, (Thu S20)16:15, 

(Thu S20)17:30
Reisberg, Steeve, (Mon S03)10:15
Reisner, Erwin, (Thu S05)17:30
Reller, Christian, S07-077
Remita, Hynd, (Tue S07b)14:30
Ren, Bin, S17-018
Renaud, Adèle, (Thu S12)14:30
Renault, Christophe, S19-002
Rendon-Calle, Alejandra, S18-008
Renfrew, Sara, (Wed S06b)09:30
Renner, Frank Uwe, (Thu S06a)16:45, 

S11-010
Renner, Manfred, S07-027
Rennie, Anthony, (Tue S08)17:15
Rensmo, Hakan, S17-021
Requejo, Felix G., S06-152
Reshetenko, Tatyana, (Mon S07a)14:45
Ressel, Simon, (Fri S06b)10:00
Reviejo, A. Julio, (Mon S15)18:15
Revilla, Reynier, (Thu S06a)17:45
Rezende, Lucas, (Mon S15)17:15
Rezepova, Daria, S06-186
Rezvani, Seyed Javad, S06-044
Rezzano, Irene, S01-042
Rheinländer, Philipp, (Mon S07b)09:30
Rho, Kongshik, S02-011
Riasse, Raphael, (Fri S06b)11:15
Ribelli, Thomas, S15-022
Ricart, Jordi, S15-031
Ricci, Francesco, S02-023
Rice, Scott, S11-021
Richard Salazar-Banda, Giancarlo, 

S14-056, S14-057
Richardson, Peter, (Tue S17)14:00
Richter, Eduardo, S01-033
Richter, Michael, S03-002
Richter, Raphael, S18-009
Ridjosic, Marija, S11-003
Riedel, Olga, (Fri S06a)11:15

Riedel, Sebastian, S21-016
Riefer, Arnold, (Fri S06b)10:00
Riehl, Barbara, S15-025
Ries, Lucie, S07-023
Riley, Jason, S11-022, S20-027
Riminucci, Alberto, (Mon S21)16:15
Rimoldi, Luca, (Mon S10)10:15
Rinaldi, Ana Laura, S01-042
Ringleb, Andreas, S09-024, S09-044, 

(Wed S10)10:15
Rioli, Cristina, S01-038
Ripenbein, Tania, S06-008
Risch, Marcel, (Tue S17)15:00
Ristenpart, William, (Thu S12)14:00
Ritslaid, Peeter, (Thu S07b)09:45
Riva, Julieta, S09-023
Rivas-Rodriguez, Jose Luis, 

(Mon S15)16:45
Riveros, Gonzalo, S09-043
Rivier, Lucie, (Mon S03)17:45
Rizzati, Giulia, S06-106
Rizzi, Gian Andrea, S07-008, S07-024, 

(Tue S08)15:00, (Fri S07b)09:45
Rizzo, Simona, S01-063, (Tue S01)17:00
Rizzotto, Matteo, (Thu S10)15:15
Robba, Ana, S06-187
Robert, Jordan, S03-008
Robert, Kevin, (Wed S08)10:15
Robinson, Jack, S15-048
Robles, Irma, S14-048, S21-036
Rocca, Emmanuel, (Wed S13)10:00
Rocco, Daniele, S15-016
Rocha-Filho, Romeu C., S14-049, S21-050
Roche, Cécile, (Tue S16)17:15
Rochefort, Dominic, (Fri S20)10:15
Rodenas, Pau, (Mon S14)18:30
Rodes, Antonio, S21-012
Rodgers, Andrew, (Wed S04)10:00
Rodopoulos, Theo, (Thu S06a)10:15
Rodrigo, Eduardo, S15-019
Rodrigo, Manuel A.

Rodrigo, Manuel Andres, (Mon S14)14:00, 
(Mon S14)14:30, (Tue S14)14:30, 
S14-027, S14-043, S14-047

Rodrigues Basso, Caroline, S03-055
Rodrigues, Carolina, S07-076
Rodríguez, Alejandro, S09-039
Rodríguez, Astrid, (Fri S21)09:30
Rodríguez Castellón, Enrique, S01-042
Rodriguez, Justine, (Mon S11)17:00
Rodriguez, Oliver, (Tue S17)10:15
Rodríguez, Paloma, (Thu S06b)15:00
Rodriguez, Paramaconi, S01-064, S01-065, 

S09-006, (Mon S17)18:00
Rodríguez Ruiz, Jesús, S14-020
Rodríguez-López, Joaquín, S02-005, 

S09-006, (Thu S02)15:00
Rodriguez-Martinez, Lide M., 

(Tue S06a)15:15
Rodríguez-Ramos, Inmaculada, S07-031
Röder, Fridolin, S06-129, (Thu S18)14:15
Rögner, Matthias, S05-002, 

(Thu S05)14:45, (Thu S05)18:00
Rösel, Arend, (Fri S15)10:15
Rößner, Leonard, S07-111, S10-100
Rogalla, Frank, (Mon S14)18:30, S14-025
Roger, Magali, (Mon S03)16:30
Roggero, Aurelien, (Mon S11)16:15
Roggiani, Francesco, (Mon S03)18:30
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Roh, Ha Kyung, S08-008
Rohan, James, (Fri S06a)10:15
Rohde Madsen, Monica, S04-005
Rohwerder, Michael, (Mon S11)16:00, 

S11-008, S11-035
Rojas, María del Carmen, S05-009, 

S06-143
Rojas, María Fernánda, S21-028
Rojas, Victor, S06-048
Rojo, Jose M., S08-020, (Tue S08)16:45
Rojo, Teofilo, (Thu S08)10:15
Roldan Cuenya, Beatriz, S19-006
Rollet, Anne-Laure, (Fri S18)11:15, 

S18-006
Romaine, Alexandre, (Tue S11)14:45
Roman, Javier, S06-048
Román, Natalia, (Fri S21)09:30
Romanenghi, Riccardo, S08-016
Romann, Tavo, (Tue S08)14:45, 

(Thu S20)16:00
Romanyuk, Konstantin, S16-014
Romay, Luis, (Thu S02)14:30
Romero Cuellar, Nayra Sofia, S07-077
Romero Natale, Aline, S03-037
Romero-Cano, Luis A., S03-013, 

(Thu S10)17:30
Romio, Martina, S06-188
Ronchetti, Silvia Maria, (Fri S06a)10:00
Rondinini, Sandra, S07-095, 

(Mon S09)17:30, (Tue S17)14:45
Rondino, Flaminia, S06-051
Ronen, Rona, (Tue S14)18:00
Rongy, Laurence, S15-047
Rønne, Magnus Haugaard, S07-079
Roquetto, Julia M., (Fri S07b)11:00
Ros, Carles, (Mon S09)10:15
Rosell, Elisabet, S15-031
Rosero Navarro, Nataly Carolina, S06-104, 

(Thu S06a)14:45
Rosestolato, Davide, S06-011
Rosolymou, Eleni, S10-077
Ross, Philip N., (Tue S06a)16:30
Rossi, Paolo, (Tue S14)15:15
Rossignol, Cecile, S07-194
Rossmeisl, Jan, S07-070, (Mon S17)17:15, 

(Thu S18)16:15, (Fri S20)11:45, S18-001
Rosso, Michel, (Tue S06a)18:00
Rost, Marcel J., (Tue S17)17:45, 

(Thu S02)17:30
Rotenberg, Benjamin, (Fri S18)11:15, 

S18-006
Roth, Christina, S06-094, 

(Mon S07a)16:15, (Fri S07b)10:30
Rothschild, Avner, S07-131, S09-014, 

(Mon S09)16:45
Roué, Lionel, S06-067, (Tue S06a)16:00, 

(Tue S06a)17:30
Roussel, Pascal, (Thu S08)16:15
Roy, Asa, (Tue S07a)16:00
Royal, Guy, (Mon S15)10:15
Rozier, P., S06-163
Rozière, Jacques, S07-029, S07-184, 

(Thu S07b)10:00
Roznyatovskaya, Nataliya, 

(Fri S06b)10:30
Rubatat, Laurent, (Tue S06a)15:30
Rubio-Bollinger, Gabino, (Tue S16)17:15
Rucci, Alexis, (Thu S06a)16:15
Rudi, Stefan, (Thu S07b)15:15

Rudnev, Alexander, S07-078, 

(Mon S07a)17:45, S20-035
Rueckle, Dagmar, S11-033
Rueda, Manuela, (Tue S03)17:45, S17-042
Ruediger, Andreas, (Thu S07a)14:45
Rüdiger, Celine, (Mon S17)10:15
Ruess, Raffael, S09-024, S09-044, 

(Wed S10)10:15, S17-036
Rüther, Thomas, (Thu S06a)10:15
Ruff, Adrian, S05-002, S05-005, S05-019, 

(Thu S05)14:45, (Thu S05)18:00
Ruffo, Riccardo, S06-031, S10-005, 

(Mon S06a)16:15, (Tue S06b)18:30
Ruggeri, Irene, S20-010
Ruggeri, Stefano, S10-049, S20-031
Ruhlmann, Laurent, S09-045, S10-042, 

(Mon S15)09:45
Ruixiang, Wang, S07-178
Ruiz Cornejo, Juan Carlos, 

(Thu S07a)15:30
Ruiz, Domingo, S01-054
Ruiz López, Estela, S14-001
Ruiz Lucio de Lima Parra, João Paulo, 

S03-055
Ruiz, Virginia, (Tue S17)16:30
Ruiz-Ruiz, Edgar J., S07-062, S14-050, 

S14-050
Ruiz-Trejo, Enrique, (Thu S07a)10:15
Ruiz-Valdepeñas Montiel, Víctor, 

(Mon S15)18:15, S15-035
Ruiz-Zepeda, Francisco, S07-149, 

(Mon S10)18:00, (Thu S07b)15:30
Rusinek, Cory A., S03-039
Rusling, James, (Tue S03)10:15
Russell, Andrea, S07-064, (Tue S17)14:00, 

S17-017, S17-020
Russo, Lorenzo, S10-043
Russo, Nunzio, S07-030, S07-128, 

S09-046, S10-036, (Mon S14)17:00
Rutkowska, Iwona A., (Thu S10)09:30, 

(Thu S18)16:30
Ruzanov, Anton, (Thu S20)16:00, 

(Fri S18)11:00
Ryadnov, Max, S15-048
Ryan, Mary, S01-004, (Tue S11)09:30, 

S11-022
Rybakiewicz, Renata, S03-005
Ryder, Karl, S10-012, (Wed S17)09:45
Ryu, Jungho, S10-044
Ryu, Taegong, S10-028, S10-041, S10-045

S
Saal, James, (Mon S11)09:30
Saar, Rando, S17-009
Sabarirajan, Dinesh, (Tue S07b)18:15, 

(Wed S07a)10:15
Sabaté, Neus, S03-006, S18-018
Sabatini, Valentina, S10-006, S10-019
Sabatino, Maria A., S10-098
Sabatino, Simona, S14-011, S14-039, 

S14-040, S14-052
Sabawa, Jarek Peter, (Tue S07a)16:45
Sacco, Adriano, S10-079
Sacre, Nicolas, (Mon S17)14:30
Sadakane, Masahiro, (Mon S15)09:30, 

S15-039
Saeedikhani, Mohsen, (Mon S11)16:45
Sáez, Cristina, (Mon S14)14:00, 

(Mon S14)14:30, (Tue S14)14:30, 
S14-047

Safakas, Alexandros, (Thu S14)10:15
Safarian, Schara, S03-069
Sagaidak, Iryna, S09-025
Sagehashi, Ryota, S06-049
Saha, Prantik, (Wed S07a)10:15
Sahraie, Nastaran Ranjbar, 

(Tue S07b)18:00
Saida, Takahiro, S07-080
Saikawa, Keiichiro, (Tue S17)10:00
Saint-Aman, Eric, (Mon S15)10:15
Saito, Jin, (Fri S06b)09:30
Saito, Mikiko, (Mon S10)14:45
Saitoh, Takaki, S20-020
Sakaebe, Hikari, S06-028, S06-029, 

S06-147, (Tue S06b)14:15
Sakaguchi, Hiroki, (Tue S06a)17:15
Sakaguchi, Suguru, S18-010
Sakaguchi, Yuki, S06-080
Sakai, Tetsuo, S06-069, S06-140
Sakairi, Masatoshi, (Mon S11)17:15
Sakamaki, Kenji, (Mon S09)16:15
Sakamoto, Ryo, (Mon S06a)16:00
Sakashita, Wakana, (Mon S09)16:15
Sakka, Tetsuo, (Thu S20)10:15
Sakuda, Atsushi, S06-028, S06-029
Sakurai, Akihiro, S06-145
Sakurai, Yoji, S06-050
Salager, Elodie, (Tue S17)16:00
Salaj-Kosla, Urszula, (Mon S03)15:30
Salamon, Balint, S21-019
Salanne, Mathieu, (Fri S18)11:15, S18-006
Salazar, Ricardo, S01-012, 

(Mon S14)15:30, (Mon S14)16:30, 
S14-032

Salicio Paz, Asier, S11-003
Salinas, Gerardo, S10-020
Salomaki, Mikko, S20-031
Salomé, Sónia, (Thu S07a)17:30
Salvietti, Emanuele, S10-065, S10-069, 

S10-070, (Mon S10)10:00
Samanipour, Mohammad, (Mon S15)18:30
Samec, Zdenek, S19-009
Samejima, Masahiro, S03-081
Sammelselg, Väino, (Mon S21)14:45, 

(Thu S07b)09:45, (Thu S07b)18:00
Samojlov, Aleksej, S06-093
Sampaio Filho, Antonio, (Mon S17)14:45
Samu, Angelika, S07-040
Samu, Gergely F., S07-041
Sanches, Richelmy Magi, S10-009
Sánchez, Paula, S07-116
Sánchez-Diez, Eduardo, (Tue S06a)15:15
Sanchez-Herencia, Antonio Javier, 
 S09-039, (Thu S12)16:30, 

(Thu S12)18:15, S12-001, S12-003
Sánchez-Loredo, María Guadalupe, 

S07-067
Sánchez-Padilla, Nora, S07-062
Sanchez-Ramirez, Nedher, (Tue S08)17:15, 

(Fri S21)10:30
Sanchez-Sanchez, Carlos M., 

(Tue S17)09:30, S20-029
Sandbeck, Daniel, S02-004
Sandin, Staffan, (Tue S14)10:00
Sandoval López, Miguel Angel, S14-014
Sandulescu, Robert, S01-009, S01-043, 

S01-051, S03-036, S03-058, S10-013, 

(Thu S10)17:00, S21-044
Sanghez de Luna, Giancosimo, S14-019
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Sangiorgi, Nicola, (Mon S21)16:15
Sannicolò, Francesco, S01-034, S01-063, 

(Mon S10)14:30, S15-005
Sanservino, Miguel A., S06-152
Santamaria, Monica, (Mon S17)15:15, 

(Tue S11)15:00, (Tue S11)16:30, 

(Tue S07a)17:00, S11-034
Santander-Nelli, Mireya, (Tue S16)18:15
Santangelo, Saveria, (Tue S06b)18:30
Santato, Clara, S03-065, (Tue S08)17:00, 

(Tue S08)18:30
Santiago, Gealaman, S07-004
Santiago, Juan G., (Thu S14)17:15
Santiago, Mitk’El, (Fri S21)09:30
Santiago, Patricia V.B., S07-081, 

(Fri S07b)11:00
Santolini, Jerome, (Tue S03)16:15
Santoni, Antonino, S06-051
Santori, Pietro Giovanni, S07-082
Santoro, Carlo, S03-025, S03-062, 

(Tue S08)18:15
Santos, Ana Caroline, S15-041
Santos, Anderson M., S01-018, S01-044, 

S01-045
Santos, Audrey, (Mon S11)16:15
Santos, Daniel, (Mon S17)09:45
Santos, Elisama Vieira, S14-029, S14-042, 

S14-051
Santos, Géssica, S14-015
Santos, Janaina, S21-046
Santos, Mauro, S21-037, S21-038
Santos Silva, Ronaldo, S14-057
Santoyo Cisneros, Rigoberto, S08-027
Santra, Saswati, S07-020
Sanz, Caroline G., S15-036
Saoudi, Ouarda, S06-038
Sapountzi, Foteini, (Tue S07a)18:00
Sapstead, Rachel, (Wed S17)09:45
Sarac Oztuna, F. Eylul, (Thu S08)17:45
Sarapulova, Angelina, S06-071
Sargeant, Elizabeth, (Mon S17)18:00
Saric, Manuel, (Fri S20)11:45
Sarkar, Biprajit, (Mon S15)14:15, 

(Fri S15)10:30, S15-038
Sarou-Kanian, Vincent, (Tue S17)16:00
Sasaki, Kazunari, (Thu S07a)16:45
Sasaki, Kazuya, S07-137, S07-193
Sassi, Mauro, S10-005
Sata, Noriko, S07-140
Satake, Akiharu, S10-053
Sato, Masataka, (Mon S09)16:15
Sato, Sinobu, S06-140
Sato, Taiki, (Thu S20)10:00
Sato, Takahito, S06-052
Satou, Hiroaki, S10-030
Sauer, Markus, (Thu S20)14:30
Sauter, Ulrich, S21-054
Sauter, Waldemar, S15-010, S15-011
Sauvage, Frédéric, S09-025
Saveant, Jean-Michel, (Fri S15)09:30
Saverina, Evgeniya, S06-146
Savoie, Maxime, S09-026
Savy, Alexandra, S05-016
Savy, Cyrille, (Mon S03)14:30
Saw, En Ning, S19-010
Sawamura, Miho, S06-053
Sawangphruk, Montree, S08-006, 

(Thu S08)15:00, (Fri S09)11:30
Sayama, Kazuhiro, (Mon S09)10:00

Sayegh, Adnan, (Fri S05)09:30
Scalia, Alberto, (Fri S09)09:30
Scanlon, Micheal D., (Mon S21)14:30, 

(Mon S01)16:15, (Fri S05)11:00, 
S15-046

Scapinello, Luca, S15-005
Scarabino, Sabina, (Fri S02)11:00, S17-036
Scavetta, Erika, (Mon S21)09:30, 

(Mon S21)14:00, (Tue S01)16:00, 

(Tue S10)18:00
Schaefer, Jennifer, (Tue S06b)17:15
Schaetz, Alice, S07-083
Schafner, Katharina, (Tue S14)17:45
Schafzahl, Bettina, (Wed S06b)09:30
Schafzahl, Lukas, (Wed S06b)09:30
Schalck, Jonathan, (Tue S14)15:00
Schaming, Delphine, S09-045, 

(Mon S09)14:30
Schardt, Simon, S18-002
Schefold, Josef, (Thu S07a)10:30
Scheibenbogen, Paul, S06-070
Schenderlein, Matthias, S11-016
Scherer, Christian, S07-138
Scherf, Ullrich, (Fri S10)11:45
Scherson, Daniel, (Thu S02)14:00
Schierholz, Roland, (Thu S06a)17:15
Schievano, Andrea, S03-023
Schille, Benjamin, (Mon S15)14:30
Schindel, Andreas, S14-012
Schindler, Werner, (Tue S17)09:45
Schlatmann, Rutger, (Wed S14)10:15
Schlettwein, Derck, S09-024, S09-044, 

(Wed S10)10:15, S17-036
Schlögl, Robert, S07-089, 

(Tue S07b)18:00, (Thu S07a)14:30
Schlueter, Nicolas, S17-012, S17-037
Schmickler, Wolfgang, (Fri S18)09:30
Schmidt, Per, S18-001
Schmidt, Thomas J., S07-025, S07-070, 

S07-177, S07-182, (Tue S07b)10:00, 

(Tue S17)16:45, (Fri S02)11:45
Schmidt, Volker, S18-017
Schmies, Henrike, S07-158
Schmuki, Patrik, S09-007, (Tue S09)09:30
Schmutz, Patrik, (Mon S11)18:30, 

(Tue S11)15:15, S11-023
Schnaidt, Johannes, (Fri S20)09:45
Schneider, Jonathan, S06-094
Schneider, M. Alexander, (Mon S10)16:15
Schneider, Michael, S06-020
Schneider, Oliver, (Tue S14)16:15, 

(Tue S17)18:30
Schneider, Sebastian, (Fri S06b)10:00
Schneider, Simon, S06-189
Schneier, Dan, S06-008, S06-054
Schnucklake, Maike, S06-094
Schön, Nino, (Thu S06a)17:15
Schön, Patrick, (Tue S06b)14:45
Schönig, Marco, (Tue S10)16:00
Schofield, Eleanor, S01-004
Scholz, Julius, (Tue S17)15:00
Schorr, Noah, S02-005, (Thu S02)15:00
Schrebler, Ricardo, S01-023, S07-084
Schrebler, Rodrigo, S07-084
Schreiber, Daniel, (Mon S11)09:30
Schreier, Marcel, (Mon S07a)18:30
Schröder, Daniel, (Wed S06b)09:45
Schröder, Uwe, S15-010, S15-011, 

S17-012, S17-037

Schroën, C.G.P.H., (Thu S12)17:15
Schroën, Karin, S14-003
Schubert, Ulrich S., (Mon S06a)18:15
Schuch, Jona, S07-019, S07-085
Schuelke, Thomas, S03-039
Schünemann, Volker, S07-097
Schürmann, Adrian, (Wed S06b)09:45
Schuetter, Christoph, (Thu S20)09:30, 

(Thu S08)17:30
Schuhmann, Wolfgang, S05-002, S05-005, 

S05-019, S07-057, (Mon S19)14:45, 

(Thu S05)14:45, (Thu S07b)17:15, 

(Thu S05)18:00, (Fri S07a)11:15
Schuldt, Patrick, S07-085
Schuppler, Stefan, (Tue S07b)09:45
Schuster, Maximilian, S06-190
Schuster, Ralf, (Mon S10)16:15
Schuster, Rolf, (Tue S10)16:00
Schuurman, Joel, (Thu S10)10:15
Schwämmlein, Jan N., S07-147, 

(Mon S07b)09:30, (Tue S07b)17:15
Schwarz, Kathleen, (Fri S18)10:30
Schwarzova-Peckova, Karolina, 

(Tue S01)15:00
Scialdone, Onofrio, S10-098, 

(Tue S14)18:15, S14-011, S14-039, 
S14-040, S14-052

Sciaraffia, Francesca, S06-041
Scieszka, Daniel, S06-070, S08-028, 

(Mon S21)10:15
Sciti, Diletta, S12-002
Scorretti, Francesco, S09-035
Scott, Keith, S07-126
Scully, John R., (Mon S11)09:30, 

(Mon S11)14:00
Scura, Francesco, S06-011
Scurtu, Rares, S18-017
Sebastián, David, (Thu S07a)15:00, 

(Thu S07a)15:30
Sebastian Pascual, Paula, (Thu S20)14:00, 

S20-013, S20-015, S20-025
Sebechlebska, Tana, S16-016
Sebera, Jakub, (Tue S16)18:00, S16-015, 

S16-016
Sedlarikova, Marie, S06-001, S06-177
Sedlmaier, Stefan, (Mon S06a)10:15
Seeber, Renato, S20-031, S01-038, 

(Tue S01)14:00
Segura, Rodrigo, S01-046
Sehrawat, Divya, S06-055, S06-056
Seibold, Gerd, S03-050
Seisel, Sabine, (Fri S07a)11:15
Seki, Shiro, (Mon S21)16:00, 

(Mon S21)17:30
Sekiya, Keisuke, S06-141
Sekli Belaïdi, Fadhila, S19-003
Sel, Ozlem, (Tue S10)17:45
Selis, Luis, (Thu S06a)17:30
Selli, Elena, (Thu S10)14:45
Selskis, Algirdas, S06-123
Selt, Maximilian, S15-025
Selvaraj, Baskar, S06-084
Selvolini, Giulia, S10-013
Semeano, Ana T. S., S10-004
Seminario, Jorge, (Thu S06a)17:30
Sener, M. Emre, (Wed S17)10:15, S14-013
Senoh, Hiroshi, (Tue S06b)17:30
Senokos, Evgeny, S08-015
Sensi, Matteo, S03-030
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Sentyurin, Viacheslav, S06-057
Seo, Daye, (Fri S05)11:15
Seo, Jin Ah, S06-126
Seo, Minjee, S01-047
Sepulveda, Alfonso, (Wed S06a)09:30
Sergeev, Ilya, S07-097
Sergent, Nicolas, S07-194
Seri, Jacopo, (Tue S08)15:00, 

(Tue S08)18:30
Seron, Alain, (Tue S10)17:45
Serov, Alexey, (Tue S07b)09:30
Serp, Philippe, S07-031
Serrano, Silvia H.P., S15-036
Serraon, Ace Christian, S18-011
Sessarego, Gustavo, S07-084
Seyeux, Antoine, (Tue S11)14:45
Sha, Linna, S07-159
Shah, Nilay, S20-027
Shahbaz, Sadia, (Mon S09)18:30
Shahraei, Ali, S07-102
Shahzad, Khurram, S10-101
Shaikh, M. Nasiruzzaman, S01-007
Shakibi Nia, Niusha, (Mon S17)10:15, 

S17-010, S17-014, S17-026, S17-029
Shamso, Ahmed, (Tue S11)09:30
Shanmugam, Sangaraju, (Thu S07a)18:00
Shanmugam, Sivaprakash, S15-021
Shannon, Curtis, (Thu S04)10:00
Shao, Jing, S11-024
Shao, Shuai, (Mon S10)15:00
Shaplov, Alexander, S08-025, 

(Tue S06a)15:30
Sharabani, Tali, S21-039
Sharma, Neeraj, S06-055, S06-056
Sharma, Piyush Sindhu, (Mon S10)15:00
Sharma, Rosy, (Thu S06b)14:15
Sharman, Jonathan, (Tue S07b)14:00
Sharova, Varvara, (Mon S06a)16:30
Shatla, Ahmed S., (Thu S20)16:15
Shaw, Wendy, (Mon S07b)10:00
Shearing, Paul, S07-121
Shehayeb, Sanaa, (Thu S12)17:00
Shekhtman, Inna, S06-008
Shen, Pei Kang, S07-160, (Fri S10)10:00
Shen, Yanbin, S06-105
Shen, Yuquian, S07-099
Shen, Zexiang, (Thu S06b)09:30
Shi, Guoyu, (Thu S07a)17:00
Shi, Kang, S14-023
Shi, Qin, (Fri S09)11:15
Shi, Yi, (Fri S05)11:45
Shibamura, Yuhei, (Thu S20)10:30
Shibata, Masami, S10-046
Shigang, Sun, S07-178
Shiku, Hitoshi, S03-008, S03-045, 

S04-010, (Wed S04)10:15
Shim, Kyu-Eun, S06-125
Shimizu, Masahiro, S06-058
Shimizu, Ryo, S06-141
Shimizu, Yuta, S07-039
Shimoda, Keiji, S06-039, S06-147
Shin, Dong Ok, S06-142, (Wed S06a)09:45
Shin, Dongyoon, (Tue S07b)18:00
Shin, Woonsup, S07-135, (Tue S03)18:30
Shin-mura, Kiyoto, S07-137, S07-139, 

S07-193
Shinoda, Keisuke, S06-043
Shinozuka, Satoki, S10-046
Shiratori, Seimei, S06-031

Shiratsuchi, Tomoyuki, (Fri S20)11:00
Shironita, Sayoko, S06-148
Shitanda, Isao, S03-009, S03-014, S03-028, 

S03-064, S03-071
Shleev, Sergey, S05-018, (Mon S03)18:15
Shocron, Amit N., (Thu S14)16:30
Shollock, Barbara, (Tue S11)10:15
Shter, Gennady, S07-131
Shukla, Garima, (Thu S06a)16:15
Shukla, Rajendra P., (Tue S03)16:30
Shulda, Sarah, (Thu S07b)10:30
Shumyantseva, Victoria, (Tue S03)18:00
Shun-Yi, Jian, S11-027
Shur, Vladimir, S16-014
Si, Yunpei, S01-048
Sicard, Clémence, (Mon S03)17:45
Sides, William, S07-133, S07-134
Sidney Santana, Cássia, S21-013
Siebel, Armin, S07-034, (Mon S07b)09:30, 

(Tue S07b)09:45, (Tue S07a)17:45
Siebert, Elisabeth, S07-194
Siegbahn, Hans, S17-021
Sieling, Thorben, (Thu S20)15:15
Siepenkoetter, Till, (Mon S03)15:30
Sievers, Gustav, S07-150
Sifakis, Joseph, S03-007
Sigal, Agustín, S06-030
Silva, A. Fernando, (Mon S21)18:30, 

(Thu S20)14:45, S17-041
Silva, Adilson J., S14-049
Silva, Ariana, (Mon S17)09:45
Silva, Bianca F., S14-049
Silva, Carlos P., (Tue S16)18:15, S16-012, 

S16-013
Silva, Everson T., S02-012
Silva, Juan F., (Thu S03)10:15, S16-012
Silva, Laura R.A., S14-015
Silva, Lilian, S10-003
Silva, Mariana, S10-047
Silva, Nataly, (Thu S03)10:15
Silva, Rafael, S03-073
Silva, Ronaldo, S14-015
Silva, Rubens A., S15-045
Silva, Teresa M., (Tue S10)18:15
Silva, Thaissa, (Mon S15)17:15
Silva, Tiago, S21-046
Silva, Tiago Almeida, S01-018, S01-019, 

(Mon S01)16:45
Silva, Wanderson, S01-049
Silveira Parreira, Luanna, S07-183
Silvester, Debbie, (Mon S01)16:30
Silvestri, Laura, S06-059
Silwane, Bongiwe, (Tue S03)17:15
Simeonov, Kalin, S07-110
Simic, Nina, (Tue S14)10:00
Simka, Wojciech, S03-004
Simkova, Ludmila, S15-007
Simon, Christoph, S07-147
Simón, Moisés, S12-005
Simon, Patrice, S08-033, (Thu S08)16:15
Simonelli, Laura, S06-066, (Tue S17)18:00
Simonetti, Elisabetta, (Thu S06b)10:15
Simonsen, Soren, (Mon S10)18:15
Simunek, Petr, S15-004
Singh, Raunaq, (Tue S11)10:00
Singhal, Rahul, (Fri S21)09:30
Sinha, Woormileela, S15-038
Sinigersky, Vesko, (Tue S07a)18:00
Sires, Ignasi, S10-098, (Mon S14)15:30, 

(Mon S14)16:00, (Mon S14)16:15, 
S14-030, S14-054, S14-055

Sirotinkin, V.P., (Fri S10)10:30
Sitnikova, Natalya, (Tue S03)15:25
Sivanantham, Arumugam, 

(Thu S07a)18:00
Sivasankaran, Visweshwar, S06-146
Sivula, Kevin, (Mon S09)16:00
Siwek, Katarzyna, S10-080
Sjödin, Martin, (Tue S10)15:00
Sk, M. Hassan, (Tue S11)09:30
Skafte, Theis Løye, (Thu S07a)09:30
Skala, Tomas, (Mon S10)16:15
Skibicka, Karolina, (Tue S03)16:00
Skládal, Petr, S04-003, S15-003
Skompska, Magdalena, (Thu S10)14:00
Skorvan, Ondrej, (Thu S14)18:00
Skrutková-Langmajerová, Monika, 

S15-003
Skrydstrup, Troels, S07-050, S07-079
Skundin, Alexander, S06-060, S06-180, 

S06-191
Skunik-Nuckowska, Magdalena, 

(Mon S10)17:30
Slade, Robert, (Wed S06b)10:15
Slautin, Boris, S16-014
Slavcheva, Evelina, (Thu S07a)17:15
Sleegers, Nick, S15-030, S21-040
Slesinski, Adam, S08-045, S08-046
Slugovc, Christian, (Wed S06b)09:30
Smaran, Kumar Sai, S06-178
Smekens, Jelle, (Thu S18)15:00
Smid, Bretislav, (Mon S10)16:15
Smid, Miroslav, S14-010
Smida, Hassiba, S03-021
Smirnov, Evgeny, S02-022, S06-096, 

S09-023
Smith, David, S10-074
Smith, Diane, (Mon S15)16:00
Smith, Scott R., (Wed S17)09:30
Smrekar, Sacha, S06-102
Smulders, Vera, (Tue S10)16:30
Snizhko, Dmytro V., S04-009
Soares, Cybelle, (Mon S17)14:30
Soares, David, S17-002, S21-041
Soares Guimarães Selva, Jéssica, S03-070
Soavi, Francesca, S03-065, S06-167, 

(Tue S08)15:00, (Tue S08)17:00, 

(Tue S14)17:30, (Tue S08)18:30, 
S20-010, S21-006

Sobottka, Sebastian, (Mon S15)14:15, 
S15-038

Sobral, Santiago, S01-042
Socha, Robert, S12-004
Sode, Koji, (Tue S03)14:25
Soergel, Seniz, S06-162, (Tue S06b)10:00, 

(Tue S06b)10:15, (Tue S06b)15:00
Soergel, Timo, (Tue S06b)10:00, 

(Tue S06b)10:15
Sohn, Kee-Sun, S06-003
Sohn, Myungbeom, S06-025
Sojic, Neso, S01-050, S02-015, 

(Mon S15)17:30, (Mon S09)17:45, 

(Thu S02)16:45, (Fri S02)10:00, 

(Fri S02)11:00, S19-003
Sokalski, Tomasz, S21-029
Sokolov, Stanislav, (Mon S19)16:45
Sokolova, Romana, S15-006
Soleimanzade, Mehdi, S06-061, S08-016
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Soliveri, Guido, (Mon S10)10:15
Solla-Gullón, José, (Mon S10)17:15, 

S20-029
Soltys, Monika, S09-027, (Mon S09)16:30
Soma, Fousseni, S20-023
Somers, Anthony, (Tue S11)18:00
Son, Hyebeen, S06-081
Sone, Yoshitsugu, S06-148, S06-151, 

(Tue S06a)10:00
Song, Heykeyang, S06-117
Song, Jae Kyu, S21-021
Song, Jingke, (Mon S14)15:15, 

(Thu S14)15:30
Song, Kyeong Se, S06-110
Song, Min, (Tue S07b)10:15
Song, Seung-Wan, S06-197
Song, Zhenlun, S11-017
Sonmez, Turgut, (Tue S17)14:00
Sonnenberg, Karsten, S21-016
Sopha, Hanna, S09-028, (Thu S10)14:30
Sopousek, Jakub, S04-003
Soran, Muhammet Recep, (Thu S12)15:30
Sorrentino, Andrea, S06-066, 

(Tue S17)18:00, (Thu S06b)16:30
Sorrentino, Antonio, S07-161
Sorsa, Olli, (Mon S07a)14:15
Sotgiu, Giovanni, (Tue S14)18:30
Sotgiu, Silvia, (Thu S13)10:00, S13-007
Sotiropoulos, Sotiris, S10-048, 

(Mon S21)10:00
Sotta, Dane, (Thu S06a)14:30
Sougrati, Moulay Tahar, S17-009
Sousa, Natalia G., S20-021
Souza-Garcia, Janaina, S07-081, 

(Fri S07b)11:00
Spacek, Jan, (Wed S03)10:00
Spanos, Ioannis, (Thu S07a)14:30
Specchia, Stefania, S07-069, S14-022
Speck, Florian, S07-082
Speicher, Andreas, S03-069
Spinelli, Valentina, S21-042
Spohr, Eckhard, (Thu S18)16:45
Spontak, Richard J., S06-076, S06-136
Spurgeon, Steven, (Tue S17)17:00
Squadrito, Gaetano, (Wed S08)09:45
Squella, Arturo, S01-031
Squella, Juan, S03-026
Squillaci, Giuseppe, S03-031, 

(Thu S10)18:00
Srabionyan, Vasiliy, S07-006
Srimuk, Pattarachai, S05-008, 

(Thu S14)14:00, (Thu S14)14:45, 
S14-005

Srinath, Aishwarya, (Tue S11)17:15
Sriramulu, Deepa, S08-041
Stachurski, Chris, (Thu S05)16:00
Stadermann, Michael, (Thu S14)17:15
Staiti, Pietro, S06-011, (Wed S08)09:45
Stalnioniene, Irena, S10-092
Stalnionis, Giedrius, S10-092
Stamatin, Serban, (Mon S21)16:30
Stamenkovic, V., (Thu S20)17:45
Stankevicius, Evaldas, (Mon S01)17:00
Stark, Robert W., S07-102
Stchakovsky, Michel, (Wed S06a)09:30
Stefano, Jéssica, S01-033
Steinbrügge, René, S07-097
Steiner, Sandra, S20-026
Steinlechner, Christoph, (Fri S15)10:15

Stephens, Ifan E.L., (Mon S21)17:00, 
(Mon S17)17:15, S07-107, S18-001

Stepien, Dominik, (Thu S08)14:15
Sterby, Mia, (Tue S10)15:00
Stettner, Jochim, (Mon S10)16:00
Stettner, Timo, (Thu S06a)17:00
Steunou, Nathalie, (Mon S03)17:45
Stevanovic, Sanja, S07-048
Stiber, Svenja, S07-140, (Fri S07a)11:00
Stickel, Sebastian, (Wed S14)10:15
Stief, Laura, S03-069
Stieger, Kai, (Fri S05)10:30
Stitt, Camilla, S01-004, S11-022
Stockhausen, Verena, (Fri S10)11:30
Stockmann, T. Jane, (Mon S19)15:15, 

(Mon S01)16:15
Stoerzinger, Kelsey, (Tue S17)17:00
Stoica, Anca-Iulia, (Tue S11)14:45
Stojek, Zbigniew, S03-079
Stolarczyk, Krzysztof, S03-027
Stoll, Thibaut, S09-031
Stolten, Detlef, (Fri S07a)09:30
Storch, Jan, (Wed S03)10:15
Stradiotto, Nelson, S21-043
Strasser, Peter, S07-158, (Thu S07b)15:15
Straub, Sascha-Dominic, S07-086
Streltsov, Eugene, S01-005, S10-057
Striccoli, Marinella, (Mon S01)17:15
Strmcnik, D., (Thu S20)17:45
Strobl, Jonathan, (Thu S02)14:00
Strømme, Maria, S06-098, (Tue S10)15:00, 

(Tue S06b)18:00
Struckmann, Thorsten, (Fri S06b)10:00
Stühmeier, Björn, (Mon S07b)09:30
Stumm, Corinna, (Mon S10)16:15
Su, Lin, (Tue S03)14:00
Su, Wei-nien, S06-119, (Tue S06b)14:30, 

(Fri S21)09:45
Su, Xiao, (Mon S14)18:00
Sua-an, Desiree Mae, S07-087
Suarez, Gustavo, S06-046
Suárez, Loreto, (Tue S08)16:00
Suciu, Maria, S01-013
Sudhölter, Ernst J.R., S03-056, S07-187
Sugawara, Satoshi, (Fri S06b)09:30
Sugiawati, Vinsensia Ade, S06-062, 

(Thu S06a)10:00
Sugimoto, Wataru, (Thu S08)14:00
Sugino, Osamu, (Fri S07b)11:15
Sugnaux, Marc, (Mon S03)14:30
Suk, Jungdon, S06-197
Sukeri, Anandhakumar, (Mon S01)17:45
Sulka, Grzegorz, S03-004, S03-016, 

S03-019, S09-003, S09-004, S09-005, 
S09-027, S09-032, S10-014, S10-022, 
S10-023, S10-037, S10-064, S10-088, 
S10-089, S10-102, (Mon S09)16:30, 
S11-026, S12-004, S12-006, S14-016, 
S21-018

Sultana, Ummul Khair, (Tue S07b)18:30
Sun, Chuanyu, (Tue S07a)16:30
Sun, Hongming, S07-013
Sun, Junliang, (Thu S08)15:30
Sun, Qiangqiang, S07-099
Sun, Shi-Gang, S10-068, (Mon S10)16:45, 

(Tue S07b)14:15, S17-023, S17-027
Sun, Shuhui, (Thu S07a)15:00
Sun, Xiangying, S02-006
Sun, Xiaoming, (Thu S07a)16:30

Sun, Yang-Kook, S06-106
Sun, Zhongxuan, S10-081
Sunaba, Toshiyuki, S02-014
Sundaresan, Vignesh, (Mon S19)14:00
Sundmacher, Kai, S07-161
Sunseri, Carmelo, S01-003, 

(Mon S01)18:00
Suntrup, Lisa, (Fri S15)10:30
Suo, Yanpeng, S20-030
Suominen, Milla, S17-028
Suprun, Elena, (Tue S03)18:00
Supur, Mustafa, (Wed S17)09:30
Surareungchai, Werasak, S21-024
Surendranath, Yogesh, (Mon S07a)18:30
Suryanto, Bryan, S07-100
Suss, Matthew, (Tue S14)17:00, 

(Tue S14)17:15, (Tue S14)18:00, 

(Thu S18)16:00, (Thu S14)16:30, 

(Thu S14)17:00
Sutani, Kouichi, S07-181
Suter, Thomas, (Mon S11)18:30
Sutter, Eliane, S11-029
Suzer, Sefik, S17-024
Suzuki, Hisao, S07-037
Suzuki, Kenta, S07-165
Suzuki, Naoki, (Fri S20)11:00
Suzuki, Ryo, S03-064
Suzuki, Shigeru, (Mon S06a)14:30
Suzuki, Takahiro, (Mon S21)09:45
Svir, Irina, (Thu S04)10:15, S18-012, 

S18-012
Swain, Greg M., S03-039
Swainsbury, David J.K., (Thu S05)17:00
Swaminathan, Parasuraman, S11-030
Swiatowska, Jolanta, (Tue S11)14:45
Swiech, Olga, S03-078
Swietoslawski, Michal, S06-012, S06-032, 

S06-033, S06-149, S08-030
Switzer, Jay, (Mon S10)14:00
Sygellou, Lamprini, S07-109
Sylla, Ndeye Fatou, S08-023, S08-035
Symillidis, Alexandros, (Thu S14)10:30
Syrek, Karolina, S09-032, (Mon S09)16:30
Syroeshkin, Mikhail, S06-146
Szkoda, Mariusz, S09-029, 

(Mon S09)17:00
Szlezak, Monika, (Mon S15)15:30
Szoke, Arpad Ferenc, (Mon S01)17:30
Szulc, Kamil, (Mon S09)17:00
Szymanska, Aleksandra, (Mon S01)15:30
Szymanska, Aneta, S06-012

T
Tabacniks, Mafredo, S21-046
Taberna, Pierre-Louis, (Thu S08)16:15
Tabuchi, Masakazu, (Mon S11)15:00
Tabuchi, Mitsuharu, S06-027
Tada, Eiji, (Mon S11)17:30
Tadanaga, Kiyoharu, S06-104, 

(Thu S06a)14:45
Tadayozzi, Yasmin, S14-034
Tago, Shoko, S14-017
Tahmasbi, Amir, (Tue S06a)10:15
Taillades-Jacquin, Mélanie, S07-184
Taira, Noriko, S03-008
Tait, Claudia, S07-097
Takagi, Kazuaki, S08-038
Takagi, Shigeharu, S06-039
Takahara, Satomi, S06-168
Takahashi, Akihiro, (Thu S20)10:00
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Takahashi, Ikuma, S06-063, S07-193
Takahashi, Nanami, S03-009, S03-071
Takamatsu, Kotaro, S03-028
Takamuku, Toshiyuki, (Fri S21)10:00
Takano, Noriyuki, S07-164, S09-018
Takano, Shinichiro, (Wed S04)10:15
Takarada, Tatsuya, S03-064
Takeda, Kouta, S03-081
Takeda, Nanami, S06-064
Takeguchi, Tatsuya, S07-162
Takeichi, Nobuhiko, (Tue S06b)17:30
Takekuma, Yuya, (Thu S05)15:15
Takeuchi, Daijiro, S07-179
Takeuchi, Tomonari, S06-028, S06-029, 

S06-147, (Tue S06b)14:15
Takimoto, Daisuke, (Thu S08)14:00
Taleb, Abdelhafed, (Tue S01)18:15
Taleb, Masoud, (Mon S01)18:30
Taleshi Ahangari, Hani, (Tue S07a)15:15
Tallo, Indrek, S08-037, S08-039
Tamanini, Emiliano, S15-032
Tamasauskaite-Tamasiunaite, Loreta, 

S06-123, S10-086, S10-092, S10-093
Tambio, Sacris Jeru, (Tue S17)16:00
Tammeveski, Kaido, S10-038, 

(Mon S21)14:45, (Thu S07b)09:45, 

(Thu S07b)18:00, S17-009
Tamoto, Kayoko, S17-011
Tan, Kenneth, (Tue S11)18:15
Tan, Sze-yin, S20-027
Tan, Yongtao, S08-032
Tanaka, Masaru, (Mon S06a)16:00
Tanaka, Shinichi, (Mon S06a)14:30
Tang, Jun, S08-012
Tang, Mingxue, (Tue S17)16:00
Tang, Pengyi, (Fri S09)11:15
Tang, Shuai, S06-192, (Thu S06b)09:45
Tangheroni, Noemie, S08-031
Taniguchi, Shuishi, S06-148
Tanuma, Toshihiro, (Tue S07a)15:00
Tao, Binglin, S01-060
Tapia, Diego, S01-046
Taragin, Sarah, S06-065
Tarancoin, Albert, (Wed S06a)09:30
Tarasenko, Nikolai, (Mon S01)17:00
Tard, Cedric, S21-048
Tariq, Farid, (Thu S07a)10:15
Tarnev, Tsvetan, (Mon S19)14:45
Tarre, Aivar, (Thu S07b)09:45
Tartaggia, Stefano, S03-001
Taryba, Maryna, (Tue S10)18:15, S11-005
Tasca, Federico, (Thu S07b)16:45
Tateyama, Yoshitaka, S02-013, 

(Fri S20)10:30, S18-016
Taucher-Mautner, Waltraud, S06-193
Tavakkoli, Mohammad, S07-088
Tavallaie, Roya,

Tavares, Ana C., (Mon S17)14:30, 

(Thu S07a)15:00
Tawfik Alali, Khaled, S17-006
Taylor, Andrew, (Tue S01)15:00
Taylor, S.M., (Fri S02)11:45
Tchitchekova, Deyana S., (Tue S17)18:00, 

(Thu S06b)16:30, (Thu S06b)18:00
Tebikachew, Behabitu E., (Tue S16)16:30
Tedesco, Michele, (Thu S14)16:00
Tee, Ester, S08-039
Tei, Hiroki, S07-091
Teii, Kungen, S10-103

Teillout, Anne-Lucie, (Tue S07b)14:30
Tejedor, Sara, S14-025
Temperini, Federica, (Tue S10)14:00
Temple-Boyer, Pierre, S19-003
Temprano, Israel, S06-194
Tengeler, Sven, S07-019
Teranaka, Daisuke, S06-086
Terauchi, Mayuko, S03-045
Terborg, Lydia, (Tue S06a)16:30
Terella, Antonio, (Tue S08)18:30
Terryn, Herman, (Tue S11)14:30, 

(Tue S11)17:45
Tertis, Mihaela, S01-013, S01-051, 

S03-036, S03-058, (Tue S03)09:30, 
S21-044

Terzi, Fabio, S01-038, S01-057, S10-049, 
(Tue S01)14:00, S20-031

Tesch, Marc F., S07-089
Tessarolo, Marta, (Mon S21)09:30, 

(Mon S21)14:00
Testolin, Anna, S01-052, S03-053, 

S03-054, (Mon S01)17:15
Tezyk, Vladyslav, S07-194
Thakur, Digvijay, (Tue S11)10:15
Thanner, Katharina, (Mon S06a)10:15
Theil Kuhn, Luise, (Mon S10)18:15
Theis, Pascal, (Thu S07b)16:30
Theodosiou, Pavlina, (Mon S07b)10:15
Thesseling, Alexander, S03-069
Thiam, Abdoulaye, (Mon S14)15:30
Thiele, Simon, S07-120, S07-140, S07-153, 

(Tue S07b)14:00, (Tue S07a)16:15
Thimm, Jan Hendrik, (Wed S06b)10:00
Thom, Patrick, S07-130
Thomas, Anthony, S07-180
Thomas, Jorge E., S06-102, S06-152
Thomberg, Thomas, S08-039, 

(Tue S08)14:45, (Thu S20)16:00
Thompson, Stephen, (Tue S17)14:00
Thygesen, Kristian, S18-001
Thyssen, Lena, (Wed S04)09:30
Tian, Guiying, S06-071, S06-082
Tian, Na, (Tue S07b)14:15, S17-023
Tian, Yumeng, S07-090
Tian, Zhao-Wu, S14-023
Tian, Zhong-Qun, (Mon S17)14:00, 

S14-023, S17-018
Tichter, Tim, (Fri S07b)10:30
Ticianelli, Edson A., S07-115
Tilley, Richard D., (Thu S07b)17:15
Tirri, Bernardino, (Thu S06a)16:30
Tissier, Yolaine, (Thu S13)10:15
Titirici, Maria-Magdalena, 

(Thu S07b)17:00
Titubante, Mattia, (Thu S13)10:00, 

S13-007
Tjebane, Tjatji, S08-040
Tobrman, Tomas, S15-042
Tochácková, Anna, (Tue S07a)14:30
Todoroki, Naoto, S07-091
Toffoli, Giuseppe, S21-003
Tohidinia, Masoumeh, S10-006
Tojo, Tomohiro, S06-050
Tok, G. Ceren, S07-092
Tokuda, Takashi, S16-011
Tokumasu, Takashi, (Mon S07a)15:30
Tokuoka, Satoshi, (Mon S11)15:00
Tokutake, Koya, S11-011
Tolod, Kristine, S09-046

Tolón, Juan, S14-025
Tomachuk, Celia R., (Wed S13)10:15
Tomboni, Giorgio, S01-034
Tomczyk, Karolina M., (Mon S15)10:00
Tome, Luciana, (Fri S10)09:30
Tomei, Maria Rita, (Tue S01)15:30, 

S21-045
Tominaga, Yoichi, S06-083, 

(Mon S06a)17:00
Tomo, Tatsuya, (Thu S05)14:00
Tomoglu, Saitali, S11-015
Tonella, Stefano, (Mon S07a)14:00
Tonelli, Domenica, (Mon S21)14:00, 

(Tue S10)18:00
Toney, Michael, S01-004
Tong, Yunyun, (Thu S13)10:15
Toniolo, Lucia, S13-005
Tonti, Dino, S06-066, S06-079, 

(Tue S17)18:00
Topakas, Evangelos, S15-037
Toquer, Guillaume, (Thu S12)17:00
Torayev, Amangeldi, (Thu S18)10:30
Torelli, Piero, (Thu S02)17:00
Toro-Labbé, Alejandro, (Thu S07b)17:30
Torrente-Rodríguez, Rebeca M., 

(Mon S15)18:15, S15-035
Torres, Ana, (Thu S18)09:30
Torres, Eduardo, S03-037
Torres, Maria José, S07-116
Torresi, Roberto M., (Tue S08)17:15, 

(Fri S21)10:30, S15-045
Torsi, Luisa, (Mon S03)09:45
Tortolini, Cristina, S03-022, S03-060
Tossici, Roberto, S06-037
Toth, Peter, (Mon S09)17:15, 

(Mon S01)18:15, (Wed S04)10:00
Touni, Aikaterini, S10-048, 

(Mon S21)10:00
Touomo Wouafo, Marquise, S15-028
Touzeau, Jérémy, (Mon S03)10:15
Toyoda, Masahiro, S07-181
Trabesinger, Sigita, (Tue S06a)18:15, 

(Fri S06a)09:30
Tran, Mai, S11-029
Tran Van, François, (Tue S17)16:00, 

(Thu S06a)10:30
Tranchida, Giada, S11-034
Tranchot, Alix, (Tue S06a)16:00
Trasatti, Stefano, S03-023, (Tue S14)15:15
Trashin, Stanislav, S03-082, (Fri S05)11:30
Tratnik, Blaz, S06-187
Travas-Sejdic, Jadranka, S01-032, 

(Tue S01)17:15
Travassos, Sandra J., (Wed S13)10:15
Trejo, Gabriel, S10-073
Tremiliosi-Filho, Germano, (Fri S21)10:15
Treufeld, Imre, (Thu S02)14:00
Tribollet, Bernard, (Tue S11)16:45
Tricoli, Antonio, (Tue S01)14:45
Trinh, Ngoc Duc, (Fri S20)10:15
Tripkovic, Vladimir, (Fri S07b)10:15
Triskova, Iveta, S03-083, S15-033
Trivinho-Strixino, Francisco, S21-046
Trnkova, Libuse, S03-083, S15-033
Trochowski, Mateusz, (Fri S09)10:00
Trócoli, Rafael, (Wed S06a)09:30
Trojanek, Antonin, S19-009
Tromp, Moniek, (Mon S07b)09:30
Troshin, Pavel, S06-146
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Trudgeon, David, (Fri S06b)11:45
Trusovas, Romualdas, (Mon S01)17:00
Trzcinski, Konrad, S09-029, 

(Mon S09)17:00
Tsakova, Vessela, (Fri S10)11:00
Tsampas, Michail, S09-031, 

(Tue S07a)18:00
Tschulik, Kristina, S07-026, 

(Mon S19)15:00, S19-006, S19-007, 
S19-010

Tsiplakides, Dimitrios, S10-048, 

(Mon S21)10:00
Tsuchiya, Hiroaki, (Mon S11)14:30, 

(Mon S11)15:00
Tsud, Nataliya, S01-066, S05-011, 

(Mon S10)16:15
Tsuda, Takao, S06-050
Tsuda, Tetsuya, (Tue S10)17:00, 

(Tue S17)18:15, S17-019
Tsuga, Ryoto, (Wed S04)10:15
Tsugawa, Wakako, (Tue S03)14:25
Tsujimoto, Takamitsu, S06-145
Tsujimura, Seiya, S03-014, S03-028, 

(Mon S03)16:00
Tsujimura, Tomoyuki, (Fri S20)11:00
Tsumura, Tomoki, S07-181
Tsun-Kuei, Fu, S11-027
Tsuna, Mika, S03-042
Tsunashima, Katsuhiko, S06-080, S06-173
Tsurumaki, Akiko, (Mon S06a)17:45, 

(Fri S20)11:15
Tsurumaki, Hiroto, S07-091
Tsushima, Shohji, (Mon S21)09:45
Tsutsumi, Chikara, S07-165
Tsuzuki, Seiji, (Mon S21)16:00
Tsyganok, Anton, S09-014
Tsyntsaru, Natalia, S07-052, S10-082, 

(Thu S07a)15:15
Tubbesing, John, (Mon S10)14:00
Tuebke, Jens, S07-185, (Fri S06b)10:30, 

(Fri S06b)11:15
Tufa, Ramato Ashu, S07-141,  

(Thu S14)16:15
Tunbridge, Peter, S21-032
Turdean, Graziella Liana, (Mon S01)17:30
Turek, Thomas, (Tue S14)17:45
Turetken, Bilge, (Thu S12)15:30
Turmine, Mireille, S20-032
Turnbull, Alan, S01-004
Tusgul, Begum, (Thu S12)15:30
Tusseeva, Elena, S06-060
Tutunaru, Oana, S10-056, (Mon S21)18:30
Tymecki, Lukasz, (Tue S03)15:05
Tzanov, Tzanko, S03-061

u
Ublekov, Filip, (Tue S07a)18:00
Uce, Tugba, (Thu S12)15:30
Uceda, Marianna, (Thu S12)17:45
Uchida, Hiroyuki, (Tue S07b)16:00, 

(Thu S07a)17:00
Uchida, Makoto, (Wed S07b)10:00
Uchikoshi, Tetsuo, (Thu S12)14:30
Uchimoto, Yoshiharu, S06-150
Uday, Anju, S03-068
Ueda, Mikito, S20-020
Ueda, Tadaharu, (Mon S15)09:30, S15-039
Uematsu, Taro, (Tue S17)18:15
Ueno, Kazuhide, (Mon S21)16:00, 

(Mon S21)17:30

Ugo, Paolo, (Thu S13)10:30, S04-006, 
S13-001

Uguz, Ozlem, S10-050
Uhlmann, Petra, (Tue S06a)17:45
Ui, Koichi, S07-162
Ukyo, Yoshio, S06-039, S06-147
Ulgut, Burak, S02-007, S06-159, S17-024, 

S21-053
Ulrich, Alexander H., S10-004
Ulrich, Andreas, (Tue S17)09:45
Umebayashi, Yasuhiro, (Mon S21)16:00, 

(Mon S21)17:30, (Fri S21)10:00
Umecky, Tatsuya, (Fri S21)10:00
Umeda, Minoru, S06-148, S06-151, 

(Tue S06a)10:00, S16-002
Umeya, Yuki, S01-053
Umezawa, Raizo, (Mon S06a)14:30
Umukoro, Eseoghene, S14-024
Unal, Ozlem, (Thu S08)17:45
Unal, Ugur, (Thu S08)17:45
Ungureanu, Eleonora-Mihaela, 

(Tue S01)18:00
Unwin, Patrick, (Mon S01)15:15, 

(Mon S19)15:30, (Mon S11)18:00, 

(Tue S11)10:15, (Tue S17)17:15, 
S17-031

Ur Rehman, Muhammad Atiq, S12-006
Urata, Kentaro, (Mon S15)09:30
Urbain, Félix, S06-091
Urban, Jeffrey J., S09-001
Urbanova, Veronika, (Tue S01)17:45
Urbanski, Anna, (Tue S06a)17:45
Uribe-Godínez, Jorge, S07-093
Urra, Jonathan, S07-075
Urzúa, Lesly, S21-001
Ustuner, Serife, (Tue S03)15:45
Usui, Hiroyuki, (Tue S06a)17:15
Usui, Sayuri, (Mon S09)16:15
Uttrup Pedersen, Steen, S04-005
Uzundal, Can, S02-007, S02-008, S17-024, 

S20-039

V
Vaarmets, Kersti, (Fri S07b)10:00
Vacandio, Florence, (Wed S20)09:45, 

S11-002
Vacca, Annalisa, (Mon S14)16:45, S14-020
Vaccari, Angelo, S10-067
Vacek, Jan, (Wed S03)10:15
Väärtnõu, Mart, (Thu S20)16:00
Vafakhah, Sareh, S08-041
Vágner, Petr, (Thu S07a)10:00
Vaiciuniene, Jurate, S06-123
Vainoris, Modestas, S10-082
Vajrala, Venkata S.R., S19-003
Vakros, John, S07-127
Valasek, Michal, S16-015
Valenti, Giovanni, S01-066, S02-023, 

S05-011, S07-094, (Tue S07a)15:30, 

(Fri S02)11:00, (Fri S02)11:30, S15-043
Valenza, Fabrizio, S21-042
Valenzuela Muniz, Ana Maria, S07-005
Valter, Mikael, (Fri S07a)10:30
Valverde, Alejandro, S15-035
Valverde, José Luis, S07-116
van Baak, Willem, S07-187, 

(Thu S14)16:15
van de Sanden, Richard, S09-031
van der Meer, Margarethe, (Fri S15)10:30
van der Meijden, Nienke, S03-056

van der Wal, Albert, (Thu S14)17:30
van Dijk, Nick, S07-121, (Tue S07a)09:30
Van Doorslaer, Sabine, (Mon S15)18:30
Van Nguyen, Quyen, (Tue S16)17:00, 

(Fri S10)11:30
van Nuijs, Alexander, S21-040
Vander Steen, Julien, S20-033
Vandichel, Matthias, S07-010
Vanossi, Davide, S10-005
Vanpeene, Victor, S06-067, 

(Tue S06a)17:30
Vanysek, Petr, S04-003
Varcoe, John, (Tue S07b)14:45, 

(Tue S07a)17:30
Varela, Hamilton, S07-124, S15-015, 

S17-015
Vargas, Eva, (Mon S15)18:15, S15-035
Vargas, Gregorio, (Thu S12)17:30
Varsano, Francesca, (Thu S06b)10:15
Varzi, Alberto, (Fri S06a)11:00
Vasconcelos, Camila, (Mon S15)16:45
Vasiliev, Vladimir, S10-051
Vasiljevic, Natasa, (Tue S10)10:00
Vasilyev, Dmitry, (Mon S07a)17:45
Vásquez-Medrano, Rubén, S10-020
Vassiliev, Sergey, S06-057, S17-003
Vayenas, Constantinos, (Thu S14)10:30
Vayssieres, Lionel, (Mon S09)14:00
Vaz, Carlos A.F., S20-003
Vazquez Gomez, Lourdes, S21-047
Vazquez, Patricia, (Tue S01)18:30
Vazquez-Gomez, Lourdes, (Tue S10)16:15, 

(Thu S10)15:30
Vazquez-Gonzalez, Marcos, 

(Tue S03)17:45
Vecerova, Aneta, S03-083
Veerman, Joost, S07-141
Vegge, Tejs, (Fri S07b)10:15
Velardo, Amalia, S18-013
Velasco-Velez, Juan Jesus, S20-004
Velazco-Alvarez, Guillermo Zoe, 

(Thu S10)17:30
Veleva, Lucien, S11-018, S21-028
Vélez, Patricio, (Mon S17)15:00
Velicky, Matej, (Mon S01)18:15
Velinov, Nena, S14-053
Venegas, Constanza, S01-054
Venegas, Ricardo, S07-075, 

(Thu S07b)17:30
Verbeken, Kim, (Mon S11)18:15
Verdaguer-Casadevall, Arnau, S07-107
Verde Gomez, Ysmael, S07-005
Verhaven, Alexandra, (Fri S02)11:15
Verheijen, Marcel, (Tue S07a)18:00
Verlato, Enrico, (Tue S07a)15:30, 

(Tue S10)16:15, S21-047
Verlhac, Jean-Baptiste, (Mon S15)17:30
Vernickaite, Edita, (Thu S07a)15:15
Verpoort, Francis, S07-010
Verrelli, Roberta, S06-163, (Tue S17)18:00, 

(Thu S06b)16:30, (Thu S06b)18:00
Versaci, Daniele, (Tue S06b)16:45, 

(Fri S06a)10:00
Vertova, Alberto, S07-095, 

(Mon S09)17:30, (Tue S17)14:45
Vertruyen, Bénédicte, (Mon S06a)15:00
Vesborg, Peter C.K., (Mon S21)17:00
Vezzù, Keti, (Tue S07a)17:15, 

(Thu S07b)16:15
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Viana, Ana S., S03-031, (Thu S10)18:00
Vicari, Fabrizio, (Tue S14)18:15, S14-011, 

S14-052
Vicente, Eduardo, S14-034
Vicente, Jerôme, S18-014
Vicenzo, Antonello, S03-024, S08-004, 

S08-016, (Tue S10)17:30
Vicharra, Cristhian, (Thu S06a)17:30
Vidakovic-Koch, Tanja, S07-161
Vidal, Frédéric, S08-025
Vidal-Iglesias, Francisco José, 

(Mon S10)17:15
Vieira dos Santos, Elisama, 

(Mon S14)14:45, S14-041
Vierrath, Severin, S07-153, 

(Tue S07b)14:00, (Tue S07a)16:15
Vilà, Neus, (Mon S01)14:30
Vilar, Vítor Jorge Pais, S14-051
Vilaseca, Pol, S07-167
Vilatela, Juan Jose, S08-015, 

(Thu S06b)15:30
Vilella, Laia, (Mon S21)16:30
Villa, Alberto, S01-052
Villalba, Matias, (Fri S07b)11:45, S21-048
Villalba, Mayte, (Mon S15)18:15
Villani, Elena, (Fri S02)11:00
Villanova, Julie, (Tue S06a)17:30
Villareal, Laura, (Mon S11)16:15
Villaseñor, José, S14-027
Villevieille, Claire, S06-174, S06-190, 

(Mon S06a)18:00
Villullas, Hebe M., (Tue S07b)15:15
Viñas, José M., (Mon S14)18:30
Vincent, Kylie, S02-018
Vincenzi, Donato, (Fri S06a)10:30, 

(Fri S09)11:00
Vinci, Antonio, S12-002
Virtanen, Sannakaisa, (Mon S11)15:30, 

(Tue S11)17:00, S11-033
Visan, Teodor, S10-056
Visintin, Arnaldo, S06-152
Vittoria, Guglielmi, (Tue S01)14:45
Viviani, Massimo, S07-188
Vivier, Vincent, (Tue S17)09:30, 

(Tue S11)16:45, S11-029
Vizintin, Alen, S06-093, S06-187, 

(Tue S06b)14:00
Vizza, Francesco, S07-032, 

(Tue S07b)14:45
Vizza, Martina, S10-065(Mon S10)10:00
Vlachopoulos, Nikolaos, (Fri S09)10:15
Voci, Silvia, S01-050, (Mon S15)17:30, 

(Fri S02)10:00, (Fri S02)11:00
Voepel, Tobias, S03-084
Vörös, Janos, (Mon S19)17:30, S17-033, 

S17-034
Vogel, Yan, (Tue S16)16:45, S16-010
Voigt, Karsten, S06-020
Voiry, Damien, S07-023
Vojtisek, Pavel, (Mon S15)16:30
Volgin, Vladimir, S21-010, S21-027, 

S21-049
Volpi, Enrico, (Tue S14)15:15
Vondrak, Jiri, S06-001, S06-177
Vorokhta, Mykhailo, (Mon S10)16:15, 

(Wed S07b)10:15
Vorotyntsev, Mikhail, (Mon S10)17:30, 

(Fri S18)11:30
Vos, Jan, S07-096

Vukicevic, Natasa, S10-061, S10-083
Vulcano, Fabio, (Tue S01)14:00
Vyalikh, Denis, S20-004
Vygodskii, Yakov, S08-025
Vyshnevska, Yuliya, S21-005

W
Wachter, Naihara, S21-050
Wadayama, Toshimasa, S07-091
Waehler, Tobias, (Mon S10)16:15
Wagner, Friedrich, (Tue S07b)09:45
Wagner, Norbert, (Thu S06b)16:15, 

S18-009
Wagner, Stephan, S07-049, S07-097, 

S07-098, S07-102, (Thu S07b)16:30
Waidhas, Fabian, S09-030, 

(Mon S10)16:15
Wain, Andrew, (Tue S07b)15:30
Waite, David, (Mon S14)15:15, 

(Thu S14)15:30
Waki, Yuta, S07-039
Wakisaka, Mitsuru, S17-011
Walcarius, Alain, (Mon S01)14:30, 

(Thu S02)17:15
Waldvogel, Siegfried, (Mon S15)14:00, 

S14-058, S15-019
Wallace, David, S07-049, S07-098, 

(Thu S07b)16:30
Walsh, Aaron, (Mon S07b)10:00
Walsh, Frank, S06-040, (Mon S21)15:00
Walti, Christoph, (Mon S19)17:00
Wan, Yunxiao, (Tue S11)17:30
Wan, Zhongwei, S01-061
Wang, Andrew, (Mon S17)14:30
Wang, Chao, (Mon S21)18:15
Wang, Chen, (Fri S05)11:45
Wang, Chengbo, (Fri S07a)11:30
Wang, Chuan-Jyun, (Thu S12)18:00
Wang, Dabin, S07-100
Wang, Dan, S10-054
Wang, Deli, (Tue S07b)10:15, 

(Tue S07b)16:30
Wang, Dong, (Thu S06a)16:00
Wang, Erkang, (Thu S04)09:45, S21-025
Wang, Feng, S09-048
Wang, Fu-Ming, S06-157, (Tue S06a)14:30
Wang, Guang-Ren, (Thu S12)18:00
Wang, Guiling, S08-034
Wang, Huan, S15-023, S15-026
Wang, Hui, (Fri S09)11:15, S15-026
Wang, Ji, S10-084
Wang, Jie, S08-018
Wang, Jun, S07-090, S08-042, S08-047, 

S17-006
Wang, Le, (Tue S17)17:00
Wang, Lianqin, (Tue S07b)14:45, 

(Tue S07a)17:30, (Thu S07b)17:00
Wang, Ligang, (Thu S08)15:30
Wang, Pu, S20-028, S21-051
Wang, Qian, S19-002
Wang, Riming, S10-052
Wang, Shuo, S15-026
Wang, Tao, S07-012, (Tue S07b)14:15
Wang, Wei, S10-094, S17-018
Wang, Wei-Wei, S06-153, S06-192, 

(Thu S06b)09:45
Wang, Wenjuan, S10-085
Wang, Xia, S11-006
Wang, Xie, (Mon S03)16:30
Wang, Xin, S01-055

Wang, Xingli, (Thu S07b)15:15
Wang, Xiutong, S11-024
Wang, Xiuwen, S09-047
Wang, Xue-Yin, S06-192
Wang, Xue-Ying, (Thu S06b)09:45
Wang, Yalong, S06-105
Wang, Yen Chun, S07-017
Wang, Yi, S15-021
Wang, Ying, S14-026
Wang, Yuan-Yuan, S15-023
Wang, Yuanmo, (Tue S03)16:00
Wang, Zenglin, S07-099
Wang, Zhao-Hui, S17-023
Wang, Zhaohui, S06-098, (Tue S06b)18:00
Wang, Zhen, S08-026
Wang, Zhenyu, S06-035
Wang, Zhoucheng, S08-017, 

(Thu S08)14:45
Wang, Zulin, (Tue S10)10:15
Warakulwit, Chompunuch, 

(Mon S10)14:15
Wasiewska, Luiza, S01-056
Watanabe, Ayana, (Mon S09)16:15
Watanabe, Hikari, (Mon S21)16:00, 

(Mon S21)17:30, (Fri S21)10:00
Watanabe, Kazuki, S03-009
Watanabe, Masayoshi, (Mon S21)16:00, 

(Mon S21)17:30
Watanabe, Takeshi, S08-038, S16-011
Watanabe, Taku, (Fri S20)11:00
Watanabe, Takumi, S10-053
Watkins, Erik, (Wed S17)09:45
Wattanakit, Chularat, S02-015, 

(Mon S10)14:15
Watzele, Sebastian, S07-003, 

S07-106, S08-028, (Mon S21)10:15, 

(Tue S07b)17:15
Weber, Adam, (Thu S18)17:00
Weber, Daniel Jochen, S07-101
Wedege, Kristina, S06-089
Weeks, Justin, S02-018
Wei, Binbin, (Thu S08)14:45
Wei, Gang, S08-012
Wei, Jie, S07-163
Wei, Qilian, (Thu S07a)15:00
Wei, Shuangying, S06-083
Wei, Wei, S04-001
Weidler, Natascha, S07-049, S07-098, 

S07-102, (Thu S07b)16:30
Weidlich, Claudia, (Fri S06b)10:00
Weidner, Eckhard, S07-027
Weiser, Mathias, S06-020
Weiß, Alexandra, S07-034, 

(Mon S07b)09:30
Weixler, Dominik, S03-050
Weller, Jon Mark, (Tue S06a)15:00
Welter, Jean-Marie, S13-005
Wen, Bao-Ying, S17-025
Werner, Daniel, S06-182, S06-195, 

(Mon S06a)14:15
Wernig, Eva-Maria, S17-014, S17-026
Wessling, Matthias, (Tue S14)15:00
Westhoff, Daniel, S18-017
Wever, Rianne, (Mon S10)15:30
Wezendonk, Tim, S07-096
Whetten, Justin, (Tue S06a)15:00
Whittam, Joshua, (Mon S01)14:45
Wickman, Björn, (Tue S07b)17:30, 

(Fri S07a)10:30



Program of the 69th Annual Meeting of the International Society of Electrochemistry 255

IN
DE

X

Widera-Kalinowska, Justyna, 

(Thu S10)14:00
Wiebe, Anton, S15-025
Wieckowska, Agnieszka, (Mon S15)10:00, 

(Tue S03)14:45
Wieczorek, Alexander, S06-070
Wiegmann, Tim, (Mon S10)16:00
Wientjes, Emilie, (Tue S16)15:00
Wiesner, Maciej, (Thu S05)17:00
Wiesner-Fleischer, Kerstin, S07-077, 

S07-138
Wijenberg, Jacques, S10-058, 

(Tue S14)09:45
Wijesinghe, Sudesh, (Mon S11)16:45
Wikswo, John, (Tue S03)17:30
Wilde, Patrick, (Mon S19)14:45, 

(Thu S07b)17:15, (Fri S07a)11:15
Wildlock, Mats, (Tue S14)10:00
Wilkening, Martin, (Wed S06b)09:30
Wilks, Regan G., S07-034, S17-013
Wille, Hans-Christian, S07-097
Willets, Katherine, (Mon S19)14:00
Williams, David, (Tue S11)09:30, 

(Tue S01)17:15
Williams, Federico, S17-038
Williams, Rhodri, S10-032
Williams, Tim, S07-112
Willian de Souza Lucas, Francisco, 

S09-017
Wills, Richard, S06-040, (Thu S06b)17:45
Wilmet, Maxence, (Thu S12)14:30
Wilson, Benjamin, (Mon S11)15:30, 

(Tue S10)10:15
Wilton dos Anjos Bezerra, Charlys, 

S14-056
Winkler, Martin, S03-084, S10-032
Winter, Martin, S06-068, 

(Mon S06a)17:15, (Fri S06a)11:15
Wippermann, Klaus, (Fri S20)09:30, 

S20-030
Witkowska Nery, Emilia, S03-066, 

S03-072, (Fri S21)11:30, S21-033
Wittman, Reed, (Tue S07a)16:00
Wittstock, Gunther, S06-179, S09-008, 

(Mon S01)15:30, (Fri S10)10:15, 
S17-036

Wlodarczyk, Jakub, S03-066, S03-072
Wodarz, Siggi, (Tue S10)14:45
Wohlfahrt-Mehrens, Margret, S06-019, 

S06-036, S06-074, (Mon S06a)09:30, 

(Tue S06a)16:45, S18-017
Wojcik, Laurianne, (Mon S15)18:00
Wojcikiewicz, Dominik, S10-102
Wolf, Sigrid, S06-193
Wolff, Nicolas, (Thu S18)14:15
Wolker, Thomas, S07-102
Wollenberger, Ulla, (Mon S03)18:00
Wollman, Francis-André, (Fri S05)09:30
Wong, Ademar, S01-018, S01-044, 

S01-045
Wong, Raymond, S02-020
Woo, Hyun-Sik, S06-081
Woods, Colin, (Mon S01)18:15
Worsley, Marcus, (Thu S12)14:00
Wouters, Benny, (Tue S11)17:45
Wozny, Mateusz, (Mon S15)10:00
Wreland Lindström, Rakel, S06-139, 

S07-170, (Mon S07a)14:15, 

(Tue S07b)17:30

Wright, Ed, (Tue S07b)14:00
Wrogemann, Jens, S06-068
Wu, Ching-Chou, S03-059
Wu, Chun-Hung, S11-035
Wu, Congping, S07-154
Wu, De-Yin, (Thu S06b)09:45, S17-018
Wu, Jun, S09-002
Wu, Mengjia, (Fri S15)11:00
Wu, Nae-Lih, S06-084, (Tue S06b)17:45
Wu, Pu-Wei, S03-003, (Thu S12)18:00
Wu, Qi-Hui, (Thu S06b)09:45
Wu, Yanfang,

Wu, Yun, S07-063
Wu, Yutong, S06-183
Wu, Zexing, (Tue S07b)10:15
Wu, Zhen, S06-016
Wu, Zong-Han, S06-154
Wutthiprom, Juthaporn, S06-196, 

(Thu S08)15:00

x
Xavier, Andre, (Mon S15)17:15, S15-041
Xia, Wu, S09-048
Xia, Xin, (Tue S06a)09:30
Xia, Xing-Hua, (Fri S05)11:45
Xia, Yongyao, (Mon S07a)15:15
Xia, Zhenyuan, (Tue S01)14:00, 

(Thu S12)16:15
Xiang, Feifei, (Mon S10)16:15
Xiang, Hang, S07-103, (Mon S07a)17:00
Xiao, Lihui, S10-054
Xiao, Meiling, S07-104, (Thu S07b)16:00
Xiao, Xinxin, (Mon S03)15:30
Xie, Xuan, S07-038
Xie, Zhaoxiong, S07-113, (Tue S07b)15:00
Xing, Huanhuan, (Thu S04)09:45
Xing, Wei, S07-056, S07-104, 

(Thu S07b)16:00
Xiong, Yaoyao, (Tue S16)17:15
Xu, Anlin, S14-054
Xu, Guobao, S04-009, (Mon S21)18:15
Xu, Hengbin, S12-007
Xu, Hong, S07-182
Xu, Hongyao, S08-012
Xu, Kequan, (Tue S01)17:30
Xu, Qunjie, S07-105, (Tue S11)17:30
Xu, Ri, S03-065, (Tue S08)17:00
Xu, Wenwen, (Thu S07a)16:30
Xu, XingWu, (Tue S06a)09:30
Xu, Xingxing, S21-056
Xu, Yin, (Thu S10)10:00
Xuan, Zhen, S14-023
Xue, Song, S07-106, S08-028
Xue, Yun, S20-028
Xue, Zhigang, S06-073, (Mon S06a)17:30

Y
Yabuuchi, Naoaki, S06-049, S06-052, 

S06-053, S06-064, (Mon S06a)14:30
Yadav, Dharmendra Kumar, S01-020, 

S10-025
Yadav, Jyoti, S03-005
Yagci Acar, Funda, (Thu S08)17:45
Yagi, Shunsuke, S07-037
Yaguchi, Momo, (Mon S17)16:45
Yaguchi, Takuma, S11-011
Yahagi, Tsukaho, S14-017
Yakovlev, Yurii, S01-066, S05-011, 

(Wed S07b)10:15
Yamabuki, Kazuhiro, S06-086

Yamada, Hirohisa, S06-080, S06-173
Yamada, Natsuko, (Mon S11)15:00
Yamaguchi, Chizu, S02-013
Yamaguchi, Kazuki, (Tue S06a)17:15
Yamaguchi, Toshio, (Mon S06a)16:00
Yamamoto, Hiroki, S07-164
Yamamoto, Masahiro, (Mon S21)17:15, 

(Thu S18)15:30
Yamamoto, Takayo, S10-095, S21-030
Yamamoto, Tohru, S07-192
Yamamoto, Yoshiyuki, (Fri S07b)11:15
Yamanaka, Ichiro, (Mon S07a)18:00
Yamanaka, Keisuke, (Tue S06b)14:15
Yamani, Zain Hassan, S01-007, S01-008
Yamano, Akihiro, S06-069, S06-140
Yamanoi, Yoshinori, (Thu S05)14:00
Yamashita, Naoto, S06-069
Yamazaki, Naoto, S06-121
Yamazawa, Takashi, (Thu S20)10:15
Yambou, Emmanuel Pameté, S08-019
Yan, Jia-Wei, S06-192, (Mon S21)15:30, 

(Thu S06b)09:45
Yan, Jiawei, (Thu S04)10:15, 

(Thu S20)14:15
Yan, Yongde, S20-028, S21-051, S21-052
Yan, Yu, S06-183
Yan, Yushan, (Fri S07a)10:00
Yan, Zhenhua, S07-013
Yanagida, Masanori, S06-069
Yanagisawa, Kazumichi, (Mon S15)09:30, 

S15-039
Yanagisawa, Masahiro, (Mon S10)14:45
Yáñez, Claudia, S01-012, S10-097
Yang, Chun-Chen, S06-118, S06-124, 

S06-154, S06-156
Yang, Chunzhen, S07-023
Yang, Dong-Rui, (Fri S05)11:45
Yang, Guoqiang, S11-022
Yang, Haesik, (Wed S03)09:45
Yang, Hui Ying, S08-041
Yang, Jeeeun, S06-125
Yang, Jung Hoon, S06-095
Yang, Lihui, S11-024
Yang, Lijing, S11-019
Yang, Man-Ping, S15-023
Yang, Min-Yen, S06-156
Yang, Mingshuai, S10-094
Yang, Peixia, S10-054, S10-072, 

(Tue S10)16:45, (Tue S10)18:30
Yang, Seung Yong, S07-152
Yang, Sungeun, S07-107, (Mon S21)17:00
Yang, Wanli, S07-034
Yang, Wei, S06-155
Yang, Xiaoguang, S10-081, S10-085, 

S10-094
Yang, Xulai, (Tue S06a)09:30
Yang, Yanan, S07-113
Yang, Yang, S07-105
Yang, Zhiqiang, S10-094
Yang, Zu-Po, S09-009
Yano, Genki, S10-053
Yano, Hiroshi, (Thu S07a)17:00
Yano, Jun, S07-165
Yanson, Alexei, S10-099
Yao, Qiuhong, (Mon S01)16:00
Yao, Wei, (Wed S06a)10:15
Yashina, Lada, S20-004, S20-006
Yashiro, Nobuyoshi, (Fri S20)11:00
Yasumoto, Kenji, S07-192
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Yatsu, Ryosuke, S09-015
Yau, Shuehlin, S01-067
Ye, Chunmiao, S07-108
Ye, JinYu, S17-027
Ye, Ke, S07-159
Ye, Nan-Hong, S06-157
Ye, Rongbin, S06-085
Ye, Shen, (Thu S20)17:15
Ye, Zhihong, (Mon S14)16:15, S14-055
Yee, Minha, S06-197
Yeh, Min Hsin, S07-017
Yemini, Reut, S06-158
Yenilmez, Furkan, (Thu S12)15:30
Yeon, Donghee, (Thu S06a)15:15
Yeon, Song Yi, S04-007
Yewale, Rahul, S17-028
Yi, Jun, (Mon S17)14:00, S17-025
Yi, Sungchul, (Thu S07a)14:00
Yin, Taiqi, S20-028, S21-052
Yin, Wenyan, S20-034
Ying, Yi-Lun, (Mon S19)17:45, 

(Mon S19)18:00
Yliniemi, Kirsi, (Mon S11)15:30, 

(Tue S10)10:15
Yokota, Yasuyuki, S02-020
Yomomo, Choka, (Thu S18)15:30
Yonemura, Masao, S06-039
Yoon, Dong-hwan, (Tue S06a)16:45
Yoon, Hongkwan, S06-026
Yoon, Jeyong, (Thu S14)16:45
Yoon, Sun-Heui, S04-007
Yoon, Young-Gi, S07-146, S07-152
Yoon, Younggi, (Thu S07a)14:00
Yoshida, Makoto, S03-081
Yoshida, Tomohiro, (Thu S08)14:00
Yoshihara, Sachio, S07-142
Yoshikawa, Kai, S10-030, S10-053, 

S10-055, (Thu S10)16:45
Yoshimoto, Nobuko, S06-086
Yoshimura, Masashi, (Tue S06b)14:15
Yoshiura, Reiko, (Tue S07b)16:45
You, Dae Jong, (Tue S07b)17:45
You, Eunyoung, (Tue S07b)17:45
You, Jiseon, S03-062
You, Tae-sun, S06-181
You, Xueyan, S01-061
Younus, Hussein A., S07-010
Yu, Aishui, (Thu S06b)14:00
Yu, Byongyong, (Thu S06a)15:15
Yu, Denis Y.W., S06-056
Yu, Eileen, (Mon S07a)17:00
Yu, Hua-Zhong, (Tue S03)14:35
Yu, Ji-Sang, S06-166
Yu, Jing, S07-090
Yu, Jingxian, (Tue S03)10:00, S16-004
Yu, Songyan, (Thu S04)10:00
Yu, Yun, (Mon S19)14:00
Yu, Zhinan Landis, (Fri S02)09:30
Yu, Zhiyuan, S10-068
Yuan, Fan, S04-009
Yuan, Jing, S15-023
Yuan, Ruming, S06-103
Yubero, Francisco, S07-144
Yucheng, Wang, S07-178
Yue, Ying-Na, S15-026
Yufit, Vladimir, (Thu S07a)10:15
Yule, Lewis, (Tue S11)10:15
Yun, Jeongse, S01-047, S09-041
Yun, Jeongsik, S06-070, (Tue S14)16:15

Yun Sung, Lee, S06-109
Yus, Joaquin, S09-039, (Thu S12)16:30, 

(Thu S12)18:15, S12-001, S12-003
Yutthalekha, Thittaya, S02-015, 

(Mon S10)14:15

Z
Zabara, Mohammed Ahmed, S06-159, 

S21-053
Zabielaite, Ausrine, S10-086
Zabinski, Piotr, S07-048
Zabost, Ewelina, S03-079
Zaccarine, Sarah, (Thu S07b)10:30
Zachary, Brown, (Tue S06a)14:00
Zafeiropoulos, Georgios, S09-031, 

(Tue S07a)18:00
Zaffora, Andrea, (Mon S17)15:15, 

(Tue S07a)17:00
Zagal, Jose H., S07-075, (Thu S03)10:15, 

(Thu S07b)16:45, (Thu S07b)17:30
Zaghib, Kenz, (Thu S04)10:30
Zago, Matteo, S07-169
Zagoraiou, Eirini, S07-109
Zahir, Md. Hasan, S01-007
Zajkoska, Simona, S10-087
Zakharchenko, Tatiana, S20-004
Zakharova, Galina S., (Tue S16)15:15
Zalaffi, Maria Sole, S13-001
Zambelli, Tomaso, (Mon S19)17:30, 

S17-033, S17-034
Zamora, Patricia, (Mon S14)18:30, 

S14-025
Zampardi, Giorgia, (Mon S19)16:45
Zana, Alessandro, S07-150
Zanardi, Chiara, S01-038, S01-057, 

S10-049, (Tue S01)14:00, S20-031
Zane, Daniela, S15-017
Zanella, Caterina, (Mon S11)16:30
Zangari, Giovanni, (Thu S10)10:00
Zanna, Sandrine, (Tue S11)14:45
Zanoni, Robertino, S05-003
Zanotto, Federica, S13-002
Zanut, Alessandra, S01-066, S02-023, 

S05-011
Zanzola, Elena, S06-096
Zaraska, Leszek, S09-003, S09-004, 

S10-037, S10-088, S10-089, 

(Mon S09)16:30
Zarebska, Kamila, (Thu S10)14:00
Zarvalis, Dimitrios, (Fri S06a)10:00
Zatloukalova, Martina, (Mon S15)15:30
Zaton, Marta, S07-184
Zawodzinski, Thomas A., (Tue S07a)16:00, 

(Tue S07a)16:30
Zazpe, Raul, S09-028
Zeis, Roswitha, S06-097
Zelenay, Piotr, (Thu S07b)14:00
Zelger, Christian, S06-088
Zendejas Medina, León, (Tue S11)17:15
Zeng, Feng, S07-110, S07-119
Zeng, Juqin, S10-079
Zeng, Sheng, S15-026
Zeng, Ting, (Mon S03)18:00
Zengerle, Roland, S07-153, 

(Tue S07a)16:15
Zenyuk, Iryna, (Tue S07b)09:30, 

(Tue S07b)18:15, (Wed S07a)10:15
Zepeda-Ruiz, Luis, (Thu S12)14:45
Zerbetto, Mirco, (Fri S07b)09:45

Zerdoumi, Ridha, S07-111
Zerroual, Larbi, S06-038
Zhai, Qingfeng, (Thu S04)09:45, S21-025
Zhan, Chao, (Mon S17)14:00
Zhan, Dongping, (Fri S21)11:00, S17-018
Zhang, Bin-Wei, (Mon S10)16:45
Zhang, Changyong, (Mon S14)15:15, 

(Thu S14)15:30
Zhang, Gaixia, (Thu S07a)15:00
Zhang, Gui-Rong, S07-086, S07-102, 

(Thu S07b)10:15
Zhang, Heng, (Tue S06a)15:15
Zhang, Hongding, S09-012
Zhang, Hui, (Wed S06a)10:15
Zhang, Huijie, S05-006, S05-019, 

(Thu S05)14:45
Zhang, Jenny, (Thu S05)17:30
Zhang, Jiaolong, S06-056
Zhang, Jiawei, S07-113, (Tue S07b)15:00
Zhang, Jie, S01-039, S07-112, S09-021, 

(Mon S15)09:30, (Fri S21)11:00, 
S15-039

Zhang, Jinqiu, S10-054, S10-072, 

(Tue S10)16:45, (Tue S10)18:30
Zhang, Liang, (Tue S06a)16:30
Zhang, Liang-Liang, S14-023
Zhang, Lin, S03-029, S04-008, 

(Tue S17)09:30, (Fri S21)11:00
Zhang, Milin, S10-081, S10-085, S12-007, 

S20-028, S20-034, S21-051
Zhang, Min, S06-160, S06-161
Zhang, Qinghong, (Tue S09)09:45
Zhang, Shi-Li, S21-056
Zhang, Wei, S04-009
Zhang, Weibin, S08-013
Zhang, Wenjian, S10-074
Zhang, Xia-Guang, S06-192
Zhang, Xiaogang, S08-018, 

(Thu S08)10:30
Zhang, Xiaolong, S07-112
Zhang, Xiaowei, (Thu S04)09:45
Zhang, Xinxiang, S15-008
Zhang, Xinyi, S07-100
Zhang, Xiuhui, (Tue S06b)16:00
Zhang, Yamin, S06-183
Zhang, Yi, (Tue S14)10:15
Zhang, Yiming, S21-051
Zhang, Ying, S07-112
Zhang, Yue, S08-043
Zhang, Yun, (Thu S07b)14:15
Zhang, Zhaode, S11-024
Zhang, Zhen, S21-056
Zhao, Chuan, S07-099, (Thu S07a)16:15
Zhao, Fangyuan, (Thu S05)14:45
Zhao, Jinfeng, S17-035, S20-036
Zhao, Xiaodong, S11-024
Zhao, Xiaotao, S16-001
Zhao, Yun he, S08-042
Zhao, Zhiqiang, (Tue S03)17:00
Zhao, Zijian, S06-071, (Thu S08)14:15
Zheludkevich, Mikhail, (Tue S14)16:30
Zhen, Chun-Hua, S10-068, S17-023
Zheng, Lansun, (Tue S07b)15:00
Zheng, Ming-Sen, S06-103, S06-192, 

(Thu S06b)09:45
Zheng, Yingjing, S21-054
Zheng, Yueming, (Thu S06a)16:45
Zhi, Wen-Ya, S15-023
Zhiyou, Zhou, S07-178
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Zhou, Meng, S07-099
Zhou, Minghua, (Mon S14)17:30
Zhou, Qiao, (Tue S10)18:30
Zhou, Wei, (Fri S07a)11:30
Zhou, Ya-Wei, (Tue S07b)16:15
Zhou, Yinglin, S15-008
Zhou, Yongliang, (Thu S04)10:15
Zhou, Yongquan, (Mon S06a)16:00
Zhou, Zheng, S01-058
Zhou, Zhi-You, (Tue S07b)14:15, S17-023, 

S17-027
Zhu, Cheng-Yi, S09-048
Zhu, Di, S08-047
Zhu, Enhua, (Tue S03)18:30
Zhu, Feng, (Thu S04)10:15

Zhu, Junwu, S08-043
Zhu, Kai, S06-111
Zhu, Xinhua, (Thu S18)15:00, 

(Thu S06a)17:45
Zhu, Yingdi, (Thu S02)16:00
Zhukovskii, Yuri, (Thu S18)16:45
Zhulikov, Vladimir V., S07-114, S20-035
Zielke, Lukas, S07-140
Zigah, Dodzi, (Mon S09)17:45, S19-003
Zijlstra, Martin, (Tue S14)14:45
Ziminska, Agnieszka, (Mon S10)15:00
Zimmermann, Josef, (Tue S17)09:45
Zivkovic, Ljiljana, S11-003
Ziyatdinova, Guzel, (Tue S01)16:45
Zlobinski, Mateusz, (Tue S07b)10:00

Zlotorowicz, Agnieszka, (Tue S07a)16:30
Zolek, Teresa, S03-005
Zoli, Luca, S12-002
Zou, Zhigang, S07-154
Zouni, Athina, (Fri S05)10:30
Zouraris, Dimitrios, S15-037
Zsebe, Zoltán, (Mon S01)17:30
Zubair, Usman, S06-198, (Tue S06b)16:45
Zucchi, Gaël, (Mon S03)17:45
Zuilhof, Han, (Thu S12)17:15
Zumpano, Rosaceleste, S03-022, S03-060
Zúñiga, César, S07-075
Zurlo, Francesca, S07-189, S07-191
Zych, Marta, S09-032, (Mon S09)16:30
Zywczak, Antoni, S21-018
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The international Society of electrochemistry

The International Society of Electrochemistry (ISE) was founded in 1949 by leading European and Ameri can  

elec trochemists to serve the growing needs of electrochemistry. At that time only a handful of scientists 

were members of the society – known as CITCE (Comité International de Thermodynamique et Cinétique 

Electrochimiques). Since then ISE has evolved and comprises now more than 3500 individual members, from 

75 countries, and is organized in 44 Regional Sections. Both in dustrialised and developing countries from all 

five continents are rep resented. ISE is, therefore, a truly world-wide organisation. ISE is a non-profit-making 
organisation with its seat in Lausanne, Switzerland.

The International Society of Electrochemistry (ISE) is devoted to the advancement of electrochemical science 

and technology through the promotion of international contacts and the dis sem ination of scien tific knowledge. 
For this ISE organises Annual and Topical Meetings which are held in different countries each year and which 

cover a wide range of cur rent topics in fundamental and applied electrochemistry. The ac tivi ties of ISE include 

the sponsoring of re gional meetings, and of special meetings of limited participation devoted to particular 

subjects. A scientific journal, Elec trochimica Acta, is edited by ISE and supplied to its members at a special 
rate. Individuals, non-profit organi sations, industrial companies and learned so cieties may become members of 
ISE. The adminis tra tion  of ISE is done by an Executive Committee, periodically elected by all members. The 

Regional Representatives together with the Division Officers form the ISE Council which advises the Executive 
Committee. The scientific activities of ISE are grouped into Scientific Divisions. They are organised and co-
ordinated by the Committee of Division Officers headed by the President Elect. Upon joining ISE each member 
indicates his/her divisional interests. 

The history of the International Society of Electrochemistry (ISE) is described in a series of articles published in 

Volume 45 of Electrochimica Acta and available on the web site of the Society 

(http://www.ise-online.org/geninfo/history.php).

Why you should join ISE
ISE membership provides a number of advantages which can be summarized as follows:

• Individual members can get reduced subscription rates for the following journals:

Electrochimica Acta,

Journal of Electroanalytical Chemistry,

Electrochemistry Communications,

Bioelectrochemistry,

Journal of Power Sources,

Journal of Applied Electrochemistry, 

Electrocatalysis,

Journal of Solid State Electrochemistry for personal use.

There is a also a Discounted Package available consisting of the Journal of Electroanalytical 

Chemistry, Electrochemistry Communications, and Bioelectrochemistry (online).

• Reduced registration fees at ISE Meetings
• Access to the "members restricted area" of the ISE website
• Access to the full membership directory with all members addresses

How to become an ISE member
Becoming an ISE member is simple: you will find a Membership Application Form on the Society web site (at 
the address: http://members.ise-online.org/members/new_members.php), which you can fill in and submit online. 
In the application form you will have to select up to three Divisions and indicate two sponsoring ISE members. 

Should it be difficult for you finding these sponsors, please write to the Executive Secretary of the Society  
Dr. M. Musiani, e-mail: m.musiani@ieni.cnr.it. 

Membership fees
Individual yearly membership fees are 50 EUR for members above 30 years of age, and 15 EUR for members 

of age 30 or less and for Emeritus members.   
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iSe organization

Executive Committee
The Executive Committee is entrusted with the management of the Society.

ISE Office
The ISE Office performs all administrative tasks related to the operation of the Society. It is located in 
Switzerland, and managed by an Executive Secretary.

The ISE Office serves as the primary contact for members and non-members.

Division Officers
The scientific activities of ISE are grouped into seven Scientific Divisions and a New Topics Committee. 
The divisions are headed by a Chairperson assisted by a Past Chair, a Chair Elect and two Vice Chairs. 

Their role is to promote and represent the scientific interests of the division and its members, for example 
through contributing to the organization of Annual, Topical and other Society meetings. 

Regional Representatives
In each country or group of countries having fifteen members or more, a national or regional section of 
ISE may be formed. Each section has a Regional Representative.

Council
The ISE Council is an Advisory Body. The voting members of the Council consist of three Officers from 
each Division and all the Regional Representatives. All persons constituing the Council are elected by the 

members of the Society.

Scientific Meetings Committee
The Scientific Meetings Committee plans and oversees the organization and sponsorship of scientific 
meetings within the broad field of electrochemistry.

Wei-nien Su (Chair: wsu@mail.ntust.edu.tw)
Philip N. Bartlett, observer ex-officio as President
Zhong-Qun Tian, ex-officio as President Elect
Gunther Wittstock, ex-officio as Treasurer
Tim Albrecht, ex-officio as Secretary General
Agustin E. Bolzan

Nadine Pébère

Kathleen Vionnet, non-voting member, Meetings Liaison Officer
Thierry Lenzin, non-voting member, representative of the ISE office
Marco Musiani, observer ex-officio as Executive Secretary

Fellows Nominating Committee 
The Fellows Nominating Committee is a standing committee which proposes names to the Executive 

Committee for the title of ISE Fellow. It is also responsible for identifying candidates for honorary 

membership.

Alan Bond, Past Chair in 2018

Takashi Kakiuchi, Chair in 2018

Richard Compton, (2015-2019)

Elena Savinova, (2016-2020)

Hasuck Kim, (2017-2021)

Robert Savinell, (2018-2022)

Publicatio Committee
The Publication Committee, a standing committee of ISE, acts as an advisory board to the Executive 

Committee on publication matters.

Christopher Brett, Chair, (2016-2020)

Susana Cordoba de Torresi (2018-2020)

Luigi Falciola (2018-2020)

Martin Jonsson-Niedziolka (2018-2020)

Bin Ren (2018-2020)
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iSe executive committee

President
Philip N. Bartlett, Southampton, UK (2017-2018)

Representation of ISE. Chairperson of Executive Committee, Council and General Assembly

President Elect
Zhongqun Tian, Xiamen, China (2017-2018)

Chairperson of Committee of Division Officers. Coordination of scientific program of future Annual 
Meetings, supervision of Division Officers’ activities

Immediate Past President
Christian Amatore, Paris, France (2017-2018)

Chairperson of Executive Committee in the absence of the President

Vice Presidents
Alison Downard, Christchurch, New Zealand (2018-2020)

Responsible for Educational Activities in ISE

Tomokazu Matsue, Sendai, Japan (2016-2018)

Responsible for communication and external relationships

Marilia Goulart,  Maceio, Brazil (2017-2019)

Responsible for Regional Sections 

Deborah Jones, Montpellier, France (2018-2020)

Responsible for value for Members

Secretary General
Tim Albrecht, Birmingham, UK (2018-2020)

General tasks
Ensuring continuity and efficiency of scientific policy. Coordination of tasks of Vice Presidents. 
Identification of new developments in electrochemistry and possible new scientific and nonscientific 
activities. Scientific matters not handled by the President or President Elect. 
Tasks in collaboration with ISE Office
Ensuring that constitution, bylaws, guidelines, schedules etc. are observed. Preparation of Annual Reports. 

Collection of information for newsletters and coordination of actions. 

Annual and Topical ISE Meetings
Coordination of Meetings (location, time, topics). Representative of Executive Committee and advisor to 

Local Organising Committees for nonscientific matters (location, facilities, control of financial planning, 
schedule, publicity).

Treasurer
Gunther Wittstock, Oldenburg, Germany (2017-2019)

Responsible for the administration and the management of the assets and property of the Society, preparation 

of budgets and financial reports, financial planning, investment policy, supervision of financial matters of 
Annual and Topical ISE Meetings.

Executive Secretary
Marco Musiani, Padova, Italy (2014-2018)

Responsible for maintaining the ISE calendar, assisting with organizing the business and financial arrange-

ments for Annual and Topical Meetings, organising committee appointments, assisting the Secretary General 

with Society elections, recruiting new members, and co-ordinating Executive Committee meetings. Drafts 

ISE documents, acts as web page editor, maintains ISE archives and records, and serves as the contact per-

son for members (particularly at ISE meetings).
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Scientific Divisions of ISE

Division 1 – ANALYTICAL ELECTROCHEMISTRY
Experimental and theoretical aspects of the analytical process in which electrochemistry has a role, including 

sample collection / processing, separation, and species identification and quantitation. 
Chair: D. Mandler, Past Chair: F. Bedioui, Chair Elect: A. Walcarius, Vice-Chairs: C. Hogan, R. Kataki

Division 2 – BIOELECTROCHEMISTRY
Aspects of electrochemistry and electroanalysis characterizing biological processes at the molecular level and 

relevant to the mechanisms of biological regulation of cells.

Chair: F. Lisdat, Past Chair: R. Bilewicz, Chair Elect: E. Ferapontova, Vice-Chairs: E. Lojou, Taek Dong Chung

Division 3 – ELECTROCHEMICAL ENERGY CONVERSION AND STORAGE
Experimental and theoretical aspects of electrochemistry in which the goal is the interconversion of energy 

between different forms or the storage of energy, including the processes themselves and materials used for these 

purposes. 

Chair: R. Kostecki, Past Chair: S. Passerini, Chair Elect: F. Soavi, Vice-Chairs: K. Kanamura, H. Uchida

Division 4 – ELECTROCHEMICAL MATERIALS SCIENCE
Aspects of materials science in which electrochemistry is part of the synthesis, processing, surface treatment, 

corrosion, characterization or modeling of new or existing materials, or in which electrochemistry is the user of 

such materials. 

Chair: G. Zangari, Past Chair: S. Brankovic, Chair Elect: M. Santamaria, Vice-Chairs: C.-C. Hu, M. Vorotyntsev

Division 5 – ELECTROCHEMICAL PROCESS ENGINEERING AND TECHNOLOGY
Experimental and theoretical aspects and applications of electrochemistry in which engineering issues play a 

significant role, including scale-up and reactor design.
Chair: K. Bouzek, Past Chair: J.M. Peralta, Chair Elect: G. Botte, Vice-Chairs: H. Bergmann, G. Kelsall

Division 6 – MOLECULAR ELECTROCHEMISTRY
Structural and mechanistic aspects of electrode processes of inorganic, metallorganic and organic substances; 

synthetic applications.

Chair: O. Buriez, Past Chair: F. Paolucci, Chair Elect: P. Mussini, Vice-Chairs: C. Frontana, M. Hromadova, 

Guobao Xu

Division 7 – PHYSICAL ELECTROCHEMISTRY
Experimental, theoretical and computational aspects of electrochemistry, alone or in conjunction with other 

methods, relevant to interfaces and conductive media; this shall include physicochemical nature, structure and 

dynamics from the molecular to the macroscopic level.

Chair: A. Gewirth, Past Chair: A.E. Rusell, Chair Elect: A. Cuesta, Vice-Chairs: A. O’Mullane, Lin Zhuang

New Topics Committee
The New Topics Committee identifies interesting and relevant scientific and technological subjects not covered 
by the ISE Divisions. It has tasks similar to those of a Division, except that it may have several and changing 

technical priorities.

Chair: N.J. Tao, Past Chair: P. Unwin, Chair-Elect: Yong-yao Xia 
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Regional Representatives 

Argentina:  E. Leiva  2018-2020 1st term
Australia-NZealand:  D. Silvester  2018-2020 1st term
Austria:  B. Gollas 2016-2018 1st term
Belgium:  T. Breugelmans  2016-2018 1st term
Brazil:  F. Lima 2018-2020 1st term
Bulgaria  E. Slavcheva  2018-2020 2nd term
Canada:  G. Jerkiewicz  2016-2018 2nd term
Caribbean Region: J. Calderon 2017-2019 2nd term
Chile:  R. Salazar  2016-2018 2nd term
China:  Yong-yao Xia 2016-2018 1st term
Croatia:  M. Kraljic-Rokovic  2018-2020 2nd term
Czech Republic  M. Fojta  2016-2018 1st term
Denmark:  J. Rossmeisl  2018-2020 1st term
Estonia:  E. Härk 2017-2019 2nd term
Finland:  B. Wilson  2017-2019 2nd term
France:  S. Szunerits  2017-2019 1st term
Germany:  U. Krewer  2018-2020 1st term
Greece:  S. Neophytides  2016-2018 1st term
Hungary:  T. Pajkossy  2017-2019 1st term
India: S.K. Aggarwal 2017-2019 2nd term
Iran:  A.A. Ensafi 2016-2018 2nd term
Ireland:  J. Rohan 2016-2018 1st term
Israel:  L. Alfonta 2017-2019 1st term
Italy:  S. Cattarin  2016-2018 2nd term
Japan:  S. Kuwabata 2017-2019 2nd term
Korea:  W. Shin  2016-2018 1st term
Lithuania:  R. Pauliukaite 2017-2019 2nd term
Mexico:  F. Gonzalez-Bravo  2018-2020 1st term
Netherlands:   L. Rassaei 2016-2018 1st term
Norway:  V. Yartys 2016-2018 1st term
Poland:  M. Opallo 2016-2018 1st term
Portugal:  A. Viana  2018-2020 1st term
Romania:  M. Ungureanu 2018-2020 2nd term
Russia:  M. Vorotyntsev 2016-2018 2nd term
Serbia:  A. Dekanski  2017-2019 2nd term
South Africa:  P. Baker  2016-2018 1st term
Spain:  E. Herrero  2017-2019 2nd term
Sweden:  R. Wreland Lindström 2016-2018 1st term
Switzerland:  P. Broekmann 2016-2018 1st term
Taiwan: H. Teng 2018-2020 2nd term
Turkey: M.S. Yazici 2017-2019 2nd term
Ukraine:  O. Buket 2016-2018 1st term
United Kingdom:  G. Denuault 2017-2019 1st term
USA:  S. Minteer  2017-2019 1st term
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corporate Sustaining Members

Corporate Sustaining Members are industrial and commercial ( profit-making ) organizations. As a Corporate 
Sustaining Member you can nominate one or two person(s) as your representative(s).

Corporate Sustaining representatives have the following advantages:

• One representative receives an online access to the ISE journal Electrochimica Acta without further charge. 
• They can participate in Annual ISE Meetings at reduced registration fees.
• They are invited to co-operate with the divisions, to give proposals and advice on division symposia.
• They are informed about the activities of ISE and about Annual, Topical and Special ISE Meetings and  
 division symposia on new developments in science and technology.

• They can be elected as Society officers 
Advertising

• A list of the Corporate Sustaining Members is published regularly in Electrochimica Acta and on  
 the web pages. 

Annual Meeting
• Special sessions will be organised for electrochemical and electroanalytical instrumentation.
• You can contact regional groups via Regional Representatives.
• Business meeting places will be offered during Annual ISE Meetings for contacts between people  
 from science and industry to discuss issues such as job recruiting, co-operation in applied research,  

 announcement of research frameworks, negotiation of research contracts etc.

For further information please contact the ISE Office. 
Corporate Sustaining Membership fee: 500 EURO

corporate Members

Corporate Members are teaching institutions, non-profit-making research organizations and learned societies. As 
a Corporate Member you can nominate a person as your representative.

Corporate representatives have the following advantages:

 • One representative receives an online access to the ISE journal Electrochimica Acta without further  
 charge.

• They can participate in Annual ISE Meetings at reduced registration fees.
• They are invited to co-operate with the divisions, to give proposals and advice for division symposia.
• They are informed about the activities of ISE and about Annual and Special ISE Meetings and division  
 symposia on new developments in science and technology.

• They can be elected as Society officers.

Corporate Membership fee: 300 EURO

Ametek-AMT

Bio-Logic

Gamry Instruments

Permascand

Sensolytics GmbH

Tanaka Kikinzoku Kogyo K.K.

Zahner-elektrik GmbH & Co KG

Scribner Associates, Inc

Ionode

PalmSens BV

Paul Scherrer Institute
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iSe Honorary Members

Honorary Members are appointed by the Executive Committee, after consultation with the Council, primarily in 

recognition of their contribution to ISE. The total number at any time is limited to ten.

The first Honorary Member of ISE, appointed in the year 2003, was Otmar Dossenbach, Treasurer of the Society 

for 21 years (1980-2000) and Executive Secretary for 2 years (2001-2002).

Two new Honorary Members were appointed in the year 2004: Roger Parsons and Sergio Trasatti, former 

Presidents of the Society.

Three Honorary Members were appointed in the year 2005: Ron Armstrong, former Editor-in-Chief of 

Electrochimica Acta for 18 years, Elton Cairns and Dieter Landolt, former Presidents of the Society, 

One Honorary Members was appointed in the year 2011: Sharon Roscoe, former Secretary General of the Society.

iSe Fellows

In recognition of their scientific or technical contributions to electrochemistry, the Society may confer on individual 
members the distinction of ISE Fellowship. Such ISE Fellows are appointed by the Executive Committee after 

consultation with the Council. The appointment does not carry with it automatic life-time ISE membership. 

The present Fellows of ISE are:

Hector Abruña

Radoslav Adzic

Richard Alkire

Philippe Allongue

Christian Amatore

Doron Aurbach

Philip N. Bartlett

Martin Bazant

R. Jürgen Behm

Alan Bond

Elton Cairns

Aicheng Chen

Christos Comninellis

Richard Compton

Serge Cosnier

Chunhai Fan

W. Ron Fawcett

Juan Feliu

Mario Ferreira

Maria Forsyth

Claude Gabrielli

Eliezer Gileadi

Hubert Girault

Justin Gooding

Lo Gorton

Rolando Guidelli

Philippe Hapiot

Jurgen Heinze

Robert Hillman
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Society Awards

Electrochimica Acta Gold Medal
The Electrochimica Acta Gold Medal may be awarded every two years to the person judged to have made the most significant 
contribution to electrochemistry in recent years.

Frumkin Memorial Medal
The Frumkin Memorial Medal may be given once every two years. It recognises the outstanding contribution of a living 

individual over his/her life in the field of fundamental electrochemistry.

Katsumi Niki Prize for Bioelectrochemistry
The Katsumi Niki Prize for Bioelectrochemistry may be awarded every two years to a scientist who has made an important 

contribution to the field of bioelectrochemistry.

Bioelectrochemistry Prize of ISE Division 2
The Bioelectrochemistry Prize of ISE Division 2 may be awarded every two years to a scientist who has made an important 

contribution to the field of bioelectrochemistry.

Brian Conway Prize for Physical Electrochemistry
The Brian Conway Prize for Physical Electrochemistry may be awarded every two years, in recognition of the most successful 

achievements in Physical Electrochemistry in recent years.

Alexander Kuznetsov Prize for Theoretical Electrochemistry
The Kuznetsov Prize is awarded every two years to a living individual who has made groundbreaking contribution to the theory 

of electrochemical phenomena.

Jaroslav Heyrovsky Prize for Molecular Electrochemistry
The Jaroslav Heyrovsky Prize for Molecular Electrochemistry, supported by ISE Division 6, may be awarded annually to a 

scientist who has made an important contribution to the field of molecular electrochemistry in the last 5 years.

Zhaowu Tian Prize for Energy Electrochemistry
The Zhaowu Tian Prize for Energy Electrochemistry may be awarded annually to a scientist of less than 40 years of age on 

January 1st of the year of the award, in recognition of her/his recent achievements in the field of electrochemistry for energy.

Tajima Prize
The Tajima Prize recognises the contributions made by younger electrochemists. Candidates must be less than 40 years old. An 

award may be made every year. The decision of the Award Committee will be based on published work.

ISE-Prize for Electrochemical Materials Science
The ISE-Prize for Electrochemical Materials Science is awarded annually to a young person for contributions in the field of 
electrochemical material science, including corrosion, electrodeposition and surface treatment.

Oronzio and Niccolò De Nora Foundation Young Author Prize
The Oronzio and Niccolò De Nora Foundation Young Author Prize may be awarded annually to a scientist of less than 30 years 

for the best paper published in the ISE society journal in the calendar year preceding the award.

ISE-Elsevier Prize for Experimental Electrochemistry
The ISE-Elsevier Prize for Experimental Electrochemistry may be awarded annually to a person who has made an important 

contribution to experimental electrochemistry.

ISE-Elevier Prize for Green Electrochemistry
The ISE-Elsevier Prize for Green Electrochemistry may be awarded annually to a scientist of less than 35 years of age on 

January 1st of the year of the award, for recent application-oriented achievements in the field of environmental electrochemistry.

ISE-Elsevier Prize for Applied Electrochemistry
The ISE-Elsevier Prize for Applied Electrochemistry may be awarded annually to a scientist of less than 35 years of age on 

January 1st of the year of the award, for recent achievements in the field of applied electrochemistry.

Early Career Analytical Electrochemistry Prize of Division 1
The Early Career Analytical Electrochemistry Prize of ISE Division 1, sponsored by OrigaLys, may be awarded annually to a 

scientist of less than 35 years of age on January 1st of the year of the award in recognition of her/his recent achievements in 

Analytical Electrochemistry.

Electrochimica Acta and ISE Travel Award for Young Electrochemists
The Electrochimica Acta Travel Awards for Young Electrochemists are aimed at favouring the participation of young 

electrochemists in the ISE Annual Meetings. The applicants must be ISE members. They must have obtained their Ph.D. not 

earlier than 6 years before the deadline for applications.
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iSe Sponsored Meeting information

What is an ISE sponsored meeting?
You may have noticed that scientific meetings in the field of electrochemistry are often labelled “ISE sponsored Meeting”. 
What does this mean? In addition to organizing its own meetings, such as the Annual and Topical Meetings, ISE may 

sponsor other international scientific meetings in the area of electrochemistry. ISE sponsorship is intended to be a sign 
of quality for the meeting.

What are the requirements for ISE sponsorship?
ISE requires that the scientific quality of the meeting reaches the standard of its own meetings. It is desirable that the 
advisory board consists of ISE members, as far as possible. The meeting must be open to all ISE members.

Who decides?
The decision is normally taken by the officers of the ISE Division in whose field of interest the topic of the meeting lies. 
ISE Division Officers should be involved in the organisation of the meeting. The ISE Executive Committee decides on 
the sponsorship for meetings of general interest.

What are the obligations of the organizers?
The organizers have to publicise the ISE sponsorship in all the official documents related to the meeting (announcements, 
program, website etc.). At the meeting, a representative of ISE must be allowed to say a few words on behalf of the 

Society, and ISE must have the opportunity to advertise. After the meeting, the organizers should submit a short report to 

ISE to be published on the ISE website.

What do the organizers receive from ISE?
ISE publishes announcements and reports of ISE sponsored meetings on its website. The ISE Office can organize, free of 
charge, mailings to all, or a group of ISE members. In appropriate cases, there may be a special issue of Electrochimica 

Acta associated with these meetings. Decisions about special issues are made by the Editor-in-Chief. 

What about money?
ISE sponsorship of a meeting does not necessarily include a financial contribution from ISE. The sponsoring Division(s) 
may use its funds to support such a meeting. The level of financial contribution will be determined by the Division(s), 
but a typical sum may be 500 Euros.

How to apply for ISE sponsorship?
If you would like to have the scientific meeting you are organizing sponsored by ISE, please send an e-mail to the ISE 
Office, at least one year in advance of the time of the meeting, and attach a completely filled in sponsor request form. 
This form can be found on the ISE website at: http://ise-online.org/sponsmeet/info.php.  The decision will be taken by 

the Officers of the sponsoring Division(s), or by the Executive Committee, and the ISE Office will inform the applicant.

iSe Regional Student Meetings
 

Graduate Students who are members of ISE and intend to organize a Regional Student Meeting can apply for ISE 

financial support. Applications submitted by Graduate Students jointly with their supervisors or with other senior 
members of the staff of their university are also acceptable, but it is expected that the students will be engaged in the 

organizational aspects of the meeting as much as possible. Regional Student Meetings are typically one-day meetings 

involving graduate students active in the geographic area where the meeting takes place. The format of the meeting (oral 

presentations, posters, discussion sessions, other) is autonomously decided by the organizers who will be responsible for 

securing a venue and collecting registrations. No registration fee should be requested, if financially possible. When the 
Regional Student Meeting is associated to a larger ISE-sponsored meeting taking place in the same venue, the application 

must provide clear indication on the connections between the two events and must clearly describe the independent 

activities reserved to student participants. No later than one month after the meeting, the organizer(s) will send to the ISE 

Office a report on the event, including the names and the e-mail addresses of the participants. The student participants 
will be invited to apply for ISE membership. A report giving an overview of the meeting, accompanied by suitable 

pictures if available, will be posted on the ISE website under Student Activities.

Applications for ISE support must be sent by e-mail to the ISE Office, with a copy to the Regional Representative of the 
country where the meeting is organized, 3-12 months before the meeting date, using the application form. The local ISE 

Regional Representative, if requested, will assist the potential meeting organizer in the preparation of the application. 

Applications will be analyzed by a committee consisting of (i) ISE Immediate Past President (ii) ISE Secretary General, 

(iii) ISE Treasurer, (iv) ISE Vice President responsible for Educational Activity and (v) ISE Vice President responsible 

for Regional Sections. The response will be communicated to the applicant and to the relevant Regional Representative 

no later than 1 month after the application submission.

The maximum financial support will be 600 €; the expected use of the funds must be specified in the application. Co-
sponsoring by other Societies and/or institutions is possible.
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Poster plan of poster presentation session 1 - Monday

Poster set-up Monday: 08:30-10:30

Poster Presentation:  Monday, 3 September: 10:30-12:30 

Poster take-down Monday: 18:00-19:00
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Poster plan of poster presentation session 2 - Tuesday

Poster set-up Tuesday: 08:30-10:30

Poster Presentation:  Tuesday, 4 September: 10:30-12:30 

Poster take-down Tuesday: 18:00-19:00
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Poster plan of poster presentation session 3 - Wednesday

Poster set-up Wednesday: 08:30-10:30

Poster Presentation:  Wednesday, 5 September: 10:30-12:30 

Poster take-down Thursday: 14:00-16:00
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Day-by-Day Week schedule

Sept. 2-7 Sunday 2.9 Monday 3.9 Tuesday 4.9 Wednes. 5.9 Thursday 6.9 Friday 7.9
08:15 - 09:15 Plenary Lectures  
09:30 - 09:45 L1 L1 L1 L1 L1
09:45 - 10:00 L2 L2 L2 L2 L2
10:00 - 10:15 L3 L3 L3 L3 L3
10:15 - 10:30 L4 L4 L4 L4 L4
10:30 - 10:45

Poster  
presentation 

session  
with Coffee

Poster  
presentation 

session  
with Coffee

Poster  
presentation 

session  
with Coffee

L5 L5
10:45 - 11:00 Coffee Break Coffee Break
11:00 - 11:15

General  
Assembly

L6
11:15 - 11:30 L7
11:30 - 11:45 L8
11:45 - 12:00 L9
12:00 - 12:15 Closing Ceremony
12:15 - 12:30 Lunch

12:30: 14:00
Lunch Lunch

Div.+Reg. Rep. Council Division Meet.
13:00- 18:30 Registration Lunch Lunch Lunch

13:30 - 16:45 Tutorials

14:00 - 14:15 L5 L5 L6
14:15 - 14:30 L6 L6 L7
14:30 - 14:45 L7 L7 L8
14:45 - 15:00 L8 L8 L9
15:00 - 15:15 L9 L9 L10
15:15 - 15:30 L10 L10 L11
15:30 - 15:45 L11 L11 L12
15:45 - 16:00 Coffee Break Coffee Break Coffee Break
16:00 - 16:15 L12 L12 L13
16:15 - 16:30 L13 L13 L14
16:30 - 16:45 L14 L14 L15
16:45 - 17:00 L15 L15 L16

17:00 - 18:00 Opening  
Ceremony

17:00 - 17:15 L16 L16 L17
17:15 - 17:30 L17 L17 L18
17:30 - 17:45 L18 L18 L19
17:45 - 18:00 L19 L19 L20

18:00 - 19:00 Frumkin 
Award Lecture

18:00 - 18:15 L20 L20 L21
18:15 - 18:30 L21 L21
18:30 - 18:45 L22 L22

19:00 - 20:00 Welcome 
Reception 18:45 - 20:00 Reception





Program of the 69th Annual Meeting of the International Society of Electrochemistry272

 

RSE (Ricerca sul Sistema Energetico, Energy 
System Research) is a public company 
belonging to the GSE Group. RSE is active in 
analyses, studies and research applied to the 
entire energy sector. The staff is composed 
by about 350 employees, the vast majority 
graduated researchers and highly specialized 
technicians. The contents of the research 
projects are the great challenges and 
innovation of methods and technologies for 
sustainable production, storage, distribution 
and use of electricity, including interactions 
with other energy vectors.  

 
 
 
 
 

RSE projects refer to a wider dimension, 
involving scenarios of the energy system 
evolution, in line with the objectives and 
guidelines of the national energy policy and 
EU programmes. The results of RSE, obtained 
through the Italian Electrical System Research 
Fund, are made available to the stakeholders 
involved in the energy sector, including 
institutions, manufacturers, market players 
and citizens. 
 
 
 
 
 
 
 
 
 
 
 

RSE, according to the guidelines of the 
Ministry for economic development, 
implement research programmes integrating 
a technological vision and development 
scenarios; organizes and promotes basic 
research and partnerships with the industrial 
sector with a view to sustainable 
development. The significant RSE presence in 
European Commission funded projects has 
made it possible for representatives of RSE to 
assume responsibility in many important 
initiatives at the international level, such as 
the International Smart Grid Action Network  
(ISGAN) and Mission Innovation.  
 
 
 
 
 
 
 
 
 
 
 
 

RSE performs research on electrochemical 
issues, aimed at the development and 
effective use of electric storage technologies, 
by studying and experimenting new materials 
and configurations of electrochemical cells 
and developing diagnostic techniques and 
optimal management of batteries, both for 
stationary use and for electrical vehicles. 
www.rse-web.it 

 

 

 

 

 

Greenhouse gases monitoring facility at the 
“Plateau Rosa” In the Alps 

MOCVD (Metal Organic Chemical Vapour 
Deposition) reactor for Multijunction solar cells 
with very high efficiency 

Electrochemical cell manufactured at RSE for 
solid electrolytes tests 

 
Laboratory for dielectric tests on grid components 
at High Voltage 
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Electrochemistry of Monolayer Protected Gold Nanoclusters 
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In monolayer-protected gold clusters (MPCs), quantum-confinement effects cause the emergency of very 
distinct electrochemical behaviors. Voltammetric analysis of molecular MPCs, such as Au25(SR)18 (SR = 
thiolate), allows assessing a number of quantities and properties, such as HOMO-LUMO gaps, the effects 
caused by exchanging the ligands or metal atoms, and the effect of the charge state on the cluster stability  
[1]. It also enables understanding their electron-transfer (ET) properties, whether in solution, films, or 
membranes. Achieving this level of knowledge requires preparing atomically precise MPCs, controlling 
their charge state, and assessing the properties of the dynamic interface between the metal core and the 
surrounding medium [2-5]. Molecular MPCs are systems in which a hard core is surrounded by a soft 
monolayer and, therefore, exhibit electrochemical properties that span from those of common redox 
molecules to those of self-assembled monolayers on extended metal surfaces. In applications of molecular 
MPCs, assessing the dynamic behavior of the capping monolayer is especially important, as this 
determines the cluster's effective size and ET properties. We studied the effect of the monolayer thickness 
on the ET between molecular Au25(SR)18 nanoclusters in films and its relation to the ET behavior of the 
same clusters in solution. Comparative analysis of the observed distance effect on the rate of ET reveals 
that in films the monolayer fluidity is substantially less pronounced, and therefore, the effective 
monolayer thickness in Au25(SR)18 is larger than in solution. Further insights into the making and 
properties of atomically precise MPCs and the important role played by electrochemistry in this area will 
also be addressed.  
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Electrochemistry of platinum: new views on an old problem 
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Platinum is the most used electrocatalyst in electrochemical energy conversion devices such as fuel cells 
and electrolysers. In this talk I will highlight the recent work of my group on understanding the surface 
chemistry of platinum in an aqueous electrolyte, by combining single-crystal electrochemistry, density 
functional theory calculations, ultra-high-vacuum modeling, in situ spectroscopy and in situ 
electrochemical scanning tunneling microscopy. I will challenge some existing explanations and 
interpretations of platinum electrochemistry, and show the sometimes surprising surface disordering of 
platinum that happens at both positive (anodic) and negative (cathodic) potentials.  

 



Novel Electrochemical  Methodologies for Analyzing Composite Electrodes in  Devices for 
Energy Storage  

Alexander Frumkin  Medal 2018 

Doron Aurbach 

              Department of Chemistry, Bar-Ilan University, Ramat-Gan 52900, Israel 

Following the heritage of Professor Alexander Frumkin in reaching a deep understanding of 

complex electrochemical processes such as electro-adsorption processes, in which attractive or 

repulsive interactions are involved, we work to understand complicated processes of electrodes 

in devices for energy storage and conversion. We develop new electroanalytical tools for the 

study of most reactive electrochemical systems, related to energy storage and conversion.  This 

work is being carried out during more than 2 decades in two stages. In stage one we applied A. 

Frumkin theories developed for complex adsorption processes in order to understand 

intercalation processes in Li, Na and Mg ion batteries’ electrodes, considering them as 3D 
adsorption processes that may or may not involve   inter-sites interactions. The absence of inter-

sites interactions leads to formation of solid solutions, while the presence of inter-sites 

interactions leads to segregation of phases and intercalation processes that involve phase 

transitions. We explored a wide variety of electrodes  trying to understand  properly all the 

relevant sup-processes: side reactions and formation of surface films, migration of ions through 

surface films,  interfacial charge transfer, solid-state diffusion of ions in the bulk hosts and finally, 

accumulative of charge up to the maximal available electrodes’ capacity. The last 3 processes are 
clearly potential dependent. The use of Frumkin type isotherms helped us to understand many 

intercalation processes and the potential dependence of the solid-state diffusion processes [1].  

We used several fine electro-analytical methods of different time windows for each single study, 

in conjunction with spectroscopy and microscopy.  These included electrochemical impedance 

spectroscopy (EIS) which has the widest time window from ca. 10-5 to 103 s and small potential 

amplitude which enables probing the kinetics of a large variety of processes accompanying 

electrochemical insertion of Li, Na and Mg ions into battery electrodes separating them by the 

characteristic time constants of these processes. In contrast, slow scanning rate cyclic 

voltammetry (CV) effectively probes kinetic steps in the long time window (from 102 to 105 s) close 

to either quasi-equilibrium intercalation or intercalation process in the form of first-order phase 

transition. CV is a large-amplitude technique, and attempts to apply it for short time domains, e.g. 

corresponding to characteristic solid-state diffusion time constants inevitably results in lack of 

resolution with respect to the electrodes’ potential (or intercalation level). The gap between EIS 

and CV is effectively bridged by intermittent titration techniques (PITT, GITT) ensuring highly 

resolved separation between the different sequential phase transitions in the long time domain, 

and potential-resolved chemical diffusion coefficients of intercalated ions. [2] The area-averaged 

responses of battery electrodes obtained by electroanalytical techniques depend on the local 

chemical or porous electrode structure: very often this information is required for correct 

interpretation of the electrochemical characteristics (e.g. chemical diffusion coefficients). 



Recent progress in electroanalytical methods adapted for application in LIB , NIB and Mg batteries 

research relates to development of non-gravimetric EQCM-D (electrochemical quartz-crystal 

microbalance with dissipation monitoring) techniques , which in contrast to classical EQCM, tracks 

not only resonant frequency change 'F/n (n is overtone order)  but also dissipation of the 

oscillation energy (or equivalently, resonance peak width change, 'W/n). Tracking complex 

frequency change, 'F*/n  =  'F/n  + i'W/n, for rigid porous battery electrodes as a function of 

the penetration depth of transverse oscillation wave in the electrolyte solution, G (dependent on 

the overtone order and  liquid’s density and viscosity) over multiple harmonics ,allows the 

characterization of the complex electric and mechanical properties of thin electrode coatings in 

electrolyte solutions (using the most relevant materials for advanced rechargeable batteries and 

super-capacitors) under applied potential [3]. Intercalation-induced changes of dimensional and 

porous electrodes’ structure can be quantified in terms of hydrodynamic admittance models by 

fitting well developed  models for momentum transfer to the experimental RQCM-D data 

retrieving structural parameters in way similar to fitting experimental EIS data (e.g. Nyquist plots) 

by equivalent electrical circuit analogs. Validation of the extracted parameters for their internal 

consistency and comparison with the results from complimentary other in-situ techniques (e.g. 

scanning probe microscopes) is required. The methodology of hydrodynamic spectroscopy of 

porous solids and composite electrodes that we develop in recent years is inexpensive, 

noninvasive and highly useful in a broad spectrum of applications including deeper insights into 

the dynamic build-up and subsequent development of solid-electrolyte interfaces in Li and Na 

battery electrodes and stresses-volume changes-stability interrelation of ion intercalation 

electrodes.[4]     
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Many organic, metallic, and biological electrocatalysts catalyze 2 or 4 electron oxidation or reduction 
reactions, but when using electrocatalysis for complex fuel oxidation in fuel cells or electrochemical 
synthesis of complex products, a cascade of catalytic moieties may be necessary. This talk will discuss 
the complexities of utilizing electrocatalytic cascades of bioelectrocatalysts and organic electrocatalysts, 
as well as hybrid catalytic cascades. The talk will discuss the importance of channeling intermediates 
between individual catalytic active sites and materials strategies for improving the faradaic and product 
efficiencies of catalytic cascades. Finally, this talk will provide a variety of examples of the use of 
catalytic cascades including oxidation of complex fuels (i.e. JP-8 jet fuel) and complex biofuels (i.e. 
glycerol, glucose, and pyruvate) in fuel cells and the electrosynthesis of complex products (i.e. ammonia 
from nitrogen gas and hydrocarbons from carbon dioxide). Finally, the talk will provide a series of future 
advancements needed in the field to further improve the feasibility of electrocatalytic cascades for energy 
conversion and electrosynthesis applications. 
 
 
 
 



Well-defined nanoscale architectures provide new opportunities in 
bioelectrochemistry down to single entities 
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The nanoscale control over the modification of electrode surfaces afforded by self-assembled monolayers 
and nanoparticles provides a host of new opportunities in bioelectrochemistry and sensing. In this 
presentation we will show first how gold coated magnetic nanoparticles (Au@MNPs) as dispersible 
electrodes allow the development of ultrasensitive sensors for proteins and microRNA, even down to just 
a few thousand molecules. The theme of magnetic nanoparticles will then be combined with solid state 
nanopores for the development of single molecule protein sensors that can operate in whole blood. Single 
entities bioelectrochemistry will then transition to the capture, electrochemistry and release of rare cells. 
This work is performed on self-assembled monolayer modified electrodes that can operate in aqueous 
solution. The use of silicon electrodes allows the electrochemistry of a monolithic surface to be confined 
to micron scale locations on that surface such that single cells can be interrogated electrochemically and 
electrochemically released from the surface for further manipulation. Finally, nanoparticle with geometric 
architectures reminiscent of, and inspired by enzymes, will be presented to demonstrate their unique 
properties for ‘bio’eletrocatalysis. 
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The industrial and agricultural revolutions have profoundly transformed the world, but the unintended 
consequence of these revolutions is that humans are changing the climate of Earth. Scenarios for how to 
achieve the U.N. goal of staying below 450 ppm of CO2 in the atmosphere require that most of the world-
wide human carbon emissions need to be stopped in the next half century.  
 
In the context of the remaining scientific and technology challenges that need to be overcome in the 
transition to a sustainable world, advances in electrochemical energy storage, new approaches to 
electrochemical splitting of water, CO2 reduction, and lithium extraction that could be competitive with 
current commercial sources  
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The move towards the bottom end of the nanoscale is driven by the exciting prospects of phenomena and 
multifunctional properties emerging at the ultrasmall length scale, and electrochemistry is no exception to this. 
However, going beyond model systems demonstrating atomically precise manipulation employing scanning 
probes techniques [1] or simple systems involving nanoparticles [2] comes with a number of challenges [3]. A 
crucial one is to satisfy simultaneously a number of criteria, i.e., afford precision in combination with reliability, 
versatility, simplicity, and scalability of processes.  
In light of these multiple parameters, molecular systems and electrochemistry represent a promising 
combination. The level of thermodynamic and kinetic control over processes afforded by electrochemistry 
combines favourably with the properties of molecular systems. Flexibility in the design and utmost precision 
make molecular assemblies on surfaces versatile templates for the control of electrochemical processes by both 
selective charge transfer and confined geometries [4-6]. Top-down lithography and bottom-up self-assembly, as 
well as a combination of both, can be employed.  
Presenting our recent work on hierarchical molecular assembly and templated electrodeposition, the talk will 
illustrate various molecule based strategies for accessing the ultrasmall scale. Bottlenecks in the control of 
structures and processes on the ultrasmall scale will also be addressed.     
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The environment and the human health are endangered by the toxicity of some compounds and 
elements at very low concentration. Heavy metal ions such as Cd, Hg, Cu etc. have been a major concern 
throughout the world for several decades. Based mainly on possible health risks and contact over a 
lifetime with an adequate margin of safety, the amount of copper in water for example must be 
maintained at a concentration of lower than 1.3mg/L (2.05 10-5 mol L-1) [1, 2]. 

 
The purpose of this research is to show the development of a performing electrochemical sensors 

using nonmaterial’s assembly modified electrode. For illustration, gold nanoparticles (Au NPs) and 
carbon nanotubes (MWCNTs) were functionalized with different receptors (bisphosphonate-thiol BP-
thiol etc ...), whom interactions with Au NP surface were investigated by XPS experiments [3-6]. In order 
to demonstrate the sensing performances of the prepared electrode, the electrochemical analysis of copper 
and silver metal ions was achieved by using square wave voltammetry (SWV). The obtained results show 
remarkable performances increase in terms of the ease of fabrication and use, low cost and linear 
behaviour over a large concentration range, with the detection limit in the order of picomolar (pM). 
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Application of the Surface-Imprinted Polymer Films Deposited via 
Electrochemically Initiated Polymerization for Determination of the 

Protein Biomarkers 
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Electrochemically initiated 
polymerization of selected 
acrylic monomers have been 
used for fabrication of 
polymer films surface-
imprinted with selected 
protein biomarkers.  
Subsequently, the devised 
molecularly imprinted 
polymer (MIP) films have 
been tested as recognition 
units in electrochemical and 
electrical chemosensors for the 
selected proteins. 

Molecularly imprinted polymers-based chemosensors have numerous advantages over biosensors, 
such as high selectivity, stability, low limit of detection, robustness and low cost.1  The process of 
molecular imprinting involves polymerization of functional monomers and cross-linking monomer 
around a molecular template in order to obtain selective molecular cavity in the fabricated polymer.  After 
suitable extraction of the template from the polymer it is then used to re-bind the analyte molecule. 

In the present contribution the procedure for simple and reproducible fabrication of thin films of the 
protein surface-imprinted polymers is described.  The methodology consisted of formation of monolayer 
of the selected protein template covalently bound to the transducer surface.  MIP film of controlled 
thickness was then deposited over this monolayer by using electrochemically initiated polymerization of 
the selected monomers.  After extraction of the template the surface-imprinted MIP was formed, which 
was then used as recognition unit of the chemosensor.   

Firstly, a human serum albumin (HSA) was used as a model protein to test the devised procedure.  
The fabricated HSA-imprinted film showed appreciable analytical parameters.  Therefore, subsequently, 
we attempted to apply this procedure to devise a chemosensors for cystatin C and midkine.  Cystatin C is 
effective biomarker of renal malfunction, while midkine have been reported as prospective biomarker of 
various forms of cancer including “stealthy” lung cancer. 

The deposited MIP films were characterized by voltammetric techniques as well as PM-IRRAS and 
XPS spectroscopy.  They were also imaged by atomic force microscopy and their thickness has been 
determined from ellipsometric studies.  The devised chemosensor response to the analytes was tested by 
using voltammetric techniques as well as electrochemical impedance spectroscopy.   
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Scheme 1.  Procedure of the protein surface-imprinted polymer film 
fabrication. 



Investigation of Interfacial Capacitance of Graphene Oxide Deposited 
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Graphene Oxide (GO) is a two-dimensional single atom layer of carbon that present various 

oxygen functional groups on its structure, resulting in a more hydrophilic material compared to pristine 
graphene, and exhibit many advantages for electrochemical applications such as sensing and energy 
storage [1]. The interfacial capacitance (Ci) of GO was measured in Britton-Robinson buffer (BR-buffer) 
with different ionic strength using sodium perchlorate (NaClO4). The capacitance was evaluated in E= 
±500 mV vs Ag/AgCl, in order to observe the contribution from the double layer (CEDL) and quantum (Cq) 
capacitances by electrochemical impedance spectroscopy over a frequency of 0.01-10 KHz. Figure 1 
shows AFM topography (A) and KPFM (B) images obtained simultaneously from the same area of a GO 
film (0.05 mg mL-1) in gold substrate, which increases the polarization between the sample and the tip. 

 

 

Figure 1. Topographic image 
(A) and capacitance image (B) of 
Au/GO interface. The 
topography exhibits an edge 
region of the GO, and folds due 
to losses in the sheets due to the 
synthesis. The capacitance image 
shows that in these regions the 
values in the potential scale are 
larger due to the accumulation of 
electric charges. 

The Ci for the bare Au (A) and Au/GO-coated 0.5 mg mL-1 (B) electrodes are shown in Figure 
2. The plots on Figure 2A and 2B clearly shows that the capacitance responses are attributed solely to 
GO film, due to its larger Ci compared to the Ci of bare Au electrode. The unique electrochemical 
properties of GO are attributed to its large number of functional groups and defects, as well as its high 
specific surface area, which increase the amount of electrode/electrolyte interactions, and the 
accumulation of Na+ ions in the mesostructured. The Ci curves of GO showed significant variations with 
different ionic strength conditions (Figure 2B), due to the dominant characteristic of Cq over CEDL [2]. In 
contrast, the curves of Ci for the Au electrode are superimposed independently of the ionic strength of the 
system (Figure 2A). Figure 2C presents the curves of Ci versus the frequency of the electrodes of bare 
Au (red) and GO-coated (black) electrodes. Note that the bare Au capacitance is independent on the 
applied frequency. On the other hand, the GO-coated electrode presented a higher capacitance, five times 
greater in 0.1 KHz, compared to the bare Au, which decreases with the increase of the frequency, because 
of the time for the reorganization of the formed double layers. 

Figure 2. Ci vs E curves of (A) bare Au and (B) GO-coated electrodes in different ionic strength, f= 0.1 
KHz. (C) Ci vs f curves of bare Au (red) and GO-coated (black) electrode.  
[1] C. Punckt, M. A. Pope, and I. A. Aksay, J. Phys. Chem. C, 117, 31, 16076–16086, 2013. 
[2] J. Xia, F. Chen, J. Li, and N. Tao,” Nat. Nanotechnol., vol. 4, no. 8, pp. 505–509, 2009. 
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Exceptional properties including unusual chemical and mechanical stability, wide potential window, 
stability towards corrosion, resistance to fouling, biocompatibility, low double-layer capacitance and 
background currents give a power to boron doped diamond (BDD) to outperform other commonly used 
metallic and carbonaceous electrode materials. Enlarging the electrode surface area has become a 
powerful approach how to further improve already outstanding properties of BDD electrodes, without 
modifying their surface. By structuring the diamond surface, higher sensitivity, increased selectivity [1], 
and higher double-layer capacitance values [2] have been achieved, when compared with conventional 
planar BDD films. Thus, porous BDD appears to be a highly perspective material and has been already 
utilized as a supercapacitor, a membrane for filtration, extraction, separation, ultrafiltration and reverse 
osmosis processes, for electrochemical mineralization of organic pollutants, and in electroanalysis of 
biologically active organic compounds [1-4]. 
 
In this work we report on spectral and electrochemical characterization of BDD films deposited on a 
porous 3D template composed of SiO2 nanofibres prepared by spin coating [5] and their application for 
dopamine sensing. Microwave plasma enhanced chemical vapour deposition (MW PECVD) with variable 
B/C ratio in the gas phase was used as deposition technique. SEM confirmed good crystallinity and 
complete coverage of nanofibers for porous BDD films deposited using B/C ratio 500 ppm – 2000 ppm 
with an estimated film thickness of ~20 μm. SEM of B/C 8000 ppm porous film showed only partial 
nanofiber coverage. In some measured areas, high levels of non-diamond carbon were revealed by Raman 
spectroscopy. Fast electron transfer kinetics for selected outer- and inner sphere redox markers 
[Ru(NH3)6]3+/2+ and [Fe(CN)6]3−/4− was confirmed by cyclic voltammetry with ∆Ep of anodic and cathodic 
peak potential for both redox markers not exceeding 59 mV. This may be caused by their adsorption in 
the porous material, particularly for [Ru(NH3)6]2+/3+ at B/C 500 ppm - 2000 ppm films. Dopamine 
oxidation at porous BDD films occurs at ca +0.2 V vs. Ag/AgCl in phosphate buffer pH 7.4. Anodic and 
cathodic peak could be clearly distinguished in the cyclic voltammograms of dopamine (∆Ep 59 -               
131 mV). Square-wave voltammetry, taking advantage of the quasi-reversible redox process and the fast 
scan rate suppressing formation of reactive by-products fouling the electrode surface, was optimized for 
dopamine determination. The limit of detection of 5×10−8 mol L−1 (for A = 40 mV, f = 30 Hz, ∆E = 2 mV) 
obtained at 4000 ppm porous BDD film is sufficiently low for dopamine determination in physiological 
fluids. Finally, preliminary results on the use of BDD layers for monitoring of neuron electrical and 
chemical activity using diamond based micro-electrode arrays will be presented. 
 
Acknowledgments: This research was carried out within the framework of Specific University Research 
(SVV 260440). The research was financially supported by the Czech Science Foundation (project 17-
15319S). 
 
References:  
[1] P.W. May, M. Clegg, T.A. Silva, H. Zanin, O. Fatibello-Filho, V. Celorrio, D.J. Fermin, C.C. Welch, 
G. Hazell, L. Fisher, A. Nobbs, B. Su, J. Mater. Chem. B 2016, 4, 5737-5746. 
[2] C. Hébert, E. Scorsone, M. Mermoux, P. Bergonzo, Carbon 2015, 90, 102-109. 
[3] Y. He, W. Huang, R. Chen, W. Zhang, H. Lin, Sep. Purif. Technol. 2015, 149, 124-131. 
[4] Y. Li, H. Li, M. Li, C. Li, D. Sun, B. Yang, Electrochim. Acta 2017, 258, 744-753. 
[5] V. Petrak, Z.V. Zivcova, H. Krysova, O. Frank, A. Zukal, L. Klimsa, J. Kopecek, A. Taylor, L. 
Kavan, V. Mortet, Carbon 2017, 114, 457-464. 



Electrochemical detection of suspended Ag nanoparticles  
at  

Rotating Disc Electrode 
 

Joanna Dolinska, Marcin Holdynski, Marcin Opallo 
Institute of Physical Chemistry of the Polish Academy of Sciences 

Kasprzaka 44/52 01-224 Warsaw, Poland 
jdolinska@ichf.edu.pl 

 
Electrochemical detection of the different type of suspended nanoparticles recently attracts the attention 
of few research groups [1,2]. Apart from nanoparticles exhibiting electrocatalytic properties Ag 
nanoparticles (AgNPs) attract attention because of their intrinsic electrochemical activity connected with 
their dissolution [3]. An electrochemical signal related to impacting AgNPs undergoing electro-
dissolution can be detected at ultramicroelectrode in quiescent conditions [3,4].  It was also demonstrated 
that silver nanoparticles can be recorded in the presence of hydrogen peroxide due to electrocatalytic 
oxidation of this compound. Electro-dissolution of AgNPs can be also detected in flow by cyclic 
voltammetry [6]. 
Recently we have shown that electrochemical reactivity of nanoparticles can be detected at rotating disc 
electrode (RDE) due to their electrocatalytic (Au nanoparticles) [7] or redox (Prussian Blue nanoparticles) 
[8] reactivity.  
Here we will demonstrate that both electro-dissolution of suspended AgNPs and electrocatalytic reduction 
of H2O2 at the same nanoparticles can be detected at RDE. When potential of the glassy carbon electrode 
is high enough, subsequent injections of AgNPs suspension results in rapid current increase followed by a 
slow decrease due to gradual electro-dissolution. The same operation performed in H2O2 solution results 
in a subsequent increase of voltammetric current at potentials corresponding to an electrocatalytic 
reduction of this compound.  The shape of the electrochemical response will be discussed.  
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In the last years, nanomaterials have increased their fame thanks to their capability to enhance the 
performance of the systems in which they are applied. 
Among the large number of nanomaterials, carbon based ones deserve a primary role: carbon nanotubes 
and graphene have been widely used for the development of electrochemical sensors and biosensors for the 
detection of a plethora of analytes in several fields, including environment, biomedical and agrifood ones. 
In recent years, an alternative carbonaceous nanomaterial called Carbon Black (CB), less “noble” but 
cheaper than the previous ones, has emerged like a novel nanomaterial for sensors development.  
Comparable to the well-known and explored carbon nanomaterials in terms of electrocatalytic and 
conductive properties, CB is becoming highly attractive for sensor development thanks to its performances, 
easy availability from industry and very low cost (1 euro/Kg). For its properties, CB has been exploited in 
numerous recent papers, for the detection of several analytes, demonstrating its suitability as outstanding 
nanomodifier for electrochemical sensors [1, 2].  
In particular, CB N220 was used by our research group to modify the surface of screen-printed electrodes 
(SPEs), for the detection of NADH, ascorbic acid, cysteine, [3]. 
Herein, we investigate the electrochemical behavior of SPEs modified with ten different kinds of carbon 
black, namely XE 2B, N 115, SUPER P, N660, PL 6, HP 160, MT N 990, N 220, HS 20, N 375. These 
types of CB differ for some particular properties like the particle size, the specific surface area, or their 
ability to form various aggregates. 
The study has been focused on the electrochemical and morphological characterization of SPEs modified 
with these types of CB. In detail, we used cyclic voltammetry, amperometry and electrochemical impedance 
spectroscopy measurements for the electrochemical characterization, and Scanning Electron Microscope 
(SEM) for the morphological characterization. 
Furthermore, the CB-modified SPEs that gave better results (i.e. modification with HP 160, N115 and N 
220), were tested with relevant analytes, namely epinephrine, ascorbic acid and NADH, giving the results 
summarized in Table 1. 
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Sensitivity (µA/mM) 
Analyte 

CB 
Ascorbic Acid Cysteine NADH 

HP 160 16 ± 2 17 ± 1 11.0 ± 0.4 
N 220 19.6 ± 0.3 16.1 ± 0.8 12.0 ± 0.3 
N 115 21 ± 1 21.7 ± 0.9 11.7 ± 0.2 

Table 1: Sensitivity for measurements obtained modifying the SPEs with HP 
160, N 220 and N 115. 
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Carbon is present in several allotropic forms ranging from graphite to diamond, till the most recently 
discovered fullerene, nanotubes, and graphene. The latter ones hold a leading role in the current 
electrochemical sensor scenario, thanks to their unique properties. The presence of carbon nanotubes or 
graphene on the surface of the working electrodes can improve the electroanalytical performances by 
enhancing the electron transfer at the surface of modified electrodes. In recent years, another interesting 
carbonaceous nanomaterial is becoming utterly interesting, due to its excellent conductive and 
electrocatalytic properties: Carbon Black (CB). CB is a form of amorphous carbon that has an extremely 
high surface area to volume ratio, and it has been one of the first nanomaterials for common use. In fact 
70% of CB is used as a pigment and reinforcing phase in automobile tires. Few applications are reported 
in literature until 2010 using CB as sensing element for analyte detection in solution. Herein, we present 
our results obtained in the last eight years on the use of CB as modifier for screen-printed electrodes 
towards several analytes such as thiocholine, cysteine, NADH, hydrogen peroxide, and phenolic 
compounds [1-3]. The high sensitivity of this nanomaterial for thiocholine was exploited to develop a 
chemosensor for Hg(II) [4] and a biosensor for organophosphorus pesticide detection [5]. The fouling 
resistance of CB was demonstrated for thiocholine as well as for the phophomolybdate complex [6, 7]. 
Moreover, the suitability of CB in electroanalysis was also explored preparing hybrid nanocomposites 
with gold nanoparticles for glucose, As(III) and Hg(II) detection [8-10], thionine for bisphenol A [11], 
cobalt(II) phthalocyanine for thiocholine [12] and Prussian Blue nanoparticles for hydrogen peroxide 
[13]. In the latter case, we have demonstrated that different procedures of SPE modification with CB are 
able to tailor the dimensions of Prussian Blue nanoparticles, and increase the sensitivity of the sensor. 
Furthermore, a direct comparison with SPE modified with graphene and carbon nanotubes, showed the 
advantages of CB for its electrochemical properties, cost-effectiveness, capability to easily obtain a stable 
and homogenous dispersion, demonstrating that CB can be widely employed in the development of 
nanomodified electrochemical sensors [14].  
Recently, we have successfully also used CB to assemble novel paper based electroanalytical tools for 
phosphate, ascorbic acid, buryrylcholinesterase, ethanol, and pesticide detection in real samples such as 
wastewater, serum, beer and dietary supplement [15-18]. 
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In this work, a novel synthetic route for the synthesis of hybrid materials made of colloidal 
nanoparticles (NPs) and graphene-based electrodes is presented. In more details, Reduced Graphene 
Oxide (RGO) sheets are surface modified by functionalized pyrene linkers. The chemical groups of 
pyrene act as growing sites for the in-situ synthesis of gold nanoparticles (Au NPs) of different 
dimensions (approximatively 2, 13 and 20 nm). The surface of the colloidal NPs is functionalized with 
two different capping agents: in one case oleylamine and in the other 3,4-dimethylbenzenethiol. The as 
prepared hybrid materials are deposited onto Carbon Screen Printed Electrodes (C-SPEs) as a support and 
are investigated by means of Cyclic Voltammetry (CV) and Electrochemical Impedance Spectroscopy 
(EIS) measurements.  

Particular attention is payed to the role played by every single hybrid component, resulting in a 
synergistic effect, which is responsible of the enhancement of the hybrid electrochemical properties. The 
charge transfer from Au NPs to RGO, assisted by the pyrene linker, seems to be the key point to 
understand the peculiarities of this innovative material. Moreover, the presence or the absence of the Au 
NPs capping agent reflects in different electrochemical responses, depending on the electrode format. 

The prepared RGO-Au NPs hybrids have been used as electroanalytical sensors for the detection of 
both inorganic and organic species (arsenic, H2O2, dopamine), showing promising results, in terms of 
sensitivities and detection limits. In particular, regarding the detection of the neurotransmitter dopamine, 
the best performances were obtained with Differential Pulse Voltammetry (DPV): a LOD of (3.3 ± 0.2) 
ppb has been reached, comparable with other electroanalytical results reported in literature, and in 
accordance with the benchmark for this molecule [1]. In the case of arsenic detection, the hybrid devices 
show increased performances in comparison with bare Au or organic-coated Au NPs, also allowing 
speciation between arsenic (III) and (V), appropriately adjusting the experimental conditions. In the case 
of H2O2, the hybrid devices display high electrocatalytic activity and fast electron-transfer kinetics, 
representing an ideal platform for developing oxidoreductase-based electrochemical biosensors, as well as 
for detecting H2O2 in real samples. 
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Since the successful exfoliation of graphene in 2004, two-dimensional materials have been receiving 
great attention among research community due to extraordinary physical and chemical properties related 
to specific effects at nano-scale such as, among others, strong electro-catalytic activity, high electroactive 
area and low surface fouling 1. Nowadays, graphene based nanomaterials and graphenated structures are 
widely used for electrochemical sensors, including biosensors, mainly due to their obvious advantages 
over electrodes based on other materials. ANF-C700 wt% graphene is a 3D graphene structure covered 
alumina nanofibers that have been previously applied (by the author) for simultaneous determination of 
bio compounds such as ascorbic acid, uric acid and dopamine; and has shown very promising results 
owing to its highly corrugated structure and much electrochemical active area 2. 
On the other hand, in such a network, transition metals such as Cu can improve charge and mass transfer 
resulting at better sensitivity due to its multiple oxidations and increasing surface area. According to the 
literature, copper-based nanomaterials have been successfully applied in electrochemistry and used for 
determination of biomolecules such as H2O2 and glucose 3. Thus, the hybrid alumina/graphene nanofibers 
modified by copper nano particles can be interesting matrix for electrochemical applications and chemo-
sensors.   
In the present study, adjusted 3D structure of alumina nanofibers covered by multi-layered graphene 
(ANF-C400) was produced (Fg.1) via direct CVD technique and additionally decorated by Cu 
nanoparticles. Obtained composite material was successfully used for simultaneous determination of 
Epinephrine (Ep), Acetaminophen (AP) and Tryprophane (Trp) in phosphate buffer (pH = 6.0). 
Analytical performance of the sensor was studied 
using electrochemical techniques such as cyclic 
voltammetry, differential pulse voltammetry and 
impedance spectroscopy. Obtained sensor was 
further evaluated in human urine sample and very 
satisfactory recovery values were obtained. 
Collected data showed that the calibration curves 
were linear and very low detection limits of 0.027, 
0.012 and 0.009 μM were achieved for EP, AP and 
TRP, respectively. This study demonstrated the 
practical analytical utility of ANF-C400/Cu 
chemosensor for determination of EP, AP and Trp 
in real samples analysis without significant 
interferences. 
 
 
 
 

 

   
 

Fig. 1 . Scanning electron microscopy image of 
ANF-C400 film modified glassy carbon electrode 
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Polycyclic aromatic hydrocarbons (PAHs) are widespread in the environment, and may be found in water, 
food, automotive industry and petrochemical industries to name but a few sources. Literature reports have 
highlighted industrial workplace exposure to PAHs as a leading cause for development of cancer in 
workers. Particularly, workers in the petrochemical industry are adversely affected and the incidence of 
skin and lung cancer in this population group is high. 
 
The commonly used analytical methods for the detection of PAHs from industrial samples are high 
performance liquid chromatography (HPLC) coupled to fluorescence detection, membrane filtration, 
ozonation and reverse osmosis. Analysis of PAHs from the petrochemical industry is typically performed 
by HPLC method as well as sono-degredation in the presence of oxygen and hydrogen peroxide.  
Electrochemical sensors have emerged as a viable alternative methodology for analytical detection of a 
wide range for environmental pollutants due to their cost effective nature, ease of production and use, 
high selectivity, sensitivity and stability.   Molecularly imprinted polymers date back to the 1970’s with 
the incredible property of molecular memory imprinted onto the polymer, during its preparation. 
 
Polypyrrole was electrochemically synthesized from monomer onto a glassy carbon electrode using 5 
cycles at a scan rate of 50 mV/s in 0.1 M HCl electrolyte solution and characterized using cyclic 
voltammetry. For the molecularly imprinted polymer electrodes, template molecules (anthracene, 
benzo[a]pyrene and pyrene) were included during the electropolymerization and removed afterwards. The 
imprinted polymer electrodes were characterized using cyclic voltammetry (CV) and square-wave 
voltammetry (SWV).  Atomic frequency microscopy (AFM) and scanning electron microscopy (SEM) to 
confirm the recognition cavity created on the polymer surface. 
 
Non-imprinted polypyrrole (NIP) sensors were prepared for comparison with the imprinted polymer 
sensors. The sensitivity, and limit of detection obtained with the MIP sensors for anthracene, 
benzo[a]pyrene and pyrene showed improved analytical performance compared to the NIP sensors, due to 
the molecular templating effect.   
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The reduction of the thickness of ion-selective membranes (ISMs) traditionally used in potentiometry has 
emerged in the last years as a powerful strategy to detect very low concentrations of ions and for the 
simultaneous analysis of multiple cations in complex samples.1,2 This is achieved by interrogating 
nanometer-sized ISMs (n-ISMs), which are backside contacted with a thin film of a redox active conducting 
polymer, with a dynamic electrochemical technique that allows to control any ion-transfer occurring across 
the n-ISM through potential tuning (PGSTAT 302N, Autolab, Metrohm Nordic)3. Thus, the system that has 
been shown the most prominent results with an analytical perspective is an electrode based on a nanofilm 
of electropolymerized poly(3-octylthiophene) (POT) and n-ISM (thicknessa230 nm) that simultaneously 
contains three selective receptors (ionophores for lithium, potassium and sodium in polyurethane 
plasticized matrix).2 This electrode is capable to rapidly detect lithium and potassium in undiluted blood 
with excellent analytical performances. 
 
However, while cations have been extensively determined using n-ISMs, it seems that POT-based 
electrodes are somehow not suitable for anions detection. In the present talk, we commented on the 
voltammetry response of several n-ISMs whose compositions have been formulated to promote anion 
transfer coupled to POT oxidation/reduction, i.e. anions present in the sample participate in the POT+ 
stabilization process to fulfill the electroneutrality of the system (Figure 1A). Preliminary results suggest 
that it is necessary to incorporate both cation-exchanger and anion-exchanger simultaneously in the n-ISM 
in order to observe a reproducible voltammetry peak for the anion transfer. Unfortunately, this membrane 
composition seems to be incompatible with the incorporation of any anion-ionophore in the n-ISM because 
there is an overlap of cation and anion waves in the voltammogram.  
 
 
 
 
 
 
 
 
 
 
As far as the problem for anion detection is related to the POT stabilization procedure, more experimental 
evidences are necessary to assure this statement, one alternative path towards a robust system to detect 
anions is the use of redox mediators directly solved in the n-ISM. First trials with this new concept 
comprises compounds based on redox-active metallic centers such as ferrocene (Fc) derivatives and Os(II) 
complex4. Nevertheless, when Fc is oxidized to Fc+ it forms irreversible compounds with Cl- in the 
membrane [FeCln]3-n, gradually reducing the electrochemical activity of the n-ISM. On the other hand, a 
really high amount of Os(II) is necessary in the n-ISM to obtain adequate signal, and consequently the 
membrane presents solubility and leaching problems. We are now exploring new compounds based on a 
metallic center, such as Fe(II) and Co(II), embedded in an ionic liquid like environment (derivatives of the 
compound shown in Figure 1B)5, aiming at protecting the center against chloride attack once that is oxidized 
in the membrane. Preliminary experiments in solution and interrogating polyurethane n-ISMs with 
voltammetry and synchrotron radiation point out the real potential of this new generation of membranes 
towards anion detection. Further observations are needed to propose a final sensor based on this type of n-
ISM for detecting anions in complex samples with applicability in real scenarios. 
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Chem. 88, 2016, 5649. 3. www.metrohm-autolab.com. 4. M. Cuartero et al., Electrochim. Acta 238, 2017, 
357; Chem. Commun. 53, 2017, 10757. 5. M. Seredyuk, et al., Chem. Eur. J. 19, 2013, 6591.  

A) B) 
Figure 1 
A) Two possible mechanisms for the 
participation of anions (-) in the 
process to stabilize POT+. 
GC=glassy carbon electrode 
B) [Fe(nBu-im)3(tren)](PF6)2 
compound based on Fe(II) center 
embedded in an ionic liquid 
environment.5 
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Mesoporous silica-based materials are widely used in connection to electrochemistry [1], especially for 
the modification, functionalization or nanostructuration of electrode surfaces. The resulting integrated 
electrochemical systems offer attractive features that can be related to the particular properties of the 
materials (porous robust inorganic framework ensuring fast mass transport, ease of modification by 
covalent binding of organo-functional groups to tune reactivity and recognition ability, host for various 
guest species such as active biomolecules or nano-objects). 
From that point of view, an ideal configuration is provided when the nanostructured coatings exhibit 
vertically aligned mesopore channels [2], but this is not favored thermodynamically [3]. Nevertheless, 
this can be nowadays achieved by electrochemically assisted self-assembly (EASA) [4, 5]. The method is 
based on surfactant templating and the synthesized film appears as a uniform thin membrane made of 
hexagonally packed channels of typically 2-3 nm in diameter, which are filled with surfactant molecules 
that can be removed by calcination or solvent extraction. 
After briefly presenting the EASA method to get such 
oriented mesoporous silica films, this communication 
will discuss their exceptional size and charge selectivity 
features (Scheme 1). Molecular sieving properties have 
been evidenced using a nonaferrocenyl dendrimer able 
to cross a mesoporous films with 2.9 nm pore size while 
being totally excluded from a 2.0 nm channel diameter 
[6]. This can be exploited for anti-biofouling purposes, 
as exemplified for propranolol detection in the presence 
of hemoglobin [7]. In addition to size selectivity, the 
mesoporous silica film exhibited also charge perm-
selectivity, acting as an electrostatic barrier for anions 
(due to the negatively-charged silica walls) while letting 
small neutral species and cations to diffuse freely through the film to reach the underlying electrode 
surface, the cationic probes being even accumulated in the mesochannels via favorable electrostatic 
interactions [4]. This has been exploited for cation sensing (i.e. paraquat, a cationic herbicide [8]), the 
vertical orientation of mesochannels ensuring fast mass transport and consequently high sensitivity. Note 
that, even excluded based on their negative charge, anions can be otherwise detected using a neutral redox 
mediator thanks to fast electron shuttling through the film [9]. Finally, while mesochannels filled with 
surfactants were only permeable to lipophilic species, the extracted ones are permeable to hydrophilic 
moieties, enabling to tailor their recognition properties (tuning the hydrophilic/hydrophobic balance).  
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Graphene is one of the materials most studied nowadays for numerous applications, including energy 
storage and sensing. Outstanding performance of this nanosized material comes from peculiar properties, 
such as high surface area (>2600 m2/g for single-layer graphene), excellent thermal and electric 
conductivity and high mechanical strength. 
When considering the application in electroanalysis, graphene is generally obtained by chemical 
oxidation of graphite to graphite oxide and subsequent exfoliation to graphene oxide (GO). This is 
considered the only process that can give quantitative exfoliation down to single layers and represents the 
most economical way to obtain mass production of monoatomic carbon sheets. 
Thanks to the combination of electrochemical, spectroscopic and morphologic results, we could define 
the role played, by different oxygenated functional groups present on GO nanosheets, in the 
electrocatalytic performance of the material toward the oxidation of a benchmark chemical species, 
namely β-nicotinamide adenine dinucleotide (NADH).1 In particular, we could observe that hydroxyl and 
carboxyl moieties impart the material peculiar electrocatalytic properties, at the basis of the development 
of quite efficient amperometric sensors. Similar performance is only achieved after chemical or 
electrochemical reduction of GO, which increase the conductivity of the material. 
We could quite recently demonstrate that similar characteristics are also proper of electrochemically 
exfoliated graphene oxide (EGO).2 On the basis of electrochemical and spectroscopic results, we could 
observe that EGO possesses density of oxidized functional groups on the surface of the nanosheets 
suitable to be conductive without the need of any reduction pre-treatment and, at the same time, to 
activate electrocatalytic NADH oxidation. 
Thanks to the definition of the actual role played by different functional groups in NADH oxidation 
process, we also exploited the carboxylic moieties present on carbon nanosheets to suitably functionalized 
EGO nanosheets with organic residues bearing terminal alcoholic moieties. Both a chemical and an 
electrochemical approach were exploited to this purpose, confirming, in any case, the better performance 
of the functionalized material with respect to pristine EGO. 
Due to the better performance of the chemically functionalized EGO, the physico-chemical properties of 
this material were studied in detail by combining results deriving from electrochemical, spectroscopic and 
UV-Vis spectroelectrochemical measurements. The analytical performance of the material was also 
defined and discussed in comparison with the pristine EGO material. 
Finally, due to the role played by NADH as the co-factor of many enzymes, it is our mind to explore the 
application of chemically functionalized EGO as the material constituting the sensing element of 
enzymatic biosensors. 
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Film porosity is a critical factor for the production of dielectric thin films for applications in capacitive 
devices. If the film is porous, electrode deposition techniques such as thermal evaporation or sputtered 
electrodes can result in electrical short circuits. No account is usually taken of porosity when calculating 
effective permittivity values and the permittivities measured in standard experiments using solid samples 
and metal contacts are an average across the film as a whole.1 
BaTiO3 thin films were deposited onto polycrystalline Pt using a dip-coating technique, with annealing 
temperatures of 750 °C implemented. The effective permittivity, measured by solid state impedance 
(figure 1) of a 600 nm BaTiO3 film was measured at 290 in the frequency range 100 Hz to 1 MHz. This 
shows a purely capacitive thin film with a phase angle of -90 ° and with a modulus gradient of -0.99. 

 
Figure 1: Nyquist (a) and Bode (b) plots of the solid state impedance data for a BaTiO3 thin film with a 3 
difference gold pad contacts with diameters of 0.5 mm.  
 
Electrochemical impedance with an aqueous electrolyte allowed evaluation of the porosity by measuring 
the double layer contribution from the Pt substrate and the polarization of the dielectric film, then an 
equivalent circuit suitable for explaining the response was used (figure 2). 

 
Figure 2: The Nyquist (a) and Bode (b) plots of the electrochemical impedance response of the BaTiO3 
thin films, and the equivalent circuit responsible for the response (c) where CD and CDL is the dielectric 
and double layer capacitive response respectively and RP and RS is the pore and solution resistance 
respectively.  
 
Using this method it was possible to combine the solid state and electrochemical impedance to estimate 
that the films had a porosity of 22.5 % and suggests the effective permittivity of a poreless BaTiO3 thin 
film as 374. This information shows an increased effective permittivity that could be achievable by 
minimizing porosity, and a technique to measure porosity in dielectric thin films. 
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ABSTRACT  
 
Polycyclic Aromatic Hydrocarbons (PAHs) are environmental pollutants found in water, soil, and air, and 
human exposure to these compouds is a  concerning health hazard. Current methods used to determine 
PAHs in water require complex analysis, are time-consuming and not portable.  
 
To overcome these difficulties, this work presents the integration of electrochemical techniques in 
combination with a tailored immunoassay method that aims to detect Benzo[a]pyrene (BaP) in water. 
Nanoparticles were used as a substrate for the antibodies that are the main biomolecules of our 
immunoassay. Covalent immobilization was carried out, where the antibody linking occurs through 
chemical processes with one of its functional group to group generated in the surface of the nanoparticles. 
 
This covalent immobilization method provides a strong bond between the antibody to the nanoparticle, 
offering then a very reliable protocol for BaP detection. The limits of detection obtained (0.1ng/ml) are 
comparable to those of available state-of-the-art tools and close to the values requested by European 
Drinking Water Directive (0.01ng/ml). It also presents a linear range of (13.7 to 123 ng/ml) that is practical 
in the detection of PAHs in water.  
 
The use of a magnetic platform offers the opportunity to integrate it into a portable solution that could be 
used for in situ monitoring of PAH in water. Having an in situ monitoring device is important for real-time 
and early detection of potential presence of PAHs in water. This is a potential solution for domestic testing 
that would allow consumers to control the quality of their drinkable water.   
 
Keywords: Polycyclic aromatic hydrocarbons (PAHs), Nanomaterials, electrochemical immunosensor, 
environmental monitoring, Benzo[a]pyrene . 
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Since the conception of scanning tunnelling microscopy (STM) in 1981, many other scanning probe 
microscopy (SPM) techniques have been developed, including in the field of electrochemistry, where 
scanning electrochemical microscopy (SECM) has found many applications.1 While scanning 
electrochemical probe microscopes are powerful tools for the spatial mapping of electrochemical reactivity 
(e.g., electrocatalytic activity) at the micro- to nanoscale, they are often limited in their ability to reliably 
map topography.2,3 Herein, a combined STM-SECM technique is proposed for simultaneous high resolution 
topographical and electrochemical imaging (mapping). The challenge of bridging the differing length scales 
of the two individual techniques (i.e., nano- to Angstrom-scale for STM versus micro to nanoscale for 
SECM) has been addressed using a “hopping mode” regime, thereby allowing for the study of features that 
are larger than are normally observable in STM whilst still being able to map smaller features. Significant 
progress has been made in the fabrication of robust and reproducible STM-SECM probes, manufactured 
from laser-pulled quartz capillaries filled with pyrolytic carbon,4 on which electrocatalytically active metals 
(e.g., Pt) can be electro-deposited,5 resulting in well-defined and stable probe tips. Herein, these probes 
have been used to carry out joint STM-SECM studies on sample systems to correlate topography and 
electrocatalytic activity at the nanoscale, using {111}-oriented two-dimensional Au nanocrystals, AuNCs, 
as an exemplar system (e.g., see Fig. 1). 
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Fig 1. SEM, STM and SECM (left to right) images of a single AuNC. The STM (topography) and SECM 
(electrochemical activity) maps were obtained synchronously using a “hopping pulse mode” of STM-SECM in 0.1 
M HClO4. SECM was operated in the substrate generation/tip collection mode, detecting the product (H2) of the 
hydrogen evolution reaction at the substrate. 
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Chiral electroanalysis could be regarded as the highest recognition degree in electrochemical sensing, 
implying the ability to discriminate between specular images of a given electroactive molecule in terms of 
significant peak potential difference. Since enantiomers have identical physico-chemical properties, the 
electron transfer process must take place in asymmetric conditions, exploiting a suitable chiral selector, 
such as a chiral electrode or a chiral medium. A groundbreaking strategy was recently proposed, based on 
the use of inherently chiral molecular selectors, either electrode surfaces [1] or media [2]. Inherent 
chirality implies the chirality source of the chiral selector to be neither localized nor external, but intrinsic 
to the whole main molecular backbone, featuring a tailored torsion; this can result in outstanding chirality 
manifestations. Thus, large differences in peak potentials have been observed for the enantiomers of 
different chiral probes working on achiral electrodes, implementing inherent chirality at their interface 
with an ionic liquid medium, [2] exploiting the latter's peculiarly high order. To this aim we developed 
inherently chiral ionic liquids ICILs as double salts of an atropisomeric 3,3′-bipyridine scaffold with long 
alkyl chains and a suitable anion, resulting in melting points below room temperature. However, we 
found it even more convenient to employ the new ICILs, as well as other family terms solid at room 
temperature, as low-concentration chiral additives in commercial achiral ionic liquids: impressive peak 
potential differences, regularly increasing with additive concentration, have been observed for the 
enantiomers of different probes on achiral electrodes. Comparable results have also been obtained with 
other inherently chiral additives (bibenzimidazolium double salts and a thiahelicene derivative). Work is 
in progress to strengthen and rationalize the recognition mechanism. In this light we have found a strictly 
connection between our ICILs and liquid crystals; in fact our additives seem to induce a “chiral domino 
effect” at the electrode interface like the nematic to cholesteric transition in liquid crystals. We have also 
performed a physico-(electro)chemical characterization of new families of chiral ionic liquids CILs in 
order to compare their electrochemical properties and enantioselection performance with our ICILs. 
 
The inherent chirality research is currently supported by Regione Lombardia and Fondazione Cariplo 
(Avviso congiunto per l’incremento dell’attrattività del sistema di ricerca lombardo e della competitività 
dei ricercatori candidati su strumenti ERC-edizione 2016, Project 2016-0923).  
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Non-redox electrochemical processes confined within nano-porous structures are a basis for highly effective 
sensing platforms that have recently attracted interest due to their application to DNA sequencing.[1-3] The 
combination of these nano-confined processes with liquid-liquid electrochemistry, which allows the determination 
of species based on their solubility, offers an interesting direction for development of nano-confined non-redox 
electrochemistry.[4] In a typical sensing system, an approximately circular pore is formed in a membrane and 
electrochemically driven concentration gradients drive charged species through the pore. A common detection 
mode is pore-obstruction, whereby the flux of charged species is interrupted by a blockade event.[5] Liquid-liquid 
electrochemistry provides several alternative sensing modalities, in addition to the blockade mode, whereby the 
solubility of a charged molecule can be used to switch the flux of charged species on and off and the interfacial 
adsorption of (non-charged) species can be detected. 
 
Building on previous work[6], arrays of high aspect ratio (20:1) nanopores, 'nanochannels', were milled into thin 
silicon nitride films using a focused ion-beam. This fabrication method allowed specific geometric parameters to 
be implemented in order to investigate the diffusion properties of the system. The minor-axis pore width was 
approximately 100 nm, which has been shown to be the limiting pore diameter in circular pores, such that 
significant ion-flux gating due to wall charge within the pore, is not observed.[7, 8] Simple ion-transfer 
experiments were then used to evaluate the flux of a tetraalkylammonium analyte and thus investigate the nature 
of diffusion about the channels. Finite element simulations have been employed to provide insight into the results 
of the electrochemical experiments. 
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The research on electrochemistry of suspended nanoparticles [1,2] was oriented mainly towards recording 
of single electrochemical events, evaluation of nanoparticles reactivity and determination of their size and 
concentration [3,4]. Typical experiments were performed in quiescent conditions, when diffusing 
nanoparticles collide with the ultramicroelectrode. When the electrode is set at appropriate potential 
electrons are transferred from or to the nanoparticles and electrocatalytic [1], electrodissolution [2] or 
redox reaction [5,6] is enabled. The two latter examples are related to redox transformations of organic 
[5] or metal oxide nanoparticles [6]. 
 Recently we have demonstrated that electrochemical response of catalytic nanoparticles can be 
obtained in forced convection conditions [7,8]. Here we would like to show that suspended redox 
active nanoobjects like Prussian Blue (PB) nanoparticles (PBNPs) [9] or 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonate) modified carbon nanotubes (ABTSCNTs) [10] exhibit 
electrochemical reactivity of under hydrodynamic conditions at rotating disc electrode.  
 A series of injections of a suspension of PBNPs into an aqueous electrolyte produces sharp 
current increases resulting from their electroreduction or electrooxidation, respectively. The 
magnitude of the current steps is linearly dependent on the concentration of the nanoparticles. 
Much larger current steps are obtained in the presence of H2O2 as a result of catalytic 
amplification. Similarly, faradaic charge transfer related to oxidation of ABTS is also observed as 
it can be judged form steplike current-time dependence recorded during subsequent injections of 
carbon nanotubes ABTSCNTs suspension. The magnitude of the spikes indicate the presence of 
suspended ABTSCNTs aggregates. 
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Carbon black (CB) is a very low-cost carbon material consisted of carbon particles (diameter between 3-
100 nm), increasingly used to prepare electrochemical sensors due a set of important features, especially 
high surface area and fast charge transfer kinetics1. Chitosan (Ch) is a biopolymer playing an important 
role in electroanalysis field in the preparation of well-adhered nanostructured films2. In this work, Ch 
ability to stabilize metallic particles is harnessed to prepare platinum nanoparticles, and the synthesized 
chitosan-stabilized platinum nanoparticles (Ch-PtNPs) are explored in the preparation of films on the 
surface of glassy carbon incorporating CB particles. The Ch-PtNPs were synthesized using a borohydride 
reduction reaction as proposed by Deng et al3. Chemical, morphological and electrochemical 
characterization of Ch-PtNPs have been carried out by UV-Vis spectroscopy, SEM, TEM, HR-TEM and 
CV. Figs. 1 (a) and (b) provide TEM and HR-TEM images recorded for Ch-PtNPs. These nanoparticles 
showed a spherical morphology with an average diameter of 2.7 nm and good dispersibility. The stability 
of Ch-PtNPs could be noticed from pictures collected from PtNPs prepared in the absence and presence 
of Ch (Inset of Fig. 1 (b)). In the absence of Ch, PtNPs rapidly aggregate and deposit at the bottom of the 
vessel, while the Ch-PtNPs remain stable for months. A very stable dispersion of CB-Ch-PtNPs was 
obtained using an ultrasound bath and a film of CB-Ch-PtNPs was prepared on the surface of glassy 
carbon electrode (GCE) by a simple drop coating strategy. The electroanalytical potentialities of the new 
modified electrode were studied towards the sensing of the endocrine disruptor bisphenol A (BPA). The 
CV profile of BPA consisted of an irreversible anodic peak, with an anodic peak current considerably 
increased after GCE modification with CB and Ch-PtNPs (Fig. 1 (c)). After optimization of experimental 
conditions affecting the BPA response, the determination of BPA was performed by differential pulse 
adsorptive anodic stripping voltammetry (DPAdASV). The obtained analytical curve was linear in two 
BPA concentrations ranges (i: 4.98 × 10−8 to 5.91 × 10−7 mol L−1 and ii: 7.87 × 10−7 to 5.61 × 10−6 mol 
L−1), with a limit of detection of 7.29 × 10−9 mol L−1. The sensor was successfully applied in the BPA 
determination at natural water samples with recovery percentages close to 100%. 
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Figure 1. (a) TEM and (b) HR-TEM images of Ch-PtNPs. (c) CVs recorded for BPA 1.0 × 10−4 mol L−1 
in 0.2 mol L−1 phosphate buffer solution (pH 7.0) using GCE, CB/GCE and CB-Ch-PtNPs/GCE. Scan 
rate = 50 mV s−1. 
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Nanoporous gold (NPG) has drawn tremendous research interests because of facile deposition techniques on a solid 
substrate and its applications in wide ranges of electrochemical sensing and catalysis. A systematic study of dynamic 
hydrogen bubble template (DHBT) assisted electrodeposition of NPG films and their electrochemical affinity 
towards nitrite oxidation have been investigated [1]. The electrodeposition parameters, particularly deposition time 
and potential, strongly affected the nanoporous structures, especially pore and grain sizes as well as the morphology, 
as shown in Fig. 1a. NPG nanostructures variations were attributed to the unique nucleation and diffusion pattern of 
gold atoms at a given set of electrodeposition parameters. If less negative potentials for short time favored planar 
diffusion of gold ions followed by instantaneous nucleation of gold atoms, more negative potentials for longer times 
supported a spherical diffusion process followed by progressive nucleation. The variation in the NPG growth model 
produced a profound effect on the electrochemical properties for nitrite oxidation. NPG films developed at more 
negative deposition potentials and longer time showed low charge transfer resistance (Rct) and high oxidation 
current in electrochemical impedance spectra (EIS) and cyclic voltammograms (CVs), respectively, as shown in Fig. 
1b and 1c. On the contrary, high Rct and low oxidation currents were noticed for NPG films deposited at less 
negative potentials for short times. Superior electrochemical properties of NPG films at more negative potential and 
longer times can be attributed to the dendrite formation, which has abundance of electrochemically active sites at the 
edges and branches. Further studies are in progress to investigate a correlation between electrodeposition parameters 
and crystallographic orientation of gold atoms in NPG films and their implications on electrocatalytic properties of 
the generated surface. 

 
Fig. 1: Schematic representation of NPG deposition (a) and intercomparison of EIS plot (b) and CVs (c) of bare 

gold, NPG at -1 V for 100 s and NPG at -4 V for 600 s in a 0.1 M PBS+2 mM nitrite solution at scan rate 50 mV/s. 
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Carbon nanotubes are established nanomaterial for construction of electrochemical sensors, including ion 
selective electrodes1. The interest in the field now is in achieving high reproducibility of potentials 
between different sensors belonging to the same type, which can open possibility of calibration-less 
application of these devices. Different approaches have been proposed including instrumental control or 
presence of highly lipophilic, reversible redox couple in the transducer2,3.   
In this work a novel solution is proposed. In contrast to the traditional approach, the compounds of choice 
are not a redox pair, although they have different oxidation states, they cannot be electrochemically 
driven one to another. The approach used are application of electrically neutral and highly lipophilic 
porphyrinoids containing the same metal ion at different oxidation states to modify carbon nanotubes. The 
compounds of choice were cobalt(II) porphyrin and cobalt(III) corrole - both characterized by a high 
stability of the coordinated metal ions in their respective redox states and electrical neutrality, as well as 
relatively high lipophilicity. This novel approach resulted in improved stability of the sensors in time as 
well as between different nominally the same sensors4. Additional benefits arise from interactions of 
porphyrinoids with membrane components leading to improvement of analytical performance of the 
sensors.  
The beneficial effect is explained by interactions of porphyrinoids used with carbon nanotubes and 
possibility of dimers formation between porphyrinoids while adsorbed on carbon nanostructures.  
This beneficial system was also applied to produce miniaturized, disposable sensors using carbon 
nanotubes on paper as electrical lead and transducer. Also in this case the resulting sensors were fully 
benefiting from the porphyriniods presence and were characterized with high stability of potential 
readings in time and improved analytical performance.  
 
1 Crespo, G. A.; Macho, S.; Rius, F.X. Anal. Chem. 2008, 80, 1316 - 1322. 
2Vanamo, U., Bobacka, J. Anal Chem. 2014, 86, 10540-10545 
3 Zou, X. U.; Cheong, J. H.; Taitt, B. J.; Bühlmann, P. Anal. Chem. 2013, 85, 9350−9355 
4 Jaworska, E; Naitana, M. L. ; Stelmach, E; Pomarico, G.; Wojciechowski, M.; Bulska, E.; Maksymiuk, 
K.; Paolesse, R.; Michalska, A.Anal. Chem. 2017, 89, 7107−7114 
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Ammonia is a colourless gas with a characteristic pungent odour. It is highly toxic – being lethal 
above 500 ppm – and has a permissible exposure limit (8 hours, 5 days) of 25 parts per million 
(ppm). It is widely used in a range of industrial and domestic applications, such as in the 
manufacturing of fertilizers, in refrigeration, in fermentation, cleaning and even as an 
antimicrobial agent for food products. Because of its toxicity and widespread use, there is a 
continual need to develop low-cost, fast-responding sensors for ammonia with adequate limits of 
detection in the parts per million or parts per billion range.  

Electrochemical sensors have many advantages including low-cost, portability, durability, wide 
linear range, high sensitivity and high selectivity. A type of electrochemical sensor that is used 
for the detection of gases is an amperometric gas sensor. Room temperature ionic liquids (RTILs) 
have been suggested as a replacement for traditional solvents in amperometric gas sensors.1 Due 
to their non-volatile nature, very small quantities of RTILs (e.g. a few microliters) can be used in 
conjunction with low-cost miniaturised planar surfaces. However, the high viscosity of ionic 
liquids reduces diffusion coefficients of electroactive species, and it was not clear if ionic liquid-
based sensors had sufficiently low limits of detection for real-world sensor devices. 

In this presentation, I will discuss how we have pushed the detection limit for ammonia down as 
low as 20 parts per billion2 – the lowest detection limits reported so far for ammonia in neat ionic 
liquids. We have achieved this by filling the recessed holes of a commercial microarray thin-film 
electrode (MATFE) with platinum nanoparticles, in order to enhance diffusion patterns and 
increase current density.2 Furthermore, the current improved more than ten-fold on the 3-D 
“cauliflower” modified microarrays, compared to the recessed microarray.3 This huge 
enhancement in current allows for the determination of much lower concentrations of ammonia 
compared to the unmodified electrodes. We have also applied a poison during the 
electrodeposition process to create dendritic structures which give enhanced electroactive surface 
areas (See Figure 1, right). These modified arrays show much promise for the detection of ultra-
low concentrations of highly toxic analyte species. 
 

 
Figure 1: SEM images of some of the platinum 3D structures electrodeposited into the recessed holes of 
microarray thin-film electrodes. 
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In this study bare, metallic nanostructures are obtained by tip generation / substrate collection mode 
of Scanning Electrochemical Microscopy (SECM),[1] and  their electrocatalytic activity is examined with 
the same technique. Oxygen reduction and carbon dioxide reduction reactions which involve protons or 
hydroxides as reacting species were selected as model electrode processes. Due to the reagents of these 
processes, the pH reaction of the solution is different near the active sites of the catalyst than in the bulk 
solution. It may has an influence on the mechanism of the undergoing reaction and on the morphology of 
the catalyst.  

The aim of this study is to detect these local and subtle changes of the pH near the surface 
of obtained nanostructures and to see where these changes are localized upon proceeding of 
electrocatacatalytic reaction. It can be achieved by using modified voltammetric pH nanosensor,[2] which 
can be used to record the map of pH in a close proximity of catalytic nanostructures. This requires 
simultaneous topography mapping in order to keep low and stable tip-sample separation distance. 

One of the studied approach uses Syringaldazine (4-Hydroxy-3,5-dimethoxybenzaldehyde azine) 
modified protruding carbon nanoelectrode as a SECM tip. Topography imaging with hopping mode was 
performed by approaching the conductive sample in a sequence of points of the image until tunneling 
current was detected. Immediately after sample surface detection, the tip was withdrawn to non-tunneling 
distance to  perform pH measurement. Second approach uses dual-barrel nanopipette[3] based SECM-
SICM probe. One chamber of the capillary stays unmodified and filled with electrolyte acts as a SICM 
probe for topography mapping. The second one is filled with carbon modified with syringaldazine and 
acts as SECM pH nanosensor. 

        
Fig 1. a) Bare copper nanostructures obtained at the ITO electrode (EITO = -0.4 V) in 10 mM HCl + 1 M 
KCl electrolyte. b) Topography map of gold nanostructures obtained using hopping mode SECM tip.  
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In this work, CsPbBr3 NCs self-assembled film was produced via drop casting of colloidal NCs on a 
GCE, to form an NC film modified electrode. The possible fabrication process of the CsPbBr3 NCs film 
was discussed. We further studied the anodic electrochemiluminescence behavior of perovskite CsPbBr3 
NCs film using cyclic voltammetry with tripropylamine as a coreactant, and the possible ECL mechanism 
was proposed. Briefly, TPA was oxidized to produce strong reducing radical species, which can react 
with electrochemically oxidized CsPbBr3 NCs to generate excited state CsPbBr3 NCs* for light radiation. 
The relative stability of ECL emission of CsPbBr3 NCs film in an aqueous condition was also 
investigated, which show operational stability in the first three hours, indicating the applicable reliability 
as a sensing material. The results suggested that semiconducting perovskite NCs have great potential for 
application in the ECL field. 

 
Fig. (A) Schematic illustration of the ECL performance of CsPbBr3 NC film. ECL-potential (red) and CV 

(blue) curves of the CsPbBr3 NC film-modified electrode in 0.20 M PBS (pH 7.4) (B) without and (C) 
with 10 mM TPA. The scan rate was 0.05 V·s-1. 
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2,2'-(ethane-1,2-diylbis((2-(azulen-2-ylamino)-2-oxoethyl)azanediyl)) diacetic acid (L), containing two 
active parts: a chromophore and polymerizable unit (azulene), and a metal ion complexing agent derived 
from ethylenediamine tetra-acetic acid (EDTA) has been synthesized. The sensing properties of L 
towards several metal ions were tested in homogeneous media by optical and electrochemical methods. A 
selective behavior was found. A color change has occurred only in the presence of mercury ions. L has 
been successfully deposited on glassy carbon electrodes through direct electropolymerization, and L-
modified electrodes have been obtained. The electropolymerization of L in acetonitrile on glassy carbon 
electrodes has been put in evidence by EQCM and ferrocene redox assay probe and led to the 
immobilization of the complexing monomer on the electrode surface. The polyL modified electrodes 
were electrochemically characterized and their morphology was evaluated using scanning electron 
microscopy. These new electrode materials are able to complex mercury ions from aqueous solution [1]. 
The results confirm the potential of azulene compounds to act as  chromophore [2] and polymerizable [3] 
unit. The EDTA complexing unit gave sensing properties of L towards metal ions in homogeneous and 
heterogeneous systems.  
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The simultaneous electrochemical quantification of oxidized (GSSG) and reduced 
glutathione (GSH), biomarkers of oxidative stress, is demonstrated in biological 
fluids. The detection was accomplished by the development of a modified carbon 
electrode and was applied to the analysis of biological fluids of model organisms under 
oxidative stress caused by lead intoxication. Nanocomposite molecular material based 
on cobalt phthalocyanine (CoPc) and multiwalled carbon nanotubes functionalized with 
carboxyl groups (MWCNTf) was developed to modify glassy carbon electrodes (GCE) 
for the detection of reduced and oxidized glutathione. The morphology of the 
nanocomposite film was characterized by scanning electron microscopy (SEM) and 
profilometry. The electrochemical behavior of the modified electrode was assessed by 
cyclic voltammetry (CV) to determine the surface coverage (Γ) by CoPc. 
The electrocatalytic behavior of the modified electrode toward reduced (GSH) and 
oxidized (GSSG) forms of glutathione was assessed by CV studies at physiological pH. 
The obtained results show that the combined use of CoPc and MWCNTf results in an 
electrocatalytic activity for GSH oxidation and GSSG reduction, enabling the 
simultaneous detection of both species. Differential pulse voltammetry reveals detection 
limits of 100 μM for GSH and 8.3 μM for GSSG, respectively. The potential 
interference from ascorbic acid, cysteine, glutamic acid, and glucose was also studied, 
and the obtained results show limited effects from these species. Finally, the hybrid 
electrode was used for the determination of GSH and GSSG in rat urine and plasma 
samples, intoxicated or not by lead. Both glutathione forms were detected in these 
complex biological matrixes without any pretreatment. Our results portray the role of 
GSH and GSSG as markers of oxidative stress in live organisms under lead intoxication.  
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This contribution deals with a new area that aims at the selective electrochemical detection of 
nanoparticles (NPs). NPs of a variety of materials are already widely used and cannot be avoided of 
entering our lives either intentionally or accidentally. With the benefits that NPs bring due to their unique 
properties that are a result of their size, they also pose a threat. Indeed, nanotoxicology is a new 
discipline, which deals with the adverse effects of NPs. Evidently, the detection of NPs requires the 
development of appropriate tools. The latter are also crucial for monitoring the interactions between NPs 
and organisms. These interactions are affected by the core, size, shape, and stabilizing shell of the NPs. 
Hence, speciation of NPs, is becoming of utmost importance. There are known approaches for the 
detection of single particles based on their size. However, simple, miniature and inexpensive sensors for 
specific NPs detection based on the criteria mentioned above are not available yet.  
We have developed for the last few years a new concept for the selective recognition and detection of 
NPs termed NPs imprinted matrices (NAIM). It is analogous to the classical well-known concept of 
molecularly imprinted polymers (MIP) in which the molecular analyte is imprinted in a polymer by 
polymerization of proper monomers with which it chemically associates. The removal of the template 
forms complementary cavities capable of selective recognition of the analyte. Instead of molecular 
species, we imprint NPs in various matrices. The NPs are then removed to form nanometric voids that can 
selectively recognize the originally imprinted NPs.  
We will present a few new systems by which we show how NPs can be imprinted inside a matrix. What 
are the conditions for their removal and reuptake and what makes the matrix selective and sensitive 
towards the originally imprinted NPs.  
We have developed a few approaches to form the matrices. This includes the transfer of the NPs and the 
matrix formed at the water-air interface using the Langmuir-Blodgett technique [1-2]. More recently, we 
have used a different approach by which the NPs are initially adsorbed onto a solid surface [3-5]. The 
non-occupied areas are filled with either individual molecules or polymers to block the surface. Then, the 
NPs are removed to form the voids that are used to reuptake the original NPs. We will show how the 
matrix can be tailored to increase the selectivity towards the NPs [4]. In conclusion, we believe that the 
development of electroanalytical tools for the selective detection of NPs is going to be an important and 
therefore extensive field of research.   
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Metal nanoparticles (NPs) are used to enhance electrochemical signal in chemical sensors or surface 
enhanced Raman Spectroscopy. It is a challenge to fix them on the electrode/substrate surface. Chemical 
modification and their stabilization are needed in order to prevent agglomeration of the NPs [1]. 
It has been shown previously that a laser ablation can be used to generate metal NPs without additional 
chemical stabilization [2]. Taking this into account, it would be possible to form metal NPs using pulse 
laser. The nanosecond laser was employed to irradiate thin Au or Fe film surfaces of different thicknesses 
from 5 to 20 nm on ITO covered glass substrate. During the nanosecond laser irradiation, the thin Au 
layer melts and stays in the molten phase as the energy transfer from the electron sub-system to the lattice 
is slow in gold. In this case, the equilibrium between hot electrons and lattice takes place within a time 
limit of up 50 ps [3,4]. In the melted films, hydrodynamic instabilities occur which cause self-
organization of material to the droplets on the ITO covered glass. When droplets cool down, they form 
AuNPs. The formation of AuNPs using the nanosecond laser irradiation of the thin metallic coatings can 
be simply explained by the spinodal dewetting process [5].  
Such AuNPs or Fe2O3NPs covered surface were characterized microscopically using scanning electron 
microscopy (SEM) electrochemically and tested as electrodes for electrochemical sensing. 
Electrochemical characterization of the surface with AuNPs or Fe2O3NPs showed that the size of obtained 
NPs is directly related to film thickness [6]. Electrochemical characterization demonstrated that 
electrochemical properties of ITO electrodes are changed and the bigger the particles the more similar 
behavior to Au or Fe2O3 is observed. The electrodes were tested for oxidation of ascorbate and dopamine 
at AuNP and Fe2O3NP covered electrode, respectively, in 0.1 M K2SO4 with 0.05 M H2SO4supporting 
electrolyte. Ascorbate response in cyclic voltammetry was found at 0.2 V at AuNP/ITO/Glass and 
dopamine response was at 0.7 V at Fe2O3NP/ITO/Glass. In both cases, the highest sensitivity to analytes 
was found at NP covered electrodes obtained from the films of 5 nm. 
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Aptamers, single-stranded nucleic acid molecules, have been widely used in disease diagnosis 

and bioassays since their first report1. Compared to traditional recognition element antibodies, the 

aptamers have many unique properties that make them more advantageous, including low cost and large 

scale production2. Thrombin, a serine protease, plays an important role in the coagulation cascade3. It can 

convert fibrinogen into fibrin monomer by activating the platelet, and then the fibrin monomer covers the 

cut and blocks the wound to stop bleeding.  The abnormal levels of thrombin are closely related to human 

diseases such as thrombus, tumor or inflammation4. 

In general, nanomaterials can be fitted with appropriate functional groups in order to tailor their 

physico-chemical as well as their structural and dimensional properties. In turn, such nano-engineered 

platforms might offer reproducible immobilization of bioreceptor units, enhanced sensitivity for given 

target or increased biocompability of these nanomaterials. In this work, we report a facile and scalable 

synthesis of hierarchically micro/meso porous redox active hybrid based on combination of fluorinated 

graphene oxide and iron based metal organic gel (FGO@Fe-MOG). In this case, fluorinated graphene 

oxide (FGO) acts as a structure directing agent for the stabilization and shape control of iron based metal 

organic gel (Fe-MOG) nanoparticles via coordination modulation through surface oxygen groups. 

Afterwards, we demonstrated use of FGO@Fe-MOG as sensing platform for electrochemical aptasensor 

of thrombin. In our system, thrombin binding aptamer (TBA) was immobilized onto FGO@Fe-MOG 

through strong electrostatic interaction without any special modification or labeling and electrochemical 

impedance spectroscopy was used as analyzing tool. 
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Flavonoids are one of the major groups of phenolic antioxidants. These compounds being secondary plant 
metabolites play an important role in the cell antioxidant defense system preventing oxidative stress and 
repairing its negative effects. So, this group of compounds is widely used in medicine and phytotherapy 
as well as source of the antioxidants in human diet. Therefore, the development of novel reliable and 
highly sensitive methods for their quantification is of interest. 
Being easy oxidizable substances, flavonoids are often determined using voltammetry on the modified 
electrodes. The last ones provide high sensitivity and selectivity of the target analyte determination. One 
of the approaches for the electrode surface modification is the coverage with the electropolymerized 
films. The non-conductive polymers based on phenolic compounds are of interest as far as give response 
to the low-molecular weight analytes. Electrodes with the electropolymerized natural phenolics have 
shown highly sensitive response to the phenolic antioxidants due to the presence of structurally related 
fragments in the polymeric film and analyte molecule as well as probable hydrophobic interactions 
providing preconcentration of the analyte on the interface. Among a wide range of natural phenolics, 
phenolic acids (gallic and ellagic) could be considered as perspective monomers for the 
electropolymerization.  
Novel electrodes based on multi-walled carbon nanotubes (MWNT) and electropolymerized gallic and 
ellagic acids have been developed for the quantification of quercetin and naringin, respectively. The 
electropolymerization has been performed in the potentiodynamic mode. Electropolymerization 
parameters (the monomer concentration, supporting electrolyte pH, potential scan rate and range, the 
number of cycles) for the modified electrodes have been evaluated. The surface of the electrodes has been 
characterized with SEM, cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS). 
The polymeric coverage on the surface of MWNT/GCE exhibits porous sponge-like structure confirming 
the successful electropolymerization process. The effective surface area of the electrodes fabricated is 
significantly increased in comparison to bare GCE (26±4 mm2 for poly(gallic acid)/MWNT/GCE vs. 
4.2±0.1 mm2 for bare GCE and 43±2 mm2 for poly(ellagic acid)/MWNT/GCE vs. 8.2±0.3 mm2 for bare 
GCE). The EIS data shows significantly less charge transfer resistance for the electrodes with polymeric 
films than that for the GCE. 
The electrodes developed have been successfully applied for the quantification of quercetin and naringin. 
The significant increase of their oxidation currents on polymer-modified electrode in comparison to 
MWNT/GCE and GCE has been obtained. Voltammetric methods for the determination of quercetin on 
poly(gallic acid)/MWNT/GCE and naringin on poly(ellagic acid)/MWNT/GCE have been developed. The 
analytical characteristics obtained are better than reported earlier for other modified electrodes. 
Selectivity of quercetin and naringin response has been confirmed in the presence of inorganic ions, 
saccharides, ascorbic acid and range of structurally related compounds. 
The electrodes developed have been applied for the quercetin quantification in water and ethanolic 
extracts of medicinal herbs(bearberry leaves (Arctostaphylos uva-ursi (L.) Spreng.) and marigold flowers 
(Calendula officinalis L.)) and determination of naringin in grapefruit juices. A good agreement with the 
independent determination has been obtained. 
The approaches could be proposed as a good alternative to other instrumental methods. The simplicity, 
rapidity and reliability as well as possibility of fabrication screen-printed MWNT-modified electrodes as 
a platform for further immobilization of poly(gallic acid) or poly(ellagic acid) give opportunities to apply 
the voltammetric method developed in routine practice for the fast screening of phyto- and food samples. 
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Graphene (GN), a two-dimensional planar sheet of hexagonally configured sp2 hybridized carbon 

atoms, has attracted growing scientific interest in fundamental researches as well as practical applications 
such as fuel cells, super capacitors, batteries and electrochemical sensors [1]. GN synthesized by chemical 
vapor deposition (CVD) is superior than chemically synthesized GN, due to its less planar defects, good 
reproducibility, and homogeneous coverage ability without restacking phenomenon, which leads to 
enhanced electron transport properties [2]. In this work, CVD graphene on Cu foil was transferred to 
flexible polyethylene terephthalate substrates with the aid of polymethyl-methacrylate to form a graphene 
platform electroe (GPE), AuPt hybrid nanoparticles and L-Cysteine (Cys) were electrodeposited 
simultaneously on  GPE to form an AuPt NPs-Cys/GPE. The as-fabricated AuPt NPs-Cys/GPE sensor 
was investigated by detecting Epinephrine (EP) and some co-existing electro-active species, such as 
ascorbic acid (AA), dopamine (DA) and uric acid in the solution of 0.1 M phosphate buffer solution 
(pH=7.0) by differential pulse voltammetry. The separations between the neighboring peaks, about 230 
mV, 260 mV and 197 mV, respectively, were large enough for selective determination of EP in a mixture 
with AA, DA and UA. As a result, a flexible AuPt NPs-Cys/GPE electrochemical sensor for the 
deterimnaiotn of EP in the presence of AA, DA and UA was developed (Fig. 1). The broad linear 
response to EP was presented by chronoamperometry, which was 0.2 to 1000 μM with the detection limit 
of 0.0157 μM (S/N = 3). In addition, the as-obtained sensor delivered good stability as well as high 
resistance to interference, and was successfully utilized in determining real samples. 
 

 
Fig. 1 Schematic illustration of the fabrication of AuPt NPs-Cys/GPE for the simultaneous determination 
of EP in the presence of AA, DA and UA 
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The sensing of gas molecules is of fundamental importance for environmental monitoring, control of 
chemical processes, medical applications, and so on [1-3]. In recent years, graphene-based gas sensors have 
attracted much attention due to enhanced graphene thermo-electric conductivity, surface area and 
mechanical strength. Thus, different structures have been developed and high sensing performances and 
room temperature working conditions were achieved [2,4]. However, they still suffer from several 
problems, which could be overcome by covering the graphene surface with metal oxide nanoparticles [2]. 
Furthermore, studies regarding the detection of Volatile Organic Compounds (VOCs) are still at the 
beginning [3]. Hence, the present work will be aimed at: i) optimizing the synthetic routes of ad hoc 
composite VOCs sensing materials (based on graphene oxide/SnO2 or ZnO hybrids) and their deep physico-
chemical characterizations; ii) engineering the gas sensor device; and iii) evaluating the sensing 
performances at both high and mild temperatures (also exploiting the UV light) towards gaseous ethanol, 
acetone and ethylbenzene. 
Starting from pure graphite, graphene oxide (GO) powder was synthesized by adopting the Hummer’s 
modified method [5]. The synthetic route was deeply investigated by modulating both the starting carbon 
material (powder or flakes graphite) and the concentration of the H2O2 (i.e. the quenching/oxidizing agent), 
thus tailoring the final GO surface/structural properties (TEM images in Fig. 1a and 1b). Once optimized 
this step, SnO2 or ZnO were grown on its surface by a hydrothermal method, varying the starting salt 
precursor/GO weight ratio between 4 and 32 (Fig. 1c and 1d). For comparison, pure SnO2 and ZnO (both 
commercial and home-made) were also tested. Several physico-chemical techniques have been used to 
characterize all the as-prepared nanopowders, such as XRPD, Raman, FTIR, XPS and TEM analyses. 
Subsequently, a homogeneous layer was deposited by spraying technique onto Pt-Interdigitated Electrodes 
(IDEs) starting from an ethanol suspension of each sample (2.0–2.5 mg mL-1). Then, gaseous ethanol, 
acetone and the less studied ethylbenzene were sensed, obtaining very promising results (in terms of both 
response/recovery time and sensibility down to ppb levels) for either pure and hybrid materials at 350°C, 
and at lower temperatures (150°C to 30°C) for the graphene-based samples. Hence, these powders may 
represent very potential candidates for the gas sensing of highly toxic VOCs traces, both for environmental 
[1] and medical [3] diagnosis purposes. 
 

             
 

Figure 1. TEM images of a) pure graphite, b) GO, c) SnO2@GO (inset: magnification), d) ZnO@GO. 
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The electrochemical detection of biological compounds continues to gain high attention due to 

its simplicity, speed, cost-efficiency and the possibility of real-time monitoring. An important challenge 
posed by these methods is the detection of analytes with relatively high oxidation potentials. Previous 
studies show, that glassy carbon electrodes have an anodic potential limit of approximately +1 V. 
Applying higher overpotentials can lead to pronounced fouling effects [1,2]. To counteract this, numerous 
modifying agents have been applied (separately and in combination) to the electrode surface to improve 
kinetics and reduce overpotentials, including graphenes, noble metal particles, metallic oxides and 
hexacyanoferrates [3-9]. 

 
L-ascorbic acid (AA) is an important vitamin found in some food products. It is an essential 

nutrient in human diet with important roles in metabolism. Due to its relatively high oxidation potential, 
analysis by electrochemical methods can be problematic. Similarly, dopamine (DA) is a neurotransmitter 
with important roles in the central nervous, cardiovascular, renal and hormonal systems [10].  
In biological samples, dopamine and ascorbic acid can coexist. Due to their similar oxidation potentials, 
electrochemical detection can only be realized with highly selective electrodes. 

 
In this context, a nanostructured composite matrix containing 

gold nanoparticles (AuNPs), graphene oxide (GO) and Nafion was 
immobilized on the surface of a glassy carbon electrode (GCE) by 
drop casting, followed by electrochemical reduction of GO, in order 
to obtain a modified interface (GCE/AuNP-erGO-Nafion) for the 
selective detection of ascorbic acid and dopamine. Following 
optimization, calibration curves have been determined with 
amperometry.  

 
The results show good repeatability and reproductibility with a 
greatly decreased oxidation potential for ascorbic acid (Figure). The 
electroanalytical parameters of the new sensor prove the possibility 
of selective amperometric determination with increased sensitivity 

and low detection limits for both analytes.  
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Heavy metals are classified as extremely dangerous for human health because can accumulate into the 
body and food chain. Once released, they can remain for decades or centuries in the environment because 
are not biodegradable. Among the heavy metals, mercury is one of the most dangerous because a few ppb 
of mercury can cause serious damages to brain, heart, lungs and kidney. The World’s Health Organization 
(WHO) recognizes mercury as one of the ten most dangerous chemical for humans [1]. The 
Environmental Protection Agency (EPA) fixed the maximum concentration of Hg in water at 2 ppb [2]. 
Many different techniques are currently used to detect heavy metals (Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS), Graphite Furnace Atomic Absorption Spectroscopy (GFAAS), and so on, but 
have many drawbacks: are very expensive, time consuming, difficult to use and work with, and cannot be 
used for real-time and in-situ analysis [3]. Nowadays, it is very important to develop new sensors for 
heavy metals that could be cheap, easy to use for in-situ and real-time analysis. In this context, 
electrochemical sensors are perfect candidates [4]. The more powerful electrochemical technique is 
Square Wave Anodic Stripping Voltammetry (SWASV), a two steps technique where the heavy metal is 
first deposited on the electrode surface, applying a fixed cathodic potential, and then is stripped out, 
obtaining a signal that increases with the concentration [5]. The powerful of this technique comes from 
the combination of the two steps. By increasing the deposition time, is technically possible to detect lower 
concentrations of heavy metals while during the stripping step, it is possible to distinguish between them 
due to the intrinsic difference in the stripping potential of each one. In the present work, we studied the 
performances of a NiO@Ni electrode obtained by mild thermal oxidation of commercial nickel foil. We 
found that is highly important to have a core@shell configuration because nickel oxide is a p-type 
semiconductor and so a conductive core (Ni) is necessary. The effect of annealing temperature and 
annealing time was investigated and we found the best combination (500°C for 120 mins) using scanning 
electrons spectroscopy (SEM) and X-ray diffraction (XRD). It is important to find a temperature that is 
high enough to convert Ni in NiO but not too high to create other type of nickel oxide. Furthermore, it is 
important to anneal the Ni foil for enough time in order to create a NiO shell thick enough to guarantee 
good electrode conductivity and stability in acidic media. We have carried out a systematic study to 
optimize all the parameters of the SWASV such as pH, deposition potential and deposition time. pH 
highly affects the process because the hydrolysis of the mercury salt changes; the deposition potential has 
an important effect as well, because the driving force for the deposition is proportional to it. With 6 mins 
of deposition, we obtained a stripping peak of mercury at 0.32 V vs Ag/AgCl with a Limit of Detection 
(LOD) of 4.4 ppb, a sensitivity of 1.1 µA ppb-1 cm-2, and a linear range from 15 to 1800 ppb. This LOD is 
higher than the EPA limit but it is possible to increase the deposition time to detect a lower concentration. 
We found that increasing the deposition time up to 12 mins, 0.5 ppb of mercury can be detected, with a 
consequent lower LOD. The selectivity of the sensor was studied by depositing copper, zinc, lead and 
cadmium simultaneously to mercury. We did not see any peaks coming from zinc, lead and cadmium. In 
addition, the mercury stripping peak is not influenced by the presence of these metals. The peak of copper 
is present at 0.15 V vs Ag/AgCl and could overlap with mercury peak. Nevertheless, also in presence of 
500 ppb of copper, the mercury peak current doesn’t changes too much, with an increase of 15%. These 
results shows that the sensor is highly sensitive and selective.  
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Two-dimensional (2D) materials hold promise for a range of electrochemistry-related applications, 

including energy storage/conversion and sensing. However, fundamental understanding of how 2D 
materials’ electrochemistry depends on their structure is critical for successful implementation in these 
applications. Even for the most common 2D materials, such as graphene and MoS2, this understanding is 
currently limited [1, 2]. The complex and tunable electronic structure of these materials revealed through 
physical science research suggests that a wide landscape of possibilities exists in optoelectronics, 
electrochemical switching, and photocatalysis [3]. 

Here, we report a study of electrochemical tunneling 
across monolayer and few-layer hexagonal boron nitride 
(hBN), a wide-gap insulator that has gained interest in device 
encapsulation and solid-state tunnel field-effect transistors [4]. 
The devices based on ~5 µm diameter ultramicroelectrodes are 
fabricated using photolithography and their electrochemical 
behavior studied using redox mediator systems (Fig. 1). Several 
complementary techniques, including optical microscopy, 
Raman spectroscopy, and atomic force microscopy, are used to 
characterize the devices. We will show how the tunneling 
current, electron transfer kinetics, and the breakdown voltage 
depend on the number of hBN layers between monolayer and 
bulk. Furthermore, anomalies in the limiting current and 
symmetry of the redox reactions (transfer coefficient α) will be 
discussed. These results are a first expansion of the extensively 
studied solid-state tunneling through hBN. 

These findings show that engineering of the 2D materials into functional heterostructures can yield a 
tunable electrochemical response, in this case through changing thickness of an hBN layer. Our approach 
provides fundamental insight into the electrochemical tunneling behavior across atomically-flat insulating 
materials and could be exploited in applications such as electrochemical switching or surface passivation.  
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Fig. 1:  Schematic of electrochemical 
tunneling through hBN layers 
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We present a versatile and facile procedure for the immobilisation of bioprobe molecules to an 
electrochemical sensing element. We eliminate lengthy preparation procedures for direct functionalisation 
of electrode surfaces by pre-attaching probe molecules or other functionality to carboxylic acid bearing 
termonomers of pyrrole phenylenes or thiophene phenylenes. A wide variety of functionality can be 
appended and then these precursors can be directly polymerized or co-polymerised onto an electrode 
surface. We illustrate the ideas using as examples the fabrication of label-free, high-sensitivity 
electrochemical DNA sensors, and functionalized, electrospun nanofiber mats, that can also be configured 
as electrochemical sensors[1-5] 
.  
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Organic Electrochemical Transistors (OECTs) are devices which find growing interest in the field of 
biological and chemical sensing. Although the OECT transduction is based on electrochemical reactions, 
the transistor architecture offers several advantages with respect to amperometric sensors, such as signal 
amplification, the use of easy and cheap readout electronics, low supply voltage (usually < 1 V), low 
power operation (< 100 μW), bio-compatibility.  Moreover, OECT configuration does not require 
freestanding reference electrodes used in conventional electrochemical setups and offers design freedom 
in terms of device geometries and substrates (flat/flexible). In addition to their inherent robustness, 
versatility and ease of integration, OECTs can be miniaturized and fabricated with low-cost materials [1]. 
This contribution wants to give an exhaustive overview on the use of OECTs based devices as chemical 
sensors, demonstrating that OECTs can be exploited to obtain low cost sensors with very high 
performance in terms of sensitivity and limit of detection. Depending on the gate and channel materials, 
sensors for different kind of analytes can be developed, ranging from ion sensors to compounds of 
biological interest, such as for example glucose, lactate or dopamine. Moreover, the integration of 
nanoparticles offers great opportunities to enhance the OECTs performance, especially in terms of 
sensitivity.  This contribution will then focus on the main findings of our research group regarding the 
fabrication of OECTs all made by PEDOT:PSS (poly(3,4-ethylenedioxythiophene) poly(styrene 
sulfonate)) as conductive material and their use as chemical sensors for a wide class of analytes[2].   
In particular, the design and synthesis  of a new composite material based on Ag/AgCl nanoparticles 
(NPs) and PEDOT:PSS allowed us to fabricate a novel kind of sensor inspired by the OECT 
configuration, achieving to integrate an Ag/AgCl gate electrode into the semiconducting polymer in the 
form of NPs. As a consequence, our sensor combines an intrinsically amplified response associated to the 
transistor design with a simple two terminal electrical connection, which offers great advantages in terms 
of read-out electronics, adaptability to new and unconventional geometries and faster response time.  
Electrostatic Force Microscopy and Electrochemical Impedance Spectroscopy demonstrate the electronic 
coupling between the electrochemically active nanoparticles and the ionic charge gated semiconducting 
polymer, allowing to explain the sensor’s amplified transduction. 

 
The efficacy of such a simple connection has been demonstrated through the development of a textile 
sensor for real-time sweat monitoring. Thanks to its versatility, this approach was successfully used to 
fabricate novel sensors for Br-, I- and S2-, assessing their selectivity and demonstrating the widespread 
applicability of such devices. 
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From the viewpoint of the total interaction potential ET= Ea+Er+EDLVO between gold nanoparticles (Au-
NPs), we establish a simple theoretical model describing the flexible ss-DNA guided gold nanoparticle 
(Au-NP-DNA) crystallization assembly process. At room temperature Tr and pre-melting temperature 
Tpm, we first calculate L0 and L0’ which are the length of ss-DNA on the Au-NPs surface before and after 
the assembly, respectively, according to the Daoud-Cotton blob model; Then we estimate the attractive 
potential Ea of the complementary DNA hybridization according to Nearest-neighbour model, and 
estimate the repulsive potential Er of the compression of  DNA by introducing the Polymer-brush model 
into the Au-NP-DNA system; Finally we take into account the van der Waals and electrostatic interaction 
EDLVO between Au-NPs and propose that total potential ET approaching to zero at pre-melting temperature 
Tpm can serve as a quatitative criteria for predicting the possiblility of formation of crystalline structures 
in Au-NP-DNA assembly systems. See Figure 1. With this simple model, we can predict the surface 
distance Dpm between Au-NPs in typical crystalline organizations of Au-NP-DNA assembly systems and 
it is found the theoretical calculated Dpm values are in agreement with those experimental results by 
literature reports. 

 
 

 
      
 
 
 

 
 
                        

Fig.1  Schematic descriptions for the Au-NP-DNA at pre-melting temperature Tpm  
and room temperature Tr  
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This study presents the electroanalytical application of a novel clay modified carbon paste electrode for 
the detection of Pb(II) in water. Clay is a naturally occurring material formed by the breakdown and 
chemical decomposition of rocks with fine texture of particle size of less than 0.002 mm. Clay fraction of 
less than 0.002 mm was isolated from the bulk sample of the raw clay by sedimentation method according 
to Stokes law of settling times1. The clay was classified as kaolinite and the purified kaolinite were 
modified with sodium dodecyl sulphate (SDS) by intercalation. The SDS intercalated clay was 
characterised using X-ray Diffraction technique (XRD), X-ray Fluorescence spectroscopy (XRF), 
Thermo-gravimetric analysis (TGA), Fourier Transform- Infrared Spectroscopy (FTIR) and Scanning 
Electron Microscopy (SEM). A carbon paste electrode modified with SDS intercalated clay was prepared 
and used for the detection of Pb(II). The stripping process was enhanced by the presence of the clay 
component. Pb(II) was detected in the sub ppb concentration. The results compared well with that of 
inductively coupled plasma – optical emission spectroscopy. The stability of the electrode was 
investigated and the sensor was applied in real sample. 
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In Africa (especially in Southern Africa), mining is an important economic activity, but but also a major 
source of environmental pollution unfortunately [1]. Heavy metals like lead(II) in drinking water are a 
typical examples of water pollutants that originate  from mining, leaching of the old household plumbing 
as well as solder; brass or bronze fixtures [2]. Lead is widely recognized as highly toxic and non-
biodegradable metal, it is a potent neurotoxin, a carcinogen, which can cause lung disease, stroke, kidney 
problems and high blood pressure [3, 4, 5]. World Health Organization (WHO) has established a 
guideline to limit Pb concentration in drinking water to 10 ppb (μg/L). According to the United States 
Environmental Protection Agency (U.S. EPA), 10−20% of adults and 40−60% of infants are exposed to 
Pb via drinking water [5]. Therefore, it is very important to detect and carefully monitor the total amount 
of Pb present in drinking water by using inexpensive and practical methods. This study presents a simple, 
and sensitive method of  detecting lead(II) ion in water by Anodic Stripping Voltammetry on a gold 
nanoparticles (AuNP) and poly(propylene imine) dendrimer (PPI) modified glassy carbon electrode 
(GCE). The AuNPs and PPI were applied for improving the electron transfer kinetics on the surface of the 
GCE. The AuNPs, PPI and GCE/PPI/AuNPs were characterized with field emission scanning electron 
cyclic voltammetry (CV) and electron impedance spectroscopy (EIS). After optimizing parameters such 
as pH, concentration of the electrolytes and deposition time, the detection of Pb(II) ions in standard 
solutions and real water samples from South African Municipalities was carried out by anodic stripping 
voltammetry method (ASV). The ASV analysis of real water samples was validated by Inductively 
Coupled Plasma Optical emission Spectrometry (ICP-OES). 
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This work explores the applicability of a nanocomposite of poly (propylene imine) dendrimer (PPI) and 
CdTe/CdSe/ZnSe quantum dots (QDs) as a suitable platform for the development of an enzyme-based 
electrochemical cholesterol biosensor with enhanced analytical performance. A mercaptopropionic acid 
(MPA) capped CdTe/CdSe/ZnSe QDs was synthesized in an aqueous phase and characterized using 
photoluminescence (PL) spectroscopy, ultraviolet-visible (UV-Vis) spectroscopy, transmission electron 
microscopy (TEM), X-ray power diffraction (XRD), Fourier transform infrared (FTIR), scanning electron 
microscopy (SEM) and energy dispersive x-ray (EDX) spectroscopy. The QDs were highly fluorescent 
and mono dispersed. The absorption and emission maxima were red shifted as the reaction time and shell 
growth increased. The immobilisation platform was prepared as follows: A glassy carbon electrode was 
modified with PPI by electrodeposition from a 10 mM PPI solution. The MPA capped QDs were then 
linked via carbodiimide chemistry onto the PPI modified electrode by drop coating to form 
GCE/PPI/QDs. The biosensor (GCE/PPI/QDs/ChOx) was prepared by immobilising a 50 µL of 
cholesterol oxidase (ChOx) onto the GCE/PPI/QDs electrode and allowed to dry for 3 h at 4 °C. Each 
step in the biosensor preparation was characterised using voltammetry and impedance spectroscopy. A 
synergic current enhancement was observed for the GCE/PPI/QDs as a result of the high surface area of 
QD and PPI. The nanoplatform markedly enhanced the catalytic current from the biorecognition between 
the enzyme and cholesterol. The biosensor detected cholesterol in the range 0.1-10 mM with a detection 
limit of 0.35 μM and sensitivity of 2833 μA μM-1 cm-2. The biosensor was stable for over a month and 
was selective in the presence of interferences such as uric acid, glucose and ascorbic acid. 
 

A)   B)          
 
 
A) Images of the as-synthesized CdTe/CdSe/ZnSe (at different reaction time) under UV-lamp at 
excitation of 350 nm. B) Cyclic voltammograms of GCE (a), GCE/QDs (b), GCE/PPI (c), GCE/PPI/QDs 
(d), and GCE/PPI/QDs/ChOx (e) in 10 mM [Fe (CN)6 ]3-/4-/0.1 M KCl at 50 mV.s-1.  
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The voltammetric detection of 2,4,6-trinitrotoluene (TNT) on multi-walled carbon nanotubes 
(MWCNT)-modified electrodes was presented in the literature. However, we present the first 
investigation on the effects of surface roughness and the presence of metallic impurities on the 
adsorptive stripping voltammetric detection of TNT. Non-functionalized (NF)-MWCNTs 
contained considerable amount of Fe and other metals quantified by ICP OES, which after acid 
functionalization using a 3:1 (v/v) mixture of concentrated H2SO4 and HNO3 were efficiently 
removed. Additionally, atomic force microscopy revealed that the NF-MWCNT-modified 
surface presented higher surface roughness (twice greater) in comparison with the functionalized 
(F)-MWCNT-modified surface, and especially with the unmodified glassy-carbon surface. 
Cyclic voltammetry showed 5-fold current increase in the electrochemical reduction of TNT on 
the NF-MWCNT-modified surface in comparison with the F-MWCNT-modified surface. After 
60 s of accumulation and scanning using adsorptive stripping voltammetry, slope values obtained 
on NF-MWCNT-modified surface were 20-fold higher than the values obtained on F-MWCNT-
modified surface or on bare glassy-carbon surface. Limit of detection (LOD) was also highly 
affected. A LOD value of 0.3 nmol L-1 was obtained on NF-MWCNT-modified surface. 
Therefore, these results indicate that the surface roughness of NF-MWCNTs certainly improved 
the voltammetric detection of TNT. However, analyzing all analytical characteristics of the 
sensor, it seems that not only surface roughness is affecting the TNT detection. The effect of 
metallic impurities within MWCNTs is currently under investigation as they may also contribute 
for this substantial improvement on the TNT detection.  
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Carbon nanotubes and graphene, have been important in the last years. This is because they uniques 
properties as electrode material in electroanalisys. This electrode material present a singular structure and 
dimensions, high surface area and a wide potencial window1-2. Also carbon nanomaterials can facilitate 
electron transfer betwen electroactive species and the electrode. Modified electrodes with these materials 
can hold back electro active species and catalyse the redox process of different compounds3. In the 
preparation of glassy carbon-nanotubes electrodes or graphene electrodes, one of the most common, easy 
and quick methods to prepare modified electrodes, involves taking a sample of the dispersion of 
nanomaterial, which is placed on one electrode and allowed to dry. In this work 1,3-dioxolane was used 
as new green dispersant agent. We used multiwall carbon nanotubes modified electrodes (GC-CNT) and 
graphene modified electrodes (GC-GO) to compare the electrochemical respond of diferent compounds of 
low solubility in aqueous medium. Our method allow work in a electrochemical cell 100% aqueous. Only 
buffer is used. The redox process of two non steroidal analgesic drugs were studied: mephenamic acid 
(fig. 1) and naproxene. An improvement of the current was obtained and a calibration curve was obtained. 
The compounds were well retained in the electrode and could be widely used as sensor in real samples. 
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Fig. 1. Oxidation of mephenamic acid on multiwalled carbon nanotube electrode.  
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The continuous increase in the number of publications for the detection of hydrogen peroxide (H2O2); the 
main product of the enzymatic reaction of glucose and widely used in different types of industries as 
oxidizing agent; highlights the necessity in finding new surfaces that make their electrochemical detection 
sensitive and selective. 
In this work we present the study of the electrochemical response of hydrogen peroxide in a wide range of 
potentials, using glassy carbon electrodes modified with between cobalt titanate, Co2TiO4 (CTO), and 
reduced graphene oxide (RGO) synthetized hybrid materials. 
RGO/CTO hybrids were synthesized by in situ and ex situ method, the materials were characterized by 
XRD, SEM, TGA and electrochemical techniques such as amperometry and Electrochemical Impedance 
Spectroscopy (EIS), to study the response in the detection of H2O2. 
The results obtained show that the sensitivity obtained using RGO/CTO in situ in the reduction of H2O2 to 
-0.400 V is two times greater than that obtained using RGO/CTO ex situ (Figure 1A). This effect is 
attributed to a better coupling of the component of the hybrid. 
According to our research, we have determined that RGO/CTO in situ is able of detecting H2O2 in a wide 
range of potentials (-0.5 and 0.5 V), as shown in Figure 1B. On the other hand, the oxidation of H2O2 
response start at low potential (0.1 V) which will permit to detect the analyte in the presence of biological 
interference substances (uric acid, ascorbic acid). 
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Figure 1: A) Sensitivity to H2O2 obtained from amperometric experiments obtained at -0.400 V, NaOH 
pH 12 as support electrolyte, in the presence of additions of 0.1 mM hydrogen peroxide B) 
Hydrodynamic voltammogram of 0.1 mM H2O2 response, determined with CTO/OGR in situ. 
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Bimetallic systems have attracted more and more interest in recent years due to their novel 
optical, catalytic, magnetic, and sensing properties, often different from the corresponding monometallic 
counterparts. Novel ways to fabricate, characterize and explore these fascinating systems represent an 
important research topic in this field. In fact, studies directed towards the size, shape, composition, and 
functionalization of the particles allow leading to sophisticated nanomaterials specifically designed for 
their intended applications. For these reasons, not only the type and the quantity of the two metals are to 
be evaluated, but also the distribution of the two components, when passing from an alloy to a core-shell 
system or vice versa. In this context, techniques such as transmission electron microscopy (TEM), 
dynamic light scattering (DLS), and optical spectroscopy are generally used for this routine 
characterization.  

Recently, electrochemistry has been employed as an alternative and complementary technique 
with very promising results [1-3], allowing the discrimination of an alloy from a broken or perfect core-
shell system after synthesis. However, a remaining challenge in this area lies in the difficulty of following 
the formation of these nanomaterials during the synthetic procedure. The formation of these bimetallic 
systems is dependent on the rate of production of each component and can show different intermediate 
structures. Cyclic voltammetry (CV) can be used to cover also the gap in this field.  

In the present work, bimetallic systems based on Au and Pt nanoparticles, in the form of alloy 
(Au+Pt) or core-shell (Au@Pt and Pt@Au) structures, are deeply investigated. HR-TEM images confirm 
the expected alloyed structure for Au+Pt; Au@Pt particles tend be alloyed, while Pt@Au systems present 
an alloyed core with an external shell Pt enrichment. These considerations are confirmed by CV 
experiments, which can also permit to follow the synthetic evolution of these systems in time.  
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Renewable and easily accessible materials are requested for production of environmentally 
friendly and cost efficient electrochemical devices. Biopolymers with redox functions such as 
lignosulfonates are promising electroactive materials, which can be used in the development of 
chemically modified electrodes for electrocatalytic, electrochemical sensing and charge storage purposes 
[1-3]. The biopolymer lignin is found in green plants, and makes up 20-30 % of the weight of wood while 
lignosulfonates arises from pulp and paper industry as a byproduct of paper manufacturing. From 
chemical point of view lignosulfonates have no regular structure, however, they are mainly composed of 
phenylopropane segments (C9 units) having hydrophilic sulfonic grups and electroactive methoxyphenol 
grups [4]. Being polyphenolic compounds lignin derivatives show substantial electroactivity especially in 
the range of anodic potentials. This is due to the developing of quinone/hydroquinone redox couple 
during oxidation process. Thus they can be generally classified into quinone based redox polymers 
undergoing fast proton – coupled reversible redox transitions over wide pH range [5]. 

Lignosulfonates were recently used as electroactive materials and showed remarkable 
electrocatalytic behavior toward biomolecules such as NADH [2]. Moreover, due to possession of 
negatively charged sulfonic groups, these materials can be considered as polyanions and were used as 
dopants for conducting polymers [1,3,5]. Thus, they open up new possibilities for the production of cost 
efficient, environmentally friendly, up–scalable and lightweight energy storage systems as well as 
electrochemical sensors. We found that lignosulfonates can act as reducing and stabilizing agent in the 
synthesis of silver and gold nanoparticles [6]. In addition, water soluble lignosulfonates are also able to 
form complexes with Ni2+, that enable to subsequent preparation of Ni(OH)2 nanoparticles stabilized by 
lignosulfonate [7]. There are several types of hybrid and composite materials consisting of 
lignosulfonates (or other technical lignins) and carbon materials [8,9]. These materials differ from each 
other with the physical interactions occurring between them, such as, electrostatic interaction, 
intermolecular π–π interaction or Van der Waals interaction.  

The aim of the present work is the lignosulfonate-assisted synthesis of advanced 
electrochemically active materials: 

• transition metals (Fe, Co, Cu, Ni, Mn) oxide and hexacyanoferrates nanoparticles 
• noble metal nanoparticles (Ag and Au)  

In this talk, the results regarding the synthesis and electrochemical performance of different 
lignin-based electroactive materials will be presented in order to allow the audience a broader view on 
such materials nowadays. 
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Carbon based materials have been widely studied in the last decades due their interesting 

properties, such as catalysis, high mechanical stability and high electrical conductivity (Wang, 2005), 
which is able to improve by doping the carbon structure with different atoms, such as N, B, S, P and 
transition metals. The pyrolysis is one of the most used techniques to produce the doping of N and metals 
such as Fe and Co in the carbon structure. In this process, the metal plays three important roles: i) 
Catalyzes the graphitization process, ii) Forms part of the active site, and iii) Forms metallic 
nanoparticles. (Masa, 2016) 
 The pyrolysis process is based on three main steps: 

i. Heat treatment (1000 °C) in a nitrogenous atmosphere of the precursors adsorbed in carbon Vulcan, 
in presence of different percentages of a metallic salt of Fe, in this this step is produced the doping, 
the graphitization and the formation of metallic nanoparticles. 

ii. A leaching of the material to remove the metallic nanoparticles, producing defects in the carbon 
material. 

iii. A heat treatment (1000 °C) in NH3 atmosphere, for doping the defects that are formed in the step 
(ii). 

In the present work, pyrolyzed Nitrogeneous Bases (Adenine and Guanine) in the presence of different 
percentages of Fe were studied. The obtained material was characterized by FESEM, BET analysis, and 
electrochemical techniques, to finally study the activity of the material toward the hydrogen peroxide 
reduction in basic media. The FESEM and BET analysis showed that after the first pyrolysis a 
mesoporous structure is obtained, with a presence of 40-50 nm metallic nanoparticles covered by a 
graphitic matrix (Fig. 1). The catalytic activity of the pyrolyzed material is higher than their precursors, 
and it increases with each step of the process (Fig 2.). The Guanine pyrolyzed material presented a higher 
activity than the adenine pyrolyzed material. The highest onset potential was -118 mV (vs Ag/AgCl)) and 
was obtained using Guanine with 10% (Fig. 3). 
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Fig. 1. FESEM obtained for Guanine after the first pyrolysis treatment. 
Fig. 2. H2O2 reduction using Guanine 5% Fe after in every step of the process.  
Fig. 3. H2O2 reduction obtained Guanine after the NH3 pirolysis treatment using different iron 
percentages.  
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Nanowire electrodes offer remarkable potential for applications involving electrochemical sensing. 
Nanowires are attractive because they offer low signal to noise ratios and high current densities when 
compared to macroelectrodes and microelectrodes. [2] Analytes typically have an optimum pH value or 
range for detection, thus pH control is required. pH control plays a vital role in electroanalysis and is 
required in environmental monitoring [2], biochemistry[3] and security[4]. The standard method of 
adjusting the pH of a solution is by the adding of a concentrated acid or base. This requires specialist 
handling of these chemicals as well as their expense. Proposed is a reagentless electrochemical method of 
pH control, [5] adapted for a nanowire electrode array. 
 
In this work, interdigitated arrays of nanowire electrodes are used with one array acting as the working 
electrode while the other is used to generate the required protons. Finite element simulations of the pH 
control electrodes were performed to provide insight on the generation and subsequent diffusion of 
protons. This informed the inter-tine spacing of the electrodes used. A pH indicator dye, methyl red, was 
used to allow the visualization of the change in pH occurring at the electrodes, with the results found to 
be in good agreement with the diffusion profiles obtained from the simulations. This electrochemical pH 
control method was then used to enable the detection of analytes of interest. 
 
[1] A. Wahl, S. Barry, K. Dawson, J. MacHale, A. J. Quinn and A. O'Riordan, Electroanalysis at 
Ultramicro and Nanoscale Electrodes: A Comparative Study, J. Electrochem. Soc. 2014 volume 161, 
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Detection of Metal Ions in Environmental Analysis. Biosensors 2015, 5, 241-275; 
[3] Nobuyasu Horia, Miyuki Chikae, Hiroya Kirimura, Yuzuru Takamura. pH dependence of non-specific 
adsorption and detection solution in electrochemical metalloimmunoassay using antibody–silver 
nanoparticle conjugates. Sensing and Bio-Sensing Research Volume 5, September 2015, Pages 78-83 
[4] Mona A. Mohamed, Shimaa A. Atty, Hanan A. Merey, Taghreed A. Fattah, Christopher W. Foster 
and Craig E. Banks, Titanium nanoparticles (TiO2)/graphene oxide nanosheets (GO): an electrochemical 
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Silver is becoming more ubiquitous in a wide variety of products ranging from electronic and medical 
devices, textiles, cosmetics to home disinfectants. Its increased use in consumer products has, however, 
resulted in its release into the environment, particularly into the water. Depending on its chemical form, 
silver can be toxic with silver ions being the most toxic form (Yu et al. 2013). Therefore there is now a 
requirement for quick and low-cost methods for detection of silver ions in water samples. In this regard, 
much attention has focused on electrochemistry as a detection technique for metals in water due to its low 
cost, suitability to device miniaturization as well as simplicity of use.  
In this work, the electrochemical sensor has been developed, for detection of silver(I) ions in aqueous 
solution, using silicon chip-based sensors (Dawson et al. 2013). The silver ions, diluted with sodium 
acetate acidified to pH 3.5 (with nitric acid), were electrochemically deposited at unmodified 
interdigitated gold microband electrode (-0.8V vs Pt on-chip pseudo-reference electrode) for 5 minutes. 
Subsequently, square wave voltammetry was used to strip the deposited metal with the corresponding 
peak height proportional to silver concentration. Moreover, electrogenerated local pH control was 
explored to eliminate the requirement for addition of reagents, e.g., nitric acid typically used to lower 
solution pH. For this reason, the silver detection methodology described above was followed, except that, 
sodium acetate without previous acidification (pH 7.4) was used. By applying a constant potential to a 
pronator electrode, the local pH surrounding an electrode could be selected between pH 2 – 12.  
Under selected conditions, linear regions for the current peak height against the silver concentration have 
been found between 100-1000 nM and 250-5000 nM for samples acidified with nitric acid and using 
localized pH control respectively. In present work a lower limit of detection has been established, 
comparing to the similar work, without the requirement for pre-modification of the gold electrode (Zeng 
et al. 2003). 
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Figure 1. Calibration graph in sodium acetate pH 7.4 using localized pH control 
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According to data from the Food and Agriculture Organization of the United Nations (FAO), global 
production of fishery resources has grown steadily over the last five decades [1]. Within these marine 
resources are found bivalve molluscs, able to accumulate metals and metalloids at different 
concentrations in their tissues and organs [2,3]. Due to the potential risks of bioaccumulation of metallic 
cations such as Cd(II) and Pb(II) by these marine organisms in human health, it is necessary to have 
analytical methodologies for their detection and quantification. At present, electroanalytical techniques 
have become an alternative to the spectroscopic techniques for the determination and quantification of 
metallic cations. Currently, stripping techniques are governed by the development of new modifying 
agents that allow favouring the conductivity, surface area and sensitivity of the electrochemical sensor.  In 
this context, graphene, which is a two-dimensional honeycomb lattice of sp2 carbon atoms, has generated 
great interest from a theoretical and experimental point of view due to its diverse physicochemical 
properties, such as: great surface area (2630 m2/g), high mechanical resistance, ease of functionalization 
and high electrical conductivity [4-5]. 
 
An electrochemical sensor modified with graphene quantum dots (GQDs) and Nafion (NF) has been 
developed for the simultaneous determination of Cd(II) and Pb(II) using square wave anodic stripping 
voltammetry (SWASV). The GQDs were synthesized from the pyrolysis of citric acid as precursor. The 
GQDs were characterized by UV-Vis spectroscopy, fluorescence and transmission electronic microscopy 
(TEM). The modified electrode surface was evaluated by cyclic voltammetry, scanning electronic 
microscopy (SEM) and electrochemical impedance spectroscopy (EIS). The optimized conditions for the 
modified electrode were the following: pH = 4.5 sodium formate buffer, Nafion concentration = 0.5 wt%, 
accumulation potential (Eacc) = -1.3 V and accumulation time (tacc) = 150 s. A linearity range of 20-200 
µg L-1 was found, with a limit of detection (LOD) of 11.30 µg L-1 for Cd(II) and 8.49 µg L-1 for Pb(II). 
The proposed methodology was validated with a certified reference material ERM-CE278k Mussel tissue, 
showing good accuracy. The reproducibility of GC/GQDs-NF for both species had an RSD of less than 
%10. The method was applied in the simultaneous determination of Cd(II) and Pb(II) in commercial 
bivalve molluscs samples with satisfactory results. 
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Polyaniline(PANI), a typical S-conjugated conducting polymer, has widespread applications in a 
diversity of fields ranging across corrosion protection, anti-electrostatic coatings, sensors[1], 
rechargeable batteries[2], supercapacitors[3] and optoelectric devices[4], reflecting in part the high 
levels of conductivity attainable and the chemical stabilities of the material. Morphologically, PANI 
nanomaterials have been produced in various forms including nanofibers, nanospheres, and nanotubes. 
The latter provide a high surface area and increased ‘accessibility’. In addition, the abundant –NH2 and 
–NH- groups on the PANI chains have strong affinity interaction to some metal ions [5]. As a result, 
many transition metal combined polyaniline has been prepared for various applications. PANI is often 
formed by the chemical or electrochemical oxidation of aniline. In this report, we first introduce the 
facile preparation of size tunable PANI tube and PANI/Pd, PANI/Au, PANI/Fe by electrospinning 
followed by in-situ polymerization. The various sensing applications of the PANI nanotubes and 
PANI/metal composites has been then investigated, including the detection of heavy metal detection on 
PANI nanotube, detection of ascorbic acid on PANI/Pd and high sensitive determination of Bisphenol A 
on PANI/Fe electrode. Finally, the interaction law of PANI with transition metal has been proposed.  
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Noble metal nanoporous structures are useful for a variety of applications including, electrocatalysis, 
biomedical sensing and actuators. De-alloying is one method for developing these structures, whereby 
selective dissolution of a more active element of a noble metal binary (or less commonly tertiary) alloy, 
results in a bi-continuous metal ligand/void sponge-like network1. However, these materials are often 
observed to display brittle behaviour, and to have poor long-term pore-size stability. It is important to 
understand the mechanical properties and stability of the resultant structures, specifically the mechanisms 
of formation and distribution of strain and strain relief due to coarsening within the metallic ligands. This 
will enable better control of long-term behaviour as well as the potential to tune morphologically and strain 
dependent properties, such as the chemical affinity, optical response and actuation2, as well as longevity of 
the structures.  
 
In this work, we compare the nanoporous structures formed by dealloying single phase AgAuPt and CuPt 
alloys. These materials are of interest as they result in the formation of Pt-rich surface chemistry exhibiting 
small pore sizes (<10 nm) with potential catalytic activity. Characterisation of the nanoporous networks 
using scanning and transmission electron microscopy, and synchrotron-based X-ray diffraction elucidates 
the length scale, morphology, composition and strain development of each structure, and electrochemical 
characterisation provides an indication of the resultant activity. The data will be discussed in terms of the 
proposed mechanisms of dealloying.   
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Carbon based functional materials have emerged as very promising electrocatalysts in the broad domain of 
electrochemical sensors [1]. We report here the electrocatalytic properties of Cobalt Phthalocyanine octa-
carboxylate (CoOCPc)/graphene oxide (GO) nanocomposites towards oxygen reduction. 
Metallophthalocyanines have shown excellent electrocatalytic activity in different redox processes [2], but their 
activity is often depressed by poor conductivity and aggregation. One of the innovative ways to mitigate these 
limitations and fasten the electron transfer process is to immobilize such molecules on the surface of two-
dimensional materials like graphene oxide. The immobilization of CoOCPc between layers of GO was achieved 
through non-covalent functionalization approach. The formation of nanocomposite structure was revealed by the 
appearance of characteristics graphene oxide and phthalocyanine bands in the Raman spectra of the composite 
structure as shown in Fig. 1a. SEM image of the nanocomposite film revealed highly porous and rough 
morphological features and all the graphene sheets appeared to be completely covered with phthalocyanine 
molecules. The resulted composite was drop casted on a 3 mm glassy carbon electrode (GCE) and tested for 
oxygen reduction reaction (ORR) in a 3-electrode cell configuration. The linear sweep voltammograms (LSV) 
recorded in an oxygen saturated 0.1M KNO3 solution are presented in Fig. 1c. for bare, GO, CoOCPc and the 
composite modified GCE. All modifications result in shifting the oxygen reduction overpotential towards less 
negative values, but the maximum shift of 0.45V can be noticed by using the nanocomposite modified GCE. 
Such behavior reveals a fast electron transfer kinetics because of the presence of a high number of 
electrocatalytically active defects in the composite layer. Moreover, an enhancement in peak current as 
compared to CoOCPc is observed, which results from the increased surface area of graphene oxide, facilitating a 
higher number of oxygen molecules to interact with the electrode. Detailed characterizations of the 
nanocomposites are in progress to correlate its nanostructure with superior electrochemical performance. 

 
Fig. 1: Raman spectra of graphene oxide, cobalt octa-carboxylate phthalocyanine and composite (a), SEM image 
of the composite (b) and LSV recorded in oxygen saturated 0.1M KNO3 solution for bare GCE and modified 
GCEs at a scan rate of 50 mV/s (c). 
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The electrochemical determination of glucose concentration through the use of a non-enzymatic 
system is a priority purpose in recent decades. For this reason, many researchers have focused their 
studies on the development of sensors of this nature. For this purpose, they have proposed the use of a 
new materials such as metals and metal oxides. In this context, we conducted a study of the synthesis and 
characterization of the electrical and morphological properties of nickel oxide (II) type – p (p-NiO), all 
this in order to evaluate it as a possible non-enzymatic sensor glucose molecule. Despite the above, the 
nickel oxide has a low diffusion rate of charge carriers. Therefore, new synthesis routes leading to a 
nanostructured oxide is required, so that the photogenerated electrons are accumulated in the vicinity of 
the surface. This is to facilitate the transfer process of charge per on the recombination. This report shows 
the results concerning the preparation sonoelectrochemical of NiO nanostructures (NN). Nanostructures 
NiO layers have been electrochemically grown by ultrasound-assisted anodization of nickel foils (Advent, 
99.0%, 0.1 mm) at a potential of 50 V in ethylene glycol (EG; 99.8%, anhydrous), ammonium fluoride 
(0.5 wt% NH4F) and 5.0 wt% DI water. The anodization experiments were carried out using ultrasonic 
waves (37 kHz, 60 W) and were carried out for 300 s at different temperatures. The above process was 
carried out using a two-electrode system (flag shaped 1.0 cm2 Ni foil as anode and carbon plate, 22.55 
cm2 as cathode; the distance between cathode and anode was kept at 3 cm). Moreover, nanostructured 
NiO layers obtained were analyzed morphologically by Atomic Force Microscopy (AFM) and Scanning 
Electron Microscopy (SEM). In addition, a study of the crystalline structures of NiO was carried out, 
which was examined by X-ray diffraction (XRD). The chemical composition of nickel oxide 
nanostructures was performed by the Energy Dispersive X-ray analysis (EDX). On the other hand, the 
electrocatalytic activity of nanostructured NiO towards the oxidation of glucose was studied by cyclic 
voltammetry (CV). At this point, both the variation of the sweep rate (at a determined glucose 
concentration) as a function of the current, and the variation of the glucose concentration (at a determined 
sweep rate) as a function of the current were recorded. The above, to determine the response of the 
nanostructured electrode of nickel oxide to the glucose molecule. In addition, the calibration curve was 
obtained (from the cyclic voltammetries), this to determine both the sensitivity, which was 0.64 PA / mM, 
and the range of linear work of the proposed electrode, which was 0.2 - 7.0 mM, (Figure 1a). Finally, the 
selectivity of the electrode was studied, using different interferences. From this study it was obtained that 
the nanostructured nickel oxide does not present important amperometric responses to other species other 
than glucose (Figure 1b). 

 

 
 
Figure 1: (a) Calibration curve of the glucose sensor proposed for the different glucose concentrations from 0.1 mM 
to 10 mM. (b) Measurement of selectivity of the amperometric responses to the successive addition of 0.2 mM 
glucose; 0.2 mM AA; 0.2 mM, UA and 5 mM glucose. Potential applied 0.55V vs Ag / AgCl. 
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Enantiorecognition in voltammetry is a quite attractive target, implying a superior selectivity degree, 
which necessarily requires the electron transfer to take place in a chiral interphase environment, 
exploiting a chiral electrode surfaces or a chiral medium. Many approaches have been proposed, but 
unfortunately most of them suffer from some drawback, like complex preparation, high cost, lack of 
robustness..., but above all, in most cases, they result in current differences between the two enantiomers 
of chiral probes, while a difference in peak potentials would be the desirable feature for 
enantiorecognition purposes.[1,2]  
In this context, we have recently reported the outstanding performances of "inherently chiral" electrodes 
prepared by fast and reproducible electrodeposition of a thin film 
of thiophene-based oligomers from "inherently chiral" monomers 
like BT2T4 (right) [3-6]. "Inherent chirality" implies that chirality 
and key functional properties originate from the same structural 
element; in the cited monomer cases, this is obtained by a tailored 
torsion in the conjugated electroactive system, with an energy 
barrier too high to be overcome at room T, so that the monomer 
exists in two stable enantiomers. Upon electrooligomerization of the (R)- or (S)- enantiomer, electroactive 
oligomer films are obtained, including linear and cyclic terms of different dimensions, and fully retaining 
the monomer configuration.  Testing such electrode surfaces in chiral CV experiments with chiral probes, 
neat differences in peak potentials are observed for the enantiomers of chiral probes even of significantly 
different structure, specular upon inverting the film or probe configuration. The property appears to be of 
general character, testing a first small series of probes of different structures, even of pharmaceutical 
interest  [3-7] (and also working on achiral electrodes in inherently chiral ionic-liquid based media [8,9]).  
 
Of course, it is important to widen the range of investigated cases. One issue concerns testing probes 
having other stereogenic elements than stereogenic centres (which is the most current occurence, as in 
our first tested cases), considering for instance axial, helical and planar stereogenicity .  
 

In this presentation we will focus on the latter case, for which 
convenient model probes are provided e.g. by disubstituted 
ferrocene scaffolds like the one shown on the left (with R1z R2), 
existing into two specular antipodes.  
 

Successful chiral voltammetry tests carried out with a first couple of such planar chirality family members 
on oligo BT2T4 films nicely confirm the general character of the successful inherent chirality electrode 
strategy for highly enantioselective electroanalysis. 
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Anion conducting polymers are increasingly being used in the development of alkaline anion-exchange 
membranes (AEM) membrane fuel cells (AEMFC), which holds promise since they allow the use of non-
Pt group of electrocatalysts. The polymer used in this work is ETFE-g-
poly(vinylbenzyltrimethylammonium chloride) – (BTMA) obtained by radiation grafting according to [1].  
Carbon paste electrodes were fabricated using Graphene nanoplatelets supplied by (Perpetuus Advanced 
Materials), BTMA and Nujol. The paste is put into an electrode and polished for electrochemical 
investigation.  
The carbon paste electrode (CPE) has been used to incorporate negatively charged redox mediators, 
potassium hexacyanoferrate(II) and potassium hexachloroiridate(IV) in background electrolyte 0.1M 
NaCl, to investigate the compliance with Randles-Sevick equation where the peak current is proportional 
to the square root of scan rate. A linear relationship between polymer/graphene nanoplatelets was 
recorded from 1-15%wt, between 15-20%wt there was a saturation in optimum ratio.  The optimum 
polymer/graphene nanoplatelets ratio was between 15-20%wt.  
The as prepared BTMA-CPE electrodes were utilised for the detection of mercury in the presence of 
excess copper as interference using cyclic voltammetry (CV) and differential pulse voltammetry (DPV). 
The limit of detection of mercury is 200nM using DPV in 0.5M NaCl pH4.3 after 30 minutes in stirred 
solution, open circuit, at 0.024V (vs. KCl saturated Ag/AgCl). This work is ongoing and detection of 
mercury in sea water will be analysed. 
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Alginate is a linear polysaccharide containing negatively-charged sugars that in the presence of divalent 
cations forms hydrogels. As such, alginate hydrogels have attractive properties such as high water 
content, gel formation under mild conditions, and demonstrated biocompatibility. Herein, we utilised 
calcium carbonate microparticles (5 μm) co-precipitated with enzymes (horseradish peroxidase, HRP, or 
glucose oxidase, GOx) followed by layer-by-layer assembly of polyelectrolytes over the surface of the 
microparticles. The covered microparticles were then dispersed into an alginate solution, which was then 
treated with a slightly acid solution (gluconolactone). 
This procedure resulted into the dissolution of CaCO3 and in the consequent internal gelation of alginate 
by means of the free Ca2+. In this way, it was possible to fabricate an alginate-based hydrogel decorated 
by enzyme filled micro-deposits. The as-prepared enzyme-encapsulated alginate hydrogels were 
characterised using optical microscopy and UV-visible spectroscopy. The alginate hydrogels were casted 
on glassy carbon electrodes and immersed in aqueous solutions containing luminol for electrochemical 
characterisation towards the development of novel electrochemiluminescence (ECL)-based biosensors. 
Also, we are investigating the possibility to incorporate graphite nanoplatelets during the formation of 
hydrogels. 
ECL is an electroanalytical technique where light emission from a luminophore (luminol) is triggered by 
an electrochemical (or enzymatic) reaction. The molecular oxygen generated as result of the specific 
enzymatic reaction gave rise to the emission of light when reacting with luminol. We performed the 
experiments in standard electrochemical cells containing both luminol and the enzyme (HRP, GOx) and 
compared the results with those obtained with analogue system but encapsulated within the alginate 
hydrogels. The results showed unequivocally the successful incorporation of the enzymes within the 
hydrogels and the linearity of the ECL signal with the concentration of hydrogen peroxide (in the case of 
HRP) and glucose (in the case of GOx). The proposed procedure is so versatile that other enzymes, 
biomolecules, and various nanomaterials can be encapsulated within the alginate hydrogels for various 
biosensing applications. 
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Abstract. 
 
The research work involves the development of better, inexpensive, reliable, easily and accurate method 
for the fabrication of magnesium iron oxide nanocomposites through green synthetic method using 
moringa oleifera extract  for the application in high electronic applications. Green chemistry routes are on 
the rise due to their various advantages including cost effectiveness, no requirement of additional 
chemicals, reliability and the fact that is a very easy, environmental friendly method with a minimum of 
waste generation alternative to chemical and physical methods. The electrochemical dynamics of the 
nanocomposites as an energy or electrochemical catalyst will be study using cyclic voltammetry (CV), 
electrochemical Impedance Spectroscopy (EIS) and galvanostatic charge–discharge (GCD). The 
development of electrodes is prepared by drop coating novel magnesioferrite oxide nanocomposite 
materials on the surface area of electrode (Glassy carbon / Platinum) electrode) for electrochemical 
application. Their electrochemical activity, crystalline structure, morphology, isothermal behavior and 
optical properties will be studied using various characterization techniques such as X-ray diffraction 
(XRD) and Energy Dispersive X-ray Spectroscopy (EDS) cyclic voltammetry (CV), galvanostatic 
charge–discharge (GCD) and electrochemical impedance spectroscopy (EIS) Fourier transform-infrared 
(FTIR), High Resolution Transmission Electron Microscopy (HRTEM, Differential scanning 
calorimetry/thermatogravimetric analysis (DSC/TGA) Ultra-violet visible (UV-vis) and 
Photoluminescence (PL). The mechanism of MgFe2O4 nanocomposites formation via the reaction of the 
precursors and photochemical bioactive compounds will be presented. 
 
Keywords: Magnesioferrite, green chemistry, electrochemical, Moring Oleifera, nanocomposites  
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Abstract. 
 
We present, for the first time, a novel Zinc Zirconate (ZnZrO3) nanocomposites bimetallic prepared by 
Green synthesis via Moringa Olefeira extract for high electrochemical energy storage performance. Green 
synthetic route to produce an asymmetric electrochemical device using ZnZrO3 nanocomposites has not 
been published before. Green chemistry routes are on the rise due to their various advantages including 
cost effectiveness, no requirement of additional chemicals, reliability and the fact that is a very easy, 
environmental friendly method with a minimum of waste generation Structural, morphological and 
optical properties of the nanocomposites were characterized by different techniques. The proposed 
mechanism towards the formation of ZnZrO3 nanocomposites in view of understanding the interaction of 
precursor ions through biological compounds of Moringa Oleifera extract will be designed from Fourier 
transform infrared spectroscopy (FTIR) and high performance liquid chromatography (HLPC) analysis.. 
Their electrochemical performance of nanomaterials will be studied using cyclic voltammetry (CV), 
galvanostatic charge–discharge (GCD) and electrochemical impedance spectroscopy (EIS).These 
nanocomposite materials will be characterized using different techniques, such as High Resolve 
Transmission Electron Microscope (HRTEM) for the physical property such as morphology, structure, 
particle size and distribution, UltraViolet -vis spectroscopy (UV/Vis spectra) and Photoluminescence 
(PL) analysis for optical studies, Cyclic voltammetry and electrochemical impedance spectroscopy for 
electrochemical activities, X-ray diffraction (XRD) for purity and crystalline structure and DSC/TGA for 
thermal studies 
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We have demonstrated electrochemical detection of reduced graphene oxide (rGO) nanoparticles 

on an ultramicroelectrode (UME) in aqueous solution using rGO collision events. The collision 
phenomena are detected by monitoring a current–time transient. To attract the rGO to the UME surface, a 
positive electric field was developed near the UME using a redox reaction. As model systems, 
ferrocenemethanol and ferrocyanide oxidation reactions were adopted. Amperometric current 
measurements showed a staircase current response after attachment of rGO on the UME surface. The 
magnitude of the staircase current is given by the stepwise increase in current, which can provide insight 
into the size distribution of the rGO colliding with the UME. In the presence of higher concentrations of 
rGO, multiple collision events happened sequentially on the UME. In this case, an increasing current 
trend, rather than a single staircase current, was observed. The overall current increment for a given time 
is a measure of the concentration of rGO in solution. By using this method, charged conductive materials 
in an aqueous solution can be sensitively detected and/or accumulated.  

 
 
 



Electrochemical Recognition of Nitrophenols Adsorbed on Zinc Metal 
Organic Framework through Silver Nanoparticles  

 
Vellaichamy Ganesan and Dharmendra Kumar Yadav 

Department of Chemistry, Institute of Science, Banaras Hindu University 
Varanasi-221005, Uttar Pradesh, India 

E-mail: velganesh@yahoo.com  and velgan@bhu.ac.in 
 

Though metal organic frameworks (MOFs) are generally electrochemically inactive, it can be made 
electroactive by incorporating conducting species/metal nanoparticles into their nano-architectures and the 
resulting material can be used for effective catalysis, sensing, etc. In this work, silver nanoparticles (Ag NPs) 
incorporated zinc based MOF (Ag-Zn-MOF-5) is prepared via solvothermal process and it is characterized by 
physicochemical and electrochemical techniques which confirmed the intact immobilization of Ag NPs within 
the Zn-MOF-5 matrix. This material (Ag-Zn-MOF-5) promotes the electrochemical oxidation of adsorbed 
nitrophenols. The Ag-Zn-MOF-5 coated glassy carbon electrodes raise the nitrophenols oxidation current due 
to the accumulation of the nitrophenols on Ag-Zn-MOF-5 with large binding constant values, 15-40 × 103 M-

1. Thus, by incorporating Ag NPs into Zn-MOF-5 the MOF becomes electrochemically active and 
demonstrated to sense the nitrophenols dissolved in aqueous solution.  

 

 

 

 

 

 

 

 

 

Fig. 1 Transmission electron microscopic image of Ag-Zn-MOF-5 and cyclic voltammograms showing 
the oxidation of different nitrophenols 
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Amperometric sensors are very efficient devices applied in several important areas among which food 
authentication or processing, environmental monitoring, human health and quality control in a number of 
productions. In the development of effective electrode systems, electrode materials play the most 
meaningful role, imparting the device specific physico-chemical properties and corresponding analytical 
peculiarities. The main advantages sought by adopting a specific electrode material are the lowering of 
the potentials at which charge transfer processes occur, the enhancement of the relevant current, and the 
prevention of the passivation of the surface.  
In this communication we present the preliminary results obtained by using a Sonogel-Carbon (SNGC) 
electrode modified with a carbonaceous nanostructured material, namely carbon black (SNGC_CB) for 
the same purpose. Carbon black substitutes in part for graphite as the conductive and sensitive component 
in the composite electrode material. SNGC electrodes [1] are characterized by robustness, coupled to 
reduced dimensions and good electrochemical efficiency, particularly as to sensitivity and reproducibility 
of the sensor and of the consequent electrochemical responses. Moreover, through the inclusion of 
different components in the graphite phase, such as metal nanoparticles [2], electrocatalytic processes can 
be activated. In this context, CB is particularly appealing due to its excellent conductive and 
electrocatalytic properties; the advantages of the use of CB as the sensing material have been widely 
demonstrated [3].  
In this work, SNGC_CB electrodes have been characterized by SEM, Raman spectroscopy and cyclic 
voltammetry, showing good reproducibility and repeatability of the responses. SNGC_CB electrodes have 
shown improved efficiency with respect to SNGC electrodes in the individual and simultaneous detection 
of two isomers of dihydroxybenzene, such as catechol (CC) and hydroquinone (HQ), exhibiting wide 
linear ranges of the signals and low limit of detection. CC and HQ are used in many fields, namely as 
pharmaceuticals, fine chemicals, cosmetics, and in food industries. As a consequence of their wide use, 
their presence in the environment as pollutants can easily occur. Due to their high toxicity and low 
degradability their determination in different matrices through a simple and fast analytical method is 
therefore particularly urgent. Moreover, the behaviour of SNGC_CB electrodes with respect the detection 
of caffeic acid (CA), viz. a molecule containing a catechol group, widely diffused in plants and fruits as 
well as in the derived beverages, has also been investigated, leading to satisfactory results. In particular, 
an electrochemical method based on the use of SNGC_CB electrodes has been developed for the rapid 
estimation of the overall content of chlorogenic acids, among which caffeic acid, of several instant coffee 
samples. Finally, preliminary tests performed in matrices rich of natural antioxidants species, such as 
different wines, suggest that, under proper conditions, SNGC_CB electrodes can be successfully used for 
the detection of the principal families of anthocyanins. 
 
[1] L.M. Cubillana-Aguilera, J.M. Palacios-Santander, I. Naranjo-Rodríguez, J.L. Hidalgo-Hidalgo-De-
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Electroanalytical applications of a graphite-Au nanoparticles composite included in a sonogel matrix, 
Electrochim. Acta 122 (2004) 310-315. 
[3] D. Talarico, F. Arduini, A. Constantino, M. Del Carlo, D. Compagnone, D. Moscone, G. Palleschi, 
Carbon black as successful screen-printed electrode modifier for phenolic compound detection. 
Electrochem. Comm. 60 (2015) 78–82. 



Voltammetric Mapping of the Hydrogen Evolution Reaction on MoS2 
and WS2: Role of Defects in Electrocatalytic Activity 

Binglin Tao, Cameron L. Bentley and Patrick R. Unwin* 
Department of Chemistry, University of Warwick 

Coventry CV4 7AL, U.K. 
B.Tao@warwick.ac.uk 

Environmental issues caused by over-reliance on fossil fuels are driving the development of alternative 
renewable energy sources, such as wind, solar, geothermal energy, etc. Due to its large energy density, 
hydrogen (H2) has been proposed as a promising candidate to store and utilize energy generated by these 
so-called “green” energy technologies, which will ultimately serve as a replacement for traditional fossil 
fuels. Electrochemical water splitting is the most desirable “green” method for generating hydrogen, 
especially when combined with “inexhaustible” solar energy. Molybdenum disulfide (MoS2) and tungsten 
disulfide (WS2) are earth abundant, low cost and highly stable hydrogen evolution reaction (HER) 
catalysts. While the edge plane of MoS2/WS2 (2H phase) is attributed to be the active site, this conclusion 
has been drawn mainly from macrocsale (bulk) electrochemical measurements,[1, 2] which are only able to 
reveal the “average” properties of complex electrode materials. In addition, the HER catalytic activity of 
pristine (bulk) MoS2 and WS2 has rarely been reported so far.  

To address these shortcomings, herein we report spatially resolved measurements of HER activity on 
MoS2 (natural crystal) and WS2 (synthetic crystal), achieved using scanning electrochemical cell 
microscopy (SECCM). The key feature of this technique is that characteristic surface sites (e.g., basal vs. 
edge plane) can be targeted and analyzed locally, to build an electrochemical “map” (see Fig. 1a and b), 
with synchronous topographical imaging (see Fig. 1c and d) at a resolution down to the tens of nm  
scale.[3] By comparing the activity maps in Fig. 1a and b, to the corresponding topographical maps in Fig. 
1c and d, respectively, it is clear that the HER is greatly facilitated at steps and edges, and that the basal 
surface is not “catalytically inert”, as proposed before.[4] Indeed, the basal surface activity is attributed to 
the presence of point defects (sulfur vacancies),[5] confirmed here through complementary scanning 
tunneling microscopy (STM) investigations. Overall this study shows the strength of SECCM for 
resolving structure-activity in complex (electro)catalytic materials, which will provide guidance for the 
research and development of next generation water splitting catalysts. 

 

 
Fig. 1. 8×8 μm (40×40 pixels) spatially-resolved surface current maps for (a) MoS2 and (b) WS2. 
Corresponding topography maps obtained at the same areas of (c) MoS2 and (d) WS2. The data in these 
maps were collected using voltammetric hopping-mode SECCM. 
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Silicate-based polymers constitute the most important class of inorganic compounds. Among the various 
routes proposed for the synthesis, the sol-gel technology offers important advantages, namely the use of 
mild experimental conditions (e.g low temperatures) and the possibility to obtain homogeneous materials, 
characterized by high porosity and low density. The high porosity allows the inclusion of various 
chemical species within the polymer matrix. 
Amperometric sensors based on sol-gel matrices exhibit high performance and, at the same time, are quite 
cheap. A suitable amount of graphite should be inserted within the polymer matrix used in amperometric 
sensing, to increase the conductivity. In the resulting material the electroactive surface can be very simply 
and rapidly renewed by mechanical cleaning. 
Recently, we have discussed the advantage of the inclusion of a graphite/Au nanoparticles (AuNPs) 
composite in the sol-gel matrix, replacing the use of simple graphite grains.1 The composite is effective in 
activating electroactive processes, which have been exploited for glucose and H2O2 determination. 
In this communication we discuss the performance of sol-gel based electrodes containing a different 
graphite/AuNPs composite: AuNPs are obtained concomitantly to the sol-gel formation. To such a 
purpose, a suitable amount of a Au(III) salt is added to the solution containing the silane precursor, 
namely methyltrimethoxysilane (MTMOS). The formation of AuNPs is achieved either by adding the 
reductant to the reaction mixture or by thermic treatment of the resulting silicon-based material. 
The performance of these electrode systems has been tested with respect to the oxidation of benchmark 
species possessing heavy drawback when occurring at conventional electrode surfaces. On the basis of 
our previous experience, glucose, ascorbic acid, and dopamine have been chosen to such a purpose. The 
application of the sensor system in the determination of ascorbic acid in real matrices was also tested. 
As a step forward in the development of electrochemical sensor systems based on silicate-based 
polymers, the presentation discusses the synthesis of innovative disposable electrodes containing a 
graphite/CuNPs. In this case, pre-synthesised nanoparticles and graphite grains are dispersed inside a sol-
gel matrix; the obtained granular composite is pressed to achieve disc electrodes, constituting both the 
recognition element and the transducer of the sensor system. They are tested as electrochemical sensors 
for sugar and alcohol determination in synthetic solutions and in real matrices. 
In any case, electrochemical, spectroscopic, and microscopic analyses have been carried out in order to 
define the physico-chemical properties of the material at varying the experimental conditions of the 
synthesis.  
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In literature few studies have dealt with electrochemistry or electroanalysis on achiral electrodes, the 
selector being provided by the medium, either having a chiral selector dissolved into it or being itself 
endowed with chirality. More recently, we have decided to implement the “inherent chirality” concept for 
the development of media to combine the powerful strategy of inherent chirality with the physico-
chemical properties of the ionic liquids.  
Ionic liquids, organic salts with low melting points, are increasingly popular media on account of many 
peculiar advantageous properties respect to volatile organic solvents (low vapor pressure, chemical and 
thermal stability, high solvating ability, non-flammability …). They are even more attractive for 
electrochemical processes, acting as both solvent and supporting electrolyte, and especially featuring an 
extremely well-ordered structure at the interface with a charged electrode, expanding for many layers, 
like a semisolid crystal, even in the presence of significant water traces, and modulated by other species 
possibly present at the interface. Sometimes, they even border with liquid crystals. A high degree of 
supramolecular organization can induce significant chirality transfer from the medium to the dissolved 
species. And, analogously to the electrode case, this attitude could be maximized by the “inherent 
chirality” strategy, that is, working in inherently chiral ionic liquids, ICILs. 
To implement inherent chirality in ionic liquids, that are usually based on a heteroaromatic cation with at 
least one long alkyl chain (to lower the melting point), Sannicolò et al. proposed to start from 
biheteroaromatic scaffolds, like bipyridine or bibenzimidazole ones. [1] By dialkylation such inherently 
chiral scaffolds can be converted into the corresponding double salts. With at least one long alkyl chain 
and a suitable anion, the melting point can be lowered below room temperature; thus, two ICILs have 
been very recently obtained as enantiopure antipodes, starting from bicollidine, a very convenient scaffold 
on account of its low-cost synthesis and possibility to be separated into enantiomers by fractional 
crystallization, without expensive chiral HPLC. Their enantioselectivity was tested as low-concentration 
additives in achiral commercial ionic liquids on screen-printed electrodes, with chiral probes already used 
in tests with electrodes modified with inherently chiral surfaces [2]; large, specular enantiomer peak 
potential differences were observed. Attractively, the same behavior, as chiral additives, was also shown 
by family terms solid at room temperature, of faster and easier synthesis.  
In this context we are studying the effect of the chiral additives on two simultaneously present chiral 
probes, the first of them giving a chemically reversible ET process. We have to assess the experiments on 
all possible binary and ternary combinations but evidence of simultaneous discrimination apparently 
emerges. 
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Metals and their compounds are of primary use across the chemical industry with almost endless 
applications that constitute to the development of the society.1 Unfortunately, the price of metals 
fluctuates due to their abundance, the market demand and the geopolitical location.2 As a consequence, 
the development of certain technologies is restricted as they are not likely to be cost-efficient. Some 
examples include platinum and palladium, which have been widely used as catalysts in low temperature 
fuel cells, however these metals suffer from potential-induced dissolution resulting in poor durability of 
the catalyst.3 The energy sector has also employed cobalt as an efficient cathode for rapidly developing 
Li-ion batteries, and other metals such as nickel and rhodium have been applied in commercially relevant  
Ni-H batteries and homogeneous catalyst, respectively.4, 5 High price of these species and their 
environmental toxicity encourage the search for methods that aim to recycle these metals what would 
reduce the environmental impact and the mining cost. 
With these principles in mind, we have developed an electrochemical platform based on two-layer 
modified gold electrodes that are capable of binding and monitoring the concentration of a variety of 
transition metal compounds in aqueous media.  Our primary interests were focused on recovery of Pd, Pt, 
Ni, Co, Cu, and Pb. The complexation rate and coordination of a wide range of metallic compounds were 
monitored by the UV-Vis and NMR spectroscopy, and a range of electrochemical techniques. 
 
 
 

 
Figure 1: (A) Schematic representation of the proposed system including a range of tested metals 
(B) Voltammetric profiles of gold electrodes modified with cysteamine and TCEP in the absence 
(dotted black line) and presence (red solid line) of 10 mM K2PdCl4 in DPBS. 
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Enteric and diarrheal diseases are one of the leading causes of death in developing countries. Within these 
diseases is typhoid fever, caused by Salmonella typhi (S. typhi), which is transmitted via fecal-oral route, 
either directly from person to person or by ingestion of food or water contaminated with feces, so it is 
very important to detect this type of pathogens quickly and easily. At present, there are conventional 
laboratory techniques for the detection and identification of pathogenic bacteria, based on biochemical 
identification tests, which require various reagents and a minimum response time of 96 hours, not to 
mention the high costs of the instruments and reagents what these procedures need. That is why we seek 
to develop alternative methods, fast, reliable, low cost and with a good limit of detection. In recent years, 
work has been done to improve the detection procedures of pathogenic contaminants through the use of 
sensors and biosensors. These devices have been improved due to the use of nanomaterials that increase 
the sensitivity of the same, as is the case of polyaniline particles (PANI-Ps). Using a graphite-epoxy 
electrode as a transducer and PANI-Ps as markers, a biosensor for the electrochemical detection and 
quantification of S. typhi present in water within a period of less than 24 hours, has been developed in our 
laboratory, which greatly improves the current detection times using conventional laboratory techniques. 
The particles were synthesized by chemical polymerization and an acid doping of aniline monomer, the 
result obtained is a green colored powder containing particles. The obtained PANI-Ps were characterized 
by UV–vis spectroscopic and zeta potential techniques. The maximum of absorbance was obtained at 437 
and 849 nm of wavelength, corresponding these values to PANI-Ps oxided and reduced respectively. The 
hydrodynamic diameter obtained was of 366 ± 0.605 nm. The electrochemical characterization was done 
through cyclic voltammetry at different scanning speeds (15, 30, 45, 60, 75, 100 y 125 mV/s), one 
oxidation peak was observed at 94 mV and two reduction peaks at -128.174 and -322.571 mV. The 
PANI-Ps were functionalized with Ab-anti S. typhi, then the immunocomplex obtained was characterized 
and the maximum of absorbance was obtained at 441 nm and the hydrodynamic diameter of 380 ± 8.983 
nm.  For S. typhi detection, 3 mL of water were infected with a specific concentration of 
immunocomplex, then 50 µL of them where collocated onto the working electrode surface by 210 
seconds, later this electrode as well as counter and reference electrodes were introduced in a cell 
containing 5 mL of 1M HCl. Differential pulse voltammetry technique was employed to its 
quantification, obtaining as result 3130 UFC/mL. 
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Uric acid (UA) is one of the main contributors to the total antioxidant capacity of milk. It is not only an 
indicator of some serious diseases such as gout, hyperuricemia and Lesch-Nyhan syndrome, but also is a 
risk factor for leukaemia, pneumonia and cardiovascular disease1. Hence, it is of great importance to 
quantify UA in milk precisely in order to find a link between its concentration and diseases in cows and to 
profile milks for human consumption. The simplicity, low cost, rapidity and good selectivity of 
electrochemical procedures such as cyclic voltammetry make it feasible to detect antioxidants in plant 
extracts, blood plasma, tissue homogenates, wine, and particularly milk. Consequently, an 
electrochemical sensor was developed based upon the conducting polymer poly(3,4-
ethylenedioxythiophene) (PEDOT) polymerized onto glassy carbon electrode in a propylene 
carbonate/LiClO4 solution. Results showed good linear relationships between peak current intensities and 
concentrations in the range of 6-100 μM for uric acid and 30-500 μM for ascorbic acid. The sensitivity 
and limit of detection (S/N=3) for the PEDOT-modified electrode were 2.5 μA μM-1 cm-2 and 7 μM for 
uric acid, and 0.6 μA μM-1 cm-2 and 45 μM for ascorbic acid, respectively. There was no interference 
from glucose or amino acids. The newly developed sensor was then successfully applied to milk samples 
for a fast voltammetric determination of uric acid and ascorbic acid concentration. An HPLC analysis was 
also performed immediately after running the same milk samples, with a pretreatment step to remove fats 
and proteins from milk, to determine the uric acid and ascorbic acid concentrations with an independent 
method. The relative error between the data from the two methods was on average around 3%, 
demonstrating an acceptable degree of agreement between the two measurement methods. At the same 
time it can be noted that the results were obtained much more rapidly with the electrochemical methods 
than in the HPLC procedure, which required extensive sample preparation and a fairly long HPLC run 
time. 
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The affinity sensors for selective targeting of certain biomolecules have been intensively studied as 
alternative detection methods for the existing ELISA based immunoassays. These biosensors received a 
particular attention due to their numerous advantages, such as: low cost instrumentation, time effective 
analysis and highly selective and sensitive testing potential. 
Serotonin is a neurotransmitter found not only at central nervous system level, but also at peripheral one. 
Besides the impact over ones emotions, serotonin is involved in bowel movement, nausea, blood clotting, 
bone health and sexual function. Its deficiency or excess could influence numerous functions across the 
body. Hence, the development of an inexpensive, sensitive and selective detection method for serotonin is 
highly needed. 
This work presents an innovative platform based on graphite screen printed electrodes (SPE) for the 
detection of this biogenic amine. The first step in the development of the biosensor was the activation of 
the SPE surface using chronoammperometry, followed by chitosan - graphene oxide mixture deposition. 
Thereafter, the incubation with serotonin antibody is performed, proceeded by the surface blocking with 
BSA (Figure 1). 
 

 
Figure 1. Schematic representation of sensor elaboration protocol 

 
The biosensor was electrochemically characterized through cyclic voltammetry, differential pulse 
voltammetry and electrochemical impedance spectroscopy. 
A reproducible nanostructured serotonin selective surface was developed along with the determination of 
all its analytical parameters. The biosensor was tested in biological samples and in the presence of 
different interferents, and good recovery rates were obtained. 
The results are expected to be a starting point for creating a fast, easy to use, sensitive and selective tool 
for serotonin detection with biomedical applications in several diseases diagnosis as well as in drug 
monitoring. 
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One of the major problems of the healthcare system is represented by nosocomial infections caused by 
prolonged hospital stay and involve a major risk of serious health issues leading to death. Also known as 
hospital-acquired/associated infections they increase the period of hospitalization, the cost of therapy and 
are associated with higher mortality and morbidity. Not being able to be controlled in full era of 
antibiotics, the rapid detection of the involved bacteria could be of high importance in order to assess the 
state of the patient and to rapidly set up the appropriate therapy [1]. Thus, the identification of bacteria 
markers, such as siderophores, that are highly involved in their metabolism and also in their interactions 
with the host, represents a milestone for precocious diagnosis and personalized therapy in nosocomial 
infections.  
 

 
Elaboration and detection scheme of pyoverdine [2] 

 
The development of electrochemical sensors with high sensitivity and selectivity towards this type of 
molecules highlights a new strategy for the rapid and differential diagnosis of bacterial infections. 
Pyoverdine, a marker for Pseudomonas aeruginosa, was detected on a nanohybrid sensing platform based 
on graphene, polypyrrole and gold. The composite material showed a catalytic effect towards the 
electronic transfer rate and enhanced active surface area, displaying a limit of detection of 0.33 μM and a 
linear range of 1–100 μM. The sensor was tested in the presence of interfering molecules found in 
biological samples with excellent recovery rates. The selectivity of the sensor was also successful when 
real samples such as human serum, saliva and tap water were tested [2]. 
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Cerium oxide nanoparticles are known to catalyze the decomposition of reactive oxygen 

species such as superoxide radical and hydrogen peroxide. Herein, we examine the 

superoxide dismutase (SOD) and catalase (CAT) mimetic catalytic activities of 

nanoceria and demonstrate the existence of generic behaviors. For particles of size 4.5, 

7.8, 23 and 28 nm, the SOD and CAT catalytic activities exhibit the characteristic shape 

of a Langmuir isotherm as a function of cerium concentration. Results show that the 

catalytic effects are enhanced for smaller particles and for the particles with the largest 

Ce
3+

 fraction. The SOD-like activity obtained from the different samples is found to 

superimpose on a single master curve using the Ce
3+

 surface area concentration as a new 

variable, indicating the existence of generic behaviors and particle independent redox 

mechanisms. For the CAT assays the adsorption of H2O2 molecules at the particle 

surface modulates the efficacy of the decomposition process and must be taken into 

account. We design an amperometry-based experiment to evaluate the H2O2 adsorption 

at nanoceria surfaces (Figure 1), leading to the renormalization of the particle specific 

area. Depending on the particle type the amount of adsorbed H2O2 molecules varies 

from 2 to 20 nm
-2

. The proposed scalings are predictive and allow determining the SOD 

and CAT catalytic properties of cerium oxide solely from the particle characteristics [1] 

 
Figure 1: 
Amperometric 
detection of H2O2 
in the presence of 
nanoceria. a) 
Experimental set-up. 
b) Typical evolution 
of the current upon 
H2O2 and CeO2 
addition. c) Signal 

measurements following the addition of increasing volumes H2O2 solution.  
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Sulfamethoxazole (SMX) is an effective antibiotic against gram positive and negative bacteria widely 
used in the treatment of urinary tract infection in human and mostly all sort of infections in veterinary use. 
Due the use on cattle, the detection of sulfamethoxazole in hydric resources is a growing and relevant 
issue as the environmental impact related to the presence of SMX is the inhibition of the presence of 
algae. The current water treatment processes are incapable of removing the antibiotic from water. Most of 
the analytical methods for the detection of SMX are based on HPLC or CG-MS[1] methods and 
electroanalytical methods. Although several electroanalytical methods are purposed to the detection of 
SMX, the literature is scarce regarding the electrochemical oxidation mechanism which is relevant to the 
understanding of the possible sub products formed when the molecule undergo an electrochemical 
process in the environment. Palladium nanoparticles have presented catalytic activity towards 
electrochemical reactions of amino groups[2] demonstrating potential applicability to SMX detection. 
Hybrid palladium composites may become a suitable electrochemical platform for electrochemical 
sensing of SMX as palladium, when associated with polyimidazole, can act as a catalyst towards the 
electrochemical reaction of amino groups becoming an advantageous composite (PdNp/PI)[3] to be used 
as a modifying agent at a glassy carbon electrode (GCE). This work presents a mechanism proposition for 
the oxidation of SMX at a glassy carbon electrode, and the use of a PdNp/PI-GCE for the detection of 
SMX. The antibiotic presents an oxidation process at a bare GCE at Ep,a = 0.85 V corresponding to the 
oxidation of the amino group bonded to the phenyl moiety. The oxidation products formed in this 
electrochemical step are also electroactive, which may suggest the formation of catechol derivatives due 
to the aqueous media.   
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Nitrosamines are organic compounds with potential carcinogenic activity found in many industrialized 
products such as processed meat and cosmetics. Even with the addition of antioxidants to suppress its 
formation, significant amounts of volatile and nonvolatile nitrosamines can be found in these products 
being a risk to human health. Most of the analytical methods for the detection of nitrosamines are based 
on HPLC or CG-MS[1] methods with little or no exploration of electroanalytical methods for this 
purpose. In addition, the literature is scarce regarding the electrochemical behavior of nitrosamines which 
is relevant in the context of millions of cosmetics being produced every year. Palladium nanoparticles 
have demonstrated catalytic activity towards the reduction of nitro groups[2] demonstrating potential 
applicability to nitrosamines detection. Hybrid palladium composites may become a suitable 
electrochemical platform for electrochemical sensing of nitrosamines as palladium, when associated with 
graphene oxide, has its catalytical properties enhanced becoming an advantageous composite (PdNp/GO) 
to be incorporated into graphite resulting in carbon paste electrodes (CPE). This work presents PdNp/GO-
CPE for the detection of N-nitrosodiphenylamine (DphyNA), a non-volatile nitrosamine. The DphyNA 
presents an oxidation process at a bare CPE at Ep,a = 0.82 V corresponding to the oxidation of the 
nitrogen bonded to the phenyl groups. The oxidation products formed in this electrochemical step are also 
electroactive, which may suggest the formation of catechol derivatives due to the aqueous media.   
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The search by simpler clinical analysis methods for the diagnosis of diseases, with less time and cost of 
analysis is a current and important trend in the bioanalytical chemistry. Moreover, multiplexed analysis 
involving the simultaneous determination of bioanalytes becomes increasingly relevant. Following these 
two hot research topics, the main purpose of this work was the fabrication of a disposable device for 
multiple analysis featured by small sample volume, short-time analysis and low cost. It was developed a 
device based on a paper-based microfluidic array with 16 working electrodes (WEs) for multiplexed 
analysis. The electrodes were designed using a vinyl adhesive mask containing the desired shapes of the 
electrodes. The formats were designed using a home-clipping printer to cut the adhesive, creating a mask. 
The mask was fixed on the polyester substrate, and then the carbon conductive ink was deposited using 
the silkscreen technique. This same clipping printer was used to manufacture microfluidic paper channels. 
The assembly of this device was as a sandwich type, which the microfluidic channels are placed between 
the counter/pseudo-reference electrodes and working electrodes. To evaluate the precision of response of 
the 16 WEs, it was used 1.0 mmol L−1 FCMA (ferrocenecarboxylic acid in 0.1 mol L−1 KCl) as 
electrochemical probe and cyclic voltammetry (CV). In Fig. 1 (a) is shown a typical CV profile. A well-
defined redox pair was recorded, with enhanced peak currents after modification of the WEs by an acid 
bath treatment followed by deposition of a carbon black (CB)-chitosan (CTS) film. Most important, the 
16 WEs exhibited similar CV profiles, with precision of response of 17%. Additional tests were carried 
out to investigate the viability of the designed device for biosensing purposes. In this way, glucose 
biosensing was studied from the immobilization of glucose oxidase (GOx) and FCMA as a mediator on 
the WEs surface by a layer-by-layer strategy. The biocatalytic activity of GOD towards glucose oxidation 
is confirmed by the large anodic current of FCMA mediator in the presence of glucose (Fig. 1 (b)). By 
applying chronoamperometry, the biosensor provided an analytical curve in the range of 0.5 to 40 mmol 
L− (Fig. 1 (c)) and a limit of detection of 0.1 mmol L− for glucose determination. We are currently 
investigating the use of our device for the determination of a variety of other biologically important 
analytes in a multiplexed way. 
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Figure 1. (a) CVs obtained for 1 mmol L−1 FCMA in 0.1 mol L−1 KCl using WE as made, acid-treated 
WE (WEat) and CB-CTS-WEat. Scan rate 50 mVs−1. (b) CVs obtained in the absence and presence of 10 
mmol L−1 glucose in 0.1 mol L−1 PBS (pH 7.0). Scan rate 50 mVs−1. (c) Analytical curve obtained for 
glucose using chronoamperometry. Applied potential: +0.6 V versus pseudo Ag/AgCl. 
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The development of non-enzymatic glucose sensors (NEGs) has been of great interest over the last years 
due to their ease-of-preparation, lower costs and greater stability in comparison with the enzymatic 
sensors. The reduction of the sample size can be achieved by combining these systems with screen-
printed electrodes (SPE). On the other hand, the use of Electrochemical Impedance Spectroscopy (EIS) as 
transduction principle allows the improvement of detection sensitivity. Additionally, the analytical 
performance is increased by the use and combination of different nanomaterials, such as nickel 
nanoparticles, gold nanoparticles, porphyrins and carbon nanotubes (CNT). 
Two sets of electrodes were prepared: SPEs were modified with gold and nickel nanoparticles [1,2] 
(Ni(OH)2/AuNp/SPE) and glassy carbon electrodes (GCE) were modified by the polymerization of a 
nickel-porphyrin film doped with CNT [3], and posterior electrodeposition of nickel nanoparticles 
(GCE/NiPP/CNT/NiNp). These electrodes were characterized by Scanning Electron Microscopy (SEM) 
and X-ray Photoelectron Spectroscopy (XPS). The performance of both modifiers was compared by 
evaluating the charge transfer process through EIS analysis. Ni(OH)2/AuNp/SPE proved to be the most 
efficient system. 
The selectivity of the proposed NEG in the presence of interfering species was evaluated by cyclic 
voltametry (CV) and EIS. Single frequency EIS analysis was performed for the quantification of glucose 
in salivary samples in the concentration range of 0.1 to 2 mM. The imaginary impedance values (ZI) 
showed the best linear response with increasing glucose levels. A slope of 0.073 k− mM-1 was obtained 
when plotting 1/ZI as a function of glucose concentration. The electrochemical performance revealed a 
synergistic effect of gold nanoparticles in the behavior of the nickel catalyst when SPEs with and without 
gold nanoparticles were compared. Finally, impedimetric Ni(OH)2/AuNp/SPE was proposed for the 
quantification of glucose in non-blood samples. 
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Metal underpotential deposition (upd) is a well-known electrochemical surface-limited reaction 
which results in formation of monolayer or submonolayer of metal adatoms on foreign substrates. Upd on 
metal electrodes is traditionally applied for estimation of active surface area or surface modification of 
electrodes and thin film fabrication. Cadmium upd has been studied lately [1] on films of cadmium 
chalcogenide quantum dots (QDs) obtained by chemical bath deposition. 

In this work Cd upd was investigated on monodisperse CdSe QDs of different size (2.4 – 6 nm) 
electrophoretically deposited on FTO electrodes from colloid solution in nitrobenzene. Effects of QD size 
and surface capping ligand in Cd upd were studied using cyclic voltammetry and potentiondynamic 
electrochemical impedance spectroscopy. The oleate-capped QD films were shown to have weak 
electrochemical response, whereas the exchange of oleates for sulfides resulted in near tenfold increase in 
upd current. The sulfide treated QD films show clear size dependence of the upd peak position (Figure 1). 
The increase in QD size results in positive shift of upd potential which could be attributed to the change 
in conduction band (LUMO) position.  

Thus, Cd upd on CdSe QDs appears to be a sensitive tool for probing accessibility of the QD surface 
for reactive particles in solution and distinguishing QDs by their size. 

 
Figure 1. Cd2+ cathodic reduction on sulfide-capped CdSe QD electrodes of different QD diameter. 

c(CdSO4) = 10 mmol l−1. Current was normalized for cathodic peak current. 
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Multiple analytes determination is a huge challenge in electroanalytical chemistry, once the analytical 
signals can overlap each other due to the similarity of peak potentials and sometimes it is difficult to 
achieve stable signals simultaneously for all analytes. A combination that has worked and still is a current 
trend in analytical chemistry is the combination of electrochemical techniques and nanomaterials for the 
proposition of novel electroanalytical methods.1,2 In this work, we explored the use of carbon black (CB), 
graphene oxide (GO), copper nanoparticles (CuNPs), and poly(3,4-ethylenedioxythiophene)-
poly(styrenesulfonate) (PEDOT:PSS) as electrode material for the simultaneous determination of five 
analytes, i.e. isoproterenol, paracetamol, folic acid, propranolol, and caffeine. Morphological, chemical, 
and physical characterizations were performed by scanning electron microscopy (SEM), energy 
dispersive spectroscopy (EDS), contact angle measurements, and voltammetry. In the electrochemical 
characterization using the potassium ferrocyanide redox probe, fast electron-transfer kinetics and a 
considerably higher electroactive surface area were obtained for the modified electrodic surface with CB, 
GO, CuNPs and PEDOT:PSS film. The electrochemical behavior of the drugs was investigated by cyclic 
voltammetry and square-wave voltammetry (SWV) under optimized conditions (electrolyte and pH). 
Using SWV, well-defined and resolved anodic peaks were obtained for the five analytes, with peak-to-
peak potential separation ≥ 170 mV. The analytical curves showed concentration linear ranges of 8.0 to 
50 µmol L−1 for isoproterenol, 1.1 to 7.0 µmol L−1 for paracetamol, 5.0 to 31 µmol L−1 for folic acid, 0.5 
to 2.9 µmol L−1 for propranolol, and 11 to 64 µmol L−1 for caffeine, with limits of detection in the 
micromolar concentration level. The practical viability of the proposed SW voltammetric method was 
tested in the analysis of human fluid samples (urine and serum). The proposed sensor showed good 
repeatability and a successful application using those matrices, with recoveries close to 100 %. 
 

 
Fig. 1 SEM images obtained for 
(a) CB, (b) GO, (c-e) CB-GO, 
and (f-h) CuNPs-CB-GO. 

 
Fig. 2 (a) SW voltammograms obtained using the CuNPs-CB-GO-
PEDOT:PSS/GCE sensor for different concentrations of the analytes 
(indicated in the figure). Analytical curves for (b) isoproterenol, (c) 
paracetamol, (d) folic acid, (e) propranolol, and (f) caffeine. 
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The smart choice of catalysts in the development amperometric biosensors is crucial for the operationality 
of the biosensor at low overvoltages, in order to avoid interferences. Noble metal catalysts are frequently 
used, but their high cost and limited supply are restricting their applicability [1]. In this context, Pd-based 
materials emerged as an alternative, especially due to their high efficiency in hydrogen peroxide reduction 
-the main product of oxidoreductase enzyme, proving great applicability in the development of 
interference-free amperometric biosensors. Pd nanostructured materials, such as nanowires and 
nanoparticles showed great use in the sensor area [2] and lately a flexible electrode was developed by our 
group, being based on Pd covered electrospun polymeric fibers, with great potential in the development of 
new wearable biosensors [3].  
In the present research, the Pd is used for doping a magnetic Ni electrode substrate (Ni@Pd), so as to 
benefit from both the catalytic effect of the Pd towards H2O2 reduction and the magnetic properties of Ni, 
the latter ones being crucial for the immobilization of the biologic element, the enzyme. X-ray 
photoelectron spectroscopy (XPS) and cyclic voltammetry confirmed the presence of Pd atoms within the 
Ni metallic lattice. The employed electrochemical methods allowed to determine the nature of the 
electrochemical process at the Ni@Pd electrodes in neutral media, and to evaluate Ni@Pd electrocatalytic 
activity towards H2O2. 
 
 
 
 
 
 
 
 
 
 
Fig. 1. A) Schematic representation of a biosensor based on magnetic Ni@Pd substrate with the enzyme 
immobilized trough magnetic NiNP and B) fixed potential amperometry recorded at Ni@Pd/NiNP-GOx 

biosensor at 0.05 V vs. Ag/AgCl. 
 

For the immobilization of the enzyme, magnetic Ni nanoparticles (NiNp) were first chemically 
synthesized and dispersed together with a polymer stabilizer and then functionalized with the model 
enzyme glucose oxidase (GOx) by incubation (see Figure 1 left), confirmed by XPS and scanning 
electron microscopy (SEM). Finally, the functionalized NiNp were attached to the Ni@Pd substrate 
trough magnetic interactions. The obtained biosensor, Ni@Pd/NiNP-GOx was characterized and applied 
for the interference-free determination of glucose by using fixed potential amperometry at 0.05 V vs. 
Ag/AgCl (see Figure 1 right), the enzymatic mechanism being based on the catalytic reduction of H2O2 at 
the Ni@Pd substrate. 
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Organophosphorus pesticides (OPS) play an important role in agricultural productivity due to their 
insecticidal activity. However, owing to their high acute toxicity and biocompatibility effect, their residues in 
the environment can cause long-term damage to human health [1]. In this concern, there have been many 
efforts and interest in applying new analytical methods with rapid response, low cost, that are accurate and 
which do not require complicated sample preparation for their monitoring in the environment. Among these 
approaches, the inhibition of enzymatic activity or enzymatic reaction has offered the best choice for simple 
and rapid detection of toxic compounds due to minimum sample pre-treatment, more rapid analysis, high 
sensitivity and selectivity of a number of enzymes to toxic compound inhibitors [2].  
This work concerns the development of a novel voltammetric enzyme inhibition biosensor, with improved 
nanostructure, based on choline oxidase (ChOx) cross-linked to a poly(brilliant cresyl blue) (PBCB) film 
electrodeposited in deep eutectic solvent (DES) on a carbon nanotube modified glassy carbon electrode for 
the detection of dichlorvos organophosphorus pesticide. Poly(brilliant cresyl blue) films were formed by 
electrodeposition using a potentiostatic procedure in the DES ethaline (choline chloride : ethylene glycol, 1:2) 
one of this new class of green solvent with superior properties of conductivity, stability and wide potential 
range [3]. The use of ethaline contributed significantly to good polymer film growth and different 
nanostructure with superior conductivity in relation to films of PCBC formed in aqueous solution, which 
greatly contributed to improvement of the biosensor response. The analytical performance of the biosensor 
was evaluated: sensitivity, limit of detection, linear concentration range, the degree of inhibition of ChOx as 
well as its operational stability and reproducibility. The kinetic mechanism of inhibition was evaluated in 
order to better understand the parameters for indirect detection from enzymatic inhibition reactions. 
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Nowadays, nitrate and nitrite salts are excessive present in both food products and environment as 
additives or preservatives. Generally, they are used to avoid the food poisoning with microorganisms as 
Clostridium botulinum. Nitrate ions are not directly toxic but through their microbial reduction to nitrite 
ions can interact with hemoglobin in order to form methemoglobin by oxidation of ferrous iron, Fe(II) to 
the ferric state, Fe(III) that might become toxic leading to blue-baby syndrome in the case of infants1. 
NO3

− and NO2
− ions are determined using different methods such as: diffuse UV-visible reflectance 

method2, optical sensors3, catalytic-spectrophotometric method4, spectrophotometric detection coupled 
with cloud-point extraction (CPE)5, solid-phase spectrophotofluorimetry6, solid-phase fluorescent 
quenching method7, microchip electrophoresis8, HPLC and ion-pair chromatography with 
chemiluminescence detection9, which are not so precise, sensitive and rapid as electrochemical methods. 
Herein, novel materials based on poly(3,4-ethylenedioxythiophene)-copper nanocomposite and Au-Pt 
alloy for nitrate and nitrite sensing were synthesized. 
Electrochemical measurements were performed with an Autolab PGSTAT 302N (Ecochemie) controlled 
by GPES 4.9 electrochemical software from Eco-Chemie (The Netherlands) and connected to a three-
electrode cell. All experiments were carried out at room temperature. Gold disk electrodes (Metrohm) 
with a 2-mm diameter were used as working electrodes, while a glassy carbon rod was used as a counter 
electrode. As reference it was employed a saturated calomel electrode. The modified electrodes with 
poly(3,4-ethylenedioxythiophene)-copper nanocomposite were characterized by Cyclic Voltammetry 
(CV) and Electrochemical Impedance Spectroscopy (EIS). 
For nitrite detection were developed screen printed electrodes (SPE) based on Au-Pt alloy and for nitrate 
determination poly(3,4-ethylenedioxythiophene)-copper nanocomposite coatings. The results proved that 
the SPE based on Au-Pt alloy significantly enhances the electrooxidation of nitrite ions in acidic media, 
the catalytic peak currents were proportional to the concentration of nitrite ions in the range of 0.1 to 4 
mM with a LOD of 55 µM. The poly(3,4-ethylenedioxythiophene)-copper nanocomposite based sensor 
showed a linear response on concentration range between 0.4 and 2 mM with a LOD of 112.8 µM.  
This work demonstrates that the new modified electrodes based on poly(3,4-ethylenedioxythiophene)-
copper nanocomposite and Au-Pt alloy, provide an easy, fast and reliable analytical tool for the  
NO3

-/NO2
- detection. 
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Vancomycin is a glycopeptide antibiotic, indicated for the treatment and prophylaxis of severe 

infections caused by Gram-positive bacteria by parenteral administration. The main drawback of the 
treatment with vancomycin is the relative high occurrence of nephrotoxicity, ototoxicity and the spread of 
bacterial resistance to antibiotics. Therefore, there is an increasing need of analytical tools for the 
therapeutic drug monitoring of vancomycin, in order to maximize efficacy and improve the clinical 
outcome for the patients and to minimize the emergence of antibiotic resistance [1]. The purpose of this 
study was the development of a fast and sensitive electrochemical method for the analysis of vancomycin. 

The electrochemical behaviour of vancomycin was studied using different electrochemical techniques, 
like cyclic voltammetry and differential pulse voltammetry (DPV) and different electrodes: glassy carbon 
electrode, boron-doped diamond electrode, bare carbon-based screen printed electrode (SPE) or modified 
with carbon nanotubes, grapheme or with conducting polymers. Also, for its study both analysis and flow 
injection analysis were applied. 

 
Vancomycin direct detection on SPE modified with graphene 

Vancomycin presents just one irreversible electrochemical oxidation peak. The electrochemical 
oxidation of vancomycin is influenced by the pH of the supporting electrolyte, the electrode material and 
by electrochemical parameters. A low pH combined with the graphene modified SPE yielded the best 
results. The electrochemical method allows quantitative analysis of low amounts of vancomycin proving 
a good sensibility. 

The method was also applied for the analysis of real samples, represented by spiked human serum, but 
the results were not as good as predicted because of several interferences from the human serum. In order 
to by-pass this difficulties a combination of sample treatment and several modifications added to the 
electrochemical technique, consisting in an electrochemical pretreatment phase, which ensured an 
increased adsorbtion of the analyte onto the working surface and also in a decrease of the signal attributed 
the interferences. This combination allowed the successful application of the method for the direct 
detection of vancomycin in human serum samples. 
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Graphene has excellent electronic, thermal and mechanical properties. Its physical properties have been 
extensively studied, however, its analytical applications remain largely unexplored. Ru(bpy)3

2+ 

electrogenerated chemiluminescence (ECL) has been given much concern in chemical analysis because of 
its wide applications, good electrochemical stability, and high ECL efficiency in aqueous media. In this 
study, Ru(bpy)3

2+ was incorporated into the graphene-titania-Nafion composite film. The introduction of 
conductive graphene into titania-Nafion greatly facilitates the electron transfer of Ru(bpy)3

2+ in the 
matrix. As a result, the modification improves the ECL efficiency for detection of analytes, such as 
tripropylamine (TPA). In the present experiment, the Ru(bpy)3

2+ immobilized graphene-titania-Nafion 
modified electrode shows a linear dynamic range to TPA from 0.002 M to 2.0 nM with detection limit of 
0.1 nM (S/N=3), which is lower measurement compared with previous ECL sensor based on CNT-titania-
Nafion composite film. And the results of selectivity test for other analytes, Ru(bpy)3

2+ ECL sensor based 
on graphene-titania-Nafion composite showed good ECL response for NADH. Thus, Ru(bpy)3

2+ ECL 
sensor based on graphene-titania-Nafion composite film was studied as an ethanol ECL biosensor. The 
biosensor exhibited highly sensitive and selective ECL ethanol biosensor. This study shows that graphene 
holds great promise for ECL biosensor for the determination of other diverse biomaterials.  
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Particularly fascinating nanomaterials are stimuli-responsive hydrogels prepared as particles or films. The 
properties of such so-called “smart” materials are modulated by an external stimulus (e.g. temperature, 
pH, ionic strength, biomolecular recognition, light, etc.), which triggers expansion or contraction of the 
polymer network, at the origin of sensing capabilities [1]. The combination of electrochemistry with 
stimuli-responsive hydrogels offers the opportunity to design novel nanoparticles and thin films whose 
electrochemical behavior and electrochemiluminescence (ECL) are manipulated not only by the electrode 
potential but also by external stimuli. 

 
 
 
 
 
 
(a) Schematic representation of the thermo-
responsive ECL microgels in the swollen 
(left) and collapsed (right) states. (b) 
Chemical structure of the cross-linked 
microgels with different chemical groups 
R1 and R2. (c) Transmission electron 
microscopy image of dried microgels. 
 
 
 

 
Through a rational choice of model ECL and stimuli-sensitive hydrogel systems, electrochemistry and 
ECL of thermoresponsive 100-nm hydrogel nanoparticles were reported. We demonstrated an unexpected 
enhancement of the ECL signal which occurs at the swell-collapse transition of the nanoparticles [2]. In 
addition, tunable multicolor systems have been developed based on resonance energy transfer 
mechanisms using ECL luminophore as the donor system [3-4]. Electrodes were modified with a 
thermoresponsive redox hydrogel film incorporating Ru(bpy)3

2+ by electrochemically assisted free radical 
polymerization. The resulting films lead also to enhancement of the ECL signal even if antagonist effects 
due to the blocked diffusion of the co-reactant species were observed [5-6]. Finally we will present the 
spectroelectrochemistry and ECL properties of single stimuli-responsive hydrogel nanoparticles. The 
versatility of ECL coupled to stimuli-responsive materials allows developing the use of the same principle 
with other types of stimuli and also the design of new modified interfaces.  
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An electrochemical sandwich bioassay based on screen printed carbon electrode (SPCE) modified with 
oxidized carbon nanotubes is demonstrated for the selective sensing of kanamycin (KM). Owing to the 
large surface area and high conductivity, the carboxylated carbon nanotube (COOH-CNTs)[1] were 
frequently used for the covalent attachment of the amine modified biomolecules and also as a signal 
enhancer. The sandwich immunoassay was formed on the COOH-CNTs modified electrode comprising of 
the DNA aptamer via the subsequent adsorption of KM and alkaline phosphatase (ALP) labelled anti-
kanamycin specific to the target molecule KM. The electrochemical detection of KM was achieved by 
quantifying the oxidation of electroactive species 4-aminophenol (AP) generated from the reaction between 
substrate 4-amino phenyl phosphate (APP) and ALP [2], which is proportional to the concentration of KM. 
The performance of this sandwich biosensor was investigated by cyclic voltammetry (CV) and differential 
pulse voltammetry (DPV). This KM biosensor will be further applied to the analysis of milk and also other 
food quality control.  
 

 

Figure 1 Schematic illustration of proposed KM biosensors composed of the surface complexes of 
aptamer/KM/anti-KM-ALP followed by the enzymatic reaction of ALP with the substrate APP on carbon 
nanotubes modified SPCE. The right figure shows a preliminary data displaying the background corrected 
differential pulse voltammogram for 100 nM KM detection. 

 

References: 

[1] Y. Li, W. Zhou, H. Wang, L. Xie, Y. Liang, F. Wei, J.C. Idrobo, S.J. Pennycook, H. Dai, Nat. Nanotechnol. 
7(6) (2012) 394-400. 
[2] F.S. Diba, S. Kim, H.J. Lee, Biosens Bioelectron 72 (2015) 355-61. 

 

mailto:hyejinlee@knu.ac.kr


High performance Mo2C electrocatalysts derived from Mo132 clusters for 
hydrogen evolution reaction 

Zheng Zhou*, Li Wei, Xuncai Chen and Yuan Chen* 

The University of Sydney, School of Chemical and Biomolecular Engineering 

Sydney, New South Wales, 2006, Australia 

Zzho3217@uni.sydney.edu.au, yuan.chen@sydney.edu.au  

Molybdenum carbides (Mo2C) is a promising electrocatalyst for hydrogen evolution reaction (HER). Common 
synthesis methods often produce sintered Mo2C particles with limited active catalyst sites through high-
temperature calcination of metal precursors, such as Na2MoO4·2H2O, (NH4)2Mo4O13, (NH4)6Mo7O24·4H2O, 
molybdenum salts (e.g. MoCl5) and Polyoxometalates (e.g. PMo12). 

Herein, a novel Mo2C electrocatalyst was developed using an inorganic super fullerene and keplerate based 
subnanometer Mo132 cluster as the molybdenum precursors. The structure defined Mo132 clusters were first 
uniformly anchored on graphene oxide (GO) sheets via a poly(ethyleneimine) binder in hydrothermal synthesis. 
Afterwards, the hybrid was calcined to convert Mo132 clusters into Mo2C nanoparticles, and GO sheets were 
transformed into nitrogen doped reduced GO (NrGO). The resulting Mo132/NrGO electrocatalyst displays superior 
HER performance with a low overpotential of 62 mV vs. RHE at 10 mA cm-2, a Tafel slope of 57 mV dec-1, and 
a high exchange current density of 1.19 mA cm-2 in acidic electrolytes. The calculated turnover frequency is 0.73 
s-1 at 100mV, superior than most of recently reported Mo2C electrocatalyst. In comparison, catalysts synthesized 
using molybdenum salts have significantly reduced performance. The transmission electron microscope 
characterization shows that Mo2C nanoparticles with the ultrasmall particle size of 2.63 ± 1.1 nm were uniformly 
distributed on the rGO surface, giving a high double-layer capacitance (Cdl) of 9.56 mF cm-2. In contrast, Mo2C 
particles in the catalyst prepared using catalyst molybdenum have severe aggregation and uneven size distribution 
with a low Cdl of 4.27 mF cm-2. Overall, our work demonstrates that Mo132 clusters can serve as an efficient 
molybdenum precursor to open a new way for design and synthesis of various high performance Mo2C catalysts. 

 

Scheme 1. Schematic illustration of synthesizing Mo132/NrGO-X electrocatalysts and corresponding HER 
performance in 0.5M H2SO4.  
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Noble metal nanoparticles have been attracting active attention in manufacturing functional modified 
electrodes for electroanalysis and bioelectroanalysis.  For preparing metal nanoparticles, there are two 
main approaches; i.e., electrochemical deposition and chemical preparation.  Previously, our group 
reported an effective chemical preparation method involving physisorption of gold nanoseed particles 
(AuNSPs) of ca. 4 nm on indium tin oxide (ITO) surfaces by just immersing an ITO substrate into a 
solution of AuNSPs [1].  Chemical growth of Au nanostructures from the attached AuNSPs was possible, 
allowing Au modified ITO electrodes to be prepared via seed-mediated growth [2,3].  In addition, we 
reported modification of palladium [4] and bulk nickel [5] disk electrodes with AuNSP for 
electroanalytical applications.  In the latter case, it was found that AuNSPs on Ni act as functional units 
that promote electron transfer reactions with Fe(CN)6

4-/3-, uric acid and glucose [5].  Thus, we 
demonstrated that just immersing a metal base material into the modifying metal nanoparticles solution 
offers significantly altered electrode activity dominated by the modified NSPs. 

 
On the other hand, electrochemical deposition is another practical method of preparing metal 
nanostructures on conducting substrates.  This involved application of an external current for reduction of 
metal cations into solid particles.  However, base metals whose oxidation potentials are positive relative 
to noble metals may reduce the noble metal ions spontaneously without application of an external current.  
This is known as galvanic replacement reactions.  For example, in the case of AuCl4

- and Ni(0), the 
following galvanic replacement reaction is expected to occur spontaneously in aqueous solution. 
 

2AuCl4
-  +  3Ni(0)    →      2Au(0)  +  8Cl-  + 3Ni2+ 

 
For comparing with the electrochemical characteristics of AuNSP/Ni electrodes [5], we started trials 
using the galvanic replacement reaction to prepare new Au modified Ni electrodes.  While we used 
commercially available Ni disk electrode as an initial test for Au modification, we extend the work to Ni 
wire which is relatively inexpensive.  In particular, we treated Ni wire in lower concentrations of AuCl4

- 
(below 1.0 x 10-4 M);  the concentration of AuCl4

- and the immersion time were systematically varied, and 
the surfaces of Ni wire were characterized by scanning electron microscopy (SEM).  Furthermore, 
electrochemical responses of ferrocyanide, uric acid and glucose were observed with Au modified Ni wire 
electrodes prepared at lower concentrations of AuCl4

- (below 1.0 x 10-4 M) after fixing some conditions.  
 
Consequently, reversible electrochemical responses of ferrocyanide could be observed even for Ni wire 
treated with 10-6 M AuCl4

-, though no deposition was observed in the SEM measurements. Also, control 
of electrocatalytic activity was possible below 1.0 x 10-4 M AuCl4

- for uric acid and glucose.  Judging 
from the tunable electrocatalytic performance, simplicity of preparation, and the cost of electrode 
materials, we believe that Au modified Ni electrodes holds promise for applications in electroanalysis.  
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Nanoporous electrodes have been applied in diverse energy conversion devices and sensors owing to 

its enhanced electrocatalytic activity. The remarkable electrocatalytic activity effects of the nanoporous 
electrodes are usually understood on the basis of its enlarged surface area, crystalline facets, or surface 
defects. We focus on the unique geometrical characteristics of the nanoporous electrodes - the generation 
of nanoscale ‘confined space’ formed by the surrounding electrode surfaces. The confined space inside 
the nanopores are capable of confining reactant molecules near the electrode surface, enhancing the 
collision frequency between the reactant and the inner electrode surface [1]. To clearly observe this 
‘nanoconfinement effect’, we have utilized nanoporous Indium tin oxide (ITO) electrodes to investigate 
the kinetics of a single electron transfer Fe2+/3+ [2]. The ITO material was chosen for its transparency and 
inert surface, allowing the observation of enhanced electrocatalytic activity originating from the 
nanoporous morphological effects. By varying the nanoporous ITO layer thickness and comparing their 
performance, we were able to effectively exclude electrocatalytic effects originating from the electrode 
surface, such as defects. We observed that the single electron transfer of Fe+2/+3 involving no proton 
transfer was more facilitated at thicker ITO nanoporous layers, and this geometric enhancement was more 
evident at lower temperatures.  
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Over the last decades, the center of attention of a considerable amount of research has been the 
preparation of electrochemical sensors, seeking greater sensitivity and selectivity. The glassy carbon (GC) 
is the carbon materials more often and extensively used as electrodes, due its high electrical and thermal 
conductivity1. However, a three-dimensional form of GC, the reticulated vitreous carbon (3D−RVC), has 
been still little explored in electroanalytical. The 3D−RVC is constituted by open pores (similar to foam) 
composed of GC, it can be very interesting electrode material, due its three-dimensional structure, which 
provides high electroactive area and a high mass transport of the electroactive species2. In this context, we 
report a method to prepare a 3D−RVC foam electrode modified with gold nanoparticles (AuNPs) for the 
determination of ferulic acid (FA) in cosmetic/pharmaceutical products. 

The AuNPs were electrodeposited on 3D−RVC 
amperometrically applying a potential of −0.4 V for 40 s in 0.1 
mol L−1 HCl solution containing 0.1 mmol L−1 HAuCl4; this 
electrode was named as AuNP/3D−RVC and compared with 
3D−RVC without modification. In Fig. 1, the voltammograms 
taken at 3D−RVC (–), at AuNPs/3D−RVC (–) (in 0.2 mol L−1 
phosphate buffer pH 3.0 solution containing 10 µmol L−1 FA 
at a scan rate of 50 mV s–1) exhibits good definition oxidation 
and reduction peaks at 665 mV and 414 mV for 
AuNP/3D−RVC and at 695 mV and 409 mV 3D−RVC (vs. 
Ag/AgCl (3.0 mol L–1 KCl)), respectively. An improvement in 
the electrochemical response was attained when the 

AuNPs/3D−RVC electrode was used, indicating that the electrochemical properties of the 3D−RVC 
material was improved with the incorporation of AuNPs. The analytical signal was substantially increased 
and the oxidation potentials decreased, which is characteristic of an electrocatalytic effect. This effect 
suggests a more favorable electrochemical interaction between AF and the electrode. Consequently, all 
subsequent experiments were carried out using an AuNPs/3D−RVC electrode. 

After optimizing the supporting electrolyte, pH and the parameters of the amperometry (E = 75 
mV; with stirring 500 rpm), the analytical curve for AF was obtained. The linear concentration range was 
from 0.07 to 3.00 µmol L−1 (analytical equations I/A = −2.19 × 10−8 + 0.936 [AF/(mol L−1)]; r = 0.999) 
with a detection limit of 9.0 nmol L−1, which is similar or better than those values found in the literature. 

The values of the intra- and inter-day repeatability were assessed for two different concentrations 
of AF (0.56 and 1.44 µmol L−1) and the obtained RSD values were smaller than 4.0 %; thus, the here-
proposed method presents adequate values of intra- and inter-day repeatability. Finally, the proposed 
electroanalytical sensor was used for AF determination in different cosmetic/pharmaceutical samples. The 
AuNPs/3D−RVC electrode was successfully applied and no significant differences were observed 
between the values obtained and the contents of AF in commercial samples by the proposed 
electroanalytical method and those obtained by a reference spectrophotometric method. 

 The proposed method was considered very attractive, since it is very simple and rapid. 
Furthermore, there are few electroanalytical methods described in the literature for the determination of 
this drug. 
 
Acknowledgements: FAPESP (2011/13312-5, 2014/07919-2 and 2017/23940-0), CAPES, and CNPq. 
References:  
1 H. Zittel, F. Miller, A Glassy-Carbon Electrode for Voltammetry, Anal. Chem., 37 (1965) 200-203. 
2 F. Walsh, L. Arenas, C.P. de León, G. Reade, I. Whyte, B. Mellor, Electrochim. Acta, 215 (2016) 566-591. 

0.2 0.4 0.6 0.8 1.0
-10

-5

0

5

10

15

E vs. Ag/AgCl / V

I /
 

A

 

 

 blank (AuNPs/3D−RVC)
 10 µmol L−1FA (AuNPs/3D−RVC)
 blank (3D−RVC)
 10 µmol L−1FA (3D−RVC)



A New Electrode for Hydrogen Peroxide Detection Based on  
RF Magnetron Sputtered Polycrystalline CeO2 Thin Film 

 
Y. Kosto1, A. Zanut2, S. Franchi3, I. Khalakhan1, Y. Yakovlev1, G. Valenti2, F. Paolucci2, N. Tsud1, V. 

Matolin1 
1Charles University, Faculty of Mathematics and Physics, Department of Plasma and Surface Science, V 

Holešovickach 2, 18000, Prague, Czech Republic 
2 University of Bologna, Department of Chemistry ‘‘G. Ciamician’’, Via Selmi 2, 40126 Bologna, Italy. 

3 Elettra-Sincrotrone Trieste S.C.p.A., in Area Science Park, Strada Statale 14, km 163.5, Basovizza 
(Trieste), 34149, Italy 
julia.jik@gmail.com 

 
Hydrogen peroxide (H2O2), by-product of many biological reactions, can be a source of hazardous free 
radicals causing the oxidative stress in living cells [1] and has significant importance as a mediator in key 
processes in medicine and industry. Thus, it is necessary to develop reliable and sensitive methods and 
materials for H2O2 detection in different biological environments. Electrochemistry is one of the most 
promising techniques for this purpose due to its simplicity, short time response and good sensitivity. 
Nanomaterials, such as cerium oxide (CeO2) are well known to exhibit specific enzyme-like activities that 
can be used for H2O2 detection [2]. 
In the current work, we propose polycrystalline cerium oxide thin films deposited on glassy carbon 
substrates as a new enzyme-free electrode for hydrogen peroxide detection. CeO2 films were prepared by 
means of RF magnetron sputtering from a cerium oxide target in an argon atmosphere with total thickness 
of the film about 20 nm. The electrode detected H2O2 in the micromolar range in phosphate buffer 
solution (pH = 6.9), even without using a mediator. Electrochemical measurements show a current 
plateau, which represent the maximum oxidation rate achieved by the system at saturated H2O2 
concentrations, which is typical behaviour for enzymes. Stability in different pH was examined. Surface 
characterization performed by scanning electron microscopy (SEM) and atomic force microscopy (AFM), 
before and after the electrochemical measurements, demonstrate no significant changes of the electrode 
surface. The stability of the system was also investigated by highly surface sensitive synchrotron radiation 
photoelectron spectroscopy (SRPES). 
a) 

 

b) 

 

Figure 1. a) Response of the CeO2 electrode at 0.65 V vs Ag/AgCl to the different concentrations of the 
H2O2 in phosphate buffer solution. The insets show changes of the Ce3+ resonance valence band peak 
measured by SRPES on the as-prepared (red) samples and after chronoamperometry measurements 
(green) at high (left) and low (right) H2O2 concentrations; b) AFM image of CeO2 on glassy carbon 
substrate. 
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Carbon dots are carbon based fluorescent nanomaterial having distinct advantages such as high chemical 
stability, low cost and low toxicity that invite special attention in the fields of biomedical and 
biotechnology. However, their application in the electrochemical sensor development still needs attention 
and focus. In this work, carbon dot capped silver nanoparticle was synthesized by sodium borohydride 
reduction via in-situ (CDAgin) and ex-situ (CDAgex) methods. UV-Visible spectra showed distinct 
absorbance maxima values at 411 nm and 387 nm respectively for the CDAgin and CDAgex. Dynamic 
light scattering (DLS) gives the sizes of 68 and 22 nm for the CDAgin and CDAgex respectively. These 
CDAgNPs were used for decorating the binary lipid 1, 2-dioleoyl-sn-glycero-3-phosphoethanolamine 
(DOPE) and N-[1-(2,3-Dioleoyloxy)propyl]-N,N,N-trimethylammonium chloride (DOTAP) surface 
(named as DDAgNP) previously tethered on self-assembled monolayers of 3-mercaptopropionic acid. 
Atomic force microscopy technique also indicate array of DDAgNP on the monolayer. Electrochemical 
behaviors were monitored using cyclic voltammetry (CV) and electrochemical impedance spectroscopy 
(EIS) in the presence of redox probe 1mM potassium ferri/ferrocyanide (K3/K4 [Fe(CN)6]). Lung cancer 
DNA (27mer oligonucleotide) was immobilized and hybridized on the DDAgNP. From Fig.1, it is evident 
that the DDAgex strongly binds to the MPA layer indicated by the decreased peak current and increased 
peak-to-peak separation than the DDAgin. This could be related to the smaller size of CDAgex (22 nm, 
from DLS) compared to the CDAgin (68 nm, from DLS). A similar behavior was confirmed with EIS. 
Fig.2 depicts the EIS discrimination of un-hybridized (single stranded DNA) and hybridized 
(complementary hybridized) observed in presence of K3/K4 [Fe(CN)6] for the DDAgin and DDAgex 
surfaces. Among both, the DDAgex showed higher charge transfer resistance (RCT) of 6.10x104 : cm2 
than the DDAgin that gives the RCT of 2.56x104 : cm2. The selectivity of the sensor is very high and 
reproducible. Hence, carbon dot capped metal nanoparticles can be used in place of gold nanoparticles to 
develop cost effective diagnostic tools based on molecular affinity interactions. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: CV behavior of DDAgex and DDAgin tethered MPA modified gold surface measured in PBS 
buffer (pH 7.4) in presence of 1mM K3/K4 [Fe(CN)6] at a scan rate of 50 mVs-1. 
Figure 2: EIS behavior of complementary target DNA hybridized single stranded DNA attached on 
DDAgex and DDAgin  tethered MPA modified gold surface measured in the frequency range of 100 MHz 
to 0.1 Hz at an applied DC potential 160 mV in PBS buffer (pH 7.4) in presence of 1 mM K3/K4 
[Fe(CN)6]. 
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One atomic thick Pt film at various coverage of CO on Au(111) was examined, revealing two local 
ordered structures of (6 u 6) and (�3 u �31) - 5Pt + 7CO in CO-saturated (15.7 mM) 0.1M H2SO4 at 
0.5 and 0.1 V. Replacing the CO- to N2 – saturated 0.1 M H2SO4 at 0.5 V results in marked changes 
in the surface morphology and the spatial structures of this film, featuring well-ordered steps in 
<121> direction of the Au(111) substrate with microfacets of (100) and (111) orientations. High-
resolution STM scans reveal the Pt film is atomically smooth and capped with the well-known (2 u 2) 
- CO structure.1,2 The Pt film could span hundreds nm2 with tiny (~2 nm2) triangular Pt islands 
defined by (100)-oriented steps capped by compact (1 u 1) – CO. No CO molecule is adsorbed on the 
Au(111), except those  Au atoms sitting next to the steps of triangular Pt islands, which give 
depressed STM appearance, as reported with CO molecules adsorbed on Au(111).3 The ratio of Pt 
film to triangular Pt island at 0.1 V was smaller than at 0.5V suggested that the triangular Pt island 
can adapt more CO and adsorb stronger. Dissolved O2 or H2 0.1M H2SO4 can compete with the pre-
adsorbed CO on Au. The compact CO adlayer on the triangular Pt islands implies repulsive 
interaction among CO admolecules, forcing them to migrate onto the neighboring Au sites and 
followed by the migration of Pt atoms.  The CO adlayer restructures from (1 u 1) - CO or (2 u 2) - 
3CO to (�7 u �7)R19.1º - 4CO sitting on a compact Pt hexagonal monolayer with an ideal Pt-Pt 
spacing of 2.87 Å. This mis-match in lattice spacing is expected to have corrugation modulations in 
the STM images, as indeed observed. Real-time STM imaging also reveals a coarsening process 
where triangular Pt islands gradually merge into neighboring larger Pt terrains with an ordered (�7 u 
�7)R19.1º - 4CO adlayer and (100)-oriented steps. 

 

 
Figure (a) and (b) are the STM image and the corresponding model illustrating the adsorption of the 
triangular Pt island capped by CO on Au(111). The blue and red circles representing the CO on the atop 
site of Pt (solid circle) and Au (dotted circle) respectively. The cross and opened circle are the HCP and 
FCC sites of the Au(111) substrate. Figure (c) is the suggested ball model illustrating the competitive 
adsorption of O2/H2 with the pre-adsorbed CO on Au next to the triangular Pt island. 
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Among various methods electrochemical reactions are a straightforward approach to produce and store 
electrical energy efficiently. Leading car companies have released fuel cell vehicles decade ago. 
Nevertheless, the researches are still going on to improve the fuel cell efficiency by optimizing the fuel 
composition and electrode configuration.  

A most frequently investigated liquid fuels for fuel cell application are ethanol, methanol, 1-
propanol and 2-propanol, which can be easily stored, transported and handled [1,2]. 2-propanol offers an 
advantages over others: reduced CO, CO2 emissions and elimination of fuel cross-over [2]. As an 
electrocatalyst, Pt is the most widely used element among various electrocatalyst materials, nevertheless, 
Pt-Ru composite catalyst outperforms the Pt owing to the resistance against CO poisoning of Pt-Ru 
catalyst and the formation of acetone as a byproduct [1,3]. 

In the present work, we evaluate the utilization of co-sputtered Pt-Ru nanocatalyst for 2-
propanol oxidation. As a catalyst support we use TiO2 NTs with different spacing to benefit its unique 
properties and stability against corrosion. The conductivity of the TiO2 NTs is limited due to its high 
resistance (e.g. 14.7 ± 0.1 kΩ, annealed at 450 °C) [4]. Therefore, nanotubes are treated under high 
temperatures in a reducing atmosphere i.e., Ar, Ar-H2 or N2 which results in a drastically improved 
electrical behavior of TiO2 nanotubes. Heat treatment in a reducing atmosphere introduces controlled-
amount of defects (i.e. Ti3+ defects and oxygen vacancies) in TiO2 lattice, which provides a high electrical 
conductivity of TiO2 [5].  

To activate the conductive TiO2 framework for 2-propanol oxidation, nanotubes are deposited 
with Pt-Ru nanocatalyst using co-sputtering approach. Here, we evaluate and optimize the geometrical 
features (thickness, tube-to-tube spacing), crystal structure, electrical properties of TiO2 NTs and amount 
of catalyst loading, e.g. the ratio of Pt and Ru in the loading to get the highest electrode performance. The 
influence of morphology of composite electrode on cell performance is examined in detail. 
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Graphene has attracted huge interest in many research fields, especially in the area of biomedical 

sensing due to its unique electronic, optical, thermal and mechanical properties. Its excellent electrical 
conductivity and large surface area allowed the development of (bio)sensors with outstanding 
performances applied for the detection of a wide range of target analytes including gaseous molecules, 
heavy metal ions, biological compounds and drugs [1, 2]. The graphene surface decoration with gold 
nanoparticles significantly increased the electrochemical performances of the (bio)sensors, especially by 
enhancing the electrochemical signal or the biomolecules immobilization [3]. 

A hybrid nanoplatform based on reduced graphene oxide (RGO) and gold nanoparticles 
(AuNPs) was elaborated for nitrazepam determination being characterized by Fourier Transform Infra-
Red spectroscopy (FTIR), atomic force microscopy (AFM), scanning electron microscopy coupled with 
energy dispersive X-ray spectroscopy (SEM/EDS) and electrochemical methods (cyclic voltammetry and 
differential pulse voltammetry). Reduced graphene oxide was drop casted on the glassy carbon electrode 
surface, then being decorated with AuNPs by electrochemical generation. The morphological features of 
the two nanomaterials revealed by AFM and SEM images indicated the graphene sheets exfoliation with a 
thickness of around 2 nm for one graphene sheet and AuNPs homogenous distribution with a diameter of 
20-40 nm. The differential pulse voltammograms showed an improved electrochemical signal for 
nitrazepam oxidation due to the excellent conductivity and large surface area characteristic for both 
nanomaterials. 

The synergistic effects of RGO and AuNPs led to excellent analytical performances of the sensor 
such as: a wide linear range (0.5 μM - 0.4 mM), a low limit of detection (0.166 μM), excellent selectivity 
and sensitivity and high stability, with superior performances compared to other analytical methods. The 
successful application of this sensor for nitrazepam determination from pharmaceutical formulation and 
human serum (with excellent recovery rates between 99 % - 102.4 %) proved its practical application as a 
promising tool in laboratory clinical analysis.   
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An electrochemical sensor based on an indium tin oxide nanoparticle (ITONP)-modified glassy carbon 
electrode (ITONP/GCE) was developed for the detection of sulfides from alcoholic medium [1]. The 
ITONP/GCE was prepared by simply dropping the aqueous solution of ITONP on GCE surface and 
successively drying at 40 °C. The homogeneous distribution of ITONP on the GCE surfaces was 
confirmed by recording the camera photographs and field emission scanning electron microscopic 
images. The ITONP/GCE was further characterized with energy dispersive X-ray spectrometry, X-ray 
photoelectron spectroscopy and X-ray diffractometry to identify the surface chemical composition and 
crystallinity.    The ITONP/GCE showed much better electrocatalytic properties toward sulfide electro-
oxidation than that of bare GCE electrodes. The obtained amperometric detection limit of sulfide in 
alcoholic solution of sodium acetate was 0.3 µM. The enhanced sensitivity, good selectivity and high 
stability are promising features of the ITONP/GCE for sulfide sensing. 
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Indium tin oxide nanoparticle (ITONP)-modified ITO electrode based electrochemical sensor for sulfide 
determination was developed [1]. To prepare ITONP-modified ITO, various method were tested and 
drop-drying of ITONP (aq.) on aminpropyltrimethoxysilane-functionalized  ITO (APTMS/ITO) was 
found as best method on the basis of voltammetric analysis of sulfide ion. The ITONP-modified 
APTMS/ITO (ITONP/APTMS/ITO) yielded much better electrocatalytic properties toward sulfide 
electroοxidation than did bare or APTMS/ITO electrode. The ITONP and ITONP-modified ITO were 
also characterized with transmission electron microscope, and field emission scanning electron 
microscope, respectively. The effects of type of inert electrolyte and pH were also optimized to obtain the 
best condition for sulfide sensing.  In optimum condition, a chronocoulοmetric study as a function of 
sulfide concentration showed that the ITONP/APTMS/ITO detector’s detection limit was 0.737 µM, 
lower than the value obtained using amperometry (3 µM).  The ITONP/APTMS/ITOs displayed 
reproducible performances, were highly stable, and were not susceptible to interference by common 
contaminants. Thus the developed electrode can be considered as a promising tool for detecting sulfide.   
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An electrochemical quartz crystal microbalance (EQCM) was employed to study the interactions of 
hexammine ruthenium(III) (RuHex) and hexammine cobalt(III) (CoHex) with a mixed self-assembled 
monolayer of single-stranded DNA & 6-mercapto-1-hexanol (ssDNA/MCH SAM) immobilized on gold 
electrodes [1]. When the buffer medium was switched to deuterated water (D2O) from normal water (H2O) 
we observed a pronounced H/D isotope effect as described by Erkang Wang et al. where, a consistent shift 
of ~ 400 mV was seen for the reduction peak potential in CoHex but not in RuHex. Formation of these 
mixed SAMs using a similar protocol proposed by Steel et.al is shown to produce heterogeneous surface 
packing densities with unequal distribution and aggregate formation of ssDNA and MCH over the gold 
surface [3]. Here by using a modified immobilization protocol that produced a low surface density mixed-
SAM with a fewer aggregates we observed a notable decrease (by ≥10 Hz) in the frequency response in the 
presence of both RuHex and CoHex (Fig. 1). CoHex is known to strongly influence the structure of DNA 
forming intermolecular bridges through guanine bases while RuHex interacts through negatively charged 
phosphate backbone. We believe that the observed differences in frequency response values are due to the 
influence of H/D kinetic isotope effect on the hydrogen bonds involved. This protocol paved a path of 
developing more homogeneous SAMs without aggregation of species which can lead to improve 
reproducibility and accuracy of probe surfaces in future DNA sensor applications. 

Figure 1. Effect of high density ssDNA/MCH probe surface on the EQCM redox switching response of 50 
µM A) RuHex C) CoHex and low density ssDNA/MCH probe effect with 50 µM B) RuHex D) CoHex. 
Measurements were carried out in 10 mM Tris buffer made with H2O (Red) and D2O (Blue), pH 7.5 
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Platinum group metals (PGM) are extensively used in industry applications such as catalytic convertors, 
fuel cells and synthetic catalysts.1, 2 The increase in consumption of metals such as Pt, Pd or Rh and their 
rather rare abundance have resulted in a significant increase of the market price, slowing down the 
development of technologies that rely on these elements.3 Therefore, the development of new 
technologies for the detection and selective recovery of these metals is highly important across the 
chemical industry and the energy sector. 
PGM-based molecules are also commonly used in pharmaceutical industry as drugs. Their application is 
of high importance; nevertheless, the accumulation of metallic species in body tissues provokes the 
development of selective and sensitive ways of removal and monitoring the level of those molecules.    
We present an electrochemical platform for the detection and recovery of platinum (and other PGM) 
species in solution. The new platform is based on the surface modification of gold electrodes with 
different organic scavengers or ligands that enable the capture and detection of the platinum species. The 
work includes the investigation of the kinetics of the formation of adducts between various scavenger and 
different platinum species, the nature and the stability of the adducts and electrochemical measurements.  
 
 

 
Figure 1: (A) A UV-Vis study of the Pt-based molecule coordination by tris(2-carboxyethyl) 
phosphine (TCEP) along with the kinetic profile (inlet) (B) Schematic representation of proposed 
electrochemical system for detection and recovery of metals in solution (C) Voltammetric profiles of 
gold electrodes  modified with cysteamine and TCEP in the absence (dotted black line) and 
presence (red solid line) of irreversibly adsorbed K2PtCl4 in DPBS. 
 
We report that tris(2-carboxyethyl)phosphine coordinates Pt-based molecules in various media much 
quicker than other scavengers such as glutathione.4 Therefore, this ligand has been used to modify 
electrodes in the electrochemical detection of Pt. 
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Electrochemiluminescence is now well established as an ultra-sensitive detection technique on which 
bioanalytical measurements such as immunoassays and DNA analysis can be based. In these methods a 
luminophore, usually a derivative of tris(bipyridine)ruthenium(II) (Ru(bpy)3

2+), is used to label the 
biological probe and is quantitated in the presence of a co-reactant such as tripropylamine (TPA).  
However, despite direct detection limits of the order of 20 fM being reported, great difficulty is often 
encountered in replicating such results. For example, variation in the background signal is often a 
confounding factor in consistently detecting sub-picomolar levels of the electrochemiluminophore. These 
variations are thought to result from emissive oxygen species generated in the diffusion layer1 and may 
depend on a range of factors such as electrode history, co-reactant purity and experimental timescale.  
 
The development of low-cost paper microfluidic ECL-based sensors to detect analytes at clinically 
relevant concentrations (< pM) demands new strategies for signal enhancement and the control of 
background processes. Therefore, in this study, we examine the variation in background ECL with a 
range of factors such as co-reactant identity, electrode material, experimental timescale and the presence 
of surfactant additives. We find that while surfactant addition can increase the ECL intensity 
significantly, in many cases the background ECL can increase disproportionally, degrading the limit of 
detection (LOD). It is demonstrated that careful treatment, selection and optimisation of co-
reactant/surfactant/electrode combinations is required in order for clinically relevant LODs to be 
achieved.  
 
(1) Senthil Kumar, S., Bard, A.J. Analytical Chemistry 2013, 85, 292. 
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Bismuth vanadate (BiVO4) is a promising photocatalytic material under visible light irradiation. BiVO4 is 

a n-type semiconductor with a band gap energy of 2.4 eV and when it is in a monoclinic crystalline 

structure presents the best photocatalytic performance [1]. This material has interesting properties, such 

as: stability; wide range of working potential; considerable efficiency in the electron transport and may 

have catalytic activity for the O2 and H2 release reactions. However, it is worth mentioning that only the 

BiVO4 activity does not reach its higher efficiency since recombination occurs between the photo-induced 

electrons in the conduction band (CB) and photoinduced holes in the valence band (VB). However, to 

solve this issue can be used graphene quantum dots (GQDs). GQDs are a semiconductor nanocrystal that 

generally have dimensions in the range of 2.0 to 9.0 nm and have optical-electronic properties between 

molecules and semiconductors [2]. The GQDs have the property of increasing the photocatalytic activity 

of BiVO4 through the removal of photo-induced electrons from the conduction band, using quantum 

confinement. Based on the properties of the GQDs and BiVO4 described herein, in this study, a 

photoelectrochemical sensor formed by a mixture of these two materials was designed in order to monitor 

the degree of sensitivity of the neurotransmitter dopamine (DA) in samples and in real time, as well as, to 

measure the selectivity in the presence of ascorbic and uric acid. The photo-assisted electrochemical 

sensors were fabricated using a FTO glass electrode recovered with a thin film of BiVO4 doped with 

GQDs. The promotion of electrons from the valence band (VB) to the conduction band (CB) occurs while 

the holes (h +) are generated in the valence band, under lighting and at controlled potential (E = +0.4 V) 

vs. Ag/AgCl. The DA molecule in the oxidized state acts as a collector of the generated holes, decreasing 

their recombination with the electrons promoted to CB. Thus, a photocurrent is generated by electrons 

transferred from semiconductor to the FTO substrate electrode, proportionally to the amount of DA 

oxidized. Chronoamperometry experiments under visible light irradiation were used to obtained the 

photocurrent signals. The increase in the current signal were proportional to dopamine concentration from 

3.61×10−8 to 2.49×10−4 mol L−1 (R2 = 0.997), with a detection limit of 8.17×10−9 mol L−1 and limit of 

quantification of 2.72×10−8 mol L−1. 
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The manufacture of electrochemical sensors with high detectability and low cost is of great experimental 
and financial importance. The multiple analytes determination is a huge challenge in electroanalytical 
chemistry, once the analytical signals can overlap and, sometimes is difficult to achieve a stable 
simultaneous signal for all analytes1,2. Therefore, new aspects related to electrochemical performance of 
carbon electrodes with functionalized graphite (FGR) and β-cyclodextrin (CD) are presented in this work. 
We studied the functionalization of graphite powder and as the oxygenated functional groups could affect 
the electrochemical features of the sensor and when inserting the CD a remarkable improvement in 
electrochemical performance was verified. In this work, was explored the use of CD-FGR as modified 
carbon paste electrodes (CPE) for the simultaneously determination of four analytes: levodopa (LEV), 
piroxicam (PIR), ofloxacin (OFL) and methocarbamol (MET). The sensor was characterized by scanning 
electron microscopy (SEM), contact angle (CA), cyclic voltammetry (CV) and electrochemical 
impedance spectroscopy (EIS). The electrochemical behavior of the different drugs were investigated by 
CV and square-wave voltammetry (SWV) under optimized conditions (electrolyte, pH and analytical 
parameters). Using square-wave voltammetry (SWV) was obtained well defined and resolved anodic 
peaks in the simultaneous determination of LEV, PIR, OFL and MET. The results showed concentration 
linear ranges of 0.1 to 20 × 10−6 mol L−1 for LEV, 1.0 to 15 × 10−6 mol L−1 for PIR, 0.1 to 20 × 10−6 mol 
L−1 for OFL and 1.0 to 50 × 10−6 mol L−1 for MET, and limits of detection (LOD) of 0.65, 1.1, 0.90 and 
4.0 × 10−7 mol L−1, respectively. The practical viability of the proposed sensor was tested in the analysis 
of environmental samples (river water). In these analyses, the proposed sensor showed highly sensitive 
for the determination of these drugs, with recoveries between 92 and 107%. In addition, the samples were 
analyzed by comparative method (spectrophotometric), and the RSD between these methods ranged from 
–11% to +13%. The method proposed is an alternative method for the simultaneous determination of the 
drugs in river water samples, with high sensitivity, good stability, repeatability, no interference in 
presence of other chemical compounds. 
 

    

Fig. 1 SW voltammograms 
obtained using the 
CD−FGR/PE sensor in 0.1 
mol L−1 phosphate buffer 
solution (pH 6.0) containing 
different concentrations of 
analytes. SWV parameters: f = 
15 Hz, a = 75 mV and ΔEs = 5 
mV. Analytical curve 
(inserted) obtained for LEV 
(I), PIR (II), OFL (III) and 
MET (IV).  
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H2O2 is widely used in different fields, such as paper, textile, and pharmaceutical industries. Furthermore, 
H2O2 concentration in human body is related to the glucose one because the reaction between glucose and 
glucosidase produces hydrogen peroxide [1]. Besides, it is used as a biomarker of oxidative stress, being a 
strong oxidant [2]. Therefore, researcher all over the world are working to develop new and original 
methods for in situ, non-invasive and fast detection of this chemical. One of these is the electrochemical 
sensing, i.e. redox reaction-based sensing that gives an electrical signal as an output (current, or potential, 
or impedance). The surface area of the sensing element (the electrode) is extremely important because 
determines the features of the sensor, mainly in terms of sensitivity [3]. Nanostructured electrodes such as 
Nanowires (NWs), Nanotubes (NTs) or Nanoparticles (NPs) are the most promising candidates as 
electrochemical sensors because the surface area can increase over 70 times. Furthermore, it is possible to 
fabricate miniaturized, portable, cheap and wearable sensors [4]. In this work, we show the performances 
of a novel nanostructured Pd electrode, fabricated through NW galvanic deposition into the pores of a 
polycarbonate membrane. Briefly, one side of a polycarbonate membrane is covered by a gold sputtered 
thin film, in order to make it electrically conductive and then a 12µm copper current collector is 
electrodeposited on it. Using a conductive carbon paste, the current collector is electrically coupled with 
an aluminum tube and immersed in a solution containing Pd ions. By such a galvanic coupling, the anodic 
aluminum tube dissolution drives the Pd cathodic reduction with consequent growth of NWs into the 
pores of the membrane. The successive polycarbonate membrane removal through chemical etching in 
pure dichloromethane leads to the complete exposition of the NWs [5]. The effect of different parameters, 
such as pH, anodic to cathodic area ratio and Pd concentration, was investigated and the process has been 
optimized in order to have a reproducible and fast deposition. We obtained stable and self standing 
nanostructures with an average height of 5.1 µm after 40 mins of galvanic deposition. The electrodes 
were characterized by scanning electrode microscopy (SEM), energy-dispersive X-ray spectroscopy 
(EDS) and X-ray diffraction (XRD). These electrodes have been polarized at -0.2V vs Ag/AgCl in 
aqueous 0.1M phosphate buffered solution (PBS) and ethanol to which H2O2 was added over time, 
recording the output current. We found that the hydro-alcoholic solution is essential in order to improve 
the scarce wettability of the nanostructured electrode. We tested the effect of the surface area as well by 
comparing commercial Pd-thin film with self-made Pd-NWs electrodes having different length of NWs 
(obtained stopping the galvanic deposition at 10, 20 and 30 mins). We found that the electrode sensitivity 
increases with the surface area, from 0.0788 µA µM-1 cm-2 for the planar electrode to 0.368 µA µM-1 cm-2 

using 5.1 µm NWs. Nanostructured electrode, fabricated through 40 mins long Pd deposition, showed a 
Limit of Detection (LOD) of 13.3 µM and a linear range from 53 to 4400 µM. For a H2O2 concentration 
in the middle of the linear range, the electrode is highly accurate and reproducible, showing an error 
lower than ±2.5%. Ascorbic acid (AA), Uretic Acid (UA), Glucose (GLU) and Potassium Oxalate (POX) 
were tested as possible interfering chemicals and we found an excellent selectivity towards these 
chemicals with no appreciable changes, also in solutions containing H2O2 at concentration an order of 
magnitude lower than the interfering species. Finally, we checked the lifetime of the electrode: only after 
1 month of storage in PBS solution a new calibration is necessary. Similar results found with Cu NWs 
will be presented and discussed. 
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Uric acid (UA) and creatinine (CRN) are crucial biomolecules for physiological processes in human 
metabolism. It is well known that UA and CRN usually coexist in biological matrices. Abnormal levels of 
these species may cause several diseases and disorders. UA commonly founded in urine and blood serum 
of humans is produced from the metabolism of purines. For healthy individuals, the UA level in serum and 
in urine is in the range of 0.24 – 0.52 mM and 0.214 – 4.40 mM, respectively [1]. High UA concentration 
that exceeds the normal level will lead to hyperuricemia and induce gout, Lesch-Nyhan syndrome, and 
renal diseases [2]. Therefore, it is important to regularly monitor UA in serum or urine for precaution, 
diagnosis, and treatment of those diseases caused by high concentration of UA. Creatinine can be used for 
the diagnosis of renal, thyroid and muscle function [3]. The creatinine level in blood serum and urine is 
clinically used as a parameter of muscle damage. The physiological concentration of creatinine ranges 
between 40 and 150 µmol/L in serum. However, pathological values due to muscle disorder or kidney 
dysfunction may rise to concentration higher than 1000 µmol/L [4]. Therefore, it is an important diagnostic 
substance in biological fluid. In this work, it was developed a disposable device containing two sensory 
parts. One spot specific for the determination of UA and the other for CRN. In a simplified form, the system 
composed of two working electrodes (separated in the device, but with a single connection as working 
electrode), a pseudo reference and a counter electrodes. The manufacturing device was made using a cut 
printer, a sheet of vinyl adhesive, a sheet of polyester, carbon paint (Electrodag 423SS, Henkel Ltd, USA) 
for working and counter electrodes fabrication, Ag/AgCl paint (C2051014P10, Gwent Electronic Materials 
Ltd, UK) to pseudo-reference fabrication. One spot of the sensor was modified with quantum graphene dots 
for the direct determination of UA. The other spot was modified with quantum graphene dots, enzyme 
creatininase, using hexaammineruthenium (III) as mediator and glutaraldehyde crosslinked reagent for the 
creatinine determination. The disposable device was developed with a single point of sample injection (total 
volume of 25 μL). The sensor was characterized by scanning electron microscopy (SEM), energy-dispersive 
X-ray (EDX) and high-resolution transmission electron microscopy (HR-TEM). This disposable device 
was used in the development of a sensitive electrochemical sensor for the simultaneous determination of 
uric acid and creatinine employing electrocatalytic oxidation using square wave voltammetry. Well-defined 
and separate oxidation peaks were observed in PBS buffer solution at pH 7.0, under optimized conditions. 
No significant interference was observed for primarily biological interferents such as urea, dopamine and 
ascorbic acid in the uric acid and creatinine determination. Our study demonstrated that the disposable 
device is highly sensitive for the simultaneous determination of uric acid and creatinine, with the limits of 
detection of 8.40 and 3.75 nmol L-1, respectively. The disposable device is highly selective and can be used 
to simultaneous determination of uric acid and creatinine in a human urine sample. 
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Fourier transformed large amplitude alternating current voltammetry (FTACV) has been used to explore 
the influences of the electrode material and potential where electron transfer occur on the heterogeneous 
electron-transfer kinetics (k0’ and α values) of the α-[S2W18O62]4-/5-/6-/7-/8-/9-/10- polyoxometalate processes in 
acetonitrile (0.5 M Bu4NPF6). Computationally based optimized method of data analysis gave almost the 
same k0’ and α values as widely used heuristic methods for all processes. At glassy carbon (GC), gold (Au) 
and platinum (Pt) electrodes, the first α-[S2W18O62]4-/5- electron transfer process is the fastest and k0’ value 
decreases with each consecutive process that have reversible potentials of about -0.215, -0.593, -1.155, -
1.539, -2.003 and -2.348 V, respectively while the second one is fastest at Boron Doped Diamond (BDD) 
electrode. However, only the k0’ values obtained at the BDD electrode are polyoxometalates concentration 
dependant, implying they are apparent values using this method. The k0’ values obtained at BDD are the 
lowest and follow the order BDD < Pt < Au < GC. Difference in density of states (DOS) of electrode 
materials cannot fully explain the electrode material dependence of the k0’ values and other factors such as 
surface functional groups on GC, the double layer effect, and adiabaticity or non-adiabaticity of the 
electrode process also need to take into account.  

Key Words: Polyoxometalates, heterogeneous electron-transfer kinetics, Fourier transformed alternating 
current voltammetry, Density of States, Double layer effects. 
 

 

 

 

 

 

Figure 2: The structure of [Bu4NPF6]4 

α-[S2W18O62] and DC Cyclic 
voltammogram of α-[S2W18O62]4- at 
GC electrode 

 

Figure 1: Operating Principle of Fourier 
Transform Altering Current Voltammetry 
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Sabultamol (SAB) is a drug widely used for treatment of asthma and other chronic obstructive pulmonary 
diseases, whereas propranolol (PRO) is frequently used by patients with cardiovascular disorders, such as 
hypertension and cardiac arrhythmias. A patient can use these drugs individually or simultaneously, 
depending on the type of treatment required. However, their uncontrolled or improper use can cause 
serious health complications and their overdose may be toxic for living organisms1,2. Thus, the 
quantification of these drugs is very important for both human health and environmental control. The use 
of modified electrochemical sensors is a promising analytical alternative due to advantageous 
characteristics such as high recognition capacity and amplification of current signals. In this sense, a 
simple, rapid, and low-cost electroanalytical method was developed using a glassy carbon electrode 
(GCE) modified with functionalized-graphene (FG), the ionic liquid (IL) 1-buthyl-3-methylimidazolium 
tetrafluoroborate, and silver nanoparticles (AgNPs) for the simultaneous determination of SAB and PRO. 
The sensor was characterized by scanning electron microscopy (SEM), as can be seen in Fig. 1, cyclic 
voltammetry (CV), and electrochemical impedance spectroscopy. The electrochemical behavior of the 
drugs was investigated by CV and square-wave voltammetry (SWV) under optimized conditions 
(electrolyte and pH). As shown in Fig. 2, the cyclic voltammograms obtained using the different tested 
electrodes show well-defined oxidation peaks at the electrode potentials of 0.65 and 1.0 V, for SAB and 
PRO, respectively. Furthermore, the final modified electrode (AgNPs-IL-FG-NF/GCE) showed higher 
peak current values as well as a displacement of the peak potential to lower values for both drugs. Using 
SWV (Fig. 3), the AgNPs-IL-FG-NF/GCE sensor provided analytical curves in the concentration ranges 
of 79 nmol L−1 to 2.9 µmol L−1 for SAB and 0.1 µmol L−1 to 2.9 µmol L−1 for PRO, with respective limits 
of detection (LOD) of 13 and 17 nmol L−1. In addition, the proposed method was also applied in the 
simultaneous determination of SAB and PRO in biological fluids and environmental samples (urine and 
river water). As the recovery percentages obtained in triplicate experiments ranged from 95 to 108 %, 
clearly the proposed electrochemical sensor was able to quantify SAB and PRO without significant 
interference effects from concomitant species present in the sample matrices. Hence, it can be concluded 
that the proposed method is an excellent analytical alternative for the simultaneous determination of SAB 
and PRO using the AgNPs-IL-FG-NF/GCE sensor. 
 

 
Fig. 1. SEM micrographs of 
(A) FG, (B) LI-FG, (C) 
AgNPs-LI-GO and (D) 
corresponding histogram of 
AgNPs diameters. 

 
Fig. 2. Cyclic voltammograms 
(v = 50 mV s–1) for 0.20 mmol 
L−1 SAB and PRO in a 0.20 
mol L−1 phosphate buffer 
solution (pH 7.0). 

 
Fig. 3. (a) SW voltammograms 
obtained using the AgNPs-LI-FG-
NF/GCE for different concentrations 
of SAB and PRO. Analytical curves 
for SAB (b) and PRO (c). 
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The coating of metal surface is an important research frontier in corrosion research relating wi th 
integrated circuit technology, metal plating industry and device manufacturing engineering. It is critical to 
explore the essential significance of the fractional surface coverage θ. This problem has been debated for 
quite a long time, but until now, it still has not been completely solved. In the past, the definitions of the θ 
values are mainly expressed by three equations:  (I) θEIS=1–RAu 

c t/RSAMs 
c t,  (II) θCV=1– iSAMs 

p /iAu 
p  and  (III)  

θAu-O=1–QSAMs 
c /QAu 

c . However, the θ values calculated by these methods are often contradictory to each 
other, indicating that the meanings and characteristics of these methods are still not quite clear. In this 
presentation, we take alkanethiol self-assembled monolayers on gold (CnSH-SAMs-Au) as a typical 
example to discuss these questions in detail. For exactly exploring the essential significance of the θ value, 
we have firstly calculated the real θ value by a simple ideal model of CnSH-SAMs-Au(111) based on the 
(√3×√3)R30° overlayer theory, then used this proposed model to validate the intrinsic channel and to 
explain the electrode processes of ′′diffusion-permeation-tunneling′′ in CnSH-SAMs-Au, respectively. 
The influences of the external environmental factors have also been fully considered including:  

(a) substrate conditions (e.g. pretreatments and surface morphology); 
(b) assembly conditions (e.g. assembly time, temperature, applied potential, solvent, type and 

concentration of thiol, and assembly methods); 
(c)  testing conditions (e.g. types and concentration of supporting electrolyte, types and 

concentration of redox couple, experimental temperature, applied potential and test methods). 
The role of these factors can be reasonably explained by our simple ideal model. This study can not only 
validate the correctness of the simple ideal model, but also reveal the intrinsic and extrinsic defects’ 
characteristics of CnSH-SAMs-Au. 
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Over the last two decades, lithium-ion batteries have not only become the main power sources for 
popular consumer electronics but have also attracted great attention for upcoming electric vehicles 
because of their relatively high energy density. Therefore, the development of efficient anode materials 
with high reversible capacity, excellent cycling stability and rate capability has become an active research 
topic in the field of lithium-ion batteries. 

Herein, we report a facile two-step method to prepare rGO-supported NiCo2O4 nanobelts (NSP-
NiCo2O4/rGO) with a preferred orientation active (311) plane and surface pores via a low-temperature 
hydrothermal method combined with a subsequent calcination treatment. The results show that the NSP-
NiCo2O4/rGO hybrid possesses abundant pores on the surface of NiCo2O4 nanobelts with an average 
diameter of 4.7 nm, which are beneficial for providing more lithium-ion insertion and extraction active 
sites and facilitating electron and lithium ion transfer associated with energy storage processes. While the 
preferred orientation exposed (311) facets of NiCo2O4 nanobelts can provide a prior lithium-ion diffusion 
channel to shorten the lithium-ion diffusion distance and accelerate the redox reactions kinetics. As show 
in Figure 1, the hybrid can be used as a promising anode material for lithium-ion batteries and exhibits a 
high specific capacity (1393 mAh g−1 at a current density of 0.1 A g−1), excellent rate capabilities (1132, 
1066, 993 and 869 mAh g-1 at 200, 300, 500 and 1000 mA g-1, respectively), and a superior cycling 
stability (only a 0.4% capacity decay after 50 cycles). The remarkable Li storage performance of the 
NSP-NiCo2O4/rGO hybrid can be mainly attributed to the unique NiCo2O4 nanobelt structure with surface 
pores, the preferred orientation of the (311) plane, and the synergistic effect between the NiCo2O4 
nanobelts and rGO. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. The charge-discharge curves of the pure NiCo2O4 (a) and NSP-NiCo2O4/rGO (b) electrodes 
for the 1st, 2nd, 25th and 50th cycles at a current density of 100 mA g-1; CV curves of the NSP-
NiCo2O4/rGO electrode during the initial three cycles with a scan rate of 0.5 mV/s(c); Cycling 
performance of the pure NiCo2O4 (d) and NSP-NiCo2O4/rGO (e) electrodes at a current density of 100 
mA g-1; and rate performance of the pure NiCo2O4 and NSP-NiCo2O4/rGO electrodes at current densities 
from 100 to 1000 mA g-1 (f). 
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Electrochemical analysis and coupling techniques are very helpful tools for sensitive and selective 
detection of biomolecules and real-time measurement of electrochemical reaction mechanisms. Here we 
introduce the sensitive electrochemical biosensors for the detection of epithelial cell adhesion molecule 
based on the strategy of the signal amplification. The mesoporous silica nanoparticels as the carrier of 
signal amplification bioconjugate the streptavidin and CdSe quantum dots, followed by the reaction with 
the biotinylated secondary aptamer or antibody. The biosensor showed a low detection limit at 10fM. 
Based on this idea, an ultrasensitive and selective detection of low-abundant proteins such as EpCAM and 
thrombin has been realized. An electrochemical sensing platform based on iron phthalocyanine (FePc) 
functionalized nitrogen-doped graphene (N-G) nanocomposites was also constructed to achieve in situ 
monitoring of NO released from living cells on the sensing layer. 
Mechanism study of electrochemical reactions is usually carried out using cyclic voltammetry, 
spectroscopy, scanning electrochemical microscopy, etc. However, these methods are difficult to 
characterize every intermediate and lack chemical specificity. In this regard, the analysis platform 
integrated mass spectrometry, single molecule spectroscopy or surface-enhanced Raman scattering with 
electrochemistry can serve as a sensitive tool to in-situ and real-time identify products and intermediates 
generated during electrochemical processes by providing fragments information, molecular weight and 
structure. We developed an electrochemistry-mass spectrometry method based on a dual-channel 
microchip as electrochemical cell and ionization device to study the mechanism of oxygen reduction at 
water/oil interface. This work offers a new approach to study the real-time electrochemical reactions at 
the interfaces. Additionally, a SERS-EC platform can also be demonstrated for in situ monitoring the 
electroreduction process of p-nitrothiophenol on gold or silver nanoparticles-functionalized electrodes by 
recording the potential dependent fingerprint signals of the reactants and products. 
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Carbon dioxide is one of the major contributors to global warming and the possibility of recycling this 
greenhouse gas is gaining attention within the scientific community. The electrochemical reduction of 
CO2 (CO2RR) is an attractive way to utilize this greenhouse gas by converting it into a broad range of 
useful carbon neutral fuels [1] using renewable energy sources (i.e. wind, solar, geothermal). That would 
allow not only to store excess energy, but also to eventually close the global carbon cycle [2]. 
Nevertheless, on top of the high overpotential required to drive this reaction, the CO2RR suffers from a 
poor yield/selectivity towards hydrocarbons [3,4]. Improvements in this scenario require a better 
understanding of the fundamental reactions on various metal surfaces, along with the development of 
analytical tools that allow for the quantification of the reaction products. We have designed and built a 
differential electrochemical mass spectrometry (DEMS) setup consisting of an electrochemical flow cell 
coupled to an MS, which demonstrated to be an excellent and versatile choice for the operando 
quantification of the volatile species produced upon electrocatalysis reactions. Mass Spectrometry (MS) is 
a widely applied technique in catalysis research for the quantitative detection of reactants and products 
with high precision. In many cases, pre-separation of the gas mixture is necessary, because of 
interferences between different gases that contribute to the same mass-to-charge (m/q) ratios and, thus, to 
the same MS peaks. However, combining MS with a pre-separation technique not only makes the overall 
system more complex, but also prevents operando detection of gas. To overcome such limitations, our 
DEMS system is based on a new MS calibration approach using several different gas mixtures that 
enables unambiguous and quantitative distinction of CO, N2, and CO2 via measurement of the MS peaks 
at (m/q) = 44, 28, and 14. As an example of the possible applications offered by a calibrated DEMS setup, 
herein we present our results upon studying the CO2RR on a polycrystalline Au electrode and high-
surface area Au aerogel (Figure 1). Moreover other applications in Oxygen Evolution Reactions (OER) 
and Vanadium Redox Flow Batteries (VRB) will be presented showing the versatility of the developed 
DEMS setup. 
 

 
Figure 1. Faradaic efficiencies, obtained from DEMS measurements, for the production of CO, H2 and 

HCCO- using a polycrystalline Au electrode in 0.5 M KHCO3 electrolyte. 
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Single nucleotide polymorphism (SNP) is the variation of a nucleotide at a single position in a DNA 
sequence among individuals. The detection of SNPs is of utmost importance as SNPs are associated with 
various human diseases. New detection methods, faster and less expensive than the existing ones are 
continuously sought after.  
 
In this work, we investigate a detection methodology based on the electric-field assisted denaturation of 
DNA. The employed technique couples electrochemical measurements with in situ fluorescence 
microscopy in real time. Electrochemistry is used to induce the denaturation of DNA, while fluorescence 
measurements are employed to detect the associated melting events. For this purpose, fluorescently 
labeled DNA sequences are immobilized at gold electrodes as self-assembled monolayers (SAMs), the 
probe being thiolated and the complementary strand bearing a fluorescent label, in both instances at the 
5'- extremity.  
 
We present the results of a comparative study of perfect match and SNP-containing target sequences (e.g. 
SNP 309T>G of the human MDM2 gene). The presence of a mismatch in a sequence significantly reduces 
the stability of the DNA duplex, therefore making it more susceptible to electric-field induced 
denaturation. Because the fluorescence is heavily quenched by the bulk metal electrode, in a distance-
dependent way, the denaturation and subsequent desorption of the double-strand both give rise to strong 
fluorescence bursts when the potential is swept in the negative direction.  
 
The potential induced melting of the DNA is significantly influenced by the assembly of the SAM. We 
present the influence of various parameters, such as the nature of the probe (linear vs. hairpin DNA), 
nature of the diluent (mercaptohexanol vs. mercaptobutanol) and surface coverage. The latter having a 
significant influence on the hybridization efficiency in the case of mismatch bearing target sequences. We 
also show the influence of the measurement conditions such as the ionic strength of the measurement 
buffer and time. Because there is less screening by the ions in solution at low ionic strengths, the potential 
induced melting is favored at low ionic strengths (10 mM) compared to high ionic strengths (100 mM).  
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In the recent years, in operando XAS has been extensively performed to study various electrode processes 
under realistic working conditions; the information that can be obtained is invaluable and concerns the 
actual mechanism of reactions, including turnover cycles of electrocatalysts, oxidation states of reaction 
intermediates, local structural distortions in the electrode materials, etc.. However, the great majority of 
operando XAS experiments are carried out with hard X-rays. Hard X-rays have a large penetration depth 
in aqueous solutions and therefore can be profitably used in simple spectroelectrochemical devices. Soft 
X-rays spectroscopy is much more difficult. The low penetration depth of X-ray photons having energy 
lower than 1000 eV, even for matter in the gas state claims for the necessity of ultra-high vacuum 
conditions. However, soft X-ray spectroscopy can in principle produce vital knowledge for large classes 
of reactions and materials. Indeed, light but ubiquitous elements, including oxygen, carbon and nitrogen 
have their absorption edges in the soft X-ray regime (200-600 eV). In addition, the very same low 
penetration depth that causes many experimental difficulties makes soft X-rays surface sensitive. Both 
these two facts make in principle operando and in situ soft X-ray spectroscopy experiments the choice 
probe for the vast majority of electrochemical process. In this context, here we present some result 
obtained during a recent in situ soft X-ray experiment on gas sensing oxide semiconductors performed at 
the APE-HE beamline of the ELETTRA synchrotron radiation facility. It is show how the O K-edge can 
be used for fingerprinting the adsorption of small molecules like CO, CO2, CH4, etc. The implication of 
these results for future developments is also discussed. 
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Fundamental concepts of molecular electrochemistry allows sometimes to solve complex mechanisms 
but often requires information brought by other techniques, particularly at the nanometer scale. Recently, 
we investigated the advantages that can be brought by Raman spectroscopy. The great advantage of this 
technique lies on the possibility to perform chemical identification since it provides the vibrational 
signature of the molecules. The difference with IR spectroscopy resides in the use of a visible laser (in 
general), allowing an easier implementation in liquid and electrochemical systems.  

In this communication, we will first depict the advantages that can be brought by combining atomic 
force microscopy (AFM) and surface enhanced Raman spectroscopy (SERS) onto silver nanoparticles 
produced by electroreduction onto N-doped graphene samples. Then, the principles of tip enhanced 
Raman spectroscopy (TERS) will be presented.1 Thanks to a near-field coupling of the laser with a gold 
or silver tip, this approach circumvents the diffraction limit and gains chemical imaging with a 
nanometric resolution.2 However, its implementation in liquids requires handling the laser and signal 
refraction at the air/liquid interface. Several configurations are nevertheless possible, and we will present 
those developed in Paris. In the first one, only a thin layer of liquid is added.3 Though possible, its 
implementation for electrochemical systems remains difficult. In the second one, a long distance (3 mm) 
immersion objective is used, allowing a large quantity of liquid to be used. In a first step, we modified a 
TERS tip with electroactive molecules to follow the irreversible transformation of 4-nitrothiophenol into 
4-aminothiophenol as a function of electrochemical polarization. In this new approach that we named EC-
Tip-SERS, the spatial resolution is lost but interesting mechanistic information is obtained.4 To recover 
spatial resolution, a similar configuration is used, but now a modified sample is scanned in STM 
(scanning tunneling microscopy) configuration. 

a ) EC-Tip-SERS configuration setup. b ) Enhancement of Raman signal is obtained only at the hot spot. 
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Electrochemiluminescence (ECL) is the light generation by electrochemical reactions; it is used in 
important applications such as electroanalysis [1]. In ECL annihilation reaction pathways, ECL 
luminophores are oxidized and reduced at two electrodes biased at constant high and low potentials, 
respectively. Both generated species undergo an electron transfer reaction in solution to produce an 
emissive state, i.e., to generate light. The reaction route of tris(bipyridine)ruthenium(II), Ru(bpy)3

2+, is 
shown in Figure 1a.  

Here, for the first time, we employ microfabricated transparent nanofluidic thin-layer cells [2] for 
ECL. Annihilation reactions are limited by the diffusive transport of luminophore molecules between both 
working electrodes. Using 10 mM Ru(bpy)3

2+ in acetonitrile, we generate Ru(bpy)3
3+ and Ru(bpy)3

1+ at 
opposite Pt electrodes positioned at the walls of a nanofluidic channel – separated by a nanochannel height 
(i.e., inter-electrode distance) of only 100 nm. Thereby the diffusion time from the electrode surfaces to the 
center of the nanochannel is reduced to just microseconds. We demonstrate highly efficient light generation 
at the nanoscale and image the area of light emission from the nanochannel, as shown in Figure 1b.  

At very short diffusion times, light emission is limited by ECL reaction kinetics [3]. Using analysis 
of the generated electrochemical currents, we demonstrate that nanofluidic electrochemical transducers can 
be used for the amplification of ECL emission and for precise determination of fast ECL rate constants. 

 
Figure 1. A) Schematic cross section of a microfabricated nanofluidic electrochemical device, and ECL 
annihilation reaction scheme of tris(bipyridine)ruthenium(II). B) Top view micrographs of a nanofluidic 
device and steady-state ECL emission from the nanochannel area (two overlaid images are shown). Inset: 
ELC time response upon stepping electrode potentials to potentials of 2.3 V and -1.5 V, respectively. A 
solution of 10 mM Ru(bpy)3(PF6)2 and 0.1 M TBAPF6 electrolyte in acetonitrile was used.  
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Raman spectroscopy is a very powerful analytical technique because a Raman spectrum can be 
considered as a “fingerprint” of the analyte. Due to the weakness of the signal, Raman spectroscopy has 
been scarcely used for quantitative analysis. However, Raman signals can be amplified using the so-
called Surface Enhanced Raman Scattering (SERS) effect by using nanostructured substrates. One of the 
main problems of SERS used for analysis is related to the lack of reproducibility of the proper substrates 
that favour the increase of sensitivity. Thus, although SERS is very powerful for detection of molecules, 
being even considered as a single molecule detection technique, the use of SERS for quantification need 
to overcome this drawback. There are several works related to quantitative analysis with SERS, but the 
fabrication of reproducible substrates is very difficult and commercial substrates are quite expensive. 
Electrochemical metal roughening is an appropriate alternative to prepare SERS substrates because it is 
economic and time-saving. However, this methodology has been scarcely used for quantitative purposes 
because, again, the fabrication of reproducible substrates is really complicated.  
 
Here, we proposed the fabrication of highly reproducible SERS substrates by electrochemical roughening, 
studied by spectroelectrochemical techniques. This work has allowed us to develop new methodologies to 
enhance the Raman signal based on the electrochemical roughening of metals using very particular 
electrochemical conditions. 
 
UV/Vis Absorption Spectroelectrochemistry (UV/Vis-Abs-SEC) has been scarcely used in quantitative 
analysis because reproducibility of measurements was really complicated few years ago. Our group has 
developed very reproducible devices that have been successfully used for quantitative analysis1. In our 
opinion, Time Resolved Raman Spectroelectrochemistry (TR-Raman-SEC) can be even more powerful 
than UV/Vis-Abs-SEC as it will be demonstrated in this communication with the results obtained during 
the in-situ production of SERS substrates and simultaneous determination of different analytes. 
 
Moreover, the trilinear nature of spectroelectrochemistry makes this technique very promising for the 
development of powerful methods for quantitative analysis.  

 
Figure 1. Contour map showing the evolution of Raman spectra of citric acid in a TR-Raman-
SEC experiment during the electrochemical roughening of a silver screen printed electrode. 
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Platinum plays a central role in a wide variety of electrochemical devices. Electrode degradation, 
especially under oxidizing conditions, forms an important barrier for the widespread of applications. 
Although it is known that repeated oxidation and reduction of platinum electrodes results in irreversible 
surface structure changes, over thirty years of research did not yet yield to a conclusive description of this 
process on the atomic level; even not for well-defined single crystal surfaces. 
Using a special EC-STM, which is capable of measuring the electrochemical signals simultaneously 
during imaging in operando, we directly correlate, for the first time, the evolution of the hydrogen 
adsorption peaks on Pt(111) to the observed roughening of the surface. In the later stages, we find a 
strong correlation between the evolution of the roughness and the absorption peaks clearly indicating that 
each created step contributes equally strong to the adsorption signal as well as to the roughness. However, 
surprisingly, in the early stage step edges are created that seem to be chemically inactive. 
These results present not only an important step forward in understanding the atomic scale process of the 
electrochemical roughening of Pt(111), but also provide valuable insight in the degradation of industrially 
relevant platinum nanoparticles, as a large part of their surface is naturally composed out of {111} planes. 
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Instrumental analytical methods have experienced a rapid development during recent years. 
Miniaturization, the increasing impact of mass spectrometry (MS) and the implementation of hyphenated 
systems have become trend-setting routes towards enhanced performance characteristics. 
Electrochemical techniques are powerful in many applications but have limitations concerning the 
doubtless identification of reaction products or concerning selectivity in case of very complex samples. 
The combination of electrochemical techniques with MS paves the way for new research directions in 
material and life sciences. For the study of multi-analyte samples the additional implementation of a 
separation technique can further strengthen the performance characteristics. The hyphenation of 
electrochemistry (EC) with capillary electrophoresis (CE) was introduced in 2003 as a concept enabling 
the separation of neutral analytes via electrochemical generation of charged species during hydrodynamic 
sample injection [1]. The conventional approach for electromigrative separations of neutral analytes is 
the addition of surfactants forming micelles (micellar electrokinetic capillary chromatography). However, 
there is a limited compatibility of solutions containing surfactants with electrospray ionization mass 
spectrometry (ESI-MS). As an alternative EC-CE-MS can overcome this problem. Our group has 
developed and characterized several instrumental generations of suitable injection devices [2]. A fully 
automated EC-CE-MS system with integrated screen-printed electrodes is extensively used in our 
laboratory. This system allows a user-friendly operation. The strength of EC-CE-MS is particularly seen 
in cases where charged product species can be formed electrochemically. Bioanalytical studies can be 
undertaken under near physiological conditions in absence of organic solvents. [3, 4]. Examples of 
studies concerned with nucleoside oxidation will be presented. In addition, new cell configurations for 
non-aqueous electrochemistry coupled to ESI-MS have been developed and applied to mechanistic 
studies of ferrocene electrochemistry [5]. 
 
 
[1] F.-M. Matysik, Electrochem. Commun. 5 (2003) 1021-1024 
[2] M. Cindric, F.-M. Matysik, Trends Anal. Chem. 70 (2015) 122-127 
[3] R. Scholz, P. Palatzky, F.-M. Matysik, Anal. Bioanal. Chem. 406 (2014) 687-694 
[4] M. Cindric, F.-M. Matysik, Electroanalysis 27 (2015) 234-241 
[5] T. Herl, F.-M. Matysik, Technisches Messen, 84 (2017) 1305-1312. 
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Scanning electrochemical probe microscopy has been well developed for analyzing the local 
electrochemical activity and/or locally patterning of surfaces in the past 30 years. The main stream of 
research goes in two directions: SECM and SICM. The former is based on a solid microdisk electrode, 
while the latter is based on a capillary. In both approaches, the sample is immersed in the electrolyte 
solution during the measurement. Considering that the measurement is slow, it is not applicable to active 
samples that change rapidly. Recently, scanning droplet cell techniques (SDC), notably the scanning 
electrochemical cell microscopy (SECCM), became popular. They are based on a droplet that is in contact 
with the sample surface and therefore are capable of measuring in air with high resolution of nanometer 
scale. Nevertheless, the shape of the droplet is tricky to control, and it depends on the local properties of 
the sample (topography, surface tension, etc.) thus may bring difficulties in quantification of the results. 
In this presentation, we propose our recent development of gel probes for scanning force-electrochemical 
measurements in air [1]. The Pt-based gel probe was prepared by electrodeposition of chitosan-gelatin on 
a 25 µm diameter Pt micro-disk electrode (Rg~2). The Ag-based gel probe was prepared by 
electrodeposition of chitosan on a 50 µm diameter Ag micro-disk electrode (Rg~2) followed by oxidation 
of Ag in a chloride solution. After preparation, the gel may be used as is, or soaked with different 
electrolyte according to the need. The probes were approached to be in contact with the sample placed in 
air. The contact was sensed by shear force feedback using a previously reported setup [2]. Once in contact, 
local electrochemical measurements were carried out in a two-electrode system between the sample and 
the probe, with the hemispherical-shaped gel serving as electrolyte. This included measuring the current 
response under a constant or scanning voltage for the Pt-based probe, and potentiometric measurement for 
the Ag-based probe. Mapping was performed by laterally scanning the probe in tapping mode, and it 
showed simultaneously the topography and the electrochemical properties of surfaces. The scheme was 
illustrated in Fig. 1. The technique was denoted as scanning gel electrochemical microscopy (SGECM), 
as the data analysis would be different from existing SECM, SICM or SDC techniques due to the limited 
volume of the gel. Preliminary results showed that a coating scratch can be characterized by topography 
and electrochemical mapping. This indicated that SGECM is applicable to both conductive and insulating 
surfaces thanks to the combined shear force measurements. Moreover, two different metals, aluminum 
and copper, may also be differentiated by SGECM (Fig. 1). This further proved that the SGECM mapping 
would reflect not only the electrical conductivity but also the reactivity of the sample. 
SGECM may be highly useful for analyzing complex-shaped delicate samples such as metallic cultural 
heritage samples. It is operated in air, thus can be easily adapted for field measurements. The soft contact 
between the gel and the sample surface may protect the sample from accidental damages during the scan. 
The potentiometric measurement is non-destructive, and the time of contact (the sample with the gel) for 
each sampling point is negligible. Further instrumentation development of SGECM is ongoing, towards 
the optimization of gel probe material, the quantified force measurement and data analysis. 

 
Fig. 1 Scheme of SGECM and topography, current and potentiometric (conducted at a different area) 

mapping of a copper tape on aluminum substrate. 
References 
[1] L. Liu, M. Etienne, A. Walcarius, submitted for publication. 
[2] M. Etienne, J. P. Moulin, S. Gourhand, Electrochim. Acta, 110 (2013) 16-21. 
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Fig. 2 Simultaneous Raman-
SECM imaging of graphene 
layers. (A) Kinetic map 
recorded by SECM. (B) G 
peak intensity of graphene. 

Fig. 1 Representation of Raman –SECM setup. 
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Correlating the relationship between structure and reactivity is paramount for the analysis and 
development of efficient, long-lasting next generation battery materials. Implementation of co-aligned 
scanning electrochemical microscopy (SECM) and Raman spectroscopy enables the monitoring of 
materials in situ with spatio-temporally resolved measurements, able to access the simultaneous 
assessment of site-specific vibrational modes and redox reactivity. Here we describe the implementation 
this integrated instrument, shown in Figure 1, to study redox active colloids (RACs) for flow batteries and 
the imaging and probing of multilayer graphene as a candidate for lithium and potassium based batteries.   

RACs are an attractive material for redox 
flow batteries because of their modular redox 
properties, size tunability, and solubility.1 
However, in these materials a balance between 
ionic and electronic transport is required to afford 
optimal performance. The combination of Raman 
spectroscopy and SECM has enabled us to explore 
these two coupled charge transport processes. Due 
to the resonance Raman effect, Viologen RACs 
become more Raman active once reduced 
permitting studies of monolayer films without 
requiring surface-enhancement. With our current spectroscopic setup aligned to an SECM probe, we can 
monitor the vibrational changes associated with a RAC film when electrochemical interrogated by an 
SECM probe.2 Thus enabling contactless probing of redox properties 
and structural motifs.  

 The instrumentation also enables the simultaneous imaging 
of vibrational modes and electrochemical reactivity, which we 
employed to investigate reactive ion etched modified graphene 
layers (Figure 2). The stable fast cycling permitted by multilayer 
graphene for ion intercalation makes it an exemplary platform to 
study effects of surface modification on ionic and electronic kinetics. 
We have recently found the development of preformed lithium based 
solid electrolyte interphase (SEI) on multilayer graphene 
preferentially allows the interaction of potassium ions. The SEI of 
carbon anodes highlights the role decomposition products serve for 
controlling interfacial chemistry and possible avenues to accelerate 
development of next generation anodes. Using the multimodal setup 
we further monitored multilayer graphene in high potential regimes 
in the presence of a mediator, and the subsequent formation of 
surface films that controlled graphene reactivity.  

Additionally, recent experiments in our lab have also 
enabled us to follow electronic and ionic processes on thin graphite 
electrodes undergoing lithiation by implementing mercury based 
probes.3 The complementary information from these two powerful 
analytical techniques helps elucidate the correlation of electronic and 
ionic reactivity with surface structure. With application in next 
generation battery materials, these techniques can be applied to 
single particle electrochemical reactivity, and catalysis. 

 
1. Montoto, E.C.; et. al. J. Am. Chem. Soc., 2016, 138, 13230-13237.  
2. Gossage, Z.T.; et. al. Langmuir, 2017, 33, 9455-9463. 
3. Barton, Z. J.; Hui, J.; Schorr, N. B.; Rodríguez-López, J. ACS Nano, 2016, 10, 4248-4257. 
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The coupling between electrochemistry and fluorescence microscopy is currently gaining a considerable 
interest. The collection of both analytical signals simultaneously provides a space- and time-resolved 
information, thus enabling to uncover spatial or temporal heterogeneities of electrode processes [1]. 
We have implemented fluorescence confocal laser scanning microscopy (FCLSM) under electrochemical 
control to map in 3D (xy plane at different z positions) various reaction layers associated with electron 
transfer processes occurring at the electrode|electrolyte interface. 
To demonstrate the potentialities of EC-FCLSM, we selected a series of biorelevant electrofluorogenic 
phenoxazines such as resazurin (RZ) and resorufin (RF) whose fluorescence properties can be readily 
modulated upon heterogeneous electron transfer. The highly fluorescent RF can be generated 
electrochemically by the irreversible reduction of its N-oxide parent compound RZ which is poorly 
fluorescent [2]. RF can also be reduced reversibly to the non-fluorescent dihydroresorufin (DH), the latter 
being unstable in the presence of oxygen. As the initial electron transfer takes place at the electrode 
surface (z = 0), mapping of the fluorescence intensity in function of z position allows to observe the 
electrochemical reaction layer with a maximum fluorescence located either at the electrode surface where 
RF is electrogenerated from RZ (Fig. b) or in the bulk of the solution for the direct reduction of RF to DH 
(Fig. a). On the contrary, the direct conversion of RZ to DH is coupled to a homogeneous 
comproportionation reaction which confines RF in a narrow layer located tens of µm away from the 
electrode surface (Fig. c) due to a modification of the corresponding distance-dependent concentration 
profile [3]. In the latter example, in situ EC-FCLSM affords a direct way to bring in light such chemical 
reactivity in space (xyz) and to decipher a redox pathway that cannot be resolved solely by 
electrochemical means. Finally, the very popular Amplex® Red (AR) probe is studied by EC-FCLSM, 
demonstrating without ambiguity that this oxygen-stable derivative of DH could be directly oxidized to 
generate RF at a mild anodic potential [4]. Nowadays AR, RZ and RF dyes are commonly used for many 
fluorescence bioassays. The reported coupling between electrochemistry and fluorescence microscopy 
could bring a new mechanistic insight to study the fate of electro-fluorogenic species and to improve the 
resulting analytical sensitivity in medicinal/clinical diagnostic. 

 
Fluorescence intensity mapping along the z-direction collected by EC-FCLSM. Data recorded at pH 10 
in carbonate buffer containing 100 µM of RF (a) where a fluorescence extinction is observed at z = 0 or 
containing 100 µM of RZ (b-c) where a fluorescence enhancement is monitored. In the special case (c), 

the maximum fluorescence is located about 50 µm away from the electrode surface due to a 
comproportionation between RZ and DH. E = –0.8 V (a), –0.55 V (b) and –0.75 V vs. Ag/AgCl (c). 
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Electrochemiluminescence (ECL) is a leading technique in bioanalysis.1 Since the excited species are 
produced with an electrochemical stimulus rather than with a light excitation source, ECL displays 
improved signal-to-noise ratio compared to photoluminescence, with minimized effects due to light 
scattering and luminescence background.2 
In the quest for ever-increasing sensitivities, ECL can ideally be coupled to nanotechnology and 
supramolecular chemistry to develop new systems and strategies for analyte determination also in very 
complex matrices.3,4 In particular, dye-doped silica nanoparticles (DDSNs) present many advantages: 
they can be obtained with accessible synthetic schemes, are intrinsically hydrophilic, and, thanks to silica 
chemistry, are prone to bioconjugation. Very bright systems can be obtained with this approach and 
DDSNs assume the photophysical properties of the dye accumulated within the nanoparticle.5 In DDSNs, 
light emission is influenced by the combination of 
several factors that make DDSNs complex 
multichromophoric structures. When ECL comes 
into play, the scenario is even more complicated by 
the presence of the coreactant−NP interactions.5 
Such complex scenario was approached at the 
theoretical level by developing suitable mechanistic 
models for ECL generation6 while, at the same time, 
the influence of doping level on ECL efficiency was 
evaluated. The results showed that the ECL intensity 
of a nanosized system cannot be merely incremented 
acting on doping, since other parameters come into 
play. These studies provide valuable indications for 
the design of more efficient ECL nano- and micro-
sized labels for ultrasensitive bioanalysis. 
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Since its discovery, electrogenerated chemiluminescence (ECL) has evolved into a detection strategy,1 a 
platform for light emitting device (LED) fabrication,2 and a methodology for electron transfer research.3 
As a detection methodology, the fundamental promise of a system limited by the detector’s noise is 
implicitly attractive.4 Despite ECL permeating research from fundamental to application, there are still 
fundamental gaps in our understanding of the rates at which competing homogeneous mechanisms 
generate photons in the most prominent ECL mechanism; the coreactant mechanism. This is largely due 
to the difficulty in experimentally probing and isolating reactions that are initiated electrochemically and 
occur simultaneously in solution. Through a combination of Spectroelectrochemistry (SEC) and Finite 
Element Modeling (FEM), we were able to interrogate these homogeneous reactions for the classic 
coreactant pair Tris(2,2’-bipyridine)ruthenium(II) (Ru(BPY)3

2+) and Tripropylamine (TPA). Using our 
cuvette-based SEC cell,5 were able to track the change in the UV-vis active Ru(BPY)3

2+ over the course 
of an ECL measurement. Corresponding trends in the experimental absorbance and theoretical 
concentration demonstrated that the electron transfer between Ru(BPY)3

3+ and TPA• was the dominant 
homogeneous reactions by at least two orders of magnitude. 

 
 

Figure 1:  Schematic diagram for the ECL mechanism studied, where the highlighted homogeneous 
reaction k2 has been found to be significantly faster than reactions k1, k3 and k4.  
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Backside Absorbing Layer Microscopy (BALM) is a new optical microscopy technique developed by D. 
Ausserré at IMMM, which uses absorbing anti-reflection layers to achieve extreme contrast at an 

interface. It combines a sub-nm vertical sensitivity 
comparable to the one of AFM with the versatility and real-
time imaging capabilities of an optical microscope. 
Recently, we showed how this technique allows observing 
2D materials and their chemical modification with 
unprecedented Z-resolution (1).  
 
The BALM geometry (Fig. 1a) and its capability to image 
surfaces and nanomaterials in liquid are ideally suited to its 
coupling with electrochemistry. This optical technique is 
extremely sensitive to minute changes of refractive index 
therefore it allows following in real-time the deposition or 
the electro-grafting of molecules with a precision 
significantly below the monolayer thickness. This is 
exemplified in Fig. 1b for the electro-grafting of 
nitrobenzene diazonium salt on gold by cyclic 
voltammetry. The optical signal being directly proportional 
to the layer thickness in a large thickness range, the 
technique proves capable of monitoring layer growth with 
angstrom precision in the vertical direction.  
 
More importantly, as a microscopy technique, it is also 
spatially resolved. As a simple example, Fig. 2 presents the 
in situ monitoring of the electrodeposition of copper by 
chronoamperometry respectively on gold (a) and on 
Graphene Oxide flakes (b).  
 

In this communication, we will show how the coupling of BALM and electrochemistry allows addressing 
different classes of problems in electrochemistry by taking advantage of real-time imaging and high 
sensitivity. 

(1) Campidelli, S.; Abou Khachfe, R.; Jaouen, K.; Monteiller, J.; Amra, C.; Zerrad, M.; Cornut, R.; 
Derycke, V.; Ausserré, D., Science Advances 3, e1601724 (2017). 

Fig.1. a) Schematic of BALM coupled to an 
electrochemistry set-up. b) Electro-grafting of 

nitrobenzene diazonium on gold (Blue line is the 
current response and red line is the optical intensity 

which is related to the layer thickness). 

 
Fig.2. Short part of a BALM movie showing the in-situ electrodeposition of copper under chronoamperometry. a) on gold. 

Extracted from (1). b) on Graphene Oxide flakes 
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The combination of electrochemical and fluorescence techniques has been the subject of a 
growing interest from the beginning of the 1990s[1], moving gradually towards more advanced 
configurations allowing spatio-temporal resolved measurements. However examples where 
fluorescence microscopy and SECM are combined are very scarce [2, 3]. Moreover, in these 
examples, the fluorescence and electrochemical responses are due to different compounds: 
usually the electrochemical signal is used to trigger a phenomenon which the fluorescence is 
going to report.  
In the present work for the first time a single electrofluorochromic unit, namely 
chloromethoxytetrazine, is used both as the redox mediator and fluorophore in a combined 
SECM-fluorescence microscopy experiment. Negative and positive feedback as well as 
generation-collection modes have been performed to collect fluorescence images (see fig. 1) and 
emission spectra under electrochemical control of the tip and eventually the substrate when this 
latter is conductive. We show that the SECM tip potential, tip-substrate distance and substrate 
nature are able to control the electrofluorochromic response, especially its amplitude [4]. 
 

 
Figure 1 : Fluorescence images recorded at various tip and substrate potentials in negative (top) and 

positive (bottom) feedback configurations. 
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The development of novel single cell microscopy approaches continually opens avenues in bio-
diagnostics. By labelling membrane proteins with fluorophores, photoluminescence (PL) has become the 
standard of single cell microscopy techniques. Despite the high sensitivity of PL methods, those 
techniques still present some inconveniences (e.g. high background due to autofluorescence). In recent 
years, the employment of chemiluminescence and bioluminescence methods has overcome PL challenges. 
In particular, electrogenerated chemiluminescence (ECL), thanks to the dual nature of electrochemical 
and photophysical phenomenon, offers many advantages: a higher selectivity, a very low background, and 
spatial resolution. The coreactant-based ECL system [Ru(bpy)3]2+/tripropylamine , operating in buffered 
aqueous solutions, has permitted the wide diffusion of ECL as a bioanalytical technique.[1] 
 

 
Figure 1. a) PL and b) ECL images of Chinese Hamster Ovary cells growth on GC electrode. SA@Ru labels were 
linked to cell membrane proteins; c) Overlay of PL (red) and ECL (green) intensities on the same region of interest. 
Scale bar=20Pm 

 
We report here the development of ECL as a surface-confined detection technique to image single cells 
and their membrane proteins. Labeling the entire cell membrane allows to demonstrate that, by contrast 
with fluorescence, ECL emission is only detected from fluorophores located in the immediate vicinity of 
the electrode surface.[2] Then, to present the potential diagnostic applications of our approach, we 
selected carbon nanotubes (CNT)-based inkjet-printed disposable electrodes for the direct ECL imaging 
of a labeled plasma receptor over-expressed on tumor cells.[3] The ECL fluorophore was linked to an 
antibody and enabled to localize the ECL generation on the cancer cell membrane in close proximity to 
the electrode surface. Such a result is intrinsically associated to the unique ECL mechanism and is 
rationalized by considering the limited lifetimes of the electrogenerated coreactant radicals. The presented 
surface-confined ECL microscopy should find promising applications in ultrasensitive cell assays. 
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Electrochemiluminescence (ECL) is a powerful transduction technique that has rapidly gained importance 
as a sensitive and selective transduction technique in analytical science gathering the advantages of the 
electrochemical sensitivity and the spatial resolution.[1] 
Methods for the detection of specific DNA sequences have attracted significant attention due to possible 
applications in different fields such clinic diagnostics, food safety, environmental pollution analysis, and 
forensic identification. DNA sensors, the electrochemical equivalent of molecular beacons, appear to be a 
promising tool to detect oligonucleotides. [2,3] 
In this work, an electrochemiluminescent DNA (ECL-DNA) sensor was investigated. The system is 
comprised of a luminophore attached to a DNA “stemloop” probe by crosslink chemistry, which is 
immobilized on a gold electrode via self-assembled monolayer chemistry. ECL is generated according to 
the “oxidative-reduction” strategy using Tripropylamine (TPA) as co-reactant and  Ru(bpy)3

2+ as 
luminophore. When the DNA target sequence we observed a variation DNA signaling arises due binding-
induced changes in the conformation of the stem-loop probe.    
Here, effect of probe density on the electrode surface, hybridization signal suppression were investigated. 
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Spectroelectrochemical (SEC) measurements can provide useful information about electrochemical 
systems beyond the interface itself. Indeed, one can get insight into the solution region next to the 
solid|liquid [1] or liquid|liquid interface, and so on the homogeneous physicochemical phenomena of 
mass transport and homogeneous chemical reactions involving the electroactive species [2]. To get the 
most out of the SEC signal, theoretical concentration profiles of the light-absorbing species are necessary. 
In this context, analytical expressions are very advantageous since they offer continuous solutions, as 
opposed to numerical discrete profiles, that are more accurate and easier and faster to integrate for 
obtaining the SEC response. 

In this work, closed-form analytical expressions are deduced for the concentration profiles of the 
different species of the CEC mechanism, 
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as well as for the species of the catalytic mechanism, which can be analyzed as a particular case of the 
CEC scheme where the chemical reactions preceding and following the charge transfer are identical: 
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The analytical expressions that will be presented in this work enable us to investigate the influence 
of the chemical kinetics and thermodynamics on the SEC response, both in normal-beam and in parallel-
beam modes. The suitability of each light-beam arrangement for quantitative studies will be analyzed and 
the optimum experimental conditions will be discussed. 

 
Figure 1. Following the concentration profile of an electroactive species (solid lines) in a double potential step 
chronoamperometric experiment via parallel-beam spectroelectrochemistry (points) as a function of the species 
diffusivity. Beam width = 10 µm 

 

The use of parallel-beam SEC with a moving slit will also be considered with the aim of getting 
direct access into the diffusion and reaction layers that develop next to the interface. These are related to 
the extent of the solution region perturbed by the heterogeneous charge transfer process, with important 
implications in the evaluation of the mass transport conditions (thin layer effects, overlapping of diffusion 
domains) and of the incidence of convective and double layer effects. Also, on this basis new procedures 
can be envisaged for the investigation of the conditions (eg., interfacial pH) and structure of the interface, 
as well as for light-beam positioning and imaging of the electrochemical activity over the interface. 
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Electrochromic materials attract interest from both industrial and academic circles owing to their wide 
applicability. Upon applied bias, the color of these devices change between a transparent and an 
opaque/colored state as a result of a reversible redox reaction. The major limitation in device performance 
is the switching time between these two states, which is typically in the order of seconds for large scale 
implementations (such as windows) and decreasing the switching times is an active area of research in the 
literature. The timescales in question are too long to be explained by a simple electron transfer where 
electron transfer occurs at much shorter timescales. Therefore, the color switching process should be 
limited by another process which can be the counter ion diffusion. As the redox reaction occurs, charge 
builds up in the electrochromic material which should be compensated by the diffusing counter ions 
before further reaction.  
Conductive polymers show electrochromic behavior and their properties under bias are very well 
characterized in the literature as the following square scheme [1]. Of note here is the depiction of the 
electron transfers which are shown to be coupled to a counter ion diffusion. The effect of this diffusion 
limit on the color state of the electrochromic device is not understood. The amount of charge injected/the 
doping state at which the color change for these materials are not known and only a method that can 
decouple these two processes (electron transfer and diffusion) can quantify these color states.  
In cyclic voltammetry the species that can travel to the electrode surface and give current response are the 
ones that can travel the length of the diffusion layer in the time scale of the experiment. The length of the 
diffusion layer can be controlled by the rate at which the triangular voltage is applied to the electrode. It is 
possible to confine the diffusion layer to a couple of nm’s at extremely high sweep rates (of 106 V/s) [2]. 
In this contribution we show Ultrafast Cyclic Voltammetry coupled to a fiber optic absorbance 
spectrometer to decouple the effects of counter ion diffusion from the electron transfer to eventually 
explain the color switching processes in electrochromic materials.  
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In recent years, polymer electrolyte membrane fuel cell (PEMFC) performance has improved 
remarkably.1-3  With these improvements, PEMFCs now have the potential to obtain a large share of a 
growing electromobility market.  However, cost and lifetime of PEMFC stacks still remain large 
challenges to be overcome.  The majority of cost comes from the use of the precious metal platinum 
catalyst nanoparticles dispersed on a carbon support, while one of the major degradation mechanisms is 
known to be platinum dissolution.4 
 
Recent research on potential dependent transient dissolution of polycrystalline and carbon supported 
platinum have shed light on the nature of this degradation mechanism.4  However, such transient 
dissolution of fundamental platinum basal planes remains largely unexplored.  Knowledge of the 
dissolution behavior of such platinum single crystal surfaces can aid in understanding the degradation of 
advanced platinum nanoparticle catalysts and help lead to more stable materials. 
 
In this work, dissolution of the three platinum single crystal basal planes Pt(111), Pt(100) and Pt(110), as 
well as polycrystalline Pt(poly) are investigated under a variety of electrochemical conditions in acidic 
environment, using the previously described scanning flow cell coupled to an inductively coupled mass 
spectrometer (SFC-ICP-MS).4  Facet dependent dissolution trends are identified and explained in terms of 
surface atom stability, where in most instances dissolution onset and total quantities follow the trend of: 
Pt(110) > Pt(100) ≈ Pt(poly) > Pt(111), as exemplified in Figure (1). 
 

 
Figure 1.  Transient dissolution of platinum single crystals during a single cycle voltammogram sweep at 
50 mV·s-1 in 0.1 M HClO4. 
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Fig. 2. (a) The anodic current recorded at the 
endpoints of +1.4 V steps. (b) Calibration curve for 
the oxidation current extracted from the currents 
recorded in Fig. 2a against the LTG concentration (n 
= 3). 
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1. Introduction 
 Boron-doped diamond (BDD) electrodes have outstanding electrochemical features and make it 
possible to detect drugs with high stability and high sensitivity in vivo. For example, our research group 
developed a drug-sensing system that can simultaneously monitor in vivo drug concentrations and 
physiological effects over time1. Lamotrigine (lamictal, LTG), a new antiepileptic agent, can be measured 
in this system because it is electrochemically active. However, optimized protocol for LTG measurement 
has not been established yet. In this study, electrochemical detection and continuous measurement of LTG 
were investigated using BDD electrodes. 
 
2. Experimental 
 Electrochemical measurements were carried out with a three-electrode cell in 0.1 M phosphate-buffer 
solution (PBS pH7.4). 1% BDD electrodes were prepared by growing BDD films on silicon wafers or 
tungsten wires in a microwave plasma-assisted chemical vapor deposition system and used as the working 
electrode. The electrochemical behavior of LTG was investigated using cyclic voltammetry (CV). Before 
and after CV, BDD surface was identified by XPS. Continuous measurement was carried out by 
chronoamperometry (CA) using BDD microelectrode aiming at in vivo measurements.  
 
3. Result and Discussion 
 Fig. 1 shows CVs of LTG in PBS. In the first scan an oxidation signal 
was observed at ca. +1.4 V (vs. Ag/AgCl). Then, a reduction signal was 
observed at −0.5 - −1.0 V only after oxidation of LTG. The results 
suggest that LTG is initially oxidized, and then the oxidized product is 
reduced. Background current signal of the CV after LTG measurement 
and XPS analysis confirmed that oxidized species of LTG are adsorbed 
on the BDD surface and that this surface-adsorbed species could be 
reduced. 
 Continuous measurements were carried out using BDD 
microelectrodes. LTG concentration changed by injecting LTG stock 
solution (0.5 mM in PBS) sequentially into the 5 ml PBS-filled cell. Two 
types of CA protocol, in which the LTG 
oxidation potential was clamped at +1.4 V and 
the potential was clamped to the LTG oxidation 
potential (+1.4 V) for 2 s, then to the LTG 
reduction potential (−0.6 V) for 2 s, were 
investigated. The former showed that the 
background current increased even before LTG 
injection and the current did not reflect the 
changes in LTG concentration. On the other 
hand, the latter was successfully applied to the 
measurements (Fig. 2a). Limit of detection 
values were obtained for both oxidation (29 
nM) (Fig. 2b) and reduction (130 nM) currents. 
 
Reference 
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Fig. 1. CVs of 100 µM LTG 
in 0.1 M PBS at pH 7.4. 
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Various phenomena happened at interfaces of two immiscible liquids usually lead to changes in 
electrocapillary (interfacial tension) and differential capacitance curves. For example, adsorption of 
nanoparticles or molecular aggregates influences both of these curves.[1] On the other hand, chaotropes 
such as urea can break the structure of the water, weakening the hydrophobic effect and leading to 
changes of properties of liquid-liquid interfaces (LLIs). 
Here, we proposed a robust, cheap and very accessible method to study changes in both electrocapillary 
(interfacial tension) and differential capacitance curves from a single pendant drop. Despite a range of 
proposed designs of electrochemical cells,[2,3,4] we used a simpler setup that can be assemble without 
introducing complex glassware, where the organic phase was place in a syringe positioned in the volume 
of the aqueous phase.  
The effect of urea concentration on properties of water-trifluorotoluene (TFT) interface is present in 
Fig.1A and B. The position of the maximum for both curves remained within 40 mV window around zero 
Galvani potential difference. In general, those values were significantly lower than 90 mV difference 
between capacitance and electrocapillary curves determined by Samec et al.[5] The gradual decrease of 
surface tension and increase of differential capacitance with increasing of urea concentration were 
observed reflecting the nature of chaotropic agent such as urea.  

 
Fig. 1. Effect of urea on electrocapillary (A) and differential capacitance curves (B). 

The Galvani potential difference is given in TEA+-scale. 
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1. Introduction 
 Hydroxide ion is used worldwide in many industrial processes and research, including in the 
electrochemical field application, making the study of this compound important to this field.1 The 
electrochemical oxidation of hydroxide ion occurs at high overpotential, makes the phenomenon quite 
difficult to observe due to overlapping of the oxidation wave with the oxygen evolution reaction (OER). 
On the other hand, in our previous report, we manage to observed the oxidation wave of hydroxide ion at 
boron doped-diamond (BDD) electrode without the needs of special geometry and a steady state system.2 
This is become possible due to BDD’s special characteristic, having a wider potential compared to other 
conventional electrode such as glassy carbon, gold, or platinum. Despite of that, the study was still limited 
in the simple basic non-buffered solution. Meanwhile, the use of buffered solution in either industrial or 
research field was also crucial, making the study of the hydroxide ion in the buffered solution necessary. 
Herein we report the study of hydroxide ion oxidation at BDD electrode in buffer aqueous solutions, 
typically phosphate buffer, for the first time. 
 
2. Experimental 
 The electrochemical measurements were conducted using a single-
compartment three-electrode cell with 1% BDD as working 
electrode. Prior every measurement, two step of electrochemical 
pretreatment was conducted by using chronoamperometry (CA) at     
-3.5 V and +3.5 V (0.03 C each). All the measurements were carried 
out in 0.1 M NaClO4 solution as the main electrolyte at room 
temperature after bubbling N2 gas through the solutions for 1 hour to 
remove dissolved oxygen.  
 
3. Result and Discussion 
 The electrochemical behavior of hydroxide ion oxidation using 
BDD electrode in buffered solution was presented. A well-shaped 
peak assumed as hydroxide ion oxidation peak was observed at ~1.30 
V in 20 mM H3PO4 buffer solution with pH 12 versus a Ag/AgCl 
reference electrode by a simple linear sweep voltammetry (LSV) 
technique, while the peak at ~1.75 V was assumed as phosphate ion 
oxidation peak (Fig 1., blue line). Even the initial concentration of 
hydroxide ion is relatively same with the NaOH solution (Fig 1., red 
line), which is 10 mM, the peak current of hydroxide oxidation in the 
phosphate solution was found higher due to its buffer ability which 
can maintain concentration proton and hydroxide ion, or pH, making 
it possible to provide more hydroxide ion to the surface of electrode. 
The hydroxide ion oxidation peak was found to be depends not only 
to the hydroxide ion concentration, but also the buffer concentration, 
confirm that the origin of the peak was hydroxide ion oxidation which 
enhanced by the buffering capability of a buffer solution. These result 
can further promote BDD electrode for evaluating the hydroxide ion 
concentration, and even have the possibility to directly measure the 
buffer capacity of a solution. 
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Fig 1. LSVs of alkaline buffer 
and non-buffer solution in 0.1 
M NaClO4 at BDD electrode. 

Fig 2. LSVs for different 
concentration of hydroxide ion 
in 20 mM H3PO4 buffer 
solution with pH ranging from 
10 to 12. 
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Introduction 

Since a boron-doped diamond (BDD) exhibits excellent properties, it has been studied as an 
electrode for electrochemical sensors.  It is known that the electrochemical behavior of BDD depends on 
the surface termination, and the reactivity can be controlled by surface modification.1  Fluorinated BDD is 
one of the interests due to its unique surface properties, and the reactivities against various redox species 
have been reported.2  However, it has not been elucidated why fluorinated BDD exhibits specific 
electrochemical properties.  In this study, fluorinated BDD was fabricated and the factors that fluorination 
affected the properties of BDD were investigated.  In addition, the feasibility of fluorinated BDD for 
detecting biological compounds was studied. 
 
Experimental 

BDD films were deposited onto silicon wafer substrates by a microwave plasma-assisted chemical 
vapor deposition method.  The surface fluorination was performed by plasma treatment for 30 s using 
C3F8 gas.  Surface modification was evaluated by X-ray photoelectron spectroscopy (XPS) and water 
contact angle measurements.  Cyclic voltammetry (CV) measurements of dopamine (DA), 4-
ethylcatechol (EC), and 3,4-dihydroxyphenylacetic acid (DOPAC) were conducted to compare the 
reactivities on fluorinated BDD (F-BDD).  Moreover, DA, one of the most important neurotransmitters, 
and its interfering substance, ascorbic acid (AA), were detected on F-BDD. 
 
Results and Discussion 

From XPS measurements, F 1s peak appeared at 687 eV after surface fluorination, and C 1s peak 
was shifted to higher binding energy.  In addition, water contact angles on the surface of BDD before and 
after fluorination were found to be 100.3±1.7° and 111.7±1.9°, respectively.  Although the BDD surface 
before fluorination was hydrogen termination which is known to be hydrophobic due to C-H bond, further 
hydrophobic surface was achieved after modification.  These results suggest the introduction of C-F bond 
on BDD surface. 

In the CV curves of F-BDD in DA, EC, and DOPAC 
aqueous solution (Fig. 1), the anodic peak potentials (Epa) of 
all analytes were positively shifted, while those were 
observed at around 0.4 V (vs. Ag/AgCl) before fluorination.  
Given that energy band of diamond would shift downward 
after fluorination, the electron transfer between F-BDD and 
analytes would be more hindered.  Moreover, electrostatic 
repulsion would cause between F-BDD and analytes, because 
prominent Epa shift was observed in the case of negatively-
charged DOPAC. 

In order to examine the feasibility of F-BDD toward 
detecting biological compounds, CV in AA, an interfering 
substance of DA, was measured.  Epa of negatively charged 
AA showed prominent positive shift by fluorination, so the 
peak separations between DA and AA became larger on F-
BDD.  Thus, more selective detection of DA in the presence 
of AA would be achieved on F-BDD.  
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Fig. 1. CVs of F-BDD in 1 mM DA, EC, 
and DOPAC in 0.2 M phosphate buffer 
saline (pH 7.4) with a scan rate of 0.1 V/s. 
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Introduction 
Boron-doped diamond (BDD) is an attractive electrode material, exhibiting wide potential window 

and low background current.  These properties enable us to utilize BDD for wastewater treatment and 
analytical applications.  Interestingly, surface functionalities affect the performance of BDD: especially 
we reported surface oxygenation prevents BDD surface from electrolytic corrosion during decomposition 
of organic compounds.1  There are many reports on the effect of surface functionalities of BDD, but they 
continue to be the subject of intensive investigation.  Herein, we performed in-situ an attenuated total 
reflectance infrared spectroscopy (ATR-IR) and quasi in-situ X-ray photoelectron spectroscopy (XPS) to 
further analyze oxygen functionalities after anodic oxidation (AO) treatment. 
Experimental 

The BDD electrodes were deposited on Si substrates using a microwave plasma-assisted chemical 
vapor deposition system.  The boron-to-carbon ratio in feed gases was ca. 1000 ppm. Potential-dependent 
ATR-IR spectra were measured under AO treatment in 0.1 M 
HClO4 aqueous solution, from 0 V to +3.3 V vs. SHE).  XPS 
spectra were measured after AO treatment and dipping 0.1 M 
HClO4, KClO4, and KOH aqueous solution respectively. 
Results and Discussion 

Potential-dependent ATR-IR spectra were successfully 
measured under AO treatment.  A peak assigned to ClO4

− 
absorption was observed around 1100 cm−1.  In addition, 
another peak around 1270 cm−1 was observed to grow in 
ATR-IR spectra with applied potential.  Previous study 
showed that three peaks assigned to different kinds of surface 
C-O functionalities were observed in IR spectra of thermally 
oxidized diamond powder.2  In contrast, only one peak was 
observed here: this means BDD after AO treatment mainly 
covered with certain kind of C-O functionalities.  

To further investigate C-O functionalities on BDD 
surface, quasi in-situ XPS was measured after dipping HClO4, 
KClO4, and KOH aqueous solution respectively.  In XPS 
spectra of the K 2s region, a peak was observed only after 
dipping KOH solution (Fig. (a)).  This peak can be assigned to 
K+ coupling with C-O-.  C-OH functionalities on diamond 
surface can be deprotonated when the pH of aqueous solution 
is above 10.3  This result indicates that C-O functionalities 
detected by ATR-IR measurement after AO treatment could 
be C-OH functionalities.  In XPS spectra of the O 1s region, 
two separated peaks were observed only after dipping KOH 
solution (Fig. (b)).  Atomic ratio analysis indicates that a peak 
at the lower binding energy can be assigned to C-O- coupling 
with K+. 
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Fig. XPS spectra of (a) K2s and (b) O1s 

region after dipping HClO4, KClO4, and 

KOH aqueous solution respectively. 
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Infrared spectroscopy can be coupled with electrochemical measurements to highlight solution and 
adsorbed species, thus affording invaluable insight into reaction mechanisms and selectivity. In particular, 
ATR-IR (attenuated total reflection infrared) spectroscopy is a surface-sensitive technique in which the 
electrode material is deposited onto an IR-transparent internal reflection element (IRE)  [1]. When 
combined with an electrochemical flow cell, ATR-IR can be employed to study a wide range of 
electroactive materials including carbon-supported metal nanoparticles (M/C) [2-4] under operando 
conditions. 
 
The electrochemical nitrogen cycle is a complex set of reactions which calls for detailed mechanistic 
studies. Nitrite reduction is a key step in denitrification, determining the overall selectivity of the process. 
In this study, we addressed nitrite reduction at commercial Pt/C and Rh/C nanoparticles in neutral media 
(phosphate buffer and NaClO4), employing a flow-cell ATR-IR spectroelectrochemical setup specifically 
optimised for supported electrocatalysts [2-3].  
 
Infrared spectral data highlighted differences in the potential-dependent formation of adsorbates between 
the two noble metals, allowing us to draw a correlation with the specific electrochemical response of each 
catalyst. The identification of the adsorbates was corroborated by the isotope shifts measured when 15N 
nitrite was used. Nitrite adsorption was only observed at Pt (Figure 1), while the more catalytically active 
Rh rapidly converts this species into adsorbed NO, which is stable at the Rh surface over a large potential 
range. Reduction currents are associated with the conversion of these adsorbates into solution species, 
probably NH4

+. Finally, we were able to establish the adsorption configuration of nitrite, which binds to 
Pt through its N atom, and the binding mode of NO (multicoordinated adsorption, corresponding to defect 
sites) [4].   

 
 
 
 
Figure 1 Spectroelectrochemical study of Pt/C 
nanoparticles deposited on a Si IRE. Left: 
current response at E = 0.8 V vs RHE after the 
addition of 1 mM NaNO2 to 0.5 M NaClO4. 
Right: corresponding IR signals recorded with 
the ATR-IR spectroelectrochemical setup. 
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[2] I.J. McPherson, et al., Formate Adsorption on Pt Nanoparticles during Formic Acid Electro-
Oxidation: Insights from in Situ Infrared Spectroscopy. Chem. Commun., 52 (2016) 12665-12668. 
[3] I.J. McPherson, et al., Electrochemical CO Oxidation at Platinum on Carbon Studied through Analysis 
of Anomalous in Situ IR Spectra, J. Phys. Chem. C, 121 (2017) 17176-17187. 
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Among all electrode materials, doped diamond, such as boron-doped diamond (BDD) offers several 
unique properties such as low background signal, broad potential window, making it a remarkable 
material for electroanalytical research. Besides its chemical stability, the most beneficial properties of 
BDD are related to the high overpotential for oxygen and hydrogen evolution in aqueous solutions 
compared to other electrode materials such as platinum. In recent years, hyphenated analytical platforms 
combining electrochemical and optical applications have gained significant attention1,2. Our group 
recently introduced a new type of AFM-SECM probe bearing a conductive colloid3. Given the large 
surface area of a spherical electrode, it is expected that the achieved sensitivity is significantly improved 
in comparison to disc microelectrodes with similar diameters, but at the same time providing improved 
lateral resolution. Such probes with micrometer-sized conductive particles can be used, e.g. to conduct 
single cell force spectroscopic experiments to investigate cell-material interaction3. 
Here we present a novel colloidal BDD electrode integrated into atomic-force microscopy (AFM) 
cantilever for spatially-resolved electroanalytical measurements. By modifying the surface of BDD 
electrodes with metal nanoparticles a number of organic analytes such as glucose, methanol, dopamine 
and hydrogen peroxide can be electrochemically detected4.  
The electrochemical determination of organic compounds such as dopamine in the presence of ascorbic 
acid can be achieved on BDD electrodes by differential pulse voltammetry (DPV)5, showing a completely 
separated oxidation peak of dopamine from ascorbic acid.  
To demonstrate the real-world applicability of the these colloidal BDD-AFM-SECM probes, first 
experiments towards localized electroanalytical measurements of the neurological important messenger 
molecule dopamine in the presence of ascorbic acid are presented within this contribution. 
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Ampicillin (AMP) is a broad spectrum β-lactam antibiotic being widely used, both in human and 

veterinary medicine, for the treatment of primary respiratory, urogenital and skin bacterial infections, due 
to its broad spectrum and low cost. This widespread use can result in the presence of residues in food that 
can lead to health problems for individuals who are hypersensitive to penicillins. Even more important, its 
overuse and misuse has led to increasing allergic reactions and to development of antibiotic resistance 
bacteria, by the spread of β-lactamase producing bacteria. A number of analytical methods have been 
reported for the determination of ampicillin, all of them with their limitations, especially in terms of 
selectivity (microbiological techniques) or cost (chromatographic methods) [1]. 

Surface plasmon resonance (SPR) technique is highly sensitive to various processes taking place 
on a metal film and it has emerged as a powerful label-free method to study molecular binding processes 
taking place on a surface. Another important but less explored area of applications is electrochemical SPR 
(EC-SPR), which combines an optical method, SPR, with the electrochemical techniques. These two 
types of analytical methods, optical and electrochemical, act complementary and their combined 
application helps for better monitoring and understanding of biochemical processes. In this direction, an 
EC-SPR method was developed for AMP determination, through its specific binding to an anti-AMP 
aptamer [1, 2].  

All the experiments were performed using an EC-SPR assembly, combining a normal SPR 
(nanoSPR with Kreischmann configuration) apparatus with an electrochemical workstation, using the 
gold film of the SPR chip as working electrode. In order to characterize the working surface and to 
measure the response of the AMP-aptamer binding, both types of methods, optical, the SPR response, and 
electrochemical (differential pulse amperometry (DPA), cyclic voltammetry, differential pulse 
voltammetry and electrochemical impedance spectroscopy) were used. 

The gold chip was functionalized through potential-assisted immobilization, using DPA, firstly 
with a thiol terminated anti-AMP aptamer, as a specific ligand and secondly, using the same procedure, 
mercaptohexanol (MCH) was used to cover the unoccupied binding sites on the gold surface in order to 
prevent the nonspecific adsorption of AMP. After the chip functionalization, different concentrations of 
AMP were detected, firstly, online, through the monitoring of the SPR response and afterwards, offline, 
through the response of the electrochemical techniques. All surface binding processes, involved in the 
modifications brought to the chip, as well as, the specific recognition of the analyte were monitored by 
the increase of the angular shift. Similarly, all the mentioned electrochemical techniques were used, for a 
better understanding of how the electron transfer process was affected, due to the surface modifications. 

In the end, a novel EC-SPR method, based on an aptamer modified gold chip was developed for 
the selective, real-time determination of AMP. This analytical platform is another beneficial example of 
the complementarity of different analytical methods. It combines the possibility of online detection and 
kinetic characterization of the specific binding between a biorecognition element and a target molecule, 
through the optical component, and a more sensitive, offline detection, through the electrochemical 
component, proving the utility of their combination.   
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Spectroelectrochemical techniques combine simultaneous electrochemical and spectroscopic data 
recording, which allow to obtain information about different properties of electroactive species or 
electrochemical-based processes. The ideal feature of these techniques is the ability to get time-resolved 
in situ spectroscopic information from the electrochemical processes.  
Thin-layer spectroelectrochemistry has been broadly used as an analytical and characterization technique 
for spectro-electroactive species. However, this technique is typically tied to sophisticated cell designs 
(really short pathlengths are needed), which together with the difficulty to design specific cells for 
luminescence spectroelectrochemistry make this kind of experiments really cumbersome.  

In this work, the DropSens SPELEC instrument is used with a luminescent kit for time-resolved 
monitoring of electrochemical reactions in a thin-layer diffusion regime by performing luminescence 
spectroelectrochemistry of the [Ru(bpy)3]2+/3+ redox couple. A simple thin-layer spectroelectrochemical 
cell for screen-printed electrodes allows to perform numerous measurements in a very short time. 

The electrochemical reaction of the [Ru(bpy)3]2+/3+ redox couple can be monitored by luminescence 
spectroelectrochemistry because the reduced species is luminescent and the oxidised species is non-
luminescent The initial luminescent emission decreased after the oxidation reaction, and increased back 
with the subsequent reduction reaction. These results demonstrate the good correlation between the 
electrochemical reactions and the luminescent response during the experiments. Two thin-layer aspects 
are evidently observed in the spectroelectrochemical experiment. On one hand, the voltammetric response 
shows very symmetric anodic and cathodic peaks, which is indicative of this electrochemical behaviour. 
On the other hand, the decrease of the emission is complete during the oxidation and it is completely 
recovered during the reduction. This fact indicates the complete electrolysis of the electroactive species in 
this time-scale of the experiment. Reduction and oxidation pulses (0 V and +1.2 V, respectively) were 
applied to the electrochemical system and the luminiscence evolution was monitored simultaneously. This 
experiment is very interesting to study the behaviour of electrochromic species because they can be 
switched ON and OFF by applying different potentials. Moreover it can be used to estimate some useful 
electrochemical parameters using the spectroscopic data. 
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Surface-Enhanced Raman Scattering (SERS) is a very interesting technique for the detection of analytes 
at ultra-low concentrations. In recent years, it has been applied to the detection of species with biological 
or medical interest [1]. However, one of the key issues of SERS-based assays is the low reproducibility 
between different substrates and measurements due to the low control of hot spots and the strong 
influence of the surface features on the SERS activity. Therefore, there is a strong scientific interest for 
increasing the applicability of SERS assays for quantitative studies with reproducible and simple 
methods. Electrochemically roughened electrodes have been widely employed for SERS-based assays. 
Recently, we have demonstrated that the utilization of screen-printed electrodes with in situ dynamic 
simultaneous roughening and detection could improve the precision of these assays [2]. Furthermore, the 
dynamic and in situ electrogeneration of SERS substrates allows to obtain a strongly active metallic 
surface for increasing detection sensitivity. Screen-printed electrodes due to their versatility, precise 
mass-fabrication, disposability and low-cost could be promising SERS substrates.  
 
In this work, the evaluation of electrochemical SERS (EC-SERS) for the detection of biologically-related 
species at very low concentrations is performed using metallic screen-printed electrodes. Several species 
with a possible biological interest were tested such as Ruthenium-bipyridine, Naratriptan or 
Nicotinamide. Ruthenium-bipyridine is a very interesting molecule because it is the most common 
detection label in electrochemiluminescence bioassays due to its exceptional performance and sensitivity. 
Naratriptan is a pharmaceutical active ingredient used for the treatment of migraine headaches in human 
beings. Nicotinamide is an essential B-vitamin necessary to support the function of many biological 
enzymes. EC-SERS using screen-printed electrodes allows the detection of these species at very low 
concentrations.  
 
 
[1] L.A. Lane, X. Qian, S. Nie, “SERS Nanoparticles in Medicine: From Label-Free Detection to 
Spectroscopic Tagging”, Chem. Rev. 115 (2015), 10489-10529. 
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Hernández-Santos, P. Fanjul-Bolado, “Quantitative Raman Spectroelectrochemistry using silver screen-
printed electrodes”, Electrochim. Acta 264 (2018), 183-190. 
 
 



Fig. 1 Representation of Raman –SECM setup. 
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Understanding the fundamental connection between structure and reactivity in next generation 
battery materials is paramount for predicting long-term cyclability, stability, and efficiency. Here we 
describe the implementation of simultaneous, in situ, and spatially-resolved measurements using scanning 
electrochemical microscopy (SECM) and Raman spectroscopy. This integrated instrument enables 
correlation of redox reactivity with electronic 
structure of operating battery materials by using a 
versatile toolbox of chemical imaging including 
local electronic and ionic conductivity and 
surface reactivity.  

The setup, Figure 1, consists of a laser 
line of a Raman microscope aligned to the 
electrode probe of a SECM. Co-alignment of the 
laser line to the probe of the SECM enables 
access to matched spatial resolution from the 
microelectrode, allowing the resolution of the 
redox probe to match or surpass the spectroscopic 
resolution. The time scale of acquisition for Raman data can reach the second regime, without surface-
enhancement, facilitating the tracking of electronic and ionic events in solution and at surfaces in relevant 
time periods. This arrangement has allowed for the study of various battery materials such as redox active 
colloids (RACs) for flow batteries, and graphene for conventional ion intercalation batteries.   

RACs are an attractive material for redox flow batteries because of their modular redox 
properties, and size tunability.1 However, in these materials a careful balance between ionic and 
electronic transport is required to afford optimal performance. The combination of Raman spectroscopy 
and SECM has enabled us to explore these two coupled charge transport processes. Viologen RACs 
become more Raman active once reduced because of the resonance Raman effect allowing for studies of 
monolayer films without requiring surface-enhancement.2 With our current spectroscopic setup aligned to 
an SECM probe, we can monitor the vibrational changes associated with a RAC film when 
electrochemical interrogated by an SECM probe. 

The instrumentation also enables the simultaneous imaging of vibrational modes and 
electrochemical reactivity, which we employed to investigate reactive ion etched modified graphene 
layers. The stable fast cycling permitted by multilayer graphene for ion intercalation makes it an 
exemplary platform to study effects of surface modification on ionic and electronic kinetics. We have 
recently found the development of preformed lithium based solid electrolyte interphase (SEI) on 
multilayer graphene preferentially allows the interaction of potassium ions. The SEI of carbon anodes 
highlights the role decomposition products serve for controlling interfacial chemistry and possible 
avenues to accelerate development of next generation anodes. Using the multimodal setup we further 
monitored multilayer graphene in high potential regimes in the presence of a mediator, and the 
subsequent formation of surface films that controlled graphene reactivity. With application in next 
generation battery materials, these techniques can be applied to single particle electrochemical reactivity, 
and catalysis. 
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Electrodes based on CuO have promising electrocatalytic properties, principally 
for the sensitive detection of carbohydrates.1 Recently, intense research has focused on 
the use of CuO-based electrodes for non-enzymatic glucose sensing.2-4 However, the 
development of better sensors depends on adequate understanding of the chemical and 
electrochemical processes involved in the detection. By now, many CuIII oxyhydroxides 
have been reported to participate in glucose oxidation mechanism.5 In these cases, the 
oxidations may occur through an electrocatalytic mechanism, where initially the CuII is 
oxidized to the CuIII species. In a second step, the CuIII that reacts with the target 
molecule, regenerating the CuII and leading to the oxidized products.6  

A new hypothesis for the electrocatalytic behavior of CuO electrodes will be 
presented. Different from the established mechanism, here we will discuss why CuIII 
species do not participate in the oxidation mechanism of carbohydrates. We will show 
that hydroxyl ion adsorption and the semi-conductive properties of the material play a 
more significant role in this process. The relationship between the flat band potential 
and the potential that begin oxidation suggests that the concentration of vacancies in the 
charge region acts upon the reactivity of the adsorbed hydroxyl ions through a partial 
charge transfer reaction. In the presence of carbohydrate molecules, the electron transfer 
is facilitated and involves the transfer of electrons from the adsorbed hydroxyl ions to 
the CuO film. This mechanism is fundamentally relevant since it helps the 
understanding of several experimental misleads. The results can also lead to obtaining 
better catalysts, since improvements in the material should focus on enhancing the semi-
conductive properties rather than the CuII/CuIII redox transition. The results shed light 
on different aspects of carbohydrate molecules oxidation that could lead to novel 
applications and possibly a better description of other semiconductor mechanisms in 
electrocatalysis. Several physical techniques were employed to support our hypothesis 
and the data will be presented during the discussion. 
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Electrochemical noise investigations are commonplace in studies involving stochastic modes of corrosion 
such as crevice and pitting corrosion. Since stochastic processes cannot be studied via more standard 
types of electrochemical methods, signal processing for fluctuations in voltage and current signals are 
developed. These methods yield information about the processes that cannot be obtained otherwise1. 
 
Detailed fundamental understanding of energy storage devices is an overarching goal of measurement 
systems geared towards characterizing energy storage and conversion devices. Ultimately, keeping the 
tools noninvasive would allow for real-time (operando) measurements. Though materials analyses before 
and after give information about the processes going on inside the battery, electrical characterization is 
the only way to gather information while the system is intact. Techniques like charge/discharge, 
electrochemical impedance spectroscopy, and potentiostatic or galvanostatic intermittent titration 
technique(PITT/GITT) are all developed to interrogate the behavior of energy storage and conversion 
systems.  
 
In order to get more information regarding the stochastic events happening inside the energy storage and 
conversion system, one has to use a time domain technique that is directly related to the events occurring 
inside the system. Using electrochemical noise measurements for batteries is an idea that was worked on 
before with some success2,3, but a clear and detailed description is not present in the literature. 
 
Measuring electrochemical noise requires specialized equipment and cells due to the nature of the 
measurement. Identifying and isolating noise due to the sample vis-à-vis the noise due to the rest of the 
experimental setup requires careful analyses of properly designed control experiments. We will be 
reporting on various ways to decrease the apparent instrumental noise in relevance to battery voltage 
noise measurements4.  
 
We will further report on investigations of apparent voltage noise of NiCd cells as a function of their 
states of health. We will show that the apparent noise of batteries do not appear to change within the 
measurement abilities of state-of-the-art equipment6. 

  
 
 
References: 

1. R.A. Cottis, Corrosion 57, 265 (2001) 
2. W. Liu, D. Wang, X. Chen, C. Wang, and H. Liu, Corros. Sci. 124, 93 (2017). 
3. R. Maizia, A. Dib, A. Thomas, and S. Martemianov, J. Power Sources 342, 553 (2017). 
4. S. Martemianov, N. Adiutantov, Y.K. Evdokimov, L. Madier, F. Maillard, and A. Thomas, J. 

Solid State Electrochem. 19, 2803 (2015). 
5. C.B. Uzundal and B. Ulgut Review of Scientific Instruments, submitted 
6. B. Ulgut Turkish Journal of Chemistry, submitted 



Compositional Analysis of Electrodeposited Cobalt Selenide Thin 
Films Using Continuous Flow Electrochemical Quartz Crystal 

Microgravimetry 
 

Hyung-Woo Jee,a,* Ki-Jung Paeng,a Yunhyeock Jang,b Kongshik Rho,b and Noseung Myungb 
aDepartment of Chemistry, Yonsei University 

bDepartment of Biomedical Chemistry, Konkuk University Glocal Campus 
Wonju, Kangwon, 26493 Korea 

Chungju, Chungbuk 27478 Korea 
*jhoabc@naver.com 

 
In this study, the composition of electrosynthesized cobalt selenide thin films was analyzed by 

electrochemical quartz crystal microgravimetry (EQCM) in a continuous flow mode. First, cobalt selenide 

films were electrodeposited on a Pt-EQCM electrode using a 0.1 M Na2SO4 electrolyte solution 

containing Co and Se precursor species at different potentials. A combination of sequential stripping and 

EQCM frequency monitoring protocol enabled mapping of the free Co, free Se, and CoSe content of the 

electrodeposited films. It was found that the composition of cobalt selenide film was very sensitive to the 

electrodeposition potential. The targeted CoSe content was maximum at -0.7 V and the free Co content 

showed a reverse trend. On the other hand, the free Se content decreased as the deposition potential was 

decreased. The film composition as established by the continuous flow analysis mode stood in stark 

contrast with the static (batch) mode where no free Co was observed in the films. Factors in these 

compositional differences as well as in the EQCM electrode geometry (face-down vs. face-up) are finally 

discussed.  

 

 
Figure 1. EQCM frequency (mass) changes during the electrodeposition and stripping steps. During the 
deposition step, (A) -0.5 V and (B) -0.7 V were applied to the EQCM electrode in 0.1 M Na2SO4 
containing 5 mM Co(CH3COO)2 and 5 mM SeO2. Composition of films were consecutively analyzed at -
0.9 V for free Se, -1.3 V for CoSe and +2.0 V for total Co (free Co + Co in CoSe) in the flow of 0.1 M 
Na2SO4 blank electrolyte. Solution flow rate: 0.50 mL/min. 
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  This study provides a new electrochemical assay for the determination of L-cysteine. The method uses 
the [Fe(CN)6]3-/4- as a probe on the glassy carbon electrode, due to the redox reaction between [Fe(CN)6]3- 
and L-cysteine in solution, the content of [Fe(CN)6]3- will decrease after the join of L-cysteine, which will 
lead to the increase of the electrochemical impedance value(Rct/ohm) and the decrease of the oxidation 
current(ip/A), so this method can realize the indirect detection of L-cysteine.  On this basis, our research 
group takes β-cyclodextrin as the subject and modifies the glassy carbon electrode with a simple 
preparation method so as to prepare the β-CD/GCE electrochemical sensor. Before measuring the 
electrochemical impedance spectroscopy, β-cyclodextrinis used to enrich the L-cysteine by the host-guest 
interaction. The electrochemical impedance value is linear with the concentration of L-cysteine in the 
range of 1.0×10-5M to 1.0×10-4M(Fig.1). This electrochemical method for the detection of L-cysteine 
overcomes the drawbacks of complexity or low sensitivity in existing detection methods[1-3].Our study 
shows that the electrochemical impedance spectroscopy can be used as an effective quantitative method 
for L-cysteine, which is highly sensitive, selective, fast and simple. 
Keywords:L-cysteine; Electrochemical impedance spectroscopy; Potassium ferricyanide(Ⅱ/Ⅲ) 
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A new measurement instrument and system was developed for detection of Pb(II) , Cd(II) and Cu(II) 

in seawater by differential pulse anodic stripping voltammetry (DPASV) and Sequential Injection 
Analysis (SIA) using glassy carbon electrode modified with mercy and multiwall carbon nanotubes 
dispersed in Nafion. In addition, differential pulse cathodic stripping voltammetry (DPCSV) and SIA 
using glassy carbon electrode for determination of Mn(II). The stripping peak currents increased linearly 
with increasing concentrations of Cd(II), Pb(II), and Cu(II) ions in the ranges of 0.5−100 μg L-1, 0.5−150 
μg L-1, and 10−250 μg L-1, respectively. And the limits of detection (S/N = 3) were estimated to be 0.24 
μg L-1 for Pb(II), 0.29 μg L-1 for Cd(II) and 5.0 μg L-1 for Cu(II). And a linear range for detection of 
Mn(II) was found to be 10−250 μg L-1 and a detection limit of 5.0 μg L-1. These limits were obtained for a 
sample volume of 10 mL, flow rate of 10 mL min-1 (during the deposition step), and utilizing twice back 
and forth, totalizing a deposition time of 4 min. The deposition potential of -0.9 V (vs Ag/AgCl) for 
Cd(II), Pb(II) and Cu (II) or 0.9 V for Mn(II). The average recovery was found to be 80−120% using a 
standard addition method. This system exhibited high sensitivity, good stability and reproducibility. Such 
a system offers great potential for on-site and real-time detection of heavy metals in seawater. 

 
Figure 1. A) Schematic diagram of a flow electrochemical detection system. (a) samples, (b) a multi-
channel pump, (c) a electrochemical flow cell, (d) a computer, (e) a electrochemical workstation, (f) a 
solution container, (g) a peristaltic pump, and (h) a waste bottle. B) a picture of the flow electrochemical 
detection system. 
 
This research was financially supported by Marine high-tech industry development projects of Fujian 
Province (No. 2015-19), which is acknowledged. 
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Backside Absorbing Layer Microscopy (BALM) is a new optical microscopy technique developed by D. 
Ausserré at IMMM, which uses absorbing anti-reflection layers to achieve extreme contrast at an 

interface. It combines a sub-nm vertical sensitivity 
comparable to the one of AFM with the versatility and real-
time imaging capabilities of an optical microscope. 
Recently, we showed how this technique allows observing 
2D materials and their chemical modification with 
unprecedented Z-resolution (1).  
 
The BALM geometry (Fig. 1a) and its capability to image 
surfaces and nanomaterials in liquid are ideally suited to its 
coupling with electrochemistry. This optical technique is 
extremely sensitive to minute changes of refractive index 
therefore it allows following in real-time the deposition or 
the electro-grafting of molecules with a precision 
significantly below the monolayer thickness. This is 
exemplified in Fig. 1b for the electro-grafting of 
nitrobenzene diazonium salt on gold by cyclic 
voltammetry. The optical signal being directly proportional 
to the layer thickness in a large thickness range, the 
technique proves capable of monitoring layer growth with 
angstrom precision in the vertical direction.  
 
More importantly, as a microscopy technique, it is also 
spatially resolved. As a simple example, Fig. 2 presents the 
in situ monitoring of the electrodeposition of copper by 
chronoamperometry respectively on gold (a) and on 
Graphene Oxide flakes (b).  
 

In this communication, we will show how the coupling of BALM and electrochemistry allows addressing 
different classes of problems in electrochemistry by taking advantage of real-time imaging and high 
sensitivity. 

(1) Campidelli, S.; Abou Khachfe, R.; Jaouen, K.; Monteiller, J.; Amra, C.; Zerrad, M.; Cornut, R.; 
Derycke, V.; Ausserré, D., Science Advances 3, e1601724 (2017). 

Fig.1. a) Schematic of BALM coupled to an 
electrochemistry set-up. b) Electro-grafting of 

nitrobenzene diazonium on gold (Blue line is the 
current response and red line is the optical intensity 

which is related to the layer thickness). 

 
Fig.2. Short part of a BALM movie showing the in-situ electrodeposition of copper under chronoamperometry. a) on gold. 

Extracted from (1). b) on Graphene Oxide flakes 
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Summary 
A palladium-Silver (Pd-Ag) alloy hydride pH electrode and external pressure balanced reference 
electrode (EPBRE) was used for the measurement of pH in high temperature aqueous system.  
⚫ The measured pH values and the theoretically calculated pH values were shown good agreement 

between low and neutral pH environment. However, the measured pH value deviated from the 
theoretical one in the high pH environment.  

⚫ Hydrogen seemed to release from the Pd-Ag hydride element surface at elevated temperature. As a 
result, the pH electrode could not keep plateau potential. 

Experimental 
The sensing element of pH electrode was made from 80% palladium - 20% silver alloy into 1mm 
diameter rod. The wire element was fabricated to two types of electrode. One is hydrogen adsorption 
measurement and the other is pH measurement in high temperature solutions. Hydrogen was charged 
cathodically to pH electrode with current density 50mA/cm2 for 120 minutes. The potential of hydride pH 
electrode were measured by an External Pressure Balanced Reference Electrode (Ag/AgCl, 0.1mol KCl) 
system1) equipped with 380 ml autoclave made by AISI 316. The pH values were measured in following 
reference solutions up to 300 oC. 0.05M Na2SO4, 0.045M Na2SO4 + 0.005M H2SO4, 0.01M B(OH)3 + 
0.01M LiOH and 0.01M LiOH. The testing solution was purged with high purity nitrogen gas in the 
autoclave one hour before test. 
Result and Discussion 
Figure 1 and 2 demonstrate the comparison of the measured pH electrode potential with the theoretical 
pH values for one electron equilibrium 2.303 RT/F for different pH values at 200oC and 275oC 
respectively. The data from former works were shown additionally. The pH electrode potentials and 
theoretical pH values were good agreement in low pH and neutral solution. However, the potential 
difference of pH electrode between experimental result and theoretical value were increased depending on 
increasing pH. In addition, potential deference was increased at elevated temperature. Previous data show 
similar tendency at high temperature. The potentials of Pd-Ag electrode depended on the activity of the 
hydrogen ion and the dissolved hydrogen on the electrode surface. Adsorption hydrogen seemed to 
diffuse and desorbed from the electrode surface to the solution at high temperature.  

References 
1) T. Sunaba, T. Fujii and K. Tachibana, Zairyo-to-Kankyo, Vol. 56, p70, 2007 
2) Z. Nagy, R. M. Yonco, J. Electrochem. Soc. Vol. 133, p. 2232-2235, 1986 
3) D. D. Macdnald, P. R. Wentrcek and A. C. Scott, J. Electrochem. Soc., Vol. 127, p.1745, 1980 
4) T. Tsuruta, D. D. Macdonald, J. Electrochem. Soc., Vol. 128, p.1199, 1981 
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Figure 1 Comparison of measured pH with 

literature data at 200oC 
Figure 2 Comparison of measured pH with 

literature data at 275oC 
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ABSTRACT 
 
Chiral separation is of crucial importance in the pharmaceutical industry to obtain a single enantiomer 
because the undesirable chiral compound exhibits a different biological activity in the human body. For 
example, L-tryptophan (L-Trp) is well-known as natural essential amino acid, involved in protein 
synthesis and as precursor of the neurotransmitter serotonin, whereas the mirror enantiomer, D-
tryptophan (D-Trp), is used in pharmaceutical applications as an intermediate in the synthesis of peptide 
antibiotics. Recently, chiral imprinted mesoporous platinum films have been successfully prepared and 
employed as working electrodes for chiral electroanalysis1,2. In addition, the chiral-imprinted mesoporous 
metal matrix has been used for chiral electrosynthesis leading to very high enantiomeric excess of over 
90%3,4. Here we propose the integration of these high surface area electrodes as chiral stationary phases in 
a hyphenated device for the separation of enantiomers. A tryptophan-encoded platinum film is 
electrogenerated in the channel of a microfluidic device and characterized with respect to its separation 
efficiency of the injected racemate.         
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Separation and detection scheme of a racemic tryptophan mixture in the microfluidic device 
integrating a tryptophan-encoded mesoporous platinum film as stationary phase in the microchannel.     
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Microorganisms control electron flow between different redox biomolecules to regulate 
biological processes such as respiration, biosynthesis, and gene expression1. Modulating these electron 
flows would allow researchers to monitor and control these intracellular processes in real-time. 
Exogeneous redox active molecules and nanostructures have been introduced into cells to modulate these 
processes1, however, these approaches cannot target a specific redox pool, leading to toxicity or limited 
biological control. To overcome this challenge, our laboratory has pioneered a synthetic biology approach 
in which we introduce the Mtr extracellular electron transfer pathway from Shewanella oneidensis into 
non-native microorganisms2-4. This genetic module provides a molecularly-defined path for electrons into 
and out of a specific redox pool. Using the Mtr pathway as a conduit for electrons out of the cell, we can 
electronically regulate lactate metabolism5 or convert sensing events into electronic signals. Additionally, 
we demonstrate that the Mtr pathway can also actuate specific biological processes by delivering 
electrons into E. coli. Our work shows that Mtr pathway can deliver cathodic electrons specifically to the 
reductases and that this electron flux can be used in a controllable fashion to drive biosynthesis or trigger 
transcriptional changes. More broadly, our work introduces a modular genetic tool to reduce a specific 
intracellular redox pool, to use electricity directly as a feedstock for biosynthesis, and to control metabolic 
rate and gene expression. 
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MN4 macrocyclic complexes  exhibit electrocatalytic activity for a great variety of electrochemical 
reactions [1-2].  In previous work we have found that the reactivity of these molecules is related to the 
redox potential of the catalyst [1-2].  The activity of a given family of macrocyclics for a specific reaction 
follows a non-linear volcano correlation versus the Mn+/M(n-1)+ redox potential of the catalyst. This 
parameter is a very good reactivity descriptor for these molecules.  Most of the work published have 
modulated the redox potential using proper substituents on the macrocyclic ligand.  However, this 
parameter can also be modulated by axial ligation [3] and can then play a key role in the electrocatalytic 
process.  Even though theoretical models for electrocatalysis that can predict reactivities do not yet exist 
due to the complexity of the processes, involving adsorption, multiple electron transfers, many 
intermediates, etc.., it is generally accepted that for achieving the highest catalytic activity it is necessary 
that the reacting molecules interact with the active site to a degree that it is not too weak or not too strong 
(Sabatier Principle [4].  In the particular case of the reduction of O2 [4], its interaction with a metal 
complex can be described by the M-O2 binding energy.  We find volcano correlations with this parameter.  
Further, a linear correlation between the M(III)[(II) redox potential and the M-O2 binding energy is found 
[4]. We will discuss also the key role of axial ligand on enhancing the catalytic activity of MN4 
macrocyclics for ORR and for the oxidation and reduction of thiols: cysteine/cystine, cysteamine and 
glutathione.  Axial ligands also shift the M(III)[(II) redox potential in both directions, depending on the 
nature of the ligand and then can move up or down a particular complex on any side of the volcano 
correlation.  The axial ligand can also be used as an anchor to fix the complexes to gold surfaces or the 
external walls of carbon nanotubes.  There is a very interesting interplay between ligand substitution and 
axial substitution.  These two effects are not necessarily additive and depend on the nature of the 
particular complex.  Finally, the beneficial effect of back ligands for O2 reduction mimick the effect of 
similar ligands in the reduction of O2 catalyzed by cytochrome c, containing a Fe porphyrin unit. Co 
phthalocyanine in the presence of an axial ligand changes from a 2-electron reduction catalyst to a 4-
electron reduction catalyst mimicking vitamin B12, a Co corrin  4-electron O2 reduction catalyst [5]. 
This work has been supported by Fondecyt Project 1181037 
structions are an example of what a properly prepared meeting abstract should look like. Proper column 
and margin measurements are indicated. 
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In our lab we are using a homemade spectroelectrochemistry setup in order to determine the redox 
potential of different oxidoreductases, which are of interest for applications in electrical biosensors and 
biofuel cells. In the past we have determined the redox potentials of glucose oxidase from Aspergillus 
niger at different pH.[1] 
Currently we are investigating the redox potentials of other important enzymes such as cellobiose 
dehydrogenases (CDH) from ascoymcetes. These CDHs catalyze the oxidation of glucose and are able to 
undergo direct electron transfer at different electrode materials. We will present details of our 
spectroelectrochemical measurements performed with CDH from Corynascus thermophilus at several pH 
values. Due to a LabView routine controlling the setup, long periods for the establishment of 
electrochemical equilibrium can be chosen and thus, measurements with low concentrations of mediator 
mixtures may be performed. In order ensure electrochemical equilibrium, the composition of the mediator 
had to be carefully optimized. In addition it turned out that reversible spectroelectrochemical 
measurements can only be carried out, if residual oxygen is avoided because otherwise the potential of the 
flavin domain is shifted to more negative values (probably because of degradation). Some of the 
mediators that are able to electrochemically communicate with the enzyme can also be co-adsorbed 
together with the enzyme leading to modified electrodes that comprise a high bioelectrocatalytic current 
in the presence of substrate. 
Depending on the progress of our research, we may also present the results of spectroelectrochemical 
measurements performed with other enzymes. 
 
References: 
 
[1] Vogt, S; Schneider, M; Schäfer-Eberwein, H; Nöll, G, Anal. Chem. 2014, 86, 7530-7535. 
 



Nanoporous Stainless Steel Anode for Enhanced Microbial Fuel Cells 
 

Alaa Abbas and Ehab N. El Sawy* 
School of Science and Engineering, The American University in Cairo (AUC) 

AUC Avenue, New Cairo 11835, Egypt 
 (alaa.abbas @aucegypt.edu) 

 
Stainless steel (SS) has been the focus of much research due to being commercially available, 

and its catalytic activity towards various reactions [1-2]. Surface-modified SS was proposed for various 
environmental applications, especially as an electrode in bioelectrochemical systems (BES) such as 
microbial fuel cells (MFCs) [3]. Currently, the most used materials as anodes in MFCs are the 
carbonaceous materials, as they are conductors, biocompatible and have high surface area. Compared to 
carbonaceous materials, SS is a promising anode for MFCs, as it is less expensive, more readily shaped 
and more durable than carbonaceous materials, as well as being corrosion resistive and biocompatible.  

Even though SS is a promising MFC’s anode, it has less surface area than the carbonaceous 
material which decreases the bacteria ability to adhere to the SS surface. Therefore, the target of this 
study is to enhance the adhesion of the microorganisms to the stainless steel’s surface through forming a 
porous film on the surface. A mesh of SS 316L alloy was employed and surface modified using 
anodization process.  

The scanning electron microscopy (SEM) images (Figure 1) show clearly the formation of a 
porous layer on the SS surface, and hence an increase of the SS surface area and roughness. Energy 
dispersive X-ray spectroscopy (EDX) showed that the SS 316L metals ratio was maintained before and 
after surface modification. The surface-modified SS was annealed in different atmospheres (e.g. N2, H2, 
O2 etc.) to enhance the SS surface electron transfer rate. An outer sphere electron transfer reaction such as 
ferrocyanide/ferricyanide redox couple was employed to test the changes in the electron transfer rate at 
the SS surface. X-ray diffraction (XRD) and Raman spectroscopy were employed to distinguish the 
changes in the crystalline structure and nature of metal oxides. Electrochemical performance of the 
modified samples in MFCs was tested. 

      
 
Figure 1: SEM images of anodized stainless steel mesh 
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For over four recent decades, molecule imprinting in different matrices has successfully been developed, 
and then used to reach chemical goals requiring high selectivity.  Those goals have been reached by 
generating selective molecular cavities in different matrix materials.  They involve, among others, 
materials satisfying the flow analytical techniques requirements with respect to stationary phases for 
liquid chromatography separations and sorbents for solid phase extractions, stereochemically driven 
catalyses, controlled drug releases, pollutant degradations, and recognition units for chemical sensors.  
Electrochemistry contributed to molecular imprinting at least in two ways.  One involves electrochemical 
deposition of an imprinted material and the other engages the use of electroanalytical techniques for 
sensing analytes selectively retained in imprinted molecular cavities.  Among molecularly imprinted 
materials, polymers are mostly studied.  Initially, acrylic polymers (prepared by UV light initiated free-
radical polymerization) were predominately used for preparation of molecularly imprinted polymer (MIP) 
materials.  Now, still more and more MIPs are prepared by electrochemical polymerization using 
electroactive monomers.  This electropolymerization offers several important advantages including no 
need of use of polymerization initiators, direct film deposition on conducting supports with easily 
controlled film thickness and morphology.  In our research on devising and fabricating selective MIP 
chemical sensors, we extensively use thiophene derivatives as both functional and cross-linking 
monomers.  This is because these monomers are easy to derivatize with recognizing sites.  Moreover, the 
resulting polythiophene derivatives are stable, processable, conductive, and can readily be doped with 
ions either by polymer electro-oxidation or electroreduction.  In the MIPs devised and fabricated so far, 
we imprinted templates widely using a non-covalent, coordinative, and semi-covalent approach.  After 
initial success in devising biomimetic MIP chemosensors selective to several small biogenic amines, we 
more recently focused on an electrochemical research engaging MIP chemosensing of a wide range of 
biorelevant compounds including sugar alcohols [1] amino acids [2] peptides [3], selected biomarkers [4] 
and food toxins [5] as well as oligonucleotides [6] and even large proteins [7].  The presentation will 
critically address this research, with references to posters presented, particularly focusing on analytical 
parameters reached and signal transductions, such as chronoamperometry, capacitive impedimetry, 
piezoelectric microgravimetry, fluorescence and surface plasmon spectroscopy, as well as that electric 
with extended-gate filed-effect transistors (EG-FETs), used in the chemosensing.  
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Electrochemical techniques have been showed to be a valuable tool to quantify reactive oxygen (ROS) 
and nitrogen (RNS) species in living cells; ROS and RNS produced as a consequence of physiological 
and artificial stimuli have been investigated by these methods on adherent cultures of various cellular 
types [1]. Under physiological conditions, oxidative phosphorilation (OXPHOS) performed by 
mitochondrial respiratory complexes is thought to be a main source of ROS and to have a relevant impact 
on redox homeostasis and redox signalling in living cells [2]. However, ROS and RNS reactivity and their 
compartimentalized release by the respiratory chain in mitochondria, the intracellular organelles in which 
OXPHOS takes place, prevented their direct quantification in living cells. To pave the way to direct 
measurements of mitochondrial ROS in intact cells, hydrogen peroxyde production was studied in 
mitochondria purified from rat liver [3]. Here we employed modified platinum microelectrodes and 
screen-printed electrodes to measure ROS produced by respiratory complexes in cybrids, i.e. cellular 
models of a mitochondrial disease. Cybrids investigated in this work were representative of a multisystem 
disorder due to a microdeletion on the cytochrome b subunit of respiratory complex III [4]; as a result of 
this genetic modification, a strong impairment of the activities of OXPHOS complexes was measured and 
alteration of redox homeostasis was hypothesized, as a consequence of increased ROS production in 
mutant cybrids as compared to wild type. We developed a protocol to measure on digitonized cells time-
dependent hydrogen peroxide production that follows respiratory chain activation triggered by adenosine 
diphosphate (ADP). As adhesion of suspended cells to the active surface of the platinized platinum 
microlectrodes was observed, we covered it with an antifouling matrix; this latter procedure strongly 
stabilized chronoamperometric signals and allows for a quantitative comparison of respiratory ROS 
production between the mutant and wild type cybrids. The chronoamperometric results suggest that in our 
experimental conditions redox molecules are released from cells and our measurements reported not only 
on the amount of ROS produced in mitochondria by activities of respiratory complexes, but also on their 
impact on redox balance and redox homeostasis in human living cells. 
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Morgia, R. Liguori, P. Barboni, G. Rizzo, C. Tonon, R. Lodi, A. Martinuzzi, V. De Nardo, M. Rugolo, L. 
Ferretti, F. Gandini, M. Pala, A. Achilli, A. Olivieri, A. Torroni, V. Carelli, Hum. Mutat. 35 (2014) 954-
958. 
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Electron transfer (ET) properties of DNA attract much attention and produce many debates, not the least due to 
contradicting data obtained by different groups. That is particularly true for electrochemical studies of DNA-
mediated ET in DNA duplexes tethered to metal electrodes, reporting quite modest ET rate constants (1-100 s-1) 
[1-3] incompatible with 105 - 1010 s-1 shown for a photoinduced DNA-mediated ET [4,5]. Here, we show that 
electrochemically modulated DNA-mediated ET shows directional preference and is sequence-specific [6]. 1). 
The ET rate constant measured for DNA-mediated electrochemical reduction of methylene blue (Figure 1) 
reaches 103-104 s-1 and is characteristic of a molecular wire if corrected for electron tunneling through the DNA 
linker. The backward oxidation process is much less efficient. Thus, DNA tethered to gold electrodes behaves as 

a molecular rectifier. 2). ET through the (dGdC)20 double helix 
proceeds slower than ET through the (dAdT)25 double helix, 
consistent with a disturbed π-stacked sub-molecular structure of 
the (dGdC)20 duplex shown at negative electrode potentials [7].  
Our results explain inconsistencies in the hitherto reported 
electrochemical data and emphasize the complex surface and 
electrochemical behavior of DNA attached to metal electrodes. 
They are of particular importance for clear understanding of ET 
properties of DNA and mechanisms underlying them, to be used 
in biosensor and bioelectronic devices. Such directional and 
sequence specific ET may have its implications in the DNA 
oxidative damage and repair and be relevant to other polarized 
surfaces such as cell membranes and biomolecular interfaces. 
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Figure 1. Schematic for directional ET from the 
electrode to ferricyanide mediated by methylene 
blue 
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Neurotoxicity caused by nerve agents and other toxic chemicals are a potential threat, which makes 

assessing their neurotoxicity, and the efficacy of interventions, of particular interest. To assess toxicity 
and therapeutic interventions, we have made a new microphysiological platform.  With this platform, in 
combination with an organotypic model of the blood brain barrier, we have compiled temporal dose-
response data of neuronal cells to neurotoxins. 

Toxins, such as organophosphorus compounds (insecticides, pesticides, herbicides, and nerve agents), 
are known to rapidly (in minutes) induce neurotoxicity in humans, with long-term exposure to sub-lethal 
levels producing a condition known as neuropathy. These compounds induce various cytotoxic effects 
primarily through the inhibition of acetylcholinesterase on the plasma membrane of cholinergic cells.  

To monitor such cellular bioenergetics, we have fabricated a new microclinical analyzer (MCA) that 
acts as an in-vitro microphysiological platform. The MCA is an electrochemical sensor array that measures 
cellular bioenergetics via a targeted metabolite profile of the physiological activity. This new platform 
offers real-time, label-free, multi-variable (up to 8: glucose, lactate, acetylcholine, glutamate, cholesterol, 
ammonia, oxygen and pH) measurements of cellular response.  

The MCA was used in combination 
with an organotypic model of the blood 
brain barrier (BBB), the neurovascular 
unit (NVU), to understand how the BBB 
forms, functions, and responds to insults. 
The NVU is a microfluidic, organ-on-
chip device comprised of a vascular 
chamber, a brain chamber, and 
associated microfluidic controls. This 
NVU supports all of the cell types 
involved in BBB formation and provides 
the flow-created shear forces for mature 
tight junction formation. These powerful 
features make the NVU uniquely suited 
to study the impact of exposure to drugs 
and toxins on BBB integrity using a 
physiologically and structurally relevant 
model. 

The MCA and NVU were used to 
compile temporal dose-response data of 

neuronal cells to chlorpyrifos, an organophosphorus compound widely used as a pesticide in food 
cultivation. as Measurement of the cellular descriptors such as glucose, lactate, glutamate, and acetylcholine 
production and/or consumption revealed that concentrations as low as 1PM chlorpyrifos increased the 
permeability of the membrane and modulated the cellular bioenergetics.   

Understanding neurotoxicity contributes to the assessment of sub-lethal exposure and onset of toxicity 
that can then be translated into monitoring devices and discovery of novel therapeutics/protectants. 

 
Figure 1. A) Schematic and B) picture of the MCA 
electrode, fluidic and housing, C) image of cells in the brain 
chamber of the NVU, and D) glutamate response to 
increasing chlorpyrifos concentrations.   
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Glutamate is the most prevalent excitatory neurotransmitter in the mammalian central nervous system and 
play an important role in brain function such as cognition, learning and memory. A fast, sensitive method 
to detect the release of glutamate is needed to gather data about exocytosis activity during neuronal 
activity in pathways involving glutamate signaling. To this end, carbon fiber electrodes have been 
modified with electrodeposited gold and platinum nanoparticles to increase the effective electrode surface 
area and provide a high curvature surface for immobilization of the enzyme glutamate oxidase that 
catalyze the non-electroactive glutamate to hydrogen peroxide for electrochemical detection. For ultra-
fast detection of glutamate, the diffusion distance for detection of the enzyme product was minimized by 
limiting the enzyme coating at the nanoparticle coated electrode surfaces to a monolayer thickness. By 
placement of these probes into brain slice of rodents amperometric recording of bursts of single current 
transients from spontaneous glutamate release corresponding to a train of single exocytosis events and 
displaying various fusion pore dynamics controlling glutamate release at the sub-millisecond time scale. 
Hence, this novel biosensor allows recording of neuronal activity in brain tissue and offers insight on the 
regulatory aspects of exocytotic glutamate release, which is critical to understanding of brain glutamate 
function and in future dysfunction. 
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Enterococcus faecalis is a Gram-positive opportunistic pathogens of the human gastrointestinal tract. 
Numerous nosocomial infections including endocarditis, bacteremia, wound and urinary tract infections 
are associated with E. faecalis biofilm. The formation of E. faecalis biofilm in flow cells and other 
laboratory systems is often monitored through biomass-based methods (e.g., crystal violet and protein 
extraction) and advanced microscopy, such as confocal laser scanning microscopy (CLSM). The earlier 
methods are time-consuming and show variable results. The latter require high-end equipment, long time 
and experience researchers. Alternative approached have been developed to monitor E. faecalis biofilms, 
which rely on gene expression and cell adhesion. Cell adhesion methods are particularly interesting for 
their great sensitivity and technical simplicity. Here, we focus on bioelectrochemical methods to measure 
early biofilm adhesion and activity of E. faecalis.  
 
Bioelectrochemical methods for biofilm monitoring rely on the formation of poorly conductive biofilm on 
a solid electrode, often composed of carbonaceous material. Under well-defined environmental 
conditions, i.e., lack of oxygen and other soluble electron acceptors, biofilms can transfer electrons 
extracellularly to the electrodes to conserve energy. This behavior, termed electroactivity, has been well-
demonstrated for the strict anaerobe Geobacter sp. and the facultative anaerobe Shewanella sp. [1, 2]   
 
However, many other microorganisms, especially Gram-positive, do not show electroactivity in pure 
culture, due to the lack of direct or mediated electron transfer conduits. We have recently shown that 
F(III)/Fe(II) can serve as redox mediators for non-electroactive microorganisms, thus resulting in higher 
biofilm formation and the production of a current output. Experiments showed that ldh gene encoding l-
lactate dehydrogenase is required for iron-augmented energy production, biofilm formation, and promotes 
EET [3]. Following this initial work, we report here detailed electrochemical characterization of early 
attachment for E. faecalis on graphite electrodes. Several electrochemical methods, including 
chronoamperometry (CA), cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) 
have been applied to E. faecalis wild-type, to determine the rate of attachment in batch and continuous 
electrochemical cells and the electroactivity of E. faecalis under various environmental conditions.  
 
Results show that E. faecalis biofilms forms rapidly when the growth medium is amended with 
Fe(III)/Fe(II) at sub-mM concentration. Further, the electroactivity with time (as determined from CA) 
and the microstructure of the early biofilm (as revealed by EIS) differs between wild-type and selected 
mutants, which are defective in membrane proteins involved in the extracellular electron transport chain. 
Biofilm formation was validated with CLSM analysis, confirming good agreement with electrochemistry 
results. A mechanism for electroactivity of E. faecalis is proposed, which is based on the deposition of 
nanoaggregates of Fe(III)/Fe(II) within the biofilm.     
 
This is the first detailed electrochemical characterization of a gram-positive strain without the addition of 
a redox dye. We suggest that the proposed approach for electrochemical monitoring of biofilms can be 
extended to other non-electroactive microorganisms, including human pathogens and strains relevant for 
bioprocesses.  
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Alginate is a linear polysaccharide containing negatively-charged sugars that in the presence of divalent 
cations forms hydrogels. As such, alginate hydrogels have attractive properties such as high water 
content, gel formation under mild conditions, and demonstrated biocompatibility. Herein, we utilised 
calcium carbonate microparticles (5 μm) co-precipitated with enzymes (horseradish peroxidase, HPR, or 
glucose oxidase, GOx) followed by layer-by-layer assembly of polyelectrolytes over the surface of the 
microparticles. The covered microparticles were then dispersed into an alginate solution, which was then 
treated with a slightly acid solution (gluconolactone).  
This procedure resulted into the dissolution of CaCO3 and in the consequent internal gelation of alginate 
by means of the free Ca2+. In this way, it was possible to fabricate an alginate-based hydrogel decorated 
by enzyme filled microdeposits. The as-prepared enzyme-encapsulated alginate hydrogels were 
characterised using optical microscopy and UV-visible spectroscopy. The alginate hydrogels were casted 

on glassy carbon electrodes and 
immersed in aqueous solutions 
containing luminol for 
electrochemical characterisation 
towards the development of novel 
electrochemiluminescence (ECL)-
based biosensors.  
ECL is an electroanalytical technique 
where light emission from a 
luminophore (luminol) is triggered 
by an electrochemical (or enzymatic) 
reaction. The molecular oxygen 
generated as result of the specific 
enzymatic reaction gave rise to the 
emission of light when reacting with 
luminol. We performed the 
experiments in standard 
electrochemical cells containing both 
luminol and the enzyme and 
compared the results with those 
obtained with analogue system but 
encapsulated within the alginate 
hydrogels. The results showed 

unequivocally the successful incorporation of the enzymes within the hydrogels and the linearity of the 
ECL signal with the concentration of hydrogen peroxide (in the case of HRP) and glucose (in the case of 
GOx). The proposed procedure is so versatile that other enzymes, biomolecules, and various 
nanomaterials can be encapsulated within the alginate hydrogels for various biosensing applications. 
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Enzymatic reactions are ubiquitously involved in physiological and pathological processes in living 
organisms. These reactions are based on protons and electrons transfers and can lead to the production of 
by-products. Among them, reactive oxygen and nitrogen species (ROS and RNS) are of great interest as 
they play a double role: on the one hand by allowing the organism to react to a stress by the activation of 
signaling redox pathways, and on the other hand, ROS and RNS can cause oxidative damages to tissues 
ensuing dysfunctions in the organism. The high reactivity of such species induce their short lifetimes (ns-
min) and leads to uncertainties when searching for deciphering the enzymatic reaction mechanisms in 
bulk conditions. 
 
This work aims at developing a biomimetic microreactor [1] for the study of enzymatic activities 
producing ROS/RNS. Indeed, by confining a reaction within a cell-sized compartment (20-100 µm 
diameter), the generated species (H2O2, NO•, NO2

-) could be analyzed in situ with a quantitative and 
kinetic resolution. Giant unilamellar vesicles (GUVs) are formed in physiological conditions [2] and are 
used as microreactors [3] for the monitoring of enzymatic activities of glucose oxidase (GOX) and NO-
Synthases. Fluorescence microscopy allows individual vesicle observation and the monitoring of 
reactions triggered by microinjection. Then, released species are detected in real-time by electrochemistry 
in order to decipher the diverse enzymatic pathways of NO-Synthases [4]. Platinized ultramicroelectrodes 
(UME) are used to monitor low concentration variations (nM-µM) of ROS and RNS [5]. A single UME is 
placed at the vicinity of the microreactor membrane and species diffusing through lipidic bilayer, 
including H2O2 and NO• are measured by chronoamperometry. True fluxes of species generated by GOX 
and NOS under controlled activation/inhibition can then be quantified with this micrometric 
methodological approach. 
 

Fluorescence
Electrochemistry

Microinjection
Enzyme
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Non-gassing electroosmotic pump is developed and applied for constructing a patch pump 
system for insulin delivery and an implantable intrathecal pump system for morphine delivery. 

Both system require basal delivery at a flow rate of 0.05~10 µL/min and bolus delivery at a 

flow rate of 5~50 µL/min. The electroosmotic pump could control the dosing of delivery by 

controlling the pulse width, pulse height and resting time. In addition to the wide range of flow 
rate, the pump shows low-power operation and long-term stability to be suitable for the 
applications in mobile drug delivery system. 
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The great attention has been paid to the application of gold nanostructures and nanoparticles in 
different fields of chemistry. Gold nanoparticles (AuNPs) of 2 nm diameter or below (sometimes called 
gold clusters) show significant differences in optical, electrical or chemical properties compared with the 
larger nanoparticles (> 2.5-3.0 nm in core diameter)[1]. According to these features, gold clusters could be 
used for the enhancement of electrical conductivity of solid supports as well as for the immobilization of 
enzymes[2]. 

However, there is ongoing discussion whether 
AuNPs increase direct electron transfer (DET) efficiency by 
enhancing the electroactive area only (thus by anchoring more 
enzyme molecules), or favouring better orientation of the 
protein relative to the electrode surface, or affecting the 
electronic connection in a different manner[3]. 

In this project we describe the influence of the gold 
nanoparticles size in bioelectrocatalytic systems using 
particles of different sizes. AuNPs provide variability of 
chemical and physical properties which are strongly 
dependent on the nanoparticle’s size. Optical effects, such as 
surface plasmon bands due to collective excitation of 
conduction electrons, are observed for nanoparticles with 
diameters above 2 nm. Owing to their ultra-small size, NCs 
possess discrete molecule-like electrical, optical and 
electrochemical properties as well as specific packing of 
atoms on the NC and in the metallic core.  

We demonstrate, that decreasing the size of gold nanoparticles below 2 nm may result in a 
change of the mechanism of electron transfer (ET) between the enzyme active site and the electrode from 
direct to mediated ET. Clusters with diameters smaller than 2 nm exhibited molecule- like behavior 
reflected in the appearance of oxidation and reduction peaks separated by a clearly developed HOMO-
LUMO gap. 
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Figure 1. DPV curves of the electrodes modified 
with AuNPs of different sizes (from ca. 1.0 to 3.5 
nm)[3]. 
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Enzymatic fuel cells may become more accessible for applications in powering portable electronic 
devices if  the range of potentially usable fuels and oxidizers is broadened. In this work we demonstrate 
the operation of an integrated, yet versatile multi-substrate biosupercapacitor utilizing glucose, fructose, 
or sucrose, or a combinations of them as fuels, and molecular oxygen originating either from the solution 
phase, acting as the oxidant. In order to achieve this goal we designed an enzymatic cascade-
functionalized anode consisting of invertase (INV), mutarotase (MUT), glucose dehydrogenase (GDH), 
and fructose dehydrogenase (FDH), deposited on cellulose/polypyrrole composite, with gold 
nanoparticles functionalized with naphtoquinone moiety as mediator [1]. The anode was then conjugated 
to a compatible enzymatic cathode that employs laccase, adsorbed on gold nanoparticles with 
anthraquinone moieties acting, however, only as the enzyme orienting units and not as the mediators [2]. 
Owing the fact that INV and MUT catalyzed reaction have relatively slow kinetics, whole device works 
in a pulse mode – generated D-glucose and fructose are constantly oxidized and the harvested energy is 
accumulated in pseudocapacitve matrix [3].  
The supercapacitive properties of the electrodes lead to generation of short and high current pulse 
discharge up to 4 mA cm-2. The practical power achieved was 3.17 mW cm-2. A maximum pulse power of 
2.27 mW cm-2 was measured for pulses of 0.01 s. The capacitive features of the nanostructured electrodes 
integrated in a biosupercapacitor configuration enabled current and power densities at least two order of 
magnitude higher than compared to the steady state mode.  
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Dealloyed nanoporous gold (NPG) is a porous material fabricated by dealloying Au alloys1. By tuning the 
alloy composition and dealloying conditions, the pore size of the material can be tuned over the range 5 – 
80 nm2, a range large enough to accommodate redox proteins and enzymes. The pore size and roughness 
factor of the electrode, are important factors in using NPG electrodes for bioelectrochemical applications. 
Electrodes based on direct electron transfer of cytochrome c2, laccase 3, bilirubin oxidase2, 4 ,5 and fructose 
dehydrogenase6 have been prepared, with the optimal performance obtained with pore sizes that are 
comparable to the proteins. Electrodes based on mediated electron transfer (MET) have been prepared via 
drop-casting of solutions of enzyme and mediator4,6. With this approach, the polymer/enzyme matrix may 
not be able to penetrate fully into the porous network, a difficulty that can be overcome by 
electrochemical “stirring”5 or by electrodeposition5,7. NPG electrodes displayed improved stability in 
comparison to the response obtained at planar electrodes, arising from confinement effects in the pores.  
A range of enzymatic biofuel cells (EBFCs) were prepared and characterised using NPG electrodes. An 
EBFC consisting of a bilirubin oxidase-NPG cathode (500 nm thickness) and a glucose dehydrogenase 
modified anode (300 nm) generated power densities of 17.5 and 7.0 μW cm-2 in phosphate buffered 
solution (PBS) and artificial serum, respectively4. Integration of EBFCs with electrochemical capacitors 
enables the generation of cyclic, scaled-up power pulses. A supercapacitor/EBFC hybrid device obtained 
by one-step electrodeposition of poly(3,4-ethylenedioxythiophene)/Os polymer/enzyme onto NPG was 
prepared7. The device generated a current density pulse of 2 mA cm-2, with an instantaneous maximum 
power density of 609 μW cm-2, a power output 470 times higher than that of the EBFC alone. Flexible 
NPG based lactate/O2 EBFCs prepared with commercially available contact lenses registered a power 
output of 1.7 ± 0.1 μW cm-2 in air-equilibrated artificial tear solutions, slightly lower than that obtained in 
PBS (2.4 ± 0.2 μW cm-2)8. 
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Protein film voltammetry is a technique for studying the mechanism and reactivity of redox enzymes [1]. 
It consists in immobilizing an enzyme on an electrode in a configuration in which the electron transfer is 
direct (figure, left). With the electrode acting as a substitute for its natural redox partner,  the enzyme can 
catalyze the conversion of its substrate directly on the electrode. The enzymatic activity generates a 
current is proportional to the turnover rate, which makes it possible to study its dependence on 
experimental parameters like the electrode potential, the substrate concentration, the pH, and even the 
time (to follow slow activation/inactivation process). In this presentation, we focus on the dependence of 
the turnover rate on the potential and the substrate concentration [2,3]. 

 

  
 
Figure: (left) schematic representation of the study of the respiratory nitrate reductase using protein film 
voltammetry; (right) cyclic voltammograms of a film of human sulfite oxidase in the presence of 
increasing concentration of sulfite (from red to blue) and increasing scan rates (left to right panels). 
 
We have used cyclic voltammetry to study the catalytic mechanism of two molybdoenzymes, whose 
active site is composed of a molybdenum ion ligated by one or two pyranopterin moeties. Our worked 
focused on the human sulfite oxidase (which oxidizes sulfite to sulfate), and on the respiratory nitrate 
reductase (which reduces nitrate to nitrite). We have systematically recorded voltammograms of films of 
these enzymes under different concentrations of substrate and at different scan rates, obtaining both 
steady-state and transient responses. By quantitatively modeling these voltammograms, we were able to 
learn about various steps in the catalytic cycle of these molybdoenzymes, including intramolecular 
electron transfer and conformational flexibility [4]. 
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The development of enzymatic biofuel cells (EBFCs) is currently attracting a lot of interest as a strategy 
to avoid precious metal catalysts as well as for their potential applications as a power source for 
implanted medical devices.[1] However, the stability of numerous EBFCs still remains an issue for their 
practical use. EBFCs must have lifetimes ranging from months to years to justify implanted, highly 
distributed and consumer portable applications. Additionally, performances of EBFCs are strongly 
dependent on the anchoring and orientation of enzymes to favor proximity with the electrode and, thus, an 
efficient electron transfer. Within this context, Metal Organic Frameworks (MOFs) appear as an attractive 
class of porous crystalline hybrid materials to immobilize enzymes on electrodes. They are built up from 
a wide range of inorganic subunits (transition metals, 3p metals, …) and organic polytopic linkers 
(carboxylates, imidazolates, …). Most of them exhibit a very large and monodisperse porosity with 
tunable pore sizes (SBETa300-6000 m2/g; pore diametera 3-60 Å) often exceeding those of traditional 
crystalline porous solids.[2] Due to these outstanding features, MOFs have attracted great attention for the 
immobilization of enzymes. They may bring novel advantages thanks to their modular nature (i.e. 
tunable cavity size and functionality of the pore walls) and their propensity to create a stabilizing 
microenvironment for enzymes through specific host-guest interactions and confinement effect. 
For all these reasons, they have recently been employed to enhance the performance of existing 
bioelectrocatalysts for which the efficient immobilization and stabilization of enzymes under wide 
operating conditions still remains an issue.[3,4]  
In the present work, we report our most recent findings on the implementation of a highly porous and 
robust MOF, namely a mesoporous Fe(III) polycarboxylate, as a matrix for enzyme immobilization for 
glucoseǀO2 biofuel applications. This material offers an interesting alternative to classical enzyme host 
matrices due to its biocompatibility and high chemical stability. Additionally, their porous properties 
favor the encapsulation of redox mediators and thus enhances the electron transfer rate and minimize the 
limitation owing to the diffusion. 
Immobilization of redox mediators (i.e. 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), 
ferrocene and menadione) in the MOF was studied by X-ray diffraction (XRD), thermogravimetric 
analysis and N2 sorption. The laccase and glucose oxidase enzymes were further immobilized on the 
MOF materials and the electrocatalysis of glucose oxidation and O2 reduction under mild conditions were 
studied by cyclic voltammetry and amperometry prior our first attempts to build the glucoseǀO2 biofuel 
cells. Thus, our investigations demonstrate possible implementations of MOFs in biofuel cells and, more 
generally, their applications in electrochemical systems. 
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Introduction 
Enzyme based electrochemical biosensors are divided into three generations according to their 

electron transfer processes. The 1st generation biosensor uses oxygen as the electron acceptor of the 
enzyme reaction. The 2nd generation biosensor uses free artificial electron acceptors (mediators) to 
transfer electrons to the electrode and are currently the most commonly used. The 3rd generation 
biosensor employs enzymes with the ability to transfer electrons directly to the electrode, without the 
need for toxic free mediators. Previously, we proposed a “2.5th” generation type sensing system, based on 
mediator-modified enzymes without free mediators1. Amine reactive phenazine ethosulfate (arPES) 
modified flavin adenine dinucleotide (FAD)-dependent glucose dehydrogenase showed the 
electrochemical response, the quasi-DET ability, without addition of free redox mediators. However, 
another industrially important flavoprotein, lactate oxidase (LOx) did not showed the expected quasi-DET 
ability, although the modification by arPES was confirmed and accepted electron from its cofactor flavin 
mononucleotide (FMN) . In this study, LOx was engineered to achieve arPES modification based 2.5th 
generation lactate sensor.  
 
Method 

Amine reactive phenazine ethosulfate (arPES) was bound to amine residues of the enzyme via amine 
coupling. Success of the modification was evaluated by activity assays using phenazine methosulfate 
(PMS) and 3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), or only MTT as 
electron acceptors. Then, mediator-modified enzymes were immobilized onto the screen printed carbon 
electrodes with cross-linking method. Chronoamperometry was performed by successive addition of 
substrate after applying 0.0 V vs. Ag/AgCl. 
 
Results and Discussion 

The effect of oxygen interference and low electron transfer efficiency can be considered as main 
causes of why wild-type LOx modified with arPES did not yield any catalytic response. Strategic site 
directed mutagenesis to alter oxygen sensitivity and site specific modification by arPES were carried out 
toward LOx, considering its 3D structure. As results, the engineered LOx could minimize the oxygen 
interference effect and showed not only the intra-electron transfer from FMN to arPES but also the inter-
electron transfer from arPES to electrode. The detailed characteristics of 2.5th generation lactate sensor 
will be presented.  
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DNA self-assembled monolayers (SAMs) are made by immersing a gold surface in a solution of thiol-
modified DNA with a subsequent alkyl thiol-exchange step to remove non-specifically adsorbed DNA. 
[1] Applying a potential to the gold surface during DNA immersion enhances the formation of DNA 
SAMs [2] by decreasing self-assembly time and reduces the number of defects in the resulting SAM. [3] 
Alternative modes of potential-assisted deposition have been proposed including using a square wave 
potential pulse which was reported to form a high-quality SAM within minutes. [4] 
 
Although capacitance and faradaic blocking methods have previously been used to evaluate the DNA 
SAMs made through potential-assisted self-assembly, imaging fluorescently labelled DNA SAMs using 
in-situ electrochemical fluorescence spectroscopy can provide direct information on DNA coverage and 
DNA packing, by measuring fluorescence intensity and potential-induced fluorescence modulation 
respectively. [5] Surface crystallography has been found to play a role in the subsequent alkyl-thiol 
exchange step and can be affected by an applied potential. [6] Thus, forming DNA SAMs onto a spherical 
monocrystalline gold electrode and measuring the fluorescence intensity from regions on the electrode 
provides information on preferential adsorption on different surface crystallographic features.  
 
A comparison between applying a constant DC potential (0.4V/SCE) and applying a square wave pulse 
potential (0.4V/-0.3V) during a 5-minute self-assembly of fluorescently labelled DNA is reported. Pulsed 
potential deposition appears to increase DNA coverage on the Au (111) and Au (311) crystallographic 
features but have very little effect on other crystallographic features. Both DC and pulsed potentials 
appear to have similar effect on increasing the rate of DNA SAM formation, even when using lower DNA 
concentrations during assembly.  SAMs made via the pulsed potential method exhibited different packing 
behavior which became more apparent upon decreasing the amount of chloride in the deposition 
electrolyte. An in-depth discussion of these results will be presented along with a proposed mechanism on 
how each potential-assisted method enhances the assembly of DNA SAMs.  
 

 
Figure 1: Fluorescence images of DNA SAMs on monocrystalline Au beads assembled at a) 
constant potential and b) pulsed potential 
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The detection of protein-protein interactions and other biomolecular interactions is commonly carried out 
using optical based sensors such as fluorescent probes and FRET based sensors. These optical methods 
use fluorescence or chemiluminescence to detect the interaction of the probe with its biological target1 
however this can be limited by photobleaching and interference from background autofluorescence.2 
Here, we present an electrochemical impedance spectroscopy (EIS)-based biosensor that allows detection 
of the binding of a gold electrode bound azobenzene-containing peptide (1), derived from the β-finger of 
neuronal nitric oxide synthase (nNOS), with α-1-syntrophin protein. Peptide 1 (see Figure 1) represents a 
truncated mimic of the native β-finger peptide that is known to bind to α-1-syntrophin via a well-defined 
ligand-protein interaction. The component azobenzene of 1 allows conversion between a trans isomer 

possessing an ill-defined 
conformation, and a cis isomer 
with a well-defined secondary 
structure that complements that 
of the native nNOS β-finger 
ligand on binding.3 The 
photoswitch also provides an 
opportunity to turn the probe on 
and off to allow on demand 
detection.  
 

Figure 1. Peptide 1 : left: trans conformation, right: 
cis conformation. Azobenzene photoswitch highlighted in red. 
 
Peptide 1 was covalently attached to a gold working electrode via the lysine residue (K 118). Cyclic 
voltammetry and electrochemical impedance spectroscopy were used to characterize each step of the 
electrode interfacial modification, with both techniques establishing a clear and measurable distinction 
between the structural/electronic properties of the two isomers. To detect binding with the biological 
target, the EIS biosensor with its well-defined cis-enriched isomer of peptide 1 activated, was exposed to 
a series of solutions of α-syntrophin PDZ domain protein, ranging from 3.25 μM to 40.25 μM. An 
increase of over 100% in the charge transfer resistance was observed following incubation with the 

protein, confirming the effectiveness of the biosensor 
to detect and measure the biomolecular interaction 
between the peptide and the specific protein target (see 
Figure 2). On the other hand, the trans isomer with its 
random, ill-defined structure was shown to be inactive 
in binding to the target protein. This is the first 
demonstration of a simultaneous evaluation of 
electrochemical impedance responses from an EIS 
biosensor in reference to cis-enriched and trans-
enriched isomers of a peptide. 
 
Figure 2. Nyquist plots for the cis-enriched isomer of 
1 bound to the PDZ domain of α-syntrophin at 
concentrations ranging from 3.25 μM to 40.25 μM.  
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Hydrogen peroxide is recognized as one of important analytes, being a chemical threat agent and a 

key metabolite of life pathways. Moreover, it is a side product of oxidases, included as terminal enzymes 
in more than 90% of the existing enzyme-based biosensors. The low-potential detection of H2O2 is the 
most progressive procedure for operation of the oxidase-based biosensors providing both high sensitivity 
and selectivity in the presence of easily oxidizable compounds. Prussian Blue (FeHCF or PB) is known to 
be the most advantageous low-potential H2O2 transducer [1]. While Prussian Blue serves as a superior 
electrocatalyst for hydrogen peroxide reduction, there is rather contradictory and non-satisfactory 
information concerning other transition metal hexacyanoferrates, which are PB structural analogues. 

We note that NiHCF, CoHCF and CuHCF, which are PB analogues, are completely inactive in 
H2O2 reduction electrocatalysis: Ni, Co and Cu HCFs-mediated H2O2 reduction is due to the presence of 
FeHCF, presented as defects in their structure. Electrocatalysis of H2O2 reduction is thus PB exceptional 
property [2]. Nevertheless, non-iron HCFs perform high mechanical and chemical stability and were used 
for the superior electrocatalyst entrapment. The method of PB stabilization with NiHCFs was elaborated. 
The approach of layer-by-layer deposition of the PB catalytic and transition metal layer was shown to be 
preferable [3]. The method was adapted for mass production: screen printed electrodes were modified 
with PB-NiHCF bilayers in the open circuit regime (chemically). The sensors modified with composite 
material of PB and NiHCF were completely stable in continuous flow of 1 mM H2O2 within more than 1 
h, whereas common PB based sensors lose half of their response within 20 min. 

Furthermore, a new microscope-free pure electrochemical tool for evaluation of transition metal 
HCFs films continuity was elaborated. The decrease of HCFs films’ resistance upon material amount 
increase can be referred to as an apparent anti-Ohmic trend since the amount of the deposited film usually 
presumes film thickness. Nevertheless, assigning charge transfer resistance to the resistance of the 
electrode|film interface, its observed decrease with subsequent saturation is explained in terms of an 
increase of the interface area until the entire electrode is covered with the film. The dependence of charge 
transfer resistance on the amount of HCF deposited thus provides a microscopy-free estimation of the 
electroactive inorganic polymer film continuity [4]. 

Finally, we proposed a new approach of Prussian Blue-based (bio)sensors operation in power 
generation mode, providing advanced analytical performance characteristics. PB based (bio)sensors were 
successfully operated without a potentiostat by a simple short-circuiting the working and the reference 
electrodes. The noise of Prussian Blue-based (bio)sensors in power generation mode is an order of 
magnitude lower compared to it in a conventional three-electrode regime. Such approach simplifies 
elaboration of the controlling electronics and would have a potential for low voltage read-out methods, 
for example for printable electronics or wearable smart devices [5]. 

Financial support through Russian Science Foundation grant # 16-13-00010 is greatly 
acknowledged and Russian Foundation for Basic Research grant # 18-33-00392 is greatly acknowledged. 
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The stability of liposomes for drug delivery greatly depends on the layer components. In the preparation 
of liposomes with anchored gold nanoparticles the lipid like didodecyldimethylammonium bromide 
cation (DDAB) is included in the liposome composition in order to facilitate the anchoring of the gold 
nanoparticle [1]. In this communication a Langmuir trough is used for preparation and thermodynamic 
characterization of a monolayer including DDAB, one of the phospholipids that has been frequently 
included in pharmaceutical formulations, 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC) and 
cholesterol (Ch). The most stable formulation was then used to prepare monolayers in the electrolyte/inert 
gas interface of an electrochemical cell that were transferred to Au(111) electrodes by the Langmuir-
Shaefer method for their characterization by electrochemical impedance spectroscopy (EIS). The effect of 
DDAB was deduced by comparison with the behaviour of DDAB free monolayers. In all cases, stable 
monolayer coated electrodes with a very low frequency dispersion of the capacitance in a wide potential 
range were obtained. The lower capacitance values obtained with films containing DDAB suggest a better 
organization of the lipid tails in this case. 
Doxorubicin (DOX), an anthracycline anticancer drug [2], was selected to essay the drug delivery 
properties of the films because its toxicity and low remaining time in blood require the search for new 
carrier formulations and strategies. Moreover, doxorubicin is a redox active molecule due to its quinone 
and hydroquinone groups that can be respectively reduced and oxidized, so it has been previously used to 
characterised amphiphilic films by electrochemical methods [3,4]. The inclusion of DOX into the mixed 
lipid films considered in this communication provides lower capacitance values at potentials around the 
minimum of capacitance, with a very low frequency dispersion, and a peak associated to DOX reduction 
at more negative potentials.  
The reduction of DOX on electrodes coated in the electrochemical cell in the presence of DOX at a 
concentration of 10−5 M and at pH 4.5 was studied by voltammetry and impedance spectroscopy. The 
analysis as a function of scan rate and of the frequency of the ac signal, respectively, indicate contribution 
of DOX adsorption on the electrode and DOX diffusion to the electrode from the solution. 
The preparation of coated electrodes in the Langmuir trough in the presence of DOX and the transfer to 
cells containing only the supporting electrolyte allowed us to study the reduction of DOX that is included 
into the film. Under these conditions, the reduction was found to obey the model of a surface confined 
electrode reaction and the charge transfer resistance, Ra, and adsorption capacitance, Ca, were obtained at 
potentials of the faradaic region. The combination of both parameters provides the rate constant for the 
reduction in a wide potential range. The potential dependence of the forward rate constant is compatible 
with a sequential mechanism with two determining steps: a chemical reaction preceding a first electron 
transfer and a second electron transfer. 
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The recent advances in nanotechnology and biomedical sciences led to the concept of highly sensitive, 

fast, economic nanostructured biosensors or bioanalytical devices with direct applications to Healthcare 
and Medical Diagnosis. The possibility of continuous, real time health monitoring represents one of the 
most important objectives and numerous efforts are dedicated to the development of wearable sensors and 
biosensors. Especially, the combination of wireless sensors with computing allows the use of common 
devices such as mobile phones to continuously monitor the health status of an individual. 

In order to achieve the goal of wearable devices, flexible electrodes are highly demanded. Electrode 
systems based on polymer foils, meshes of microscopic metallic fibers and nanowire networks have all 
the required properties to be great alternatives for wearable sensors capable to quantify biomarkers in 
body fluids [1]. Among several technologies for obtaining highly conductive microscopic metallic 
meshes, electrospinning can be used for obtaining submicronic polymeric fibers [2], which in turn can be 
easily coated with metal layers in order to assure a conductive path. 

The objective of this work is to obtain, characterize and compare flexible electrodes fabricated from 
electrospun poly methyl-methacrylate (PMMA) fibers and egg-shell membranes. These materials were 
coated with gold, silver, palladium [3] and carbon by magnetron sputtering, thermal evaporation or by 
electrochemical methods in order to turn them conductive and then attached on PET foil assuring their 
flexibility and mechanical strength. All these materials were tested for their efficiency in H2O2 detection -
the main product of oxidoreductase enzymes, and for immobilization of glucose-oxidase. 
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Figure 1. A) SEM images of Au-coated PMMA electrospun fibers. B) CVs of Au/PMMA/PET electrode 

in pH = 7.0 0.1 M phosphate buffer. C) Chronoamperogram recorded at Au/PMMA/PET electrode at  
-0.20 V in pH = 7.0 0.1 M phosphate buffer after consecutive additions of H2O2.  

 
The electrodes were characterized by scanning electron microscopy, Fig. 1A, and electrochemical 

methods, Fig. 1B. Cyclic voltammetry was employed to determine the nature of the electrochemical 
process in neutral media and to evaluate their electrocatalytic activity towards H2O2 reactions. 
Electrochemical Impedance Spectroscopy (EIS) was used to investigate the physical and interfacial 
properties of these electrodes in the presence and absence of H2O2. Amperometric detection, Fig. 1C, was 
performed as sensitive technique at low working potential that allow avoiding interferences when used in 
biological environments. 
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The sensitive and specific detection of DNA and proteins is of great significance for clinical 
diagnosis. Nanostructuring electrodes surfaces drastically improves the performances of the (bio)sensing 
devices and adds suitable functionality to the sensor for the detection of bioanalytes in specific 
environments [1]. The design of nanostructured electrode surfaces usually involves metallic and 
semiconductor nanoparticles, nanotubes or nanowires, but three-dimensional networks of nanofibrous 
mashes present a high surface-to-volume ratio for a very high sensitivity. Highly conductive microscopic 
meshes can be obtained through low cost and scalable methods. As an example, electrospinning is a 
technique that allows obtaining submicronic polymeric fibers, which can be easily coated with metal 
layers [2], or can incorporate conductive materials in order to obtain a conductive path.  

This work describes the fabrication and characterization of poly-methyl methacrylate (PMMA) 
electrospun fibers coated with a gold layer, Fig. 1(a), or incorporating carbon black (CB) particles, and 
their applications in biosensors with DNA oligonucleotides and aptamers, Fig. 1(b), for the 
discrimination of specific mutations and for protein detection with high selectivity and sensitivity.  
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Figure 1. (a) SEM image of Au coated PMMA electrospun fibers. (b) Secondary structure of PrP aptamer (predicted 
by Mfold Web Server). (c) DP voltammograms recorded with the PrP aptamer biosensor after incubation in the PrP 

solution and control experiment with BSA. 
 

The adsorption of DNA oligonucleotides with phosphorothioate bond substitutes and aptamers with 
different functional groups onto the Au-coated and CB-containing PMMA electrospun fibers was 
investigated by microscopic (SEM, AFM), spectroscopic (XPS, FTIR, SPR) and electrochemical (EIS, 
voltammetry) techniques in order to develop new robust immobilization strategies. It has been shown that 
the immobilization procedure involves a strong interaction between the sulfur-containing groups and the 
gold surface, while the use of conductive electrospun structures drastically reduces the effects of non-
specific adsorption and leads to high sensitivity of the biosensor. As proof-of-concept, applications of this 
(bio)sensing platform involve discrimination b3a2 and b2a2 mutations in chronic myeloid leukemia as 
well as the detection of prion protein (PrP), Fig. 1(c), which has great implications in transmissible 
spongiform encephalopathies. 
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Bacterial cell membranes present a promising target for new antibacterial agents in a time of increasing 
antibiotic resistance.1,2 To study the effects of potential drug candidates, and to better design antimicrobial 
agents, an understanding of the bacterial cell membrane is required. Cell membranes are complex 
structures comprising functional proteins embedded within a lipid bilayer.3 The type of lipids constituting 
a cell membrane, which can vary in shape and charge, will significantly influence the macroscopic 
properties of the membrane.4 In order to explain the diversity in bacterial membranes, we are interested in 
the behaviour of the tertiary lipid mixture corresponding to the Escherichia coli cell membrane5. 
Supported lipid bilayers are frequently used to model natural cell membranes as they offer a more simple 
and stable system to investigate the organisation of membrane components.6 By using a conducting 
surface for such supported bilayers, the effects of a physiologically-typical electric field across the bilayer 
can be explored.7 In the presented work, pressure-area isotherms, Brewster angle microscopy, differential 
capacity and chronocoulometry measurements have been employed to compare the behaviour of a model 
E. coli membrane with its comprising lipids. We have studied floating monolayers on water and 
supported bilayers of dimyristoyl phosphatidylethanolamine (DMPE),8 dimyristoyl phosphoglycerol 
(DMPG), tetramyristoyl cadiolipin (TMCL) and the tertiary model mixture of 80 mol% DMPE, 15 mol% 
DMPG and 5 mol% TMCL. Fig. 1 shows differential capacity data for these lipid bilayers supported on a 
Au(111) electrode. We see that while the TMCL bilayer has a slightly greater capacity than the DMPE 
bilayer, the capacity of the DMPG bilayer is significantly higher than both DMPE and TMCL. It is likely 
that the DMPG bilayer is much more permeable. Our measurements also show that the tertiary mixture 
forms a bilayer of high permeability, suggesting that even a small addition of 15 mol% DMPG induces 
significant disruption to the stability of the membrane. 

 

 
References 
1. H. C. Neu, Science, 1992, 257, 1064–1073. 2. J. Jonca, C. Tukaj, W. Werel, U. Mizerska, W. Fortuniak 
and J. Chojnowski, J. Mater. Sci. Mater. Med., 2016, 27, 55–69. 3. B. Alberts, A. Johnson, J. Lewis, M. 
Raff, K. Roberts and P. Walter, Molecular Biology of the Cell, Oxford University Press, New York, 5th 
edn., 2008. 4. W. Dowhan, Annu. Rev. Biochem., 1997, 66, 199–232. 5. W. Dowhan, Biochim. Biophys. 
Acta - Mol. Cell Biol. Lipids, 2013, 1831, 471–494. 6. E. Sackmann, Science, 1996, 271, 43–48. 
7. J. Lipkowski, Phys. Chem. Chem. Phys., 2010, 12, 13874–13887. 8. E. Madrid and S. L. Horswell, 
Langmuir, 2013, 29, 1695–1708. 

Fig. 1. Differential capacity curves for a Au(111) surface in 0.1 M NaF. Dashed 
line: bare electrode; blue line: DMPE bilayer; pink line: DMPG bilayer; green 
line: TMCL bilayer; purple line: E. coli model bilayer comprising 
PE80PG15CL5. All lipid curves present a negative potential sweep.  
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In this contribution, we focused on a fundamental study targeting the interaction of the recently developed 
water-soluble cationic [6]helicene derivative 1 (1-butyl-3-(2-methyl[6]helicenyl)-imidazolium bromide) 
[1] with diverse structural forms of single-stranded and double-stranded DNA. The synthetic perfect 
duplex formed of 30-mer oligonucleotides (primary sequence of one of the strands AAC CCA GAT GTC 
CTA CAG GAT AGC TCG CAG), bacterial plasmid DNA and native calf thymus DNA were 
investigated using electrochemistry, gel electrophoresis and spectroscopic tools supported by molecular 
dynamics (MD) simulations. Both the experimental and theoretical work confirmed the selective minor 
groove binding of ligand 1 to the DNA double-helical structure. Both the positively-charged imidazole 
ring and hydrophobic part of the side chain contribute to the accommodation of 1 into the double-stranded 
DNA structure. Neither an intercalative binding mode nor affinity of 1 to single-stranded DNA were 
confirmed in control electrophoretic experiments and a voltammetric comparative study with structural 
components of 1, i.e. [6]helicene and 1-butyl-3-methylimidazolium bromide. Finally, the binding of 
optically pure enantiomers (P)-1 and (M)-1 was studied using circular dichroism spectroscopy 
complemented by MD simulations. The results acquired could be used for the further study of DNA 
interactions with helical polyaromatic and evaluation of their genotoxicity in general. Furthermore, 
compound 1 or its analogues could also be utilized for unique applications such as the development of 
multifunctional DNA structural probes based on selective minor groove binding, strong electrostatic 
attraction forces and chiral resolution. 
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Increasing incidents of cutaneous melanoma represent a rising threat for thousands of people 

worldwide every year. The early detection of melanoma, i.e., before its penetration through the upper skin 
layer (epidermis), enables the possibility of curing through surgery. Preferred are non-invasive, rapid and 
low-cost detection methods that can be carried out in the doctor's office. Visual inspection of nevi on the 
patient's skin is performed by dermatologists considering asymmetry, border irregularity, color, diameter 
and evolution criteria. A more clear diagnosis is provided by subsequent, invasive immunohistochemistry 
(IHC), where excised and sliced skin is pathologically diagnosed through the staining of skin cancer 
biomarkers followed by optical detection. Various methods are currently being explored with the goal to 
i) improve the success rate for the early identification of melanoma and determination of its progression 
stage and ii) operate in a non-invasive way. The main focus is made on spectroscopic methods, but also 
electrochemical techniques show a big potential via the detection of electroactive species being 
specifically generated at biomarkers. 

In this contribution, we shall present our recent progress made on the electrochemical mapping of the 
distribution of tyrosinase (TYR) in excised human and mice tissues. TYR is an enzyme participating in 
the production of melanin and is over-expressed and homogeneously distributed in early melanoma, while 
a heterogeneous distribution is developed in progressed stages. Therefore, TYR became a well-known 
diagnostic biomarker of primary melanoma in IHC, but the use of chromogenic and fluorescent dyes can 
be optically interfered. In our first strategy and similarly to state-of-the-art IHC, TYR was immuno-
labeled using a primary antibody for TYR, followed by linking a secondary antibody labeled with 
horseradish peroxidase (HRP) to the primary antibody. HRP catalyzed the oxidation of electroactive 
species, such as 3,3’,5,5’-tetramethylbenzidine (TMB) to TMBox, which was then electrochemically 
detected.[1] In the second strategy, the TYR-catalyzed oxidation products of L-3,4-
dihydroxyphenylalanine (L-DOPA), an amino acid and precursor for the synthesis of melanin, and other 
similar diphenols (e.g., catechol) were electroactive and thus electrochemically detectable.[2,3] 

For electrochemical imaging, we fabricated soft carbon microelectrodes embedded in flexible plastic 
sheets for Soft-Probe-Scanning Electrochemical Microscopy (Soft-Probe-SECM) and carbon nanotube-
coated microneedles for Skin-Penetration-SECM. Soft carbon microelectrodes are brushed in a gentle 
contact mode on the surface of excised thin (~10 µm thickness) and thick (mm thickness) tissue sections 
covered with electrolyte solution containing the electroactive species or their precursors for the detection 
of TYR. SECM images provided micrometric 2D information about the distribution of TYR.[4] 
Microneedles are coated with electrolyte-containing hydrogels, similarly to a recent work from Wang and 
co-workers,[5] and penetrated in a semi-invasive way vertically into the skin tissue at certain grid points 
with micrometric vertical resolution providing 3D information about the TYR distribution. 

Suspicious locations on the skin can be of square millimeter or even square centimeter dimension 
requiring the recording of data points over relatively large areas. Standard SECM imaging is rather slow. 
In order to reduce experimental times from hours to minutes, we used arrays of microelectrodes and 
-needles and we reduced the density of data points to a statistically reasonable number. 
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Non-invasive methods, which exclude not only injury to blood vessels, but also damage to the skin 

surface, are preferred for diagnostics: such methods are painless and avoid potential infection and trauma 
to patients. However, despite continuing efforts, even the problem of non-invasive evaluation of blood 
glucose concentration has not yet been solved. Non-invasive monitoring by means of chemical analysis is 
often considered unreliable since none of the excreted liquids directly replicates the metabolite content of 
blood. However, a sufficient requirement for non-invasive diagnostics would be a correlation in variation 
rates between metabolite concentrations in the excreted liquid and the corresponding values in blood. 

More than 90% of biosensors and analytical kits use the enzymes oxidases as the terminal (signal 
generating) ones. These enzymes produce hydrogen peroxide (H2O2) as the side product. Advanced 
biosensors are based on: (i) the most advantageous electrocatalyst for H2O2 reduction, and (ii) the 
improved protocol for enzyme immobilization. 

The electrocatalyst was elaborated on the basis of ferric hexacyanoferrate, Prussian Blue. Compared to 
platinum, which is used for H2O2 detection in electrochemical clinical analyzers and even in low-invasive 
glucose monitors, Prussian Blue modified electrodes are (i) three orders of magnitude more active in 
terms of > 1000 times higher electrochemical rate constant, providing similarly improved sensitivity, and 
(ii) three orders of magnitude more selective to H2O2 reduction allowing its low-potential detection in the 
presence of oxygen, practically avoiding the influence of reductants. Another problem of platinum, 
poisoning its surface in some biological liquids, like sweat, is also soled by the use of Prussian Blue. 

Advanced biosensors were elaborated combining the most advantageous electrocatalyst for H2O2 
reduction with the improved immobilization protocol resulting in formation of enzyme-polyelectrolyte 
complexes at the molecular recognition level. 

We show that exhaled breath condensate (EBC) contains glucose (≈0.01 mM for healthy subjects), in 
contrast to previous works reporting minimal glucose content in EBC. The evaluated breath condensate 
glucose levels correlate positively with blood glucose levels, thus offering the prospect of a non-invasive 
approach to the monitoring of diabetes. 

We have already demonstrated the diagnostic value of sweat: sweat lactate correlates with the rise of 
lactate concentration in blood. However, lactate content in sweat is approximately 10 times higher than in 
blood, making impossible the use of conventional lactate biosensors. Lactate biosensor with the 
remarkably increased upper detection limit has been elaborated by engineering of the enzyme lactate 
oxidase upon its immobilization. To decrease the enzyme binding constant the substrate binding sites in 
its active centre has been shielded with negatively charged polyelectrolyte. Accordingly, the non-invasive 
hypoxia monitor based on analysis of undiluted sweat has been elaborated. 

Inherent instability and high cost of the enzymes requires a search for non-enzymatic sensors. We 
recently reported on reagentless and label-free polyol detection by conductivity increase in the course of 
self-doping of boronate-substituted polyaniline. For non-invasive diagnostics of hypoxia, we elaborated 
the non-enzymatic sensor based on screen-printed structures with the working surface modified in course 
of electropolymerization of 3-aminophenylboronic acid (3-APBA) with imprinting of lactate. Analysis of 
human sweat with poly(3-APBA) based sensor is possible due to (i) much higher lactate content 
compared to other polyols and (ii) high sensor selectivity. Sensor sensitivity remains unchanged within 6 
months of storage unpacked in dry state at a room temperature, which is unachievable for enzyme based 
devices. 
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Abstract: Electrochemical DNA sensors based on the detection of a target DNA by sensing its intrinsic 
negative charge, can be strongly improved by the use of Peptide Nucleic Acid (PNA) probes. The 
hybridization of the uncharged PNA probe with the negatively charged DNA target results in a dramatic 
increase in the charge of the biolayer. The use of PNA has the added advantage of increased specificity and 
stability. The increase in surface charge can be easily measured with electrochemical impedance 
spectroscopy (EIS), where variations of charge transfer resistance in the order of 400% can be observed 
[1]. Non-Faradaic EIS measurements (i.e. without redox markers in solution) are useful for measuring any 
capacitance changes that occur on the biolayer. On the other hand, both charge variations and capacitance 
variations can be detected using biologically-sensitive field-effect transistors (BioFETs), where the biolayer 
is attached to the metal gate of the transistor [2]. 
In this study we use PNA-DNA redox intercalators to change the surface potential of the electrodes. We 
have developed and fully characterized an electroactive ferrocenyl PNA-DNA intercalator [3]. The 
presence of the intercalator allows the direct amperometric detection of the DNA target as well as enhancing 
the electrochemical impedance of the system. Of significant interest for BioFETs is that the presence of the 
intercalator induces a change in the formal potential of the system; this in turn modulates the threshold 
voltage of the transistor providing a sensitive and robust sensing method. An added advantage of the 
BioFETs is that they can be easily implemented as a monolithically integrated array of sensors providing 
high-throughput screening of DNA sequences. 
We have demonstrated the use of the BioFETs for the detection of Clostridium difficile. The bacterium is 
the primary cause of antibiotic associated diarrhea in humans and is a significant cause of morbidity and 
mortality. Thus the rapid and accurate identification of this pathogen in clinical samples (such as feaces) is 
a key step in reducing the devastating impact of this disease. We have achieved the BioFET and EIS 
detection of DNA of Clostridium difficile specific toxins extracted via a microwave-based technique [4]. 
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Several neurodegenerative diseases are caused by amyloidogenesis, which occurs through the 
accumulation of amyloid beta (Aβ) peptide and its aggregates in the human brain. The key to prevent 
Alzheimer’s disease lies in inhibiting the production of the plaque in the brain. In this study, the 
electrochemical interaction of Cu2+ with Aβ1-42 was investigated through voltammetric  methods based on 
the interface between two immiscible electrolyte solutions (ITIES). The aggregation of complexes at 
ITIES was studied by cyclic and differential pulse voltammetry. Changes in current density were used to 
monitor the interaction process.  ITIES shows that the amphipathic properties of Ab influence the 
aggregation and introduction of Cu2+ dramatically increase the rate of aggregation. Aβ1-42 .The 
stoichiometry and binding ability of Aβ1-42 during complexation with Cu2+ were determined by 
performing a DPV standard addition method.  Our results reflects that Aβ1-42 bound two molecules of 
Copper with binding constants of K = 1.2 × 106 M−1, n = 1.6 and K = 31.6 M−1, n = 1.3.  
 
We further studied the effects of a multifunctional peptidomimetic inhibitor (P6) ,based on a naturally 
occurring, metal chelating, tripeptide and an  inhibitor of Aβ aggregation at the ITIES. Optical 
microscopy and Circular Dichroism was used to identify interface induced aggregation and E-sheet 
secondary structures  
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Enzymatic glucose/O2 biofuel cells comprising a glucose oxidizing anode and an O2 reducing 

cathode are promising candidates for implantable bio-electronic devices.(1,2) While significant 
milestones have been reached in the last decade such as the first implantation in vertebrates or the first 
operation in human blood, several questions have to be addressed before envisioning real human 
implantation. Those new questions and exiting challenges are directly related to the immunogenicity, 
bioinertness or cytotoxicity of the biofuel cell. 

For this work, we have established an interdisciplinary consortium in order to address 
simultaneously those questions. Glucose oxidase and bilirubin oxidases have been engineered to provide  
high activity and stability. Anodic and cathodic porous gold fiber electrodes have been designed in order 
to properly immobilize osmium redox polymers and enzymes. Specific new hydrogels, which are coated 
on top the modified porous gold electrodes, have been synthesized to improve the biocompatibility. In 
this work, we’ll present our latest result obtained in vitro but also in vivo with implantable biofuel cells in 
mice. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Implantated miniaturized and biocompatible biofuel cell in a mouse 
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It has been known for decades that nucleic acids (NA) are electrochemically active substances giving 
analytically useful signals at different types of working electrodes, in various modes of electrochemical 
analysis [1]. Among electrochemical processes involving the NA components, particularly reduction or 
oxidation of nucleobase residues have found applications in DNA or RNA studies and in design of 
various assays or sensors, including DNA structure and interaction studies, NA hybridization, DNA 
damage sensing etc. Adenine and cytosine in natural NA produce a cathodic peak CA due to their 
electrochemical reduction around -1.5 V (vs. SCE) while guanine (G) is reduced at even more negative 
potentials. All DNA bases can be electrochemically oxidized. It has been generally accepted for years that 
reduction of NA bases in aqueous media can be observed only at mercury or amalgam electrodes that 
offer a high hydrogen overvoltage and thus negative potential window sufficiently wide to observe 
reduction processes taking place at highly negative potentials (which is the case of nucleobase 
electrochemical reduction). Nevertheless, our recent observations [2] revealed analytically useful 
reduction signals of all four DNA bases at electrochemically pretreated pyrolytic graphite electrode. 
Moreover, individual nucleobases were shown to be selectively detectable indirectly using 
electrochemical signals of products of their primary electrochemical conversions. At the same time, since 
these primary conversions are irreversible, it is possible to switch-off primary reduction signals of 
individual nucleobases by their selective oxidation and vice versa.  Owing to these facts, an improvement 
of selectivity of detection and determination of individual bases in DNA has been attained.  Moreover, the 
possibility of distinction and independent detection of some modified nucleobases (e.g., the well-known 
epigenetic mark 5-methyl cytosine – even in the presence of cytosine and/or thymine) or products of 
DNA damage (e.g., uracil which, in DNA, originates from one on most common chemical mutagenic 
processes – cytosine deamination).  
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Shewanella oneidensis MR-1 (MR-1) is capable of respiring on an extraordinarily large and diverse array 
of terminal electron acceptors, including extracellular insoluble metal oxides and electrodes. The ability 
to perform extracellular electron transfer (EET) has sparked great interest in MR-1 which has become 
both a model organism for fundamental research into EET and a candidate microbe for microbial 
electrochemical systems (MES), including microbial fuel cell. MR-1 has been described to transfer 
electrons extracellularly by direct contact and by using excreted mediators like flavins. However, the 
precise role of flavins and direct electron transfer mechanisms in the native habitat of MR-1 remains 
unclear, as is the exact EET mechanism on the large variety of electrodes that are used in MES. 
EET pathways with onset potentials above -0.1 V vs SHE have previously been ascribed to direct electron 
transfer (DET) mechanisms via surface exposed decaheme cytochromes (MtrC/OmcA) of MR-1. In 
contrast, here we show that addition of iron(II)chloride enhances this catalytic signal, while the 
siderophore deferoxamine abolishes it, leading us to conclude that this pathway instead proceeds via an 
iron mediated electron transfer (MET) mechanism. It is found that the same EET pathway is observed at 
other electrodes and that the onset potential is dependent on the electrolyte composition (i.e. iron 
chelation) and electrode surface chemistry.  
To directly examine the effects of electron mediators on MR-1, video microscopy cell tracking 
experiments were carried out using a capillary electrochemical cell. Tracking of MR-1 trajectories 
(including high velocity trajectories) from bright field microscopy, low frame rate (10 FPS) videos 
indicate that MR-1 has a tactic response to electrodes poised at oxidative potentials and that the potential 
required for switching behaviour (-0.25 to -0.15 V vs SHE) coincides with the midpoint potential of 
flavins (-0.2V vs SHE). This tactic response is absent in 'mtr mutants indicating the tactic response is 
induced via the respiratory machinery of MR-1. 
We hypothesize that the surface exposed decaheme cytochromes (MtrC/OmcA) of MR-1 are promiscuous 
and able to exchange electrons with a large variety of redox-active compounds (both soluble and 
insoluble), enabling MR-1 to uses energy taxis to migrate to regions with more oxidative redox 
conditions. In MES, the same principle operates, likely leading to the previously observed variety in 
electrochemical behaviour.  



Intelligent Multi-Electrode Arrays as the Next Generation of 
Electrochemical Biosensors for Real-Time Analysis of Biomarkers in 

Biofluids 
 

Stav Biton, Rajendra P. Shukla, Alon Mazafi, Anat Friedman, Avia Lavon, and Hadar Ben-Yoav 
Department of Biomedical Engineering, Ben-Gurion University of the Negev  

Beer-Sheva, 8410501, Israel 
benyoav@bgu.ac.il  

 
Electrochemical biosensing micro-devices are translational and mobile analytical micro-systems that 
enable rapid and label-free analyses of redox biomarkers, bringing benchtop medical diagnostic methods 
to the point-of-care. However, the selectivity of these electrochemical biosensors towards the biomarkers-
of-interest dramatically decreases in the presence of biofluids due to other redox molecules generating 
masking electrochemical signals, requiring pretreatment steps to filter the interfering molecules and 
limiting the biosensor’s real-time analysis capabilities. Thus, engineering new electronic electrode 
interfaces and analytical approaches that would improve the signal-to-noise ratio of the 
electrochemical signals generated by the biomarkers and could be easily integrated in electrochemical 
biosensors, would make a significant contribution to real-time measurement of various redox 
biomarkers in the body in health and disease, and would find utility in a wide range of biomedical 
applications, from in vivo diagnostics to in situ screening of drugs. In this work, we demonstrate the 
beneficial use of the electrodeposition method to modify electrodes with bioelectronic nano-films (e.g., 
biopolymer chitosan and reduced graphene oxide) at a high spatiotemporal resolution that enables 
integrating unique functionalities onto a microfabricated array of electrochemical sensors1,2 (Fig. 1A). We 
use the film-modified multi-electrode arrays to rapidly probe redox biomarkers in biofluids without 
pretreatment steps in three modes of detection: (1) direct detection of a specific biomarker, (2) indirect 
detection by influencing the masking signals that interfere with the biomarker’s electrochemical signal, 
and (3) simultaneous detection of multiple biomarkers using intelligent machine learning algorithms. The 
main innovation in our proposed approach lies in the use of electrodes that are modified by coating with 
bioelectronic films that control the electrochemical signal characteristics based on the physicochemical 
properties of redox molecules, and enables the intelligent array of electrochemical sensors to distinguish 
between overlapping and masking signals. Finally, we demonstrate the proof of concept detection in 
real-world scenarios: (1) amplification of antipsychotic clozapine electrochemical signal using a redox-
cycling film enables improved detection in serum and will provide better schizophrenia treatment 
outcomes (Fig. 1B), (2) shifting the interfering signal generated by uric acid using carbon nanotubes 
encapsulated in a chitosan film (CNTs-chitosan) improves the in situ detection of the neurotransmitter 
dopamine (Fig. 1C), and (3) utilizing an array of electrodes modified with various selectivities to different 
neurotransmitters and analyzing the set of signals generated from profiles of neurotransmitters using 
machine learning algorithms enables their simultaneous differentiation in urine (Fig. 1D).  
Figure 1. (A) Electrochemical biosensors integrated with functional bioelectronic films for real-time 

probing of redox 
biomarkers in 
biofluids. (B) 
Amplification of 
antipsychotic 
clozapine 
electrochemical signal. 
(C) Differentiating 
dopamine in the 
presence of uric acid’s 
interfering signal. (D) 
Intelligent multi-
electrode array for 
neurotransmitters 
profiling. 
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We describe here automated, low cost, 3-D printed microfluidic arrays that detect DNA damage 
and oxidation from metabolites of chemicals in environmental samples. Damage to DNA and 
genes is related to genotoxicity, and may be manifested in acute and chronic maladies including 
cancers. The electrochemiluminescent (ECL) detection platform incorporates layer-by-layer 
(LbL) assembled films of microsomal enzymes, DNA and an ECL-emitting metallopolymers in 
~10 nm deep microwells. Metabolic chemistry is driven in these microwells mainly by 
cytochrome (cyt) P450s and other enzymes in LbL films in the microwells, and we use 
electrochemically driven cyt P450 activation combined with other metabolic enzymes to produce 
metabolites in our arrays. Liquid samples are introduced into the array, metabolized by the 
human enzymes, and products react with DNA if possible. Metabolites can form nucleobase 
adducts that can be stable or lead to strand breaks, or can react with Cu2+ and NADPH to yield 
reactive oxygen species that oxidize DNA. A Ru metallopolymer produces enhanced ECL for 
adducted or cleaved DNA; an Os metallopolymer selectively produced ECL with oxidized DNA. 
In both cases, the damaged DNA moieties act as ECL co-reactants, and ECL is measured with a 
CCD camera.  Measurement of relative DNA damage and oxidation by the array assess the 
genotoxic potential of the samples. Cigarette and e-cigarette smoke extracts were evaluated with 
these devices. Potentially genotoxic reactions from e-cigarette vapor similar to smoke from 
conventional cigarettes were demonstrated. Reactivity of chemicals present in tobacco smoke 
and known to produce high rates of metabolite-related DNA damage were used as standards to 
assess the severity of possible DNA damage. 
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Bilirubin oxidase (BOD) is a multicopper protein known to efficiently reduce O2 into water with low overvoltage. 
This enzyme has thus been widely used in biotechnological devices such as enzymatic fuel cells 1. However, the 
activity of immobilized enzymes, and hence the performance of the related bio-devices, is often hampered over 
time. In addition to progressive loss of enzyme intrinsic activity with time, change in orientation and conformation 
of enzymes adsorbed on conductive solid supports may be suspected2. Understanding of these parameters is thus 
critically important. By modulation of the pH of adsorption of BOD on functionalized carbon nanotubes (CNT), 
we previously demonstrated that electrostatic interactions were the main processes controlling the orientation of 
the enzyme for fast electron transfer3. However, to get more information on the orientation and possible change 
in conformation of the enzymes associated with immobilization, it is mandatory to couple electrochemistry to 
surface methods such as SEIRA, SPR, QCM, or PMIRRAS4. These techniques mostly used flat gold surfaces 
functionalized by self-assembled monolayers (SAMs), which allow to easily tuning the chemistry of the electrode.  

In this work, we aim to make a clear correlation between enzyme activity on SAM-modified gold electrode and 
on CNTs. SAMs allow to be rid of the influence of the nanostructuration induced by the CNTs, and to put forward 
the key parameters required for stable and fast electron transfer. We initiated our work exploring the interaction 
between SAM-gold electrode surface and Myrothecium verrucaria BOD by modifying both the pH of enzyme 
adsorption and the pH of the electrochemical assays. This modulation of pH modifies i) the electrode surface 
charge as a function of the type of SAM chemical functions, ii) the enzyme surface charge, and iii) the intrinsic 
enzyme activity. Using voltammetry and chronoamperometry at different SAMs, we systematically compared the 
catalytic reduction of O2 in all the pH conditions, as a function of the enzyme adsorption time, continuous and 
intermittent cycling of applied potential, different applied potentials, absence or presence of a redox mediator. We 
especially highlighted the effect of applied potential on the stability of the catalytic signal. Then, we established 
the correlation between the electrocatalytic activity in the form of current output recorded by electrochemistry, 
and the homogeneous catalytic activity obtained by spectrophotometric assays. Although, the magnitude of the 
catalytic current was mainly found to be controlled by the intrinsic activity of BOD as a function of pH, we clearly 
demonstrated pH zones where change in orientation of the enzyme controls the catalytic process. This change was 
further confirmed by modeling of the electrochemical curves, and by PMIRRAS and SPR performed in the same 
conditions. Finally, the data obtained in this work will allow us to discuss how parameters acquired on SAM-gold 
electrodes should be used for proper orientation of enzymes in a porous material. 

                                                           
1 Mano, N. and de Poulpiquet, A., 2017. Chemical reviews. 
2 Singh, Kulveer, et al. Energy & Environmental Science 6.8 (2013): 2460-2464. 
3 Mazurenko, Ievgen, et al.  ACS applied materials & interfaces 8.35 (2016): 23074-23085. 
4 Gutierrez-Sanchez, Cristina, et al. ACS Catalysis 6.8 (2016): 5482-5492. 
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Direct electron transfer between a redox label and an electrode requires a very short working distance 
(<1−2 nm), and in general an affinity biosensor based on the direct electron transfer requires a finely 
smoothed Au electrode surface to support efficient target binding. Here, we report that direct electron 
transfer over a longer working distance is possible between (i) an anionic -conjugated polyelectrolyte 
(CPE) label having many redox-active sites and (ii) a readily prepared, thin polymeric monolayer-
modified indium−tin oxide (ITO) electrode. In addition, the long and flexible CPE label (~18 nm for 10 
kDa) can approach the electrode within the working distance after sandwich-type target-specific binding, 
and fast CPE-mediated oxidation of ammonia-borane along the entire CPE backbone affords high signal 
amplification. Negatively charged casein and hydrophilic side chains of the CPE minimize nonspecific 
adsorption of a CPE-labeled DNA onto the ITO electrode. All are beneficial for sensitive washing-free 
DNA detection.  
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Extracellular electron and proton transfers are known to occur in electroactive bacteria but the 
fundamental understanding of these processes is still in its infancy and precludes the optimization of 
microbial bioelectrochemical technologies.[1] To determine the charge transfer properties (electron 
and/or proton transfer) of outer-membrane proteins of electroactive bacteria, we report here on an 
efficient and versatile electrochemical platform based on artificial lipid layers supported onto modified 
carbon electrode. This original approach consists in functionalizing a carbon electrode with first pH-
responsive electrophores and then with a biomimetic lipid membrane through which the properties of 
membrane proteins are probed (see scheme below). 
 
As a proof of concept, we discuss the intrinsic electroactivity of the model inner-membrane redox protein 
cytochrome c [2] probed directly at a lipid-modified electrode concomitantly with the detection of a 
grafted pH-responsive redox probe (quinone/hydroquinone units).[3] The goal of this project is the design 
of a modular lipid-modified electrode platform for detecting the electron and/or ion transfer properties of 
outer-membrane proteins of electroactive bacteria.[4] 
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 in a Biomimetic Surface Architecture, Biophysical Journal 94 (2008) 3698-3705. 
 
[2] E. Lebègue et al., An Optimal Surface Concentration of Pure Cardiolipin Deposited Onto 
 Glassy Carbon Electrode Promoting the Direct Electron Transfer of Cytochrome-c 
 Journal of Electroanalytical Chemistry 808 (2018) 286-292. 
 
[3] R.J. El-khouri, et al., pH Responsive Polymer Cushions for Probing Membrane Environment 

Interactions, Nano Letters 11 (2011) 2169-2172. 
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ELECTRODES » supported by the EU’s Horizon 2020 Programme and numbered n°745689. 
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Electrostimulation therapies for the nervous system would benefit from improved electrode materials that 
support neuron growth whilst in intimate contact with the electrode. Candidate materials include mixed 
ionic-electronic conductors such as IrOx, or poly(3,4-ethylenedioxythiophene) (PEDOT) polymers, which 
offer large charge storage capacities and improved safety because of their intercalation chemistry that 
lowers impedance and prevents radical formation. Those materials have been optimized and studied 
previously as electrodes directly connected to the power source [1-5], but the influence of their 
conductive character is also important because valence changes are expected to occur in the material itself 
during delivery of an electric field. To elucidate how those valence state changes influence neuron growth 
we prepared a range of electrically conductive materials encompassing electronic (metal) and electronic-
ionic substrates (conductive polymers and semiconducting oxides). All materials were thin transparent 
films to permit time lapse microscopy of amphibian spinal neurons growing directly on them. Materials 
were not connected directly to the power supply, but an electric dipole was created within the material 
using external electrodes connected through the culture medium. Results show that neuron growth was 
robust on films of gold, platinum, PEDOT-polystyrene sulfonate (PEDOT-PSS), IrOx and the mixed 
oxide (Ir-Ti)Ox without electrical stimulation but not on indium tin oxide. Electrical stimulation slowed 
neurite extension on gold but not on platinum. Although stimulation induced a dipole in all conductive 
materials, neurons responded differently to purely electronic conductors than to mixed-valence mixed-
ionic conductors. Neurites on PEDOT-PSS grew toward the cathode during stimulation, extending at the 
same speed as they did on glass but on IrOx and (Ir-Ti)Ox substrates the speed increased compared to 
glass but the neurite growth direction was random. We suggest that the dipole and electrochemical 
changes induced indirectly in the materials controlled neuronal growth speed and direction. This has a 
profound impact for new electrotherapies, permitting induction of an electric field within implanted 
conductive materials without any physical connection. Furthermore, this work with transparent materials 
shows that induced field stimulation is also possible when electrode transparency is desirable. 

                                                     
                                          Figure 1. Electroactive substrates and cell designs for remote stimulation 
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DNA damage has been related to various diseases like cancer [1]. DNA alkylation damage is of great 
importance since a specific DNA repair glycosylase natural mechanism has been detected for methylated 
adducts and these methylated adducts have been associated with numerous diseases. Alkylating agents 
interact with DNA to yield a variety of products, such as 7-methylguanosine (7-MeGuo), as a predominant 
adduct, Fig.1, 3-methyladenosine and o-6-methylguanosine. Various analytical methodologies have been 
established for the detection and quantification of 7-mGuo and/or 7-methylguanine. 
 

 

Fig. 1. Proposed electrochemical oxidation mechanism of 7-MeGuo. 

This work revealed the oxidation mechanism of 7-MeGuo on glassy carbon electrode in different media, 
using cyclic, differential pulse and square wave voltammetry, as well as impedance spectroscopy. 7-MeGuo 
is irreversibly oxidized in a pH dependent single step reaction predominantly under diffusion controll. The 
oxidation involves the transfer of one electron and one proton, by forming a highly reactive intermediate 
radical, 7-MeGuo●, and polymeric products, which adsorb strongly on the GCE surface. In addition, an 
electroanalytical method for the determination of 7-MeGuo in the presence of free bases, other nucleosides 
and dsDNA, based on differential pulse voltammetry, was proposed. A novel biosensor for DNA-
methylation detection was developed. 
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In 1937 Bologna celebrated the 200th anniversary of Luigi Galvani’s birth. On this occasion many 
prominent scientists gathered in the Italian city, including several Nobel prizes belonging to different 
disciplines like medicine, physics, and chemistry. One of these, the Danish physicist Niels Bohr, claimed 
that Galvani’s work was “immortal”, “a most brilliant illustration of the extreme fruitfulness of an 
intimate combination of the exploitation of the laws of inanimate nature with the study of the properties 
of living organisms” (see Heilbron 1999). The interdisciplinary character of Galvani’s work and the 
importance of his discovery of animal electricity were seen by Bohr and others as a fundamental step 
towards the emergence of modern science, including the invention of a revolutionary technology such as 
Volta’s battery. Indeed, Galvani’s experimental research on the relation between electricity and muscular 
motion, published in 1791, opened up an original research field which contributed to the development of 
new disciplines such as electrophysiology and electrochemistry (see Piccolino and Bresadola 2013). 
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Caveolae are vesicular invaginations of the plasma membrane, present abundantly in the plasma 
membrane of muscle, adipocytes and endothelial cells, with the exception of neurons and lymphocytes 
cells. They are specialized lipid raft domains, which are composed of cholesterol, glycosphingolipids, 
glycosylphosphatidylinositol (GPI)-anchored proteins, and structural caveolin proteins.  
In mammals, there are three different types of caveolins, caveolin 1 (CAV-1), caveolin 2 (CAV-2) and 
caveolin 3 (CAV-3), with a very similar structure and amino acid composition. CAV-1 is the most 
important protein, and it is crucial to the caveolae formation, structure, and function.  
Mutations in caveolin proteins genes are associated with numerous diseases, including musculoskeletal 
dystrophies, especially with CAV-3 genes, associated with oxidative stress, cardiac alterations, 
lipodystrophies and tumors. Evidence have implicated CAV-1 in tumor progression, the role of CAV-1 
depending on the type of tumor. 
Caveolins can be used as biochemical markers of caveolae and of cholesterol, and can also be used to 
detect oxidative stress and some type of tumors. The improvement of effective methods for the 
determination of caveolins is essential for drug development, clinical diagnosis and disease etiology 
research due to the importance of caveolins in numerous physiological processes. 
The oxidation mechanism of native and denatured caveolins, at a glassy carbon electrode, was 
investigated using cyclic, square wave and differential pulse voltammetry, and their redox behaviour is 
related to the tyrosine, tryptophan and cysteine amino acid residues oxidation.  
In native caveolins the oxidation of tyrosine and tryptophan amino acid residues in CAV-1 and CAV-3, 
and tyrosine, tryptophan and cysteine amino acid residues in CAV-2, was observed.  
Caveolins denaturation with urea caused an increase of the oxidation peak currents, sodium dodecyl 
sulphate affected the proteins 3D structure, and guanidine hydrochloride enabled the detection of two new 
oxidation peaks.  
The influence of cholesterol on the electrochemical behaviour of caveolins was also evaluated.  
In the absence and in the presence of cholesterol significant differences were observed for CAV-1 
oxidation. However, concerning CAV-2 and CAV-3 there was no significant change in their 
electrochemical behavior. 
The development of a new generation of caveolae and/or cholesterol biosensors is foreseen. 
The electrochemical methods are fundamentals tools for the characterization and determination of redox 
processes in important biological molecules, such as caveolins structural proteins, and in applications in 
biosensors, biotechnology and medical devices.   
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Micro-organisms are found in various ecosystems, where they have this ability to adapt to 

challenging conditions. Acidithiobacillus ferrooxidans, a gram negative bacterium, is the most studied 
and relevant model to understand how to survive in harmful environments such as pHs as low as pH 2 
[1]. This remarkable ability to gain energy through oxidation of ferrous iron at low pHs has also driven a 
lot of interest because of application in microbial leaching. Several metalloproteins have been identified 
and characterized from a biochemical point of view, including two diheme cytochromes and one 
cupredoxin. However, the whole electron transfer pathway from the outer membrane to the inner 
membrane cytochrome c oxidase (CcO) is still obscure [2].  

 
During this work, we will reconstitute at the electrochemical interface one part of the respiratory 

chain of A. ferrooxidans with the aim to determine the ET pathway step by step. We will focus our 
attention on three interacting proteins: the CcO, a newly identified cupredoxin, AcoP, which in anchored 
in the membrane and copurifies with the CcO, and a diheme cytochrome (cyt c4) supposed to interact 
with CcO. The strategy is to study purified AcoP, cyt c4 and CcO alone or incubated together in solution, 
or immobilized at an electrode mimicking one of the partner. Beyond thermodynamic data for each 
protein, this methodology offers the opportunity to decipher the molecular basis of protein-protein 
interaction favorable to electron transfer. We will discuss the occurrence of an intermolecular electron 
transfer between cyt c4 and AcoP, and its consequence on the whole electron transfer pathway. We will 
present the enzymatic properties of CcO towards the reduction of O2. We will emphasize the outstanding 
properties of the CcO extracted from this acidophile, exemplified by a much higher affinity for O2 
compared to classically used multicopper proteins such as bilirubin oxidases, and a much higher redox 
potential than the other identified CcO so far [3]. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Respiratory chain of Acidithiobacillus ferrooxidans 
 

References 
[1] R. Quatrini et al., Curr. Op. Microbiol. (2018) 
[2] M. Roger et al., Biophys. Biochim. Acta (2017) 
[3] X. Wang et al., Chem. Sci. (2018), under review 

mailto:lojou@imm.cnrs.fr


FTIR spectroelectrochemichal study of multicopper oxidases inhibition 
using azide as an active infrared probe 

 
Antonio L. De Laceya, Chiara Di Baria, Marcos Pitaa, Nicolas Manob, Sergey Shleevc 

aInstituto de Catálisis y Petroleoquímica, CSIC, c/ Marie Curie 2, L10, 28049 Madrid, Spain 
bCentre de Recherche Paul Pascal, Université de Bordeaux, UPR 8641, CNRS, Avenue Albert Schweitzer, 

33600 Pessac, France 
cBiomedical Sciences, Faculty of Health and Society, Malmo University, SE-0205 06 Malmo, Sweden 

alopez@icp.csic.es 
 

Multicopper oxidases (MCOs), such as laccase (Lc) or bilirubin oxidase (BOx), are enzymes typically 
incorporating four redox-active Cu ions, one named as T1 and the other three forming the T2/T3 cluster.1 
The inhibition mechanism of MCOs by halide anions is intensely studied as it is relevant for 
electrocatalytical applications such as biosensors or biofuel cells operating in physiological media.2 
Bioelectrocatalytic studies of Lcs show that direct electron transfer (DET) from the electrode to the 
enzyme is much less affected by Cl- than the mediated electron transfer (MET) using different substrates, 
whereas F- blocks both electron transfer modes. This result suggests that Cl- binds near the substrate 
binding site, precluding T1 reduction by the substrate but not electron transfer from the electrode. Instead, 
F- binds at a site of the enzyme where IET in the Lc is impeded, thus affecting both DET and MET 
electrocatalysis.3 

In order to get further insight of the inhibition mechanism, an infrared spectroelectrochemical study of 
Trametes hirsuta laccase and Magnaporthe oryzae bilirubin oxidase has been performed using azide, an 
inhibitor of MCOs, as an active infrared probe incorporated into the T2/T3 copper cluster of the enzymes. 
The redox potential controlled measurements indicate that N3

- stretching IR bands of azide ion bound to 
the T2/T3 cluster are only detected for the oxidized enzymes, confirming that azide only binds to Cu2+. 
Moreover, the process of binding/dissociation of azide ion is shown to be reversible. The interaction of 
halide anions, which also inhibit MCOs, with the active site of the enzymes was studied by measuring the 
changes in the azide FTIR bands. Enzymes inhibited by azide respond differently upon addition of 
fluoride or chloride ions to the sample solution inhibited by azide. Fluoride ions compete with azide for 
binding at one of the T2/T3 Cu ions, whereas competition from chloride ions is much less evident. 
Electrocatalytic and FTIR-spectroelectrochemical suggest that chloride anions, being larger than fluoride 
ions, block the access of an electron donor to the T1 site, rather than binding to the T2/T3 cluster. 
However, in the case of laccases a double site binding process cannot be excluded from the FTIR results, 
in which the chloride would be placed near the T2 site without displacing completely the bound azide.4 

 
1 Quintanar L., Yoon J, Aznar CP, Palmer AE, Andersson KK, Britt RD, Solomon EI (2005) J Am Chem 
Soc 127:13832-13845. 
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Hospital associated nosocomial infections caused by Pseudomonas aeruginosa (P. aeruginosa), a gram-
negative bacteria, are of particular interest, being associated with high rates of morbidity and mortality. 
Siderophores represent important virulence factors for many pathogens, being pathogen-derived 
molecules utilized in iron acquisition. Siderophores are non-toxic compounds, commercially available at 
low costs and can be considered biomarkers for a wide range of opportunistic bacteria, such as 
Pseudomonas. Thus, their rapid and sensitive detection could be of high importance for the early 
diagnosis and therapy management of nosocomial infections. The siderophore chosen for our studies was 
Pyoverdine (PyoV), a mixed-type produced by P. aeruginosa, composed of eight amino acids. Pyocianin 
(PyoC) is another virulence factor related to P. aeruginosa, being a zwitterion at blood pH, able to cross 
the cell membrane. The presence of PyoV and PyoC in water, body fluids or environment can be directly 
linked to the presence of Pseudomonas. Our preliminary studies showed that these two virulence factors 
could be electrochemically oxidized on graphite based screen printed electrodes with limits of detection 
in the µM range. 
In a first approach, a novel innovative sensor concept was elaborated using layer-by-layer technique for 
the deposition of graphene and gold nanoparticles composite film on the graphite-based screen printed 
electrode from aqueous suspension. Under optimal conditions, the electrochemical signal corresponding 
to the PyoV oxidation process was proportional to its concentration, showing a wide linear range from 1 
to 100 μM and a detection limit of 0.33 μM [1]. This sensor discriminated with satisfactory recoveries the 
target analyte in different real matrices and also exhibited low response to other interfering species, 
proving that this technique is promising for possible medical and environmental applications. In a second 
approach, the sensing platform based on graphene, polypyrrole and gold for the detection of PyoV 
displayed the same limit of detection (0.33 μM) and linear range [2]. However, by employing conductive 
polymers in the second platform, enhanced sensor stability was observed compared with the first one. 
This is most likely due to the presence of the polymer which tightly immobilizes the graphene layer. 
A substantial improvement of the limit of detection (66.9 nM) was obtained by using a third platform, in 
which electrochemically reduced graphene oxide was combined with gold nanoparticles on the surface of 
a screen printed electrode. 
Finally, a novel glove-embedded printable sensor was designed for simultaneous detection of PyoV and 
PyoC. The glove contains two sensors printed along the length of the index and middle fingers. Once 
placed on the hand of a person during an investigation session, the glove-based sensors platform can be 
used for rapid on-site detection of the targets. The sensors feature linearity from 0.01 to 0.1 µM for PyoC 
and 5 to 50 μM for PyoV, with a sensitivity of 2.51 µA µM-1 for PyoC and 1.09 nA μM-1 for PyoV 
(R2=0.990 and 0.995, respectively). The main application of the proposed finger-based sensors was the 
screening of contaminated surfaces such as furniture, medical scrapper, and sink. The integration of the 
electrochemical sensors in a laboratory glove is expected to inspire modern point-of-care tools used in 
healthcare in order to facilitate the prevention of nosocomial infections and implicit to ensure the patient 
protection. 
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Electro-enzymatic reactions combining oxidoreductase and electrode reactions allow highly 
selective electrochemical oxidation/reduction of reactants under mild reaction conditions, with a very 
small overpotential. The technology has already been applied to electrochemical biosensors, enabling 
selective and quick measurements of specific substances. Moreover, biofuel cells, which convert chemical 
energy of the oxidation of carbohydrates, such as glucose, in combination with oxygen reduction, under 
mild condition, come to attract considerable attention as power sources for wearable devices or self-
powered sensor-node systems. Long-term stability and power density should be improved for such ex-
vivo applications. We have developed pore size-controlled porous carbons as an electrode material to 
increase the loading of electroactive enzyme. To realize high current density per geometric surface area, 
the concentration of buffer solution should be increased to prevent the local pH change during the electro-
enzymatic reaction and also to minimize the ohmic solution resistance in the cell. However, the influence 
of electrolyte ions on the enzyme has not been clarified. This presentation focuses on the 
electroenzymatic reaction of glucose dehydrogenase containing flavin adenine dinucleotide as a cofactor 
(FAD-GDH) from Aspergillus terreus and potassium ferricyanide as a redox mediator. FAD-GDH has 
received considerable attention as an electrocatalyst for glucose anodes owing to its excellent substrate 
selectivity toward glucose and lack of O2 reactivity. The effect of high concentration of buffer 
(electrolyte) on the stability of FAD-GDH and current generation efficiency was investigated by using 
various electrolytes including Na+, K+, and ammonium ion as a cation, and SO4

2−, Cl−, NO3
− as an anion. 

The viscosity of the solution increase in the presence of kosmotropic ions such as Na+ and SO4
2−, which 

cause a decrease in diffusion coefficients of redox mediator and a decrease of the catalytic current. On the 
contrary, the thermal stability of FAD-GDH was substantially improved by adding kosmotropic anion, 
like SO4

2−; the kosmotropic anions cause a compaction of enzyme molecule. The residual activity of 
FAD-GDH in 1.5 M sodium or ammonium sulphate solution remained more than 70% after 60 min heat 
treatment at 60°C, while no residual activity was observed for FAD-GDH in a solution in the absence of 
ammonium sulphate. The CD spectral change depending on the temperature revealed that the stabilizing 
effect of the electrolytes was strongly related to the structural stability of the enzyme.  
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In the field of organic transistors, electrochemistry has long been confined to OECTs (Organic 
ElectroChemical Transistors) or ISOFET (Ion-Sensitive Organic Field-Effect Transistors). However, 
Electrolyte-Gated OFETs have recently emerged, where the classical dielectric of an OFET is replaced by 
water (Kergoat et al., 2010). Polarization of the gate causes formation of an electrical double layer (EDL) 
at both the gate/water and semiconductor/water interfaces, causing accumulation of carriers in the 
semiconductor, thus a drain current (ID) increase. Due to the extreme thinness of the EDLs, operating 
potentials are of a few hundreds of mV only. It is known, for classical OFETs, that ID depends on the 
dielectric capacitance C (Equation 1), with W the channel width, L its length, C the total interface 
capacitance, VGS the operating gate potential, VTh the threshold voltage and µ  the mobility of the charge 
carriers. Interestingly, for a water-gated OFET, the overall capacitance is given by Equation 2, with 
𝐶𝑂𝑆𝐶/𝐻20

  the organic semiconductor/water capacitance and 𝐶𝐻20/𝐺𝑎𝑡𝑒
  the water/gate capacitance.  

𝐼𝐷 = P 𝑊
 2𝐿 𝐶(𝑉𝐺𝑆 − 𝑉𝑇ℎ)2 (Eq. 1)           𝐶−1 = 𝐶𝑂𝑆𝐶/𝐻20

−1 + 𝐶𝐻20/𝐺𝑎𝑡𝑒
−1   (Eq. 2) 

As a consequence, physicochemical processes occurring at the water/gate interface, such as changes in 
interfacial capacitance induced by molecular recognition of a target molecule onto an immobilized 
receptor, can be transduced and, most importantly, amplified into a drain current variation. This paves the 
way for applications in the field of biosensors.  
At first in this work, we will focus on different methods able to biofunctionalize the semiconductor 
interface, which is challenging because covalent or even non-covalent functionalization of 
semiconductors led to significant degradation of charge carriers’ mobility. For applications such as 
immunosensing, we will demonstrate that gate modification is more pertinent. Precisely, we investigated 
the electroreduction of a diazonium salt for the covalent immobilization of a molecular probe onto which 
a specific antibody can bind. Gold microelectrodes were used as gates. A computational investigation was 
performed to decipher the recognition processes between the immobilized probe and the antibody in order 
to rationalize the position of the anchoring function with a minimum impact on the probe affinity for the 
antibody. The overall strategy (gate functionalization, antibody immobilization and displacement assay) is 
illustrated below. As a practical example, we used the device for detection of a water pollutant, 2,4-D, in 
real samples. 
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Left. Schematic view of the gate-modified EGOFET, before and after addition of the target molecule 2,4-D. 

Right.  Drain current as a function of 2,4-D concentration (solid squares) and blank experiment (open 
squares). Sample: bottled drinking water. 
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Microbial fuel cells (MFC) transform biomass and organic matter into bioelectricity. A number of 
substrate-microbe combinations are known, which readily generate electric power. Because MFCs are 
biological systems they generate weak voltages and powers; best achievable production potentials are 
hardly above 0.5V [1]. To improve powers a serial stacking of multiple MFCs is a feasible option [2-4]. 
Microbial fuel cell power generation and its storage is a challenging subject and not yet realized on an 
applied level. A number of approaches are published but more research is needed. A novel stack to stack 
microbial fuel cell power storage method was developed. For this end a new kind of a 12 liter 12 unit 
MFC stack with partly common electrolyte was constructed. This construction included also a maximum 
power point tracking and storage management device, which was build in-house in triplicate. The 12 unit 
MFC-stack was then assembled into a serial MFC-stack and later subdivided into three MFC-sub-stacks 
to enhance power generation. Polarization experiments showed that sub-stack creation improved power 
generation 8.5 times. The sub-stack processing was optimized including the use of shared and separated 
MFC units. The power generation resulted frequently in persistent power pooling to one of three sub-
stacks. Therefore more balanced power generation was searched and the three external circuits were 
alternated into random, directed, zigg-zagg and braid configurations. Another method was to reset the 
maximum power point tracking algorithm in order to gain control on power generation and voltage 
reversals. Finally, it was found, that battery permutation enabled effective synchronized lithium battery 
charging with MFC-sub-stacks. Well balanced power generation was related in an odd manner to time 
shift oscillations and the absence of voltage reversals. All in all, the work showed how to generate and 
store MFC power from a lager but simpler reactor where shared electrolytes are a major element in the 
MFC’s stack design. 
 
[1] Y. Kim, M.C. Hatzell, A.J. Hutchinson, B.E. Logan, Energy & Environmental Science, 4 (2011) 
4662-4667. 
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89 (2011) 259-270. 
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of Applied Electrochemistry, 47 (2017), 1115-1125. 
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Amyloid-β (Aβ) is a 39–42 amino acid long peptide found in a cerebrospinal fluid at nanomolar 
concentrations [1]. According to the amyloid cascade hypothesis, the transition of Aβ from the 
monomeric state to insoluble fibrillary aggregates, which constitute amyloid plaques, is a key event of 
Alzheimer’s disease. Details of the molecular mechanism underlying this process are still unclear. It is 
known that Aβ aggregation can be induced by metal ions which interact with the peptide through its 
metal-binding domain composed of N-terminal residues 1–16 [2]. In the cerebral cortex, senile plaques 
are mostly composed by Aβ and contain large amounts of metal ions, such as copper, iron, and zinc. 
Electrochemical oxidation of synthetic Aβ peptides, viz. Aβ42, Aβ16, and their mutants, was investigated 
on carbon screen printed electrodes by cyclic and square wave voltammetry. Electrooxidation peaks at 
potentials of 0.6, 1.05, and a wave at about 1–1.5 V were registered and assigned, respectively, to Tyr-10, 
His (-6, -13, -14), and Met-35 residues of the Aβ [3, 4]. The peak caused by Tyr residue oxidation was 
used for detection of Aβ16 interactions with metal ions [5, 6], of Aβ42 aggregation [7, 8], and of Aβ16 
post-translational modifications (PTMs). The addition of both Zn(II) and Cu(II) ions significantly reduced 
the intensity of Aβ16 Tyr oxidation signal and shifted the peak to more positive potentials, while Mg(II) 
and Ca(II) ions had no noticeable effect. The decrease of electrooxidation current with Aβ42 aggregation 
was attributed to a depletion of peptide pool constituting the ‘soluble’ fraction. Electrochemical analysis 
of Aβ16, Aβ42 and its mutants allowed for distinguishing: (i) some mutants under study from the ‘normal 
variant’ of the Aβ; and (ii) the mutants from one another [4, 6]. In addition, O-phosphorylation of Tyr-10 
and Ser-8 and 3-nitration of Tyr-10 residues of Aβ16 was found to strongly influence peptide’s 
electrochemical properties [9]. The proposed direct electrochemical assays appear to be very promising 
for studying peptides aggregation and complexing with metal ions as well as peptides’ PTMs. 
This work was financially supported by the Russian Science Foundation, grant 14-24-00100. 
[1] P.D. Mehta, T. Pirttila, S.P. Mehta, E.A. Sersen, P.S. Alsen, H.M. Wisniewski, Plasma and 
Cerebrospinal Fluid Levels of Amiloid β Proteins 1-40 and 1-42 in Alzheimer Disease, Arch. Neurol. 57 
(2000) 100. 
[2] P. Faller, C. Hureau, O. Berthoumieu, Role of metal ions in the self-assembly of the Alzheimer's 
amyloid-beta peptide, Inorg. Chem. 52 (2013) 12193. 
[3] E.V. Suprun, S.A. Khmeleva, S.P. Radko, S.A. Kozin, A.I. Archakov, V.V. Shumyantseva, Direct 
electrochemical oxidation of amyloid-β peptides via tyrosine, histidine, and methionine residues, 
Electrochem. Commun. 65 (2016) 53. 
[4] E.V. Suprun, S.P. Radko, S.A. Khmeleva, V.A. Mitkevich, A.I. Archakov, A.A. Makarov, V.V. 
Shumyantseva, Electrochemical oxidation of amyloid-beta peptide isoforms on carbon screen printed 
electrodes, Electrochem. Commun. 75 (2017) 33. 
[5] E.V. Suprun, N.V. Zaryanov, S.P. Radko, A.A. Kulikova, S.A. Kozin, A.A. Makarov, A.I. Archakov, 
V.V. Shumyantseva, Tyrosine Based Electrochemical Analysis of Amyloid-β Fragment (1-16) Binding to 
Metal(II) Ions, Electrochim. Acta 179 (2015) 93. 
[6] E.V. Suprun, S.A. Khmeleva, S.P. Radko, A.I. Archakov, V.V. Shumyantseva, Electrochemical 
Analysis of Amyloid-β Domain 1-16 Isoforms and Their Complexes with Zn(II) Ions, Electrochim. Acta 
187 (2016) 677. 
[7] E.V. Suprun, S.A. Khmeleva, Y.Y. Kiseleva, S.P. Radko, A.I. Archakov, V.V. Shumyantseva, 
Quantitative Aspects of Electrochemical Detection of Amyloid-β Aggregation, Electroanalysis 28. (2016) 
1977. 
[8] E.V. Suprun, S.P. Radko, E.A. Andreev, S.A. Khmeleva, S.A. Kozin, A.A. Makarov, A.I. Archakov, 
V.V. Shumyantseva, Electrochemical detection of Zn(II)- and Cu(II)-induced amyloid-β aggregation: 
Quantitative aspects and application to amyloid-β isoforms, J. Electroanal. Chem. 791 (2017) 152. 
[9] E.V. Suprun, S.P. Radko, T.E. Farafonova, S.A. Kozin, A.A. Makarov, A.I. Archakov, V.V. 
Shumyantseva, Electrochemical detection of protein post-translational modifications: Phosphorylation 
and nitration of amyloid-beta (1–16), Electrochim. Acta 258 (2017) 1182. 



Direct electrodeposition of highly porous gold (h-PG) onto gold 
electrode as potential on-line biosensor based on D-Fructose 

Dehydrogenase (FDH) 
 

Paolo Bollellaa, Yuya Hibinoc, Kenji Kanoc, Lo Gortonb, Riccarda Antiochiaa  
 

aDepartment of Chemistry and Drug Technologies, Sapienza University of Rome P.le Aldo Moro 5, 00185 
– Rome, Italy 

bDepartment of Biochemistry and Structural Biology, P.O. Box 124, 221 00 – Lund, Sweden 
cDivision of Applied Life Sciences, Graduate School of Agriculture – Kyoto, Japan 

 
paolo.bollella@uniroma1.it  

 
In the last decades, nanomaterials have shown great advantages in terms of functional properties for a 
wide range of technological applications [1]. Metal nanoparticles provide a lot of advantages compared to 
macroelectrodes, such as enhancement of mass transport, catalysis, high effective surface area and control 
on the electrode conductive microenvironment. Highly porous gold (h-PG) can be synthesized by using a 
chemical approach and electrodeposition. The main advantages of the electrodeposition method are the 
thickness, roughness and size control of the h-PG layer [2]. 
In this work AuNPs was directly electrodeposited onto a gold electrode (AuE) by using a two-steps 
method: 1) sweeping the potential in a 10 mM HAuCl4 solution (supporting electrolyte 2.5 M NH4Cl); 2) 
applying a potential -3 V vs. Ag|AgClsat [3,4]. Initially we optimized the different parameters that can 
affect the electrodeposition process, such as scan numbers, concentration of precursor solution, etc. 
Afterwards, the nanostructured electrodes morphology was studied by scanning electron microscopy 
(SEM). The so modified electrodes were characterized with Fe(CN)6

3-/4- by cyclic voltammetry and 
electrochemical impedance spectroscopy, and compared to the naked gold electrode (AuE) in order to 
determine the electroactive area (AEA), electron transfer rate constant (k0), real surface area (Areal) and the 
roughness factor (U) [5]. 
The electrode was further modified by thiols with different aliphatic or aromatic structure, length and 
functional groups (e.g. -COOH, -NH2, -OH) in order to provide a different charge onto the electrode, 
which may affect the orientation of Gluconobacter japonicus Fructose Dehydrogenase (FDH). 
D-Fructose dehydrogenase (FDH; EC 1.1.99.11) from Gluconobacter japonicus NCBR 3260 is a 
heterotrimeric membrane-bound enzyme complex with a molecular mass of ca. 140 kDa, consisting of 
subunits I (67 kDa), II (51 kDa), and III (20 kDa). Subunits I and II have a covalently bound flavin 
adenine dinucleotide (FAD) and three heme c moieties, respectively. FDH shows strict substrate-
specificity to D-(-)-fructose and is utilized in diagnostic and food analyses. FDH provides large catalytic 
current density in DET bioelectrocatalysis. However, the electron transfer pathway is going from the 
sugar oxidation through the three heme c moieties, which exhibit different formal potential [6].  
Finally, the electrode which showed the best results in terms of kinetic and analytical properties was 
tested for the detection of D-(-)-fructose in fruit juice samples as potential on-line biosensor for food 
industrial production processes [7]. 
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Self-powered biosensors have the great advantage to no longer require power for signaling device, and 
they provide an easy to measure, on-line signal. Conversely from enzymatic self-powered biosensors, 
microbial self-powered biosensors are not specific, or have very little specificity. This characteristic 
makes this type of biosensor extremely interesting for particular real world applications.(1) 
With the goal to reduce the contamination of water environments, the increasing generation of saline and 
hypersaline wastewater set an urgent need of developing water treatment techniques capable of operating 
under high salinity conditions. Hypersaline conditions refer to solutions in which the total dissolved 
inorganic salt content is greater than 3.5% w/v, and such conditions are notoriously problematic for 
classical biological monitoring/purification systems as these treatments are inhibited by the presence of 
high salinity.(2) Recent reports have demonstrated the use of halotolerant bacteria, which can adapt to 
high-salinity conditions, for the treatment of organic contaminants in saline wastewater. Some of these 
microorganisms are capable of extracellular electron transfer and have been previously interfaced with an 
anodic electrode, so that the consumption of a dissolved organic carbon source results in the generation of 
electricity as a microbial fuel cell (MFC).(3,4) By monitoring the generated current, correlations can be 
drawn to quantify the amount of organic contaminant (chemical oxygen demand, COD) in a given 
hypersaline water source. However, MFCs commonly employ air-breathing cathodes where the surface is 
colonized by bacterial cells, that results in a small cathodic potential (and thus a low cell potential) and 
low limiting current densities under biologically relevant conditions. Consequently, many microbial self-
powered biosensors suffer from low sensitivity.  
In this context, we considered the possibility of utilizing an air-breathing cathode, made with activated 
carbon and where microorganisms can colonize its surface, for maintaining an anodic microbial biofilm 
while employing a high-potential, electrode-bound, charged redox polymer to act as a temporary 
disposable cathode for high-sensitivity measurements of hypersaline wastewater contaminants. 
Additionally, bacteria entrapment in natural polymeric capsule, based on alginate, allowed a linear 
relationship between the generated coulombs of charge and COD up to approximately 10500 mg COD L-

1. Current discharges of only 60 sec allowed a fast and in-situ measurement, whereas common analytical 
COD methods are time consuming, generate toxic wastes and cannot be performed in situ. 
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Hydrogen is currently considered as a sustainable energy career required to support emerging solar and 
wind renewable energy sources characterized by intrinsic intermittence of operation. Its transformation in 
H2/O2 enzymatic fuel cells (EFC) allows sustainable electricity production thanks to the continuous fuel 
and oxidant transformation catalysed by natural, noble-metal free and efficient enzymes. In such devices, 
redox enzymes from hydrogenases and multicopper oxidases groups demonstrate most promising 
activities and smallest overpotentials. However, their use in H2/O2 fuel cells was so far hampered due to 
the intrinsic instability of these enzymes, notably hydrogenases often demonstrating extreme sensitivity to 
oxygen traces [1]. 
Three main ways have been explored to overcome this issue. Redox polymers have been designed for 
shielding of hydrogenases from oxygen while connecting them by electron hopping towards electrode [2]. 
Otherwise, gas diffusion electrodes were reported to overcome inactivation of hydrogenases [3]. In our 
group, we developed a different strategy by exploring the biodiversity and ability of some organisms to 
survive in extreme environmental conditions and demonstrated the feasibility of the use of thermostable 
enzymes, i.e. bilirubin oxidase from Bacillus pumilus and oxygen-tolerant hydrogenase from Aquifex 
aeolicus in the design of high temperature H2/O2 enzymatic fuel cells [4]. 
In this work, by combining the use of thermostable enzymes with rational nanostructuration of 
macroporous electrodes [5], we report a H2/O2 enzymatic fuel cell delivering more than 2 mW of power at 
50 °C [6], thus placing it among the most powerful EFCs developed within the last years. This high 
performance is allowed thanks of the in-
depth study of the factors currently 
limiting the EFC. First, due to the 
thermostable nature of the enzymes, we 
demonstrate that such EFC presents an 
excellent operational stability with 
hydrogenase-based anode half-life 
reaching one month at room temperature. 
Moreover, the encapsulation of 
hydrogenase in the 3D-porous electrode 
is shown to provide a level of protection against harmful reactive oxygen species. Second and for the first 
time in the particular case of hydrogenase, the non-catalytic signals and thus the amounts of incorporated 
and electrochemically active immobilized enzymes are accurately determined thanks to an original 
combined bio- and electrochemical approach. This allows deducing current densities in the order of 
hundreds of mA per mg of electroactive enzymes, reaching an impressive value of 1 A/mg for 
hydrogenase at 50 °C. Third, we discuss how the finite element modelling can be used to simulate 
different electrode geometries and to highlight mass-transfer limitation existing within the bioelectrodes 
when highly active enzymes are incorporated into the porous matrix. Finally, we evaluate the prospects of 
such biocatalysts in H2/O2 enzymatic fuel cells to replace platinum whose limited availability, economic 
and political issues push researchers to look for alternative catalysts. 
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Horseradish peroxidase (HRP) is an important workhorse in the field of biosensors. The second and third 
generation biosensors have been elaborated for H2O2 sensing by HRP electrodes.1,2 However, more 
important, the HRP electrodes can sense aromatic amines and phenols that can shuttle electrons between 
the enzyme and an electrode in the presence of H2O2 as a sacrificial electron acceptor.3 This detection 
scheme is similar to that of the second generation biosensors, i.e. both substrates of the enzyme are 
dissolved in the solution. However, the need in H2O2 which is present (or generated) in the measuring 
solution, complicates the analysis. 
 
We found that short pre-treatment by H2O2 of electrodes modified by titanium dioxide impregnated by 
HRP (0.75 nmol per 1 mg of TiO2) results in accumulation of oxidizing species (ca.14 nmol per 1 mg 
TiO2) that cannot be washed in followed multiple washing steps and can serve as an oxidizing agent for 
HRP. In the presence of 0.5 PM hydroquinone (HQ) the pretreated electrodes supported a stable cathodic 
current response (less than 20% decrease) for at least 30 min. Electrodes that were not pre-treated showed 
no noticeable current response to 0.5 PM HQ.  
 
The pre-treated HRP|TiO2|SPE demonstrated high sensitivity and fast response to hydroquinone, 
aminophenol, phenol, catechol, caffeic acid, and other phenols. The calibration curve for 4-aminophenol 
was linear in the range from 0.05 to 1 µM with the sensitivity of 2.7 ± 1.0 A�M-1cm-2 (average ± SD of 
three different electrodes) with the limit of detection of 24 nM. Intriguing, the sensitivity of the pre-
treated electrode was 5 times higher than that of the similar electrode in the conventional measurements, 
i.e. in the presence of 1 mM H2O2. The idea of the pre-treatment opens new possibilities for applications 
of the peroxidase sensors in analysis of phenols in a drop and in flow without H2O2 in the measuring 
solution. 
 

 
Figure 1. Comparison of the conventional detection scheme for detection of HQ by HRP|TiO2|SPE in the 
presence of 1 mM H2O2 added in the solution as the sacrificial electron acceptor; and the identical 
electrode pre-incubated in 1 mM H2O2 for 2 min, carefully washed, and tested in a cell with excess of 
pure supporting electrolyte. Potential applied, -0.14 V vs internal reference electrode (-0.1 V vs SCE). 
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 Melanoma is a dangerous cutaneous cancer, which needs to be identified at early stages to 
enable curing by surgery before the penetration from the upper layers of the skin to reach the bloodstream 
and to form at later stages metastases. The electrochemical detection of melanoma has been demonstrated 
recently in excised skin by addressing the enzyme tyrosinase (TYR), which is a known skin cancer 
biomarker being over-expressed in melanoma.[1,2] However, there is also an interest for non-invasive and 
painless electrochemical methods by using for instance microneedle-type electrodes penetrating into the 
epidermis. The microneedles must be coated with a suitable electrode material and in vivo monitoring of 
TYR requires biocompatible coatings, such as hydrogels, that i) provides a liquid electrolyte layer and b) 
contains electroactive species whose redox-state can be linked to the concentration of TyR in the skin.[3]  
  
 Herein, we present the production and electrochemical characterization of up to eight carbon 
nanotube-coated microneedles being individually addressable working electrodes by using a multichannel 
potentiostat (Fig. 1A). The active electrode area at the cone of the CNT needle was defined using 
insulating polymers. Various hydrogel materials were tested as suitable coatings loaded with a natural 
substrate of TYR, e.g. L-DOPA, and also catechol. As test samples, we used hydrogel-based dummy skin 
materials with controllable concentration and pattern of TYR (Fig 2b). TYR catalyzes the oxidation of L-
DOPA and catechol in presence of oxygen and the reaction products are electrochemical detectable at the 
CNT electrodes. The microneedle chip was mounted to a scanning electrochemical microscope (SECM) 
to enable the precise penetration of the needles into the dummy skin material. This allows the recording 
of the lateral and vertical distribution of TYR, which is important for the electrochemical identification of 
the progression stage of melanoma, as we reported recently.[1] We termed this methodology Skin-
Penetration-SECM.  
 

 
Figure 1. (A) Exemplary chip containing up to nine microneedles coated with CNTs and electrolyte-

containing hydrogels. (B) Hydrogel-based 3D of dummy skin containing a pattern of TYR. 
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We devised and fabricated electrochemical chemosensor for imatinib drug determination.  For that 
purpose, we prepared by electropolymerization a molecularly imprinted polymer (MIP) film based on 
polycarbazole serving as the recognition unit of the 
chemosensor. Imatinib is a 2-
phenylaminopyrimidine derivative acting as a 
specific tyrosine kinase inhibitor. It is widely used 
for treatment of chronic myelogenous leukemia, 
gastrointestinal stromal tumors and many other.  
Fast, simple and reliable method of this drug 
determination along with its principal active 
metabolites is important from the point of view of 
personalized drug dosage as well as pharmacokinetic 
studies of its transformations in the patient’s body. 

Molecularly imprinted polymers (MIPs)-based 
chemosensors have numerous advantages, including 
high selectivity, stability, low limit of detection, 
robustness, and low cost.1 Molecular imprinting 
involves polymerization of a functional monomer 
and cross-linking monomer around a molecular 
template. 

In order to devise a selective MIP film, we have 
synthesized a series of electrochemically active 
carbazole derivatives which were then used as 
functional and cross-linking monomers.  Interactions 
of selected carbazole monomers with the target analyte have been studied by Molecular Mechanics and 
DFT calculations.  The calculation results allowed for better understanding of the molecular cavity 
formation process.  Subsequently, the pre-polymerization complex was potentiodynamically 
electropolymerized resulting in formation of an electrochemically conductive polymer film.  The deposited 
polymer film was characterized by spectroscopic and electrochemical techniques.  The fabricated 
chemosensor response to imatinib was tested by using voltammetric techniques as well as electrochemical 
impedance spectroscopy.  The chemosensor responded linearly to changes in imatinib concentration from 
10 to 300 μM.  
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Fig. 1. Deposition of imatinib-carbazole-based 
molecularly imprinted polymer film under 
potentiodynamic conditions; Au disk electrode; 
scan rate: 50mV/s, solution containing 
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dichloromethane 
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Electrochemical biosensors have a tremendous potential to become cheap, fast and reliable 
analytic tools in clinical, industrial, environmental and agricultural analyses, eliminating the need of 
expensive equipment, highly trained personnel and time-consuming steps [1]. Achieving such level of 
routinely usage requires effective biofunctionalization strategies and biocompatible materials which 
ensure the maintenance of the recognition performance under appropriate operational conditions. This is 
the case of mussel-inspired chemistry that relies on aminocatechol moieties to mimetize the high adhesion 
of mussels to wet surfaces [2]. It is widely known that dopamine undergoes oxidative polymerization in 
aerated basic medium, covering virtually any type of surface with a quinone-enriched matrix 
(polydopamine, PDA) that displays reactivity towards amine functions. Recently, we have demonstrated 
the suitability of thin PDA films (ca. 3 nm) to immobilize biologically active Glucose Oxidase and 
Laccase on graphite electrodes [3]. Although far less explored than the chemical route, electrochemical 
polymerization of dopamine, by potentiodynamic mode, is also gaining importance in the literature [4]. 

Hereby, we present a successful one-step electrode modification where the enzyme Laccase is 
co-immobilized during the potentiostatic deposition of a polydopamine film on carbon electrodes. The 
morphology, wettability, optical and electrochemical properties of modified electrodes with distinct 
concentration of enzyme and electrodeposition time, were accessed by atomic force microscopy, water 
contact angle, ellipsometry and cyclic voltammetry. The catalytic performance of the Laccase-polymer 
modified electrodes was evaluated by chronoamperometry, and optimized for 2,2’-azino-bis-(3-
ethylbenzothiazoline-6-sulphonic acid) (ABTS) detection, a well-known substrate of Laccase. There is a 
clear improvement of the analytical parameters (apparent Michaelis-Menten constant and sensitivity) 
achieved for the one-step modified electrodes regarding those prepared in two steps: immobilization of 
Laccase on chemically or electrochemically pre-synthesized polydopamine films. The fast and efficient 
one-pot procedure proposed in this work is further explored in the detection of phenolic compounds. 
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The single-synapse analysis is essential for understanding mechanisms governing neuroplasticity of 
neuronal networks. The most of excitatory synapses are located on dendritic spines which are one of the 
synapse parts in the brain. The structural and functional alterations within dendritic spines underlay many 
crucial physiological and pathological processes. However, it is still not clear whether these changes are 
cause or consequence of mentioned phenomena. We assume that dendritic spine structures play a major 
role in learning and memory processes. One of the new recently described forms of dendritic spines is 
spine head protrusions (SHP), which is the protrusion on the top of the head of spine able to create new 
synapses (Figure 1). It has been also shown that the shapes of dendritic spines correlate with the number 
of vesicles containing glutamate in the cleft of synaptic connections (1, 2). 

 

 
Figure 1. Morphological diversity of dendritic spines. 

 
It has been examined that exogenous glutamate administration into cell culture induces SHPs 

formation. Based on that, it is assumed that glutamate plays a key role in that process. To determine SHP 
genesis in relation to glutamate concentration in neuronal culture, we have created an electrochemical 
glutamate biosensor, which can measure endogenous glutamate level released by neuronal cells after 
chemically induced neuronal stimulation. Proposed glutamate biosensor can be used in any other in vitro 
neuroplasticity studies due to its noninvasive character and precise detection range.  

For this means we have proposed a tool enabling detection of local, extracellular glutamate 
concentration in mature neuronal cultures. Electrochemical methods allow obtaining real-time 
information, often with high spatial and temporal resolution serving as an excellent supplement to the 
traditional optical analysis used for in vitro studies. Our system allows spatial positioning of the biosensor 
probe under confocal microscopy conditions simultaneously enabling observation of structural changes in 
dendritic spines, including SHP formation and quantification of glutamate concentrations. In our project 
glutamate is detected indirectly after an enzymatic reaction (glutamate oxidase) in which one of the 
products is hydrogen peroxide in concentration proportional to glutamate concentration. We have 
developed the nanocarbon electrode material modified with a redox mediator (Prussian Blue) that enables 
the quantitative measurement of hydrogen peroxide at the potential of 0V. Currently used glutamate 
biosensors require a high potential application (600-700 mV vs. Ag / AgCl), which affects the cells 
adjacent to the electrode and may cause unexpected neuronal stimulation. The electrical impulses of nerve 
cells are usually within the limits of -60 to +140 mV, therefore the electrical neutralization of the sensor is 
pivotal when it comes to measuring endogenously released level of neurotransmitters. The electrode has 
an additional anti-fouling layer preventing the adsorption of non-specific proteins presented in the culture 
medium. The innovative nature of our project is to propose solutions for two particularly important 
problems in laboratory techniques (electrical stimulation, protein fouling) both for in vitro and in vivo 
studies. 
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Nosocomial or hospital-acquired infections (HAI) are infections that the patient acquires in the hospital 
due to contaminated equipment, bed linens or air droplets, among others [1]. In an attempt to minimize 
the number of HAI, antibacterial textiles have been developed by incorporation of bactericidal compound 
in the textile. These, however, progressively lose their antibacterial activity with time, increasing the risk 
of contamination and infection. As a strategy to detect bacteria, metabolic indicators are molecules that 
only change in direct contact with live bacteria due to bacterial metabolism [2]. In this case, bacteria 
metabolize the compound producing a change in conductivity, pH or colour. Therefore, a number of 
compounds have demonstrated capacity to act as final electron acceptors or to exchange electrons with 
proteins or mediators in the electron transport chain. Some of these molecules are electrochromic and 
present a different colour for the oxidized and the reduced form of the molecule [3].  
 
This colour change capacity is here exploited in the development of a smart textile 
sensitive to the presence of living bacteria with the future objective to be 
implemented in antibacterial tissues for shelf-life determination. The smart 
sensing textile is produced by ultrasonic deposition of Prussian Blue (PB) 
nanoparticles in polyester cotton fabrics. After short sonication processes (below 
30 min) at 0.45 mM PB, sensing molecules are stably entrapped and 
homogeneously distributed in the matrix of the fabrics (Fig. 2.b). PB molecules in 
the textile were susceptible to microbial reduction by bacterial metabolism. 
According to the scheme presented in Fig. 1 and representing the electron 
transport chain of Escherichia coli (E. coli) the redox potential of PB was small 
enough to interact with many of the proteins and mediators present there and 
should be reduced. To demonstrated so, modified fabrics were incubated with 
bacterial samples of E. coli (Fig. 2.d) and Staphylococcus aureus (Fig. 2.e) for 24 h, as model gram-
negative and gram-positive bacteria. Samples in contact with microorganism lost their initial blue colour 
by the metabolic reduction of both microorganism, whereas control samples in culture medium remained 
blue (Fig.2.c). Electrochemical and optical assays are currently conducted to understand the dynamics of 

the process and evaluate the potential sensing capacity of the smart 
sensor.    
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Electrochemical immunosensors based on antigen-antibody interaction have received great interest 
due to their high sensibility and possibility of miniaturization for mass production with low costs. 
Nanotechnology plays a very important role in the biosensors field allowing to improve the performance 
of these devices and increasing the possibility of reaching very low detection limits. 

One of the most import step in developing an immunosensor is the oriented immobilization of the 
antibody necessary to facilitate and favor the antigen-antibody interaction for an increase sensibility and 
selectivity. Among several possibilities to achieve oriented immobilization is the use of boronic acid 
derivatives, which interacts with oligosaccharides present in the Fc region of an antibody [1]. In order to 
achieve this objective, functionalization of electrode surface is essential.  

In this work, the electrode surface functionalization by polymerization of 6-indole-carboxylic acid (6-
PICA) is described. The electro-polymerization reaction leads to a nanowire structure of the conductive 
polymer [2]. Besides, 6-PICA presents carboxylic groups in its structure, and this functionality allows a 
direct interaction with 4-aminophenylboronic acid (APBA), which in turn will permit a specific orientation 
of the antibody (Ab) at the electrode surface, increasing the efficiency of the device by favoring antigen-
antibody interactions. 

     
Figure 1. SEM images of 6-PICA over GC. Nyquist graphs in 1 mM [Fe(CN)6]3-/4-  redox couple in 1M 
KCl, between 1·105 - 1·10-2 Hz for: a) GC, b) Ab-IgG/APBA/6-PICA/GC, c) IgG(50)/Ab-IgG/APBA/6-
PICA/GC, d) IgG(100)/Ab-IgG/APBA/6-PICA/GC. Incubated in 50 y 100 µg/mL de IgG, respectively. 

 
The functionalized electrode surface was characterized by scanning electron microscopy, Fourier-

transformed infrared spectroscopy, voltammetry and electrochemical impedance spectroscopy. Figure 1 
shows Nyquist diagrams of the step-by-step modification of electrode surface. The decrease of the electrode 
charge transfer resistance was obtained after polymerization, in agreement with the conductive nature of 
the polymer. Contrary, addition of either APBA, Ab-IgG or IgG leads to a systematic increase of charge 
transfer resistance, as expected from the non-conductive nature of the antigen-antibody complex. The 
electrical parameters of the system were obtained using Randles equivalent circuit for each electrode, 
opening the perspective for a new platform or development of immunosensors capable of protein detection.    
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Pseudomonas aeruginosa is a versatile and opportunistic human pathogen with an exceptional ability to 

adapt to antimicrobial therapy [1]. In addition, P. aeruginosa infections are one of the major cause of 

hospital-acquired infections and pneumonia, with a high mortality rate among people with compromised 

immune systems [2]. Thus, it is extremely relevant the development of simple and real-time analytical 

tools to assist in the detection and monitoring of this kind of bacterial infection, especially in centers 

lacking laboratory infrastructure and with high clinical demand. We will demonstrate the efforts to 

develop a wearable device capable of detect pyocyanin, a major metabolite of P. aeruginosa proliferation, 

used as key biomarker infection status [3]. Pyocyanin is a redox active compound that exhibit two 

reversible electrochemical processes closed zero volts, which provide a selective detection. In this 

scenario, we developed a smart bandage sensor to monitor wound infection status using a three electrodes 

system integrated in the flexible substrate. The carbon working electrode material was coated with 

Nafion® to provide better sensitivity and circumvent the biofouling of the complex protein content 

present in the wound fluids. The analytical performance of the smart bandage device, like sensitivity, 

selectivity, operational stability, and mechanical robustness were evaluated and the results pointed out the 

potentiality of this device. The voltammetric detection of very low concentrations achieved by our device 

(nanomolar range) will allow the detection of early stage of hospital-acquired infections aiming rapid 

clinical intervention, an important step for chronic wound care. Future efforts towards clinically relevant 

application will focus on the integration of electronics for data acquisition, processing, and wireless 

transmission.  
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Self-powered devices has raised as the principal solution to end with the inefficiency of the use of button 
cells as power sources for single-use devices. In this work, a self-powered patch for screening cystic 
fibrosis is presented.  
Cystic Fibrosis (CF) is a genetic autosomal recessive disease, which induces mutations on a conductance 
transmembrane regulator protein (CFTR, Cystic Fibrosis Conductance Transmembrane Regulator), which 
controls the excretion of chloride in sweat.The diagnosis of Cystic Fibrosis is performed by the 
quantification of chloride in sweat after the stimulation of sweat glands with pilocarpine by 
iontophoresis[1]. In addition, different studies have demonstrated the efficacy of the measurement of 
sweat conductivity as a screening test for CF[2], [3]. Based on these studies, this self-powered device 
capable of measuring the sweat conductivity has been implemented.  
The presented device is a smart patch consisting on a paper-based battery, a hybrid electronic circuit 
combining printed electronics and discrete components and two electrochromic displays. 
The patch is aimed to be placed in the forearm of the patient after the stimulation of sweat production. 
Then, the sweat is absorbed by the paper, awaking the battery to give an output power proportional to the 
sweat conductivity and give an optical output to the user with the result. With a simple hybrid electronics 
to discriminate if a threshold voltage has been overcome and two electrochromic displays the device has 
been developed. For the negative sweat conductivity, the Control Display turns on verifying the operation 
of the device. In the case of the positive conductivity samples, the device turns on both the Control and 
Test Displays. 
The device is able to operate in the whole conductivity range of interest, defined by the Cystic Fibrosis 
Foundation[1], from 5mM to 160mM equivalents of NaCl, with a linear range from 5mM to 80mM 
equivalents of NaCl. In this case, the device has been calibrated to work as a screening test to 
discriminate if the sweat conductivity is above or under 60mM equivalents of NaCl, the threshold value 
for the further diagnosis of CF by a genetic test. The validation was done with 40 devices using artificial 
sweat samples with conductivities below and above the threshold conductivity. The presented device 
showed a sensitivity of a 95% and specificity of 100%. 
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mailto:laura.ortega@imb-cnm.csic.es


Analysis of purine bases damage caused by activated tinidazole 
metabolites produced in situ by electrochemical techniques 

 

De la Cruz Morales, K1., Alarcón Ángeles*, G1., Gómez Hernández M1., De la Peña Hurtado, M1. 

1 Metropolitan Autonomous University Campus Xochimilco 
04960, Mexico, Mexico City 

*E-mail: galacon@correo.xoc.uam.mx 
Abstract 
In vitro drugs activation are important studies to elucidate reaction mechanisms, which can lead to 
improve the new molecules design. Among the techniques currently used to mimic drug metabolism 
features electrochemistry. (Cusack et al., 2013; Mielczarek et al., 2015). Tinidazole is a prototype drug 
that is widely known to be effective against anaerobic and microaerophile bacteria and protozoa 
(Elqudaby, Mohamed, Ali, & Eid, 2013). The aim of this work is the analysis of activation and interaction 
of tinidazole reactive metabolites with DNA purine bases (adenine and guanine) using differential pulse 
voltammetry. 
Key words: DPV, damage purine bases, tinidazole, metabolite electrogeneration 

Graphical abstract 

 

Results 
We aimed to generate tinidazole reactive metabolite in situ and to study its interaction with purine bases 
by reducing nitro group of tinidazole molecule (Ec = -1 V, t=60 seg) to hydroxylamine (reactive 
metabolite), which was oxidized at +0.3 V. The new molecules electrogenerated interacted with adenine 
and guanine. As a result, the potential peaks shifted toward more positive values   (guanine: ΔE = 30.41 
mV and adenine: ΔE=24.4 mV). In addition, the concentration of guanine and adenine diminished 34% 
and 52 % respectively in just 2 minutes. The study shows the viability of drug metabolite 
electrogeneration as well as analyzing interactions with therapeutical targets using electrochemical 
techniques. 
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Microbial Fuel Cells (MFCs) have attracted great attention as a promising green-system for a wide range 
of applications. MFCs have the capabilities to produce electricity and treat water [1], recover nutrients 
and act as biosensors [2,3]. Carbon materials are most often used as electrodes, and a low power output 
due to internal resistances is the main bottleneck of the system. In order to improve performance of a 
MFC, some common strategies are usually attempted: i)  increase electrochemically active surface area 
and the surface for the microbial settlement ii) simultaneously increase the conductivity of the electrodes 
using nanomaterials, such as carbon nanotubes and iii) doping the electrode with a chemical catalyst. One 
interesting biocompatible catalyst is CeO2. Advantage of using CeO2 on the cathode side is well studied in 
the literature [4]; it works as a catalyst for oxygen reduction and helps to store and provide oxygen. 
Recent works [5] documented a good performance of CeO2 also in enhancing oxidation reaction at the 
anode. 
The behavior of three different types of carbon electrodes (carbon cloth, conductive coating enriched with 
carbon nanotubes and nanopowder of CeO2) are comparatively studied in this work, in single chamber 
microbial fuel cells (SCMFCs). 
For comparison, bare carbon cloth (C), carbon cloth painted with CNT paste (CNT) and carbon cloth with 
CNT and dispersed CeO2 (Ce) anodes were tested. To highlight anode behavior, MPL with loaded CeO2 
was utilized as cathode in all experiments. Current density trends during three feeding periods are shown 
in Fig. 1 a. The cells with CNT and CeO2 anode evidenced better performance compared to bare CNT. 
Despite higher surface area of CNT, cells with carbon cloth anode have slightly higher current trend. 
Power curves represented in Fig. 1 b are in agreement with such results: cells with dispersed cerium oxide 
on the anode is showing the highest power and current, cells with carbon nanotubes painted on carbon 
cloth has a weaker performance compare to bare carbon cloth. Such behavior could be attributed to the 
presence of polyurethane binder in CNT paint. It probably inhibits the electrochemical charge transfer on 
the surface of anode and lowers the overall performance of the cell, implying an underestimated 
potentiality of cerium dioxide. 
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Figure 1 – MFC Performance: a) current density trend; b) power density curves. 
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One of the main problems in the development of immunosensors is to achieve an efficient immobilization 
of antibodies regarding their loading and correct orientation onto the sensor surface to enhance the 
detection of antigens. Most of the immobilizing methods employed for immunosensors development lead 
to randomly oriented antibodies on the surface, causing a decrease in their performance. To overcome this 
limitation, obtaining an oriented immobilization of antibodies, supramolecular modification of sensors 
surface has been recently proposed. Among them, interesting results have been obtained by using 
calix[4]arene derivatives[1], thanks to the particular structure of their lower and upper rims which can be 
modified to bind specific guest molecules via host-guest interactions. In this work, we synthesized several 
resorc[4]arene derivatives [2-4] able to self-assemble onto gold surface thanks to the thiol groups present 
on their structure (see figure below) thus obtaining an orientation control of immobilized antibodies on 
the sensor surface. Resorc[4]arene, a type of calixarene, is a macrocycle oligomer based on the 
condensation of resorcinol and aldehyde.  The immobilization characteristics of these linkers have been 
employed to develop an impedimetric immunosensor for atrazine detection. The results obtained with the 
resorc[4]arene derivatives modified immunosensors evidenced a significative increase of the sensitivity. 
Furthermore, experiments to determine the concentration of atrazine on fortified real water samples were 
also carried out, showing good recovery and accuracy values.  
Basing on the obtained results, we can conclude that the device represents a perfect complement to 
traditional analytical techniques for the determination of atrazine, showing interesting possibilities for use 
in the determination of substances of ecotoxicological interest, also allowing to perform the screening of 
the matrices under examination. 
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Oligonucleotide aptamers – laboratory-generated binding biomolecules – are extensively studied for their 
role as biorecognition agents. Routinely, the binding of immobilized aptamers to target molecules 
dissolved in an analytical matrix is measured through electrochemical impedance spectroscopy (EIS), 
forming impedimetric aptasensors, often on gold electrodes.  
 
Though the low cost, high sensitivities, and shortened analysis times make EIS a promising transduction 
method, reports show an increased awareness that aptasensor responses are strongly influenced by other 
experimental considerations than biorecognition between the aptamer and target [1]. Particularly, 
selection of electrode cleaning and pretreatment strategy is known to affect the physicochemical – 
including electrochemical – properties of polycrystalline gold surfaces [2, 3]. 
 
This study examines the influences that various gold pre-treatment procedures possess on the physico-
chemical properties of the gold surface, and the subsequent impact of these protocols on impedimetric 
aptasensor performance. A comparison of the effects of commonly-reported mechanical, chemical and 
electrochemical pre-treatments used to investigate the aforementioned concept, using a layer-by-layer 
construction of a thrombin-binding aptasensor. Surface topology and elemental characterization was 
conducted by scanning electron microscopy, coupled to energy-dispersive X-ray spectroscopy (SEM-
EDS). Impedimetric response reproducibility and sensing performance at each layer across the various 
treatments were determined by measuring changes in charge-transfer resistance (Rct) and double-layer 
capacitance (Cdl). 
 
EIS responses for each surface varied greatly in magnitude and reproducibility, depending on the nature 
of the pre-treatment. Initial variations in the Cdl of bare gold surfaces suggested that each pretreatment 
protocol imparted unique physico-chemical properties to the electrode. This was confirmed by SEM-
EDS, which identified considerable pretreatment-dependent differences in both electrode topography and 
elemental surface composition. These differences remained broadly similar after formation of the first 
sensor layer, indicating that subsequent sensor fabrication retains key physicochemical differences. 
Similarly, despite an identical aptasensor being constructed for each pretreatment, differences in the 
extent and reproducibility of Rct are evident during impedimetric characterization. 
 
Taken together, the results strongly suggest that the pretreatments’ effects on the initial topographical and 
elemental properties of the gold surfaces contribute significantly to the overall impedimetric response, 
jointly with the biological components. This provides another opportunity for researchers to further 
optimise the sensitivity and reproducibility of these sensors. 
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Bilirubin oxidase (BOD) and laccase are some of the most widely used enzymes in biocatalysis and 
bioelectrochemistry due to their catalytic abilities of four electron reduction of dioxygen to water. Therefore, these 
enzymes are great candidates to be used as a biocathode components integrated in enzymatic biofuel cells. Enzyme 
immobilization with enhanced signal sensitivity is achieved when electrodes are specifically modified. For that 
reason, carbon based nanomaterials are used. The uniqueness of carbon nanomaterials is based on their remarkable 
surface properties providing high specific surface for immobilising high amount of enzymes, giving high stability, 
electrical conductivity and good adhesion.  
 
In this study we investigate enzyme inhibition in continuous flow in a microfluidic flow-injection system by using 
chronoamperometric methods. BOD combined with carbon nanoparticles were immobilised on a gold electrode. 
Different interfering species (ascorbic acid, potassium chlorine, hydrogen peroxide) were added without changing 
the set-up which resulted in an accurate signal from the electrode. The same set of measurements was repeated 
with laccase. 
 
Despite the fact that BOD and laccase have very similar structures (both belong to multi cooper oxidase family 
which means that they contain 2 different copper centres: type 1, a trinuclear type 2/3) their mechanisms of 
inhibition much differ. For example, BOD is less resistant to hydrogen peroxide than laccase - H2O2 causes 
permanent loss of enzymatic activity of BOD, even after its removal.  This study provides important information 
about enzyme inhibition kinetics: the regeneration time of enzymes. As with previous studies we can investigate 
the onset of inhibition 1, but our setup also allows us to look at the recovery time when the interfering species are 
removed. 
 
 
 

1. De Poulpiquet, A. Mechanism of Chloride Inhibition of Bilirubin Oxidases and Its Dependence on 
Potential and pH. ACS Catal. 7, 3916–3923 (2017). 



Biochar-based Electrodes for Bioelectrochemical Systems 
 

Stefania Marzorati1, Maksim Bahdanchyk1, Andrea Goglio1, Stefano Trasatti1,  
Andrea Schievano1, Pierangela Cristiani2 

 
1 Università degli Studi di Milano, Department of Environmental Science and Policy, via Celoria 2 - 

20133    Milano (Italy) 
2 RSE – Ricerca sul Sistema Energetico S.p.A., via Rubattino, 54, 20100 Milano (Italy) 

 
stefania.marzorati@unimi.it 

 
Real scale application of bioelectrochemical systems (BES) has been facing the need to find an optimal 
balance between the processes efficiencies and the costs. Many researches are currently addressing the 
development of low-cost and environmentally compatible materials to fabricate electrodes for large-scale 
applications [1-3]. To date, the most competitive materials are carbon-based electrodes derived from the 
PEMFC technologies. However, because of high economic and environmental costs, their use is critical 
for large-scale environmental applications, such as bioremediation and wastewater treatment. 
Furthermore, the presence of non-biogenic materials (i.e. toxic catalysts, polymeric binders) could be a 
concern for their lifecycle (typically of 60-100 days [4]). 
In this panorama, an emerging class of biogenic materials for potential application in BES was recently 
proposed, based on charcoal produced by pyrolysis of specific biomasses [5]. In this work, a new type of 
performing “electroactive” microporous charcoal (e-Biochar) derived from Arundo Donax L. (BET 
specific surface area of 114 ± 4 m2 g-1) is studied. 
In a first experiment, Arundo Donax L. e-Biochar was set as air-exposed cathode, the anode was made of 
carbon cloth. Air-exposed e-Biochar cathodes induced biofouling and deposition of salts on the electrode 
material. Current densities were generated in the order of 100-150 mA m-2, along more than 2 months of 
operation, under 0.04 M NaCOOH feeding, with a maximum power density of 40 mW m-2. Different 
contributions due to electromotive force, electrostatic charges and water evaporation are discussed. By 
deposition phenomena, organic carbon, nitrogen and other macro and micronutrients, were recovered on 
the carbonaceous electrodic matrix.  
Different BES were tested in order to compare Arundo Donax L. e-Biochar with: i) commercial biochar 
from mixed woodchips, ii) commercial activated carbon (Carlo Erba) and iii) pale carbon cloth (SAATI). 
Electrochemical impedance spectroscopy (EIS) and polarization curves were performed on these 
materials, set as both anodes and cathodes. BES were inoculated with raw wastewater and progressively 
fed with NaCOOH 0.04 M during 4-8 fed cycles. An increase of current densities was detected by 
cathodic and anodic polarization curves recorded over time, documenting electroactive biofilm formation 
on electrodes. This confirms the high biocompatibility of the tested e-Biochars.  
These BES systems were not optimized due to high electrolyte resistance (a250-3000 : depending on the 
used configuration and material). However, in another experiment, EIS was performed on carbon cloth 
cathode and decrease of the internal resistance was evidenced, attributable to the development of a 
biocathode [6]. The conductivity of the anolyte had the same trend of the acetate consumption due to 
bacteria metabolism.  
The results indicated also that Arundo Donax L. e-Biochar is better performing as anode while activated 
carbon as cathode. Additionally, the presence of Arundo Donax L. in the electrolyte induced an increase 
of solution conductivity. Differently, other biochars and carbon materials do not affect solution 
conductivity significantly.  
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Many compounds, such as carcinogens, drugs, and pollutants can interact with DNA. Their mode of 
action includes cleavage, covalent binding or non-covalent binding:  groove binding or intercalation. The 
serious disruption in a structure of cell DNA, caused by interaction with external agents, might result in 
numerous diseases. The identification of compounds that cause DNA damage, such as cleavage of DNA 
strands, is crucial to assess a risk associated with its presence.  
The breakage of the DNA phosphate backbone caused by a variety of compounds is usually monitored 
using gel electrophoresis [1]. Nevertheless, the electrochemical monitoring of DNA cleavage is also 
possible [2,3]. However, any of techniques that have been proposed so far are quantitative. 
In this work, a new, fast and quantitative method to monitor the double-strand cleavage is presented. The 
thiol-modified double-stranded oligonucleotides are immobilized through chemisorption on the gold 
electrode surface to create a self-assembled monolayer (SAM). The nuclease activity of a chosen 
compound is investigated through the measurement of changes in the DNA electrode surface coverage 
before and after interaction with the compound. The DNA surface coverage is measured using a method 
developed by a Tarlov group [4].  
This research showed that well-known intercalator and DNA cleavage agent, [CuII(phen)2]2+, can cleave  
21 % of DNA immobilized on the electrode surface in the presence of an external reductant and oxidant, 
in Fenton-like reaction. Additionally, [CuII(phen)2]2+ can cleave 23 % of immobilized DNA after 
electrochemical reduction in the presence of oxygen. The control measurements confirm that DNA strand 
breaks did not occur under experimental conditions in the absence of [CuII(phen)2]2+. 
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Chronocoulometry 
Γ0 = Qads∙n-1∙F-1∙A-1 [mol∙cm-2] 
ΓDNA = Γ0∙z∙m-1∙NA [molecules∙cm-2] 
 
ΓDNA  - the surface density of DNA [molecules∙cm-2]     
Γ0 – the surface density of trapped ions [mol∙cm-2]   
z – the charge of trapped ions     
m – the number of nucleotides in the DNA 
NA – Avogadro’s number [molecules∙mol-1] 
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Leland C. Clark Jr. and Champ Lyons introduced in 1962 the principle of the first enzyme electrode with 
immobilized glucose oxidase. After some improvements, the biosensor was launched to the market in 1975 
by the Yellow Springs Instruments Co. (Ohio, USA). This device was specifically designed and used for 
fast glucose analysis in blood samples from diabetics. Since then, the biosensor field has experienced an 
important growth. Electrochemical biosensors based on the use of enzymes have been able to combine the 
analytical power of electrochemical techniques with the specificity of biological recognition processes. 
Commonly, the resulting biosensors are low-cost, easy-to-use and compact devices that can be used as an 
alternative to classical analytical techniques. In this context, electrochemical biosensors are a very 
interesting tool for the quality control in the food sector. 

Among all the analytes that are monitored for quality control in food samples, glutamate is assuming a 
priority role because it has been associated with a number of neurodegenerative disorders such as 
Parkinson’s disease, multiple sclerosis and Alzheimer’s disease. Glutamate is the responsible of the Umami 
taste, for this reason it is added to many food products in order to reduce salt intake and enhance flavor. 
Glutamate has been usually determined by chromatography and potentiometric titration, but these methods 
are time consuming and expensive. Thus, it is crucial to develop new and fast methods for glutamate quality 
control in the alimentary sector. 

In the present work, an amperometric glutamate biosensor based on glutamate oxidase (GmOx) 
immobilization onto highly ordered titanium dioxide nanotube arrays (TiO2NTAs) was studied. The 
biosensor optimal working potential was fixed at −0.4 V. This biosensor showed a linear range from 0.02 
mM to 0.14 mM, low limits of detection (0.003 mM) and quantification (0.010 mM) and high sensitivity 
(7.57 PA·mM−1). Furthermore, its lifetime was evaluated. After 37 days, the biosensor retained 82 % of its 
initial current response. In addition, the biosensor was used to determine the glutamate content of 
commercial food samples (tomato sauces, soy sauces and soups). The glutamate content of these samples 
was in good agreement with the corresponding HPLC value. 
 
 



Electrochemical Genosensors for eDNA monitoring 

 
Francesca Bettazzi1, Ilaria Deidda1, Thierry Baussant2, Ilaria Palchetti1 

 
1Dipartimento di Chimica, Università degli Studi di Firenze, Via della Lastruccia 3, 50019, Sesto 

Fiorentino, (Fi), Italy; 
2 International Research Institute of Stavanger, Department Environment, Mekjarvik 12, 4070 

Randaberg, Norway 
francesca.bettazzi@unifi.it 

 
 
For the monitoring of marine species and management of resources, the analysis of water for 
environmental DNA (eDNA) has great potential, but needs to be validated in different environmental 
conditions. The primary objective of this project is to evaluate eDNA, and also eRNA, for detection and 
quantification of the sea lice (L. salmonis). 
The proposed bioassay is based on biotinylated DNA capture probes immobilized on streptavidin-coated 
paramagnetic beads. The DNA is extracted from water samples, amplified and then hybridized with the 
capture probe on the beads. The beads were then incubated with streptavidin–alkaline phosphatase and 
exposed to the appropriate enzymatic substrate. The product of the enzymatic reaction was 
electrochemically monitored. 
Analysis of real samples were reported. 
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We develop chemical bath deposition processes for conformal IrO2 depositions on titania nanotube array 
of 800 nm in length. In addition, we develop an anodization process which can control the spacing of 
titania nanotube array. These IrO2 nanotube arrays undergo electrochemical analysis in charge storage 
capacity (CSC) and electrochemical impedance to evaluate its potential as neurostimulating electrodes for 
bioelectronics. Images from electron microscopes confirm the formation of uniform IrO2 on both internal 
and external surface of nanotubes. In addition, the cycling lifetime of IrO2 nanotube arrays is evaluated by 
performing CV scans for 1,000 cycles with a scan rate of 0.1 V/s. The IrO2 nanotube arrays reveal large 
CSC values and low electrochemical impedances which are attributed to hollow tubular nanostructure 
with IrO2 deposition. 
 

 
Fig. 1 Schematic diagram of the fabrication process of IrO2 nanotube array 

 
 

Fig. 2 (a) Top-view (b) cross-sectional SEM images of IrO2 nanotube array; (c) charge storage capacities 
of IrO2 nanotube arrays with different spacing; (d) Impedance of IrO2 nanotube array before and after 

cycling lifetime test. 

mailto:cpc@mail.ntut.edu.tw


Intrachain Histidine Motifs for Avidity Binding of Proteins to 
Electrode Surfaces 

 
Martin Winkler†, Frank Müller‡, David Adam†, Darren Buesen‡, Gabriel Kopiec‡, Miriam Marquitan‡, 

Wolfgang Kaiser∥, Christian Hermann§, Tobias Vöpel‡, Thomas Happe†, Nicolas Plumeré‡ 
 

†AG Photobiotechnology, Dep. Plant Biochemistry, Ruhr University Bochum, Universitätsstrasse 150, 
44780 Bochum, Germany; ‡Center for Electrochemical Sciences (CES) - Molecular Nanostructures, 
Ruhr University Bochum, Universitätsstrasse 150, 44780 Bochum, Germany; ∥Dynamic Biosensors 

GmbH, Lochhamer Strasse 15, 82152 Martinsried, Germany; §Institute for Physical Chemistry I, Ruhr 
University Bochum, Universitätsstrasse 150, 44780 Bochum, Germany 

tobias.voepel@rub.de 
 

Various intrachain histidine motives in alpha helices or beta sheets chelate metal complexes such as the 
nickel complex of nitrilotriacetic acid (Ni-NTA). The prevalence of solvent exposed secondary structures 
at the protein surface offers a wide choice of tag positions and hence opens the possibility for site 
selective bioconjugation toward protein labelling or immobilization on surfaces like electrodes of 
electrochemical cells. 
However, the affinity binding of the intrachain tags is often of insufficient strength which limits its 
widespread application. Here we show that the extension from single to double intrachain His-tags 
strongly enhances the binding interaction due to avidity. When using a double His-tag for protein binding 
on Ni-NTA monolayers, protein dissociation from the surface becomes irrelevant. In addition, tris-Ni-
NTA ligands form strong one-on-one pairs, allowing for site selective bioconjugation. The avidity effect 
described here results in dissociation constants reaching down to the picomolar range while minimal 
alterations of the protein structure preserve the full enzymatic activity. This approach presents a simple 
avidity tag with potential impact in both protein labelling and protein immobilization. 
 

 
 
Figure 1 A: Double intrachain His-tags introduced into Ferredoxin-NADP+ reductase (FNR) and its 
attachment to a Ni-NTA monolayer on a gold electrode. B: Surface Plasmon Resonance (SPR) 
experiments of the single and double intrachain His-tagged FNR. 
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Along with the usage of Os-containing polymers, redox activated polymeric gels on the anode surface is a 
strategy for creating artificial biofilms thus ensuring highly effective extracellular electron transfer (EET) 
of electrogenes in microbial fuel cells (MFCs) [1].  
A new coupled redox reaction was developed for functionalization of alginate polymerized on carbon felt. 
The fabricated polymer-modified materials have been examined for electrochemical activity, 
biocompatibility and stability at abiotic conditions. The designed electrodes consisting of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium) (MTT formazan)/phenazine methosulfate (PMS) showed 
well-defined reduction and oxidation peaks with a formal potential of +90±3 mV (vs. SHE). The peaks` 
current exceeded two times those of the PMS-alginate, while MTT formazan-alginate sample and the 
alginate control did not express any activity. Selected polymer redox matrixes on carbon felt supports 
were used for immobilization of bacteria Pseudomonas putida 1046. The modified bioanodes have been 
poised at positive potentials (+400 mV and +500 mV vs. Ag/AgCl). The bacteria have been cultivated in 
artificial wastewater and glucose and the current density as well as charge transfer properties and redox 
activity were investigated over time. The typical peaks of the redox network within the polymer 
decreased, while a new oxidation reaction with an anodic peak at ca. +740 mV (vs. SHE) has been 
observed (Fig. 1), which shows that P. putida 1046 strain has adapted to the polarization conditions and is 
capable of transferring electrons toward the anode. The impedance spectra in the presence of immobilized 
bacteria demonstrate that P. putida act as bio-capacitors. The capacitance of the bioanode decreased over 
time with the increase of its polarization resistance, most expressed for the MTT/PMS-alginate sample. 
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Fig. 1. CV of modified bioanodes of MFC1 (alginate/carbon felt), MFC2 (MTTformazan/PMS- 
alginate/carbon felt), MFC3 (PMS-alginate/carbon felt); a) at the beginning; b) after 96h poising at (+400 
mV and +500 mV (vs. Ag/AgCl). Scan rate 5 mV s. 
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Although the development of  the use of pesticides has dramatically increased food production and profits 
for farmers, there is the overwhelming evidence that pesticide residues remain on fruit and vegetables; 
this can lead to an increasing risk of serious hazardous effects on human health and negative effects on 
environment. Glyphosate (N-(phosphonomethyl)glycine) is a widely used broad-spectrum systemic 
herbicide and crop desiccant. It is considered relatively safe but, in the last decade, many studies pointed 
out the need to deep investigate glyphosate’s toxicity. In particular some epidemiological studies on 
occupational exposures and animal tests showed associations between glyphosate and several diseases, 
toxicity, loss of fertility. According to all these studies, the World Health Organization’s International 
Agency for Research on Cancer (IARC), in 2015, classified glyphosate as “probably carcinogenic to 
humans” and  in 2016 the Italian  Ministry of Health  banned  the authorization for the marketing and use 
of some commercial formulations containing glyphosate, starting from 2017.  
The existing analytical methods for the detection of glyphosate are based on chromatographic techniques, 
but there is an increasing need to develop rapid, cheap and reliable methods for the quantitative or semi-
quantitative detection of glyphosate, especially in water and food matrices. 
To this end an electrochemical competitive immunoassay, based on the use of antibody-modified 
magnetic particles, was developed. TMB was used as enzymatic substrate. The extent of the affinity 
reaction was achieved by monitoring the current values, due to the reduction of the enzymatic product. 
Disposable screen-printed electrochemical cells (SPECs) were used.  
Calibration curve was recorded in the 0-4000 ppt concentration range; the limit of detection (LOD) was 
found to be 5 ppt ; the limit of quantification (LOQ) was estimated to be 20 ppt. 
The assay was tested on some food samples. 
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Au nanorods (NRs) modified nanostructured TiO2/ITO electrodes have been fabricated and characterized, 
in order to develop a biosensing platform for the photoelectrochemical determination of microRNAs. The 
proposed method is based on the use of thiolated DNA capture-probes (CPs) immobilized onto the Au 
NR surface. The Au NRs are chemically bound at the surface of TiO2/ITO electrodes by means of the 
mercaptosuccinic acid linker. Subsequently, the DNA CPs are bound to the Au NR surface through the 
thiolate group, and reacted with the target RNA sequence. Finally, the obtained biosensing platform is 
incubated with alkaline phosphatase and L-ascorbic acid 2-phosphate (AAP) enzymatic substrate, for the 
in-situ generation of ascorbic acid (AA). Such an AA molecule, coordinating surface Ti atoms, generates 
a charge transfer complex that results in a shift of the UV absorption threshold of the nanostructured TiO2 
electrode towards the visible spectral region and, hence, in the occurrence of an absorption band centered 
at 450 nm [1]. The photoelectrochemical monitoring of the formation of the AA-TiO2 complex, under the 
visible light of a commercial LED light source, allows the selective and quantitative detection of the 
target microRNA strands. 
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NAD(P)H dependent oxidoreductases catalyze the reduction of a substrate by a hydride (H-) transfer from 
a nicotinamide adenine dinucleotide cofactor (NADPH). The high activity, regio- and stereospecificity of 
these enzymes have motivated their application in areas such as chemical synthesis, biodegradation and 
detoxification [1]. Up to these days, the high cost of the enzymatic cofactor represents the main limitation 
for the industrial application of NADPH dependent oxidoreductases, making necessary its efficient 
regeneration. In comparison to chemical or direct electrochemical cofactor regeneration approaches, the 
use of enzymes has proved as a more promising method due to its higher specific activity and selectivity 
towards NADPH, beside the mild reaction conditions required as aqueous solution at near neutral pH [2].  
 
As a contribution to achieve a wider application of NADPH dependent oxidoreductases, we here report a 
bioelectrochemical approach for the regeneration of NADP+/NADPH using Ferredoxin NADPH 
oxidoreductase (FNR) immobilized on a newly synthesized viologen based redox hydrogel [3-4]. The 
synthesis of the redox polymer was achieved by covalently attaching a methyl viologen derivative into a 
polymethylmethacrylate backbone through click chemistry. The redox hydrogel displays a redox potential 
of -324 mV vs SHE and supports mediated electron transfer to the FNR allowing the cofactor 
regeneration. In the presence of NADP+ (14 mM) cathodic catalytic current was obtained up to 330 
µA.cm-2 at pH 6 whereas anodic current of 35 µA.cm-2 at pH 8 was observed with NADPH (3 mM).   
 
The kinetic study of the bioelectrochemical system in solution using methyl viologen as mediator 
revealed FNR inhibition with NADPH, where a decrease of 60 % in the catalytic current was observed 
when the reduced cofactor was present in 30 times fold (vs NADP+). This inhibition process led to the 
opportunity of regulated cofactor regeneration controlled by the NADPH dependent oxidoreductase 
activity. The development of such system might increase the half-life time of the cofactor, an additional 
improvement towards the high scale use of NADPH dependent oxidoreductases. 
 
[1] Vidal L. S., Kelly C. L., Mordaka P. M., Heap J. T.,  Biochim. Biophys. Acta, Proteins Proteomics 2 
(2018) 327-347. 
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W., Lubitz W., Nature Chemistry 6 (2014) 822-827. 
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Cell-based chips have been used for the drug screening, the replacement of animal 
experiments and the therapeutic estimation of tumor. In the study, a microfluidic chip 
containing dissolved oxygen (DO) sensors of three-electrode electrochemical system 
was developed as a cell-based chip by measuring DO concentration around the 
cultivated adipocytes. All gold electrodes were made by the lift-off microfabrication 
process. Moreover, a gold electrode was used as the reference electrode in the 
equimolar Fe(CN)6

3-/4--containing solution. The DO sensing chip was fixed by the 
homemade polymethylmethacrylate (PMMA) clamp. Adipocyte activity were estimated 
with the stimulation of different drug, such as oligomycin, FCCP, rotenone and 
antimycin A, and then the DO signal was analyzed by chronoamperometry. The 
reductive current is proportional to the DO concentration. The decrement of current (ΔI) 
indicated the decrease of DO concentration consumed by cells. Figure 1 shows the 
change in ΔI and oxygen consumption rate of adipocytes versus the administration of 
different chemicals. The DO microfluidic chip has a great promise in the application of 
estimating the effect of drugs on the cellular physiological behavior to replace animal 
and clinical experiments.  

 

Figure 1. The ΔI and the calculated oxygen consumption rate obtained in the 
microfluidic chip integrated with DO sensors after the administration of different 
drugs. 
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Enzymatic biofuel cells utilize enzymes to electrochemically catalyse the oxidation of a fuel or the 
reduction of an oxidant since they present a high volumetric catalytic activity towards oxidation of 
biofuels. One way to amplify the electrocatalytic activity of the biosystem and also extend its service life 
is mix the proper enzymes with organic oxidation catalysts. This hybrid system enables improvement at 
the rate of electrocatalytic oxidation of several biofuels [1-3]. Herein, we describe the development of a 
hybrid catalytic architecture consisting of MWCNTs, TEMPO-modified linear poly(ethylenimine) 
(TEMPO-LPEI), and two dehydrogenases enzymes, (ADH and AldDH) in order to obtain the complete 
electrochemical oxidation of ethanol. The prepared bi-enzymatic hybrid bioelectrode shows expressively 
high activity denoted by 1,087.1 ± 102.1 µA cm-2 e 378.2 ± 35.72 µW cm-2, respectively for maximum 
current and power density. Our system TEMPO-LPEI/ADH,AldDH showed an outstanding increase of 
7.2-fold and 5.4-fold  in the power density in relation to the hybrid system with only ADH or AldDH, 
respectively. The results obtained by the HPLC technique for the bi-enzymatic hybrid system indicated 
the formation of 3.02 mmol of CO2, after 12 hours of electrolysis (Fig. 1). The complete electro-oxidation 
of ethanol to CO2 is performed through an oxidation cascade using a hybrid catalytic system combining a 
enzyme and an organic oxidation catalyst, TEMPO-LPEI. This system is capable of electrochemically 
oxidizing ethanol to CO2 at a carbon electrode collecting all 12 electrons per molecule (Fig. 2). This 
presents a bioanode hybrid material capable of exhibiting high rates of oxidation, for useful applications 
in the development of enzymatic biofuel cells. 
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Figure 2. Electrocatalytic oxidation cascade of ethanol 
(1) to acetaldehyde (2), acetic acid (3), formic acid (4) 
and CO2 (5) by MWCNT/ TEMPO-LPEI/Enzymes 
hybrid system.  

Figure 1. Ethanol (50 mmol L-1) 
bioelectroconversion as a function hybrid 
system. Products formation analysis by HPLC 
performed after 12 h. Eap 0.6 V versus 
Ag/AgCl, SE pH 8.5 (Tris Buffer).  
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Alzheimer’s disease (AD) is a neurodegenerative disease that affects a large number of elderly 

people worldwide. In its early stage, the diagnosis of AD can significantly improve the patients’ quality 
of life[1]. The search for AD biomarkers has produced candidates who require costly image diagnosis 
procedures or invasive methods. Furthermore, biomarkers that allow earlier and easier diagnosis are 
highly desirable[2]. A Disintegrin And Metalloprotease 10 (ADAM10) is the α-secretase that avoids β-
amyloid production in AD[3] and was demonstrated to be a potential AD biomarker. In this work, we 
propose the use of a disposable electrochemical microfluidic platform (DEµP) for ADAM10 detection. 
ADAM10 was detected in plasma samples from three groups of elderly subjects divided into healthy, 
mild cognitive impairment (MCI), and AD patients in different stages. For the DEµP construction, 
electrodes were screen-printed in polyester foil using carbon and Ag/AgCl based inks. An inexpensive 
home cutter printer was used to produce the stencil to the screen printing process[4]. The DEµP consisted 
in 8 working electrodes (WE), a counter (CE) and pseudo-reference (RE) electrodes inside of a 
microchannel. Monoclonal anti-ADAM10 (Ab1) was covalently immobilized in all the WE, becoming 
immunosensors. ADAM10 biomarker was captured in plasma samples by using magnetic beads (MBs) 
bioconjugate with polyclonal anti-ADAM10 (Ab2) and horseradish peroxidase (HRP) (Ab2-MB-HRP). 
HRP was used as electrochemical label. Sandwich-type immunoassay was performed by injecting and 
incubating the ADAM10 bioconjugate (ADAM10/Ab2-MB-HRP) in the microfluidic channel. DEPP was 
connected to a multipotentiostat and a solution containing hydroquinone (HQ) and hydrogen peroxide 
was injected in the microchannel. Cathodic peak current of HQ reduction was obtained as analytical 
signal and its intensity was proportional to the ADAM10 concentration. The ADAM10 calibration curve 
was linear in the range of 5.6 to 1388.9 fg/mL, with a linear correlation coefficient of 0.983, and a limit of 
detection of 5.6 fg/mL. An increase in the protein levels was observed throughout the course of disease. 
Our results were compared to that obtained with Enzyme-Linked Immunosorbent Assay (ELISA), 
showing good agreement. The t-test (p < 0.05) demonstrated there was not significant difference between 
both methods. Analysis of the Receiver Operating Characteristic (ROC) curve showed that the DEµP 
achieved 72% sensitivity and 100% specificity (cutoff >1765.0 pg/mL), with area under the curve (AUC) 
of 0.888. DEµP differentiates healthy individuals from MCI and AD patients with 62% sensitivity and 
100% specificity (Cutoff >1765.0 pg/mL), with AUC of 0.841. ADAM10 levels showed a significant 
increase in MCI and AD patients compared to cognitively healthy individuals. The DEµP can be an 
auxiliary tool in the early diagnosis and monitoring of AD. We demonstrate that ADAM10 is a potential 
new biomarker for early diagnosis of AD that can bring new possibilities to improve the patients’ quality 
of life [5].  
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Microbial fuel cell (MFC) is a bioelectrochemical system that is capable of converting organics 

and pollutants into useful electricity. The involved red-ox reactions occur in neutral media and at the 
room temperature. At the anode, electrogenic biofilm respires through it anaerobic metabolism the fuel 
(organics) releasing the electrons to the anode electrode. Electrons move through the external circuit 
generating current and at the cathode oxygen is reduced. 

One of the major factors bottleneck for the low power generated by MFCs is the reduction 
reaction occurring at the cathode. Oxygen is the most suitable oxidant due to its natural occurrence, 
light/no weight at no additional cost and high reduction potential. Oxygen reduction reaction (ORR) 
suffers of low kinetic mainly due to the low operational temperature and the neutral pH in which H+ and 
OH- concentration remained at 10-7 M. Unfortunately, both temperature and pH cannot be varied at their 
extreme due to the presence of biological catalysts at the anode electrode that prefer room temperature 
and circumneutral pH. 

In order to accelerate the reaction kinetics, catalysts are added. Three categories of ORR 
catalysts mainly based on i) carbonaceous materials, ii) platinum-based materials (PGM) and iii) platinum 
group metal-free (PGM-free) materials are utilized as cathode catalysts in MFCs. Carbonaceous materials 
(e.g. activated carbon (AC), graphene-based materials, carbon nanotubes (CNTs), carbon nanofibers etc.) 
have several characteristics such as low cost, high durability, high electrical conductivity and mechanical 
strength and therefore result to be suitable for MFCs applications. Unfortunately, the performances of 
carbonaceous-based catalysts are not high enough and the kinetics still remain low. Platinum-based ORR 
catalysts (PGM) are widely used for other type of fuel cells but they are not suitable for MFCs due to 
their elevated cost and their high affinity to bind with anions that actually poison the catalyst and penalize 
severely their catalytic activity. PGM-free catalysts are based on transition metals (e.g. Fe, Co, Ni, and 
Mn) atomically dispersed on a carbon/nitrogen matrix. It was shown that PGM-free have superior 
performance compared to AC and Fe-based material is the most performing catalyst [1]. 

In this work, the catalytic activity of 3D-graphene nanosheet (3D-GNS) and Fe-AAPyr  (Fe-
Aminoantipyrine) separately and physically combined is investigated in the reaction of oxygen reduction. 
3D-GNSs were fabricated using a modified Hummers method technique and Sacrificial Support Method 
(SSM). Fe-AAPyr was prepared using sacrificial support method with silica as templating agent and 
aminoantipyrine as organic precursor (C-N matrix). Rotating ring disk electrode (RRDE) technique was 
used to study the catalyst ORR kinetics. Fe-AAPyr had higher half-wave potential and produced much 
lower hydrogen peroxide compared to 3D-GNS. AC was used as control and was the least performing. 
Fe-AAPyr and 3D-GNS were then incorporated into air-breathing cathode and tested in MFCs. AC 
cathode MFCs generated power of 104±2 μW cm-2 that increase by 44% when 3D-GNS was used (150±5 
μW cm-2). The utilization of Fe-AAPyr as cathode catalyst produced a much higher power output that was 
quantified in 217±1 μW cm-2. The best performance was achieved with the co-presence of 3D-GNS and 
Fe-AAPyr (loading 2 mg cm-2 each) with an output of 235±1 μW cm-2 [2].  
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The increasing energy demand and anthropogenic 𝐶𝑂2 emissions coming from the combustion of fossil 
fuel, along with the consequent increment in the global average temperature have pushed the scientific 
community towards the development of energy vectors with a minimal carbon footprint. These systems can 
constitute the basis of a closed carbon cycle for energy resources, which should be achieved by exploiting 
renewable energy sources and integrating carbon-neutral energy vectors, such as hydrocarbons synthesized 
from the reduction of 𝐶𝑂2 . In the current energy scenario, the Power To Gas technology is interesting 
because it allows the conversion of electrical power to a fuel. To date, one of the most promising approaches 
consists in the use of metal electrocatalysts that exploit the electroreduction of 𝐶𝑂2 to hydrocarbons. 
However, since high efficiency in these systems can only be achieved via the use of precious metals (Au, 
Ag, etc.), this technology is not economically competitive. 
 
An alternative approach comes from biology: nature has evolved efficient enzymes that reduce 
electrochemically carbon dioxide to various hydrocarbons at high rates with minimal driving force and with 
turnover rates that are comparable to the best metallic electrocatalysts. To leverage on the properties of 
these enzymes, biotechnological devices and biological catalysts have been developed to convert electrical 
energy into chemical energy with high efficiency and a low overpotential. In this work, we propose a new 
device that exploits a hybrid organic/inorganic interface, where the enzyme NAD-dependent Formate 
Dehydrogenase (EC 1.2.1.2) is deposited on a nanostructured mesoporous support of Titanium Nitride 
(TiN) grown by Pulsed Laser Deposition. Thanks to this method of deposition, we can fabricate a 
biocompatible nanostructured support with high surface area and tree-like morphology. In this contribution, 
we use the NAD-dependent FDH from Thiobacillus sp. KNK65MA for its superior CO2 reducing 
performances.  
 
The interaction between the support and the enzyme is believed to occur at the surface-exposed glutamate 
and aspartate residues, which may act as natural anchor sites, via the carboxylate, to the surface. Using 
standard enzymatic assays, it is possible to quantify the amount of immobilized protein on the 
nanostructure. Our results show that about 40% of the enzyme deposited binds to the surface, thus providing 
evidence of the biocompatibility of TiN and its good binding capacity. 
Firstly, both a physical and electrochemical characterization of the inorganic support alone is done to 
analyze its mechanical and chemical stability in the electrolyte solution. Secondly, the electrochemical 
behavior of the enzyme-scaffold system is examined to evaluate the performance of the device in the 
bioelectrochemical system.  
Using the FDH immobilized as a catalyst at the cathode, the enzymatic electrosynthesis of formic acid from 
the reduction of 𝐶𝑂2  is studied in detail: the system is able to generate a stable reduction current of about 
190 𝜇𝐴/𝑐𝑚2 with a low overpotential of -0,45 V vs RHE. In addition, on the cyclic voltammogram a 
reduction peak is observed, possibly indicating an interaction between the cofactor and the inorganic 
surface. This suggests that the system can also be used for the regeneration of NADH. 
The concentration of formic acid produced is determined based on the absorbance variation at 340 nm of 
NADH after chronoamperometry using UV-VIS spectrophotometer. In addition, qualitative analysis of 
products is performed with 600 MHz NMR spectrophotometer. Finally, a physical characterization of the 
electrode is performed to assess whether a continuous operation of 5 hours in the electrolyte solution 
influences the morphology and the composition of the inorganic surface. Our results show that the device 
is still active over a 5 hours period, suggesting a good stability of the support/catalyst device. 
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Titanium and its alloys are widely used in aerospace, chemical industries or military. However, those 
materials have found particular use in medicine, where they are utilized for the manufacture of surgical 
instruments and implants. The latter have to be characterized by a high strength, biocompatibility, 
corrosion resistance and mechanical stability. The most commonly used implantable alloy material is 
comprised of a titanium, aluminum, and vanadium, especially Ti-6Al-4V. Unfortunately, this alloy has a 
relatively high Young’s modulus in comparison to the compact bone. Moreover, toxic ions, e.g., V and Al 
could be released to the body and be responsible for Alzheimer’s disease. Therefore, there is a constant 
need for more biocompatible alloys with non-toxic elements. Herein, Ti-13Nb-13Zr and Ti-15Mo alloys 
have been investigated as a potential material used in implantology [1-2]. 
One of the most significant problems in orthopedics is a danger of bone implant failure, due to the 
incomplete osseointegration. A bonding process between the implant and bone tissue occurs via 
formation of oxide on the implant’s surface. The formation of such oxide is a time-consuming process. 
Thus alloys already covered with the oxide layer might be a solution. It was shown that the formation of 
ordered oxide nanotubes on titanium alloys could increase osseointegration [3]. Well-ordered oxide layers 
can be formed via electrochemical oxidation, a facile, fast and cost-effective method. 
In the presented studies, one-step anodic oxidation of Ti-13Nb-13-Zr and Ti-15Mo alloys was conducted 
in an ethylene glycol based electrolyte containing fluoride ions (0.38 wt%) and water (1.79 wt%) under a 
constant cell potential and at the temperature of 20 °C. In addition, the effect of anodization time (5 min 
to 6 h) and the applied external voltage (40-100 V) on the formation of nanostructures have been studied. 
The surface of as-achieved oxide layers was examined using a field emission scanning electron 
microscope (FE-SEM) with EDX analyses and contact angle measurements. In order to obtained 
crystalline structures, the anodized samples were also annealed at 400 °C and then examined using XRD 
method. What is more, corrosion behavior and biocompatibility of samples were also tested.  
The arrays of nanoporous oxide structures on the surface of examined alloys were obtained as a result of 
the one-step anodization process in the organic-based electrolite with addition of fluoride ions. 
Furthermore, the morphology of as-prepared samples, especially their porosity, strongly depends on the 
anodization time and applied an external voltage.  
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Bioelectrochemical systems (BESs) are a specific type of electrochemical setups in which 
microorganisms like bacteria, yeast or algae species are utilized. Those microbes can colonize electrodes 
or occur as planktonic forms in the electrolyte and have the ability to convert chemical energy from 
organic matter, for example pure glucose or mixture of organic compounds from wastewater, to electric 
energy. The current efficiency of those setups strongly depends on biological, thermodynamical and 
technical factors. Biological parameters are connected with utilized bacteria species and their 
environmental requirements [1-2]. The most commonly studied microorganisms used in BESs, e.g., from 
Escherichia, Geobacter, Shewanella genera, are usually virulent or acquired from wastewaters [3]. It is 
adequate in some cases, but sometimes human friendly bacteria genera are required. Next, an electrode 
material is one of the most significant technical parameters. Carbon and carbon-based electrodes, e.g., 
cloth, brushes, paper, and rods, are the most popular in BESs, mainly because of their high 
biocompatibility. However, there are also some drawbacks that significantly limit their use in 
bioelectrochemical systems, e.g., a high background current or low surface area. Therefore, new electrode 
materials are still tested. Finally, thermodynamic parameters play an important role in designing BESs, 
since pH and type of the electrolyte, applied potential, temperature, the concentration of bacteria nutrient 
and many others may influence the efficiency of the system [1-2,4]. 
Herein, we present a novel polycation/gold electrode with a biofilm formed by human-friendly lactic acid 
bacteria (Lactobacillus rhamnosus GG), which can be found in our digestive system [5]. Typically, this 
kind of microbes does not form a biofilm on metallic materials. However, there are substances like 
natural or artificial polymers that may enhance bacterial adhesion to the metallic surface [1].  
In our experiment, gold deposited copper foil was covered with a cationic derivative of dextran and lactic 
acid bacteria Lactobacillus rhamnosus GG biofilm. As-prepared electrodes were characterized on each 
step of their synthesis, by using scanning electron microscopy (SEM), atomic force microscopy (AFM), 
and infrared spectroscopy (IR). What is more, the metabolic activity of bacteria was examined by 
utilizing the MTT assay. The electrochemical activity of the bioelectrodes was studied by performing 
electrochemical measurements, among others cyclic voltammetry (CV). Furthermore, the influence of 
different culturing parameters (e.g., glucose concentration, temperature) on the generated current 
efficiency of the system was tested. 
IR spectra revealed that gold surface was successfully covered by cationic dextran derivative. Moreover,  
SEM micrographs of polycation/gold substrates confirmed the presence of lactic acid bacteria biofilm. 
Finally, electrochemical experiments confirmed that presented system exhibits electrochemical activity, 
which may be beneficial for its potential use in BESs. 
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In this study, a novel fungus pyrroloquinoline quinone (PQQ) dependent pyranose dehydrogenase, 
derived from the basidiomycete Coprinopsis cinerea (CcPDH), was characterized. Recently, we have 
reported this enzyme as the first PQQ dependent enzyme from eukaryote [1]. CcPDH is composed of a 
catalytic PQQ dependent domain classified into a novel Auxiliary Activities family12 (AA12), AA8 
cytochrome b domain, and a family 1 carbohydrate binding module (CBM1) according to CAZy 
(Carbohydrate-Active EnZymes) database [2]. Electrons are transferred from reduced PQQ in the 
catalytic domain to heme b in the cytochrome domain. The previous study reported that intact CcPDH is 
capable of direct electron transfer (DET)-based bioelectrocatalysis on a glassy carbon (GC) electrode. 
The catalytic currents were observed at a lower potential than the redox potential of heme b in the 
cytochrome domain, suggesting that both the PQQ and the cytochrome domains are able to DET [3]. 
Here, the electrochemical behavior of PQQ in the catalytic site based on DET was evaluated. The isolated 
PQQ domain which the cytochrome domain has been removed was immobilized on gold nanoparticles 
(AuNPs) modified electrodes using 3 types of self-assembled monolayers (SAMs). The direct 
bioelectrocatalysis of the isolated PQQ domain was obtained. The high catalytic current densities were 
reached to a steady-state value of 1.6 mA cm-2 under optimized conditions. The redox reaction of PQQ in 
the enzyme was analyzed without substrate. As shown in the figure, two pairs of coupled cathodic and 
anodic peaks were observed at the midpoint potentials of E1 = -45 mV and E2 = -216 mV. The linear 
dependence of peak current on scan rate is in accord with the expectations for the surface-immobilized 
electrochemical behavior. These results indicated that electron transfer between the bound PQQ in the 
enzyme and electrodes is two-step one-electron reaction (1E1E) via the semiquinone radical state.  
 

 
 
Figure. Cyclic voltammogram of the PQQ domain of CcPDH immobilized on an SAM-AuNPs electrode 
in 50 mM sodium acetate pH 6.0. Scan rate 10 mV s-1. 
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Oligonucleotide aptamers represent a promising class of targeting vectors composed of DNA or RNA oligomers 
which fold into sequence-dependent three-dimensional conformations  [1]. Folded aptamers are able to bind target 
ligands with high affinity and selectivity, analogous to antibodies [1]. Despite the research interest of these 
molecules for their potential inclusion as biorecognition elements for diagnostic sensors, few aptamer-based 
technologies are clinically-validated and commercially-available [2]. Researchers aiming to take advantage of the 
low cost of aptamers as well as their properties of thermal stability, long-term storage and self-folding capability 
after denaturation for use in biosensor assemblies, have been challenged by the poor performance of many reported 
aptamers once applied to physiologically relevant targets. 

Here we highlight the challenges and opportunities in the design and screening of clinically relevant aptamers 
enriched from synthetic peptide and recombinant protein targets. As a case study, we explore the utility of 
published aptamers against an established mucin protein tumour biomarker, MUC-1. Enzyme-Linked 
OligoNucleotide Assays (ELONA) were utilised to screen for the binding selectivity of the selected aptamers 
against a peptide derivative of the MUC-1 mucin. Thereafter, using a combination of ELONA, Southwestern 
blotting and fluorescence microscopy assays, the binding selectivity of the selected aptamer sequences was 
compared to cancer cells expressing MUC-1. Target recognition was evaluated by measurement of aptamer 
retention, intracellular localisation, and the potential for nonspecific binding to cell constituents using a 
nonbinding control sequence. 

ELONA studies using the MUC-1 peptide indicate extensive nonspecific aptamer binding to control protein 
surfaces. When directed to the selected cancer cell lines, nonspecific aptamer binding was also demonstrated for 
unrelated cellular proteins by extensive staining of cell lysate protein bands during Southwestern blotting. 
Fluorescence microscopy further illustrated the influence of intracellular accessibility on the extent of nonspecific 
aptamer binding to whole cells. Variation in aptamer binding with respect to equivalent additions of the 
nonbinding control sequence was evident in both peptide and cell-based ELONA assays.  

The research findings stress the importance of more comprehensive and transparent screening processes 
particularly for nonspecific aptamer binding when targeting natively expressed protein targets. Furthermore, the 
outlined methodologies illustrate the requirement for stringent nonbinding controls and the exclusion of whole 
cells of a compromised membrane integrity when evaluating aptamer binding performance. Evidence of sequence-
dependent nonspecific binding further warrants caution when interpreting the selectivity of aptamers by a 
comparison of their binding response to a randomised nonbinding control sequence [3]. The garnered insight into 
the limitations of existing aptamers will allow for their application in more suitable analytical and clinical settings, 
as well as improve the design of robust, biologically relevant aptamer sequences. 
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Microbial Fuel Cells (MFCs) utilise organic feedstocks such as urine as fuel for direct electricity 

production, by employing anode respiring microbes that convert organic matter into electrons while 

treating waste. One possible approach to bring this technology into real-world applications, is the 

multiplication of units connected together as modules (stacks) for usable power levels. The main 

challenge is therefore to improve the power output of a single MFC, using affordable and simple in 

preparation materials, which benefit can then be multiplied in a stack. Anode electrode composition and 

surface morphology are key elements in improving performance and reducing costs, since the electron 

transfer rate from bacteria towards the electrode surface is one of the critical limiting factors. So far, 

carbon fibre veil has been successfully used as an anode electrode in numerous practical demonstrations. 

This work aims to explore simple and inexpensive modifications of this substratum with the addition of 

microporous activated carbon powder to produce a three-dimensional (3D) structure in order to improve 

the output of a single MFC unit as a building block for a modular stack. 

Materials and Methods. Twelve small-scale terracotta cylinders were constructed as MFCs with an 

internal cathode and external anode and tested in four experimental groups. Anodes were prepared by 

coating a sheet of carbon veil with activated carbon slurry and heat treated. The resultant microporous 

material was wrapped around the cylinder and tested in two configurations: wrapped (M-CV) and 

continuously incised (MF-CV) with slits evenly spaced to open the available electrode sites for biofilm 

growth; this resembles a ‘fluffy’ 3D structure. To compare with the control, an unmodified carbon veil 

was tested both as wrapped (CV) and continuously incised (F-CV) anode. Each reactor was inoculated 

with a mixture of activated sludge and fresh human urine and following maturation, fed with neat urine in 

batch mode. 

Results. The MF-MFC produced a maximum power of 3.2 mW and M-CV 2.0 mW, under a polarisation 

run, after just 12 days of operation; this is 2.6 and 0.8 times respectively better than the control CV and F-

CV, which both produced 1.2 mW. The higher performance of the treated and incised anode (MF-CV) 

may be due to a higher active surface area and efficient extracellular electron transfer between the anodic 

biofilm and the constructed microporous electrode. Linear Sweep Voltammetry (LSV) showed that both 

treated anodes: M-CV and MF-CV achieved up to 10 times higher anodic current at -0.1V than the 

respective controls, indicating that the microporous modification enhanced the bio-electroactivity of the 

anode system that improved biofilm formation.  

Conclusions. With an ease of scale-up, preparation simplicity and high performance, the activated 

microporous anode could well serve as an effective and affordable MFC anodes for large applications. 
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The fabrication and development of wearable sensors targeting personalized healthcare management has grown in 
recent years due to their potential application for continuous real-time monitoring. Wearable sensors have the potential 
to collect real-time data from the body based on physical, chemical and biochemical parameters or markers that could 
be used for diagnosis of disease and treatment monitoring efficacy etc.  
 
In particular, skin-based wearable devices have been an area of interest given the accessibility of skin and its role in 
human physiology. These types of wearable sensors have the potential for targeting chemical information which can 
be used for assessing markers within skin and can be related back to systemic human health [1], [2]. Wearables have 
shown their potential applications for monitoring analytes in the skin, such as those from sweat such as sodium [3] or 
ammonium [4], volatile organic compounds from the skin [5], skin hydration [6] and electrophysiological data [7].  
 
This study presents a wearable screen-printed tattoo sensor for the non-invasive assessment of the skin barrier. The 
skin barrier acts a protective layer from the external environment and the disruption or damage of this barrier allows 
it to become permeable to irritants and allergens. This damage to the skin barrier can trigger inflammation or irritation 
commonly seen in skin conditions such as dermatitis. The impedimetric analysis of skin can be used as a non-invasive 
measurement to assess skin barrier function and help differentiate between healthy versus damaged/disrupted skin. 
The wearability and adherence of the tattoo platform on skin has been realised through the use of conducting 
elastomeric inks and biocompatible adhesives. The skin-based platform presented here shows excellent mechanical 
properties that are compatible with skin mechanics as well as electrical properties to deliver an impedimetric 
assessment of the outer skin barrier. 
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Nowadays, graphene-modified electrodes and their application to electrochemical sensing have attracted 
enormous interest. The main advantages of graphene-based electrodes are a large potential window, fast 
heterogeneous electron transfer kinetics for various analytes and the involvement of additional “chemical 
features” (e.g. aromatic structures strongly connecting graphene via π−π stacking interactions). The 
integration of Au nanoparticles (NPs) into graphene nanoflakes allows in certain cases to efficiently 
improve the device sensitivity due to enhancement of the electron transfer or through its surface catalytic 
reaction with certain analytes (e.g. hydrogen peroxide). DNA sensing is another application of Au 
NP/graphene hybrids. The behavior of a novel AuNPs-graphene nanostructure was, herein, investigated 
towards electrochemical sensing of human metabolites [1] and towards the development of a DNA-based 
biosensor (genosensor). In particular, the novel electrochemical platform was evaluated for the 
development of a genosensor for the detection of miRNAs, a family of small, non-coding RNAs that are 
considered important clinical biomarker candidates for many diseases, including cancer [2]. In a first 
attempt, the DNA capture probes were immobilized onto the electrode surfaces. Afterwards, the target 
biotinylated RNA was hybridized with the specific capture probes. The biosensing platform was then 
incubated with a streptavidin-enzyme-conjugate and exposed to a proper substrate. The product of the 
enzymatic reaction was electrochemically monitored by DPV. In a further approach, EIS was used to 
develop a label-free method. 
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Electron transfer (ET) or long-range hole transfer (HT) processes in DNA have attracted much attention 
because of important implications in the field of DNA oxidative damage and for its potential application 
in nanoelectronics1-4. For understanding the above mentioned processes, usually proceeding via a 
multistep mechanism, electrochemical experiments complemented by spectroscopy may provide useful 
information.  
Here we report the comparative electrochemical results obtained by voltammetric measurements on 
guanine triplet d(GGG) at mercury and carbon electrodes. The redox processes of guanine triplet are 
completely different.  Guanines in d(GGG), reduced on a mercury electrode at very negative potentials, 
where the reduction of a supporting electrolyte (buffer) takes place, are in the reverse scan subsequently 
oxidized (at about -0.2V vs. Ag/AgCl/3MKCl electrode). Oxidation signals have the form of the double 
(the more negative GI and the more positive GII) peak and only recently the origin of this signal 
(GredODP)  was explained5. Combining chronoamperometry and voltammetry allowed to find that the 
GredODP originates from the oxidation of d(GGG) in two different adsorption conformations. Our results 
indicate that the orientation of G residues is controlled by repulsive interactions after their reduction. 
Moreover, from the difference of GI and GII potentials the repulsion energy was estimated. The fact, that 
the charge transfer in d(GGG) took place in its adsorbed state, was confirmed by the elimination 
voltammetric procedure6,7.  
In the case of carbon electrodes (a pyrolytic graphite electrode - PGE and a polymer pencil graphite 
electrode - pPeGE) we demonstrate not only anodic oxidation processes of G in the triplet, but also 
cathodic reduction of oxidation products of d(GGG). It is worth mentioning that while the 
reduction/oxidation process of guanine in d(GGG) is chemically reversible (regardless of the triplet 
structure) at mercury electrodes, the oxidation/reduction processes at carbon electrodes are totally 
irreversible. Electrochemical data were supported by CD spectral data and the ab initio molecular orbital 
calculations8. Spectral and theoretical analysis helped to discuss the possible redox mechanism of 
electrode processes, their pH dependence and interactions of d(GGG) with charged electrode surfaces.  
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  A wearable electrochemical sensor has been attracted attention as a device for evaluating human health 
condition [1, 2]. For practical use of the wearable electrochemical sensor, to reduce a risk of skin rash is 
one of important topic. In this research, we have newly developed two electrochemical sensors by heat 
transfer printing. The heat transfer printing, also referred to the thermal transfer printing, is a printing 
method in which material is applied to a substrate such as a non-woven cloth by melting a coating of base 
material. Heat transfer is known to be a popular print process particularly used for the printing of 
identification labels like barcodes. In this study, we applied the heat transfer printing technique to 
fabrication of a wearable glucose biosensor and a wearable sodium ion sensor. In the present paper, we 
described the results of the wearable sodium ion sensor in detail. 

Firstly, a screen-printed sodium ion sensor was fabricated on a PET substrate, on which a remover layer 
was coated. Figure 1 shows the schematic illustration of the screen-printed sodium ion sensor. An overcoat 
ink, resist ink, carbon ink, Ag/AgCl ink, and adhesive ink were printed on the PET film successively by 
screen printing. Then, a sodium ionophore (sodium ionophore X) was immobilized on the carbon electrode 
surface. Poly (vinyl butyral) and sodium chloride were coated on the Ag/AgCl electrode surface. The sensor 
was formed on the non-woven fabric substrate by thermal transfer printing. The conditions about heat 
temperature and transfer pressure were investigated in detail. The performance of the sensor was estimated 
by measuring the open circuit potential using 1×10-4 to 1×10-1 mol dm-3 sodium chloride solution and 
artificial sweat containing different concentration of sodium chloride. Fig. 2 shows the sodium 
concentration dependence on the sensor after thermal transfer printing. The potential of this sensor 
increased along with increase the sodium concentration, and a linear relationship was obtained both of the 
solutions in the concentration range from 1×10-4 to 1×10-1 mol dm-3. We also achieved wireless monitoring 
of the sodium ion in sweat by using a Bluetooth low energy module with smartphone on the skin. 
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Fig. 1 Schematic illustration of a screen-printed  
sodium ion sensor fabricated on a PET film 
substrate for heat transfer printing. 

Fig. 2 Potential difference of the sodium 
ion sensor for sodium chloride solution  
(�) and artificial sweat (○). 
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Scheme 1: Mechanism for detecting dissolved CO 
 

The development of enzyme-based biosensor was conducted to monitor may enable on-line dissolved 
carbon monoxide (CO) concentration. monitoring in syngas fermentation process which provides solution 
for the conventional technology that limited to off-line method. Dissolved CO biosensor based on the 
intensity of current as a function of the electrons generated from CO oxidation by carbon monoxide 
dehydrogenase (CODH) obtained from carboxidotrophic microbe, Hydrogenophaga pseudoflava,  was 
investigated by using electrochemical methods. The enzyme biosensor displayed an excellent 
electrocatalytic response to the CO oxidation  of CO without the aid of an electron mediator. Without any 
specific enzyme treatment or electrode modification, the enzyme biosensor exhibited a response time of 5 
seconds and had a linear range of 21.8 µM to 232.3 µM with a sensitivity of 265 µAmM-1cm-2. In 
addition, by fabricating gold (Au) electrode with nanoscale surface relief structure, which is 3-D 
structured electrode and presents high surface area, the peak current shows significance increases around 
97% compared to non-modified plane Au electrode. The 3-D modified electrode proved to increase 
electron transfer rate from CODH by increasing effective surface area of the enzyme electrode. These 
results suggest that further improvements in the CODH-based biosensor can enable its use as a highly 
sensitive indicator of dissolved CO concentration, a biosensor essential for understanding and optimizing 
the syngas fermentation process where dissolved CO concentration is a critical factor. 
 
understanding and optimizing the syngas fermentation process.  
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Melanin is a ubiquitous dark-colored biopigment in flora and fauna. Neuromelanin (black), eumelanin (black-
brown), pheomelanin (yellow-red) are subclasses of melanin. Neuromelanin can be described as made up of 
a eumelanin shell and a pheomelanin core 1. Recently, it has been proposed that the shell (external surface) 
portion of neuromelanin, i.e. eumelanin, can be used to model the chemical behavior of neuromelanin 2. 
Eumelanin is composed of building blocks of 5,6-dihydroxyindole (DHI) and 5,6-dihydroxyindole-2 
carboxylic acid (DHICA). Eumelanin will be indicated from now on as DHI/DHICA-melanin. 
Neuromelanin is thought to have a twofold role (beneficial and detrimental) in Parkinson’s disease, a brain 
disease associated to movement disorder. In a normal brain, both Fe3+ and neuromelanin concentration 
increase in the substantia nigra with aging 3. In the case of Parkinson's disease affected brains, Fenton 
reaction occurs, i.e. Fe2+ + H2O2 --> Fe3+ + *OH + OH- 4. Fe2+ likely results from the reduction of Fe3+ by 
neuromelanin 5. To protect neurons from *OH attack, neuromelanin can capture iron cations to prevent the 
Fenton reaction. However, if neuronal damage has already occurred, possibly due to environmental or genetic 
factors, the effect of neuromelanin becomes detrimental instead of beneficial, by exacerbating the neuronal 
damage/loss by producing free radicals and cytotoxic compounds 6.  
Here we report in vitro electrochemical results of DHI-, DHICA-, DHI/DHICA-melanin (melanin obtained 
from the respective monomers or combination of monomers), complexed with Fe2+ and Fe3+, loaded on 
carbon paper electrodes, in a solution that mimics the intraneuronal cell solution. To identify the reactions 
taking place between eumelanin and Fe2+ and Fe3+, we used cyclic voltammetry. To look into the effect of 
the eumelanin redox states and Fe2+/Fe3+ ratio (believed to be relevant in Parkison’s disease) on chelation 
/binding and redox states of Fe2+ and Fe3+, as well as the  anti- or pro-oxidant behavior of eumelanin in 
Parkinson’s disease, we report responses with respect to the addition of Fe2+ and Fe3+and H2O2 during 
chronoamperometric measurements at different potentials 7–9.  
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Hydrogels are widely used for in tissue engineering, drug delivery, biosensors and biofuels because they 
can trap biomaterials under biocompatible conditions. Regarding bio-applications, it is necessary to 
control shape and amount of hydrogels. Several types of hydrogels are reported for bio-applications. 
Among them, calcium alginate (Ca-alginate) hydrogel is widely used because of its biocompatibility, low 
toxicity, low cost, and rapid fabrication through the simple mixing of Ca2+ and sodium alginate. 
 
A group in Maryland University reported an electrodeposition method of Ca-alginate hydrogels [1]. In the 
method, an electrode is set in a sodium alginate solution where CaCO3 particles are dispersed. By water 
electrolysis, H+ is produced at the electrode, resulting in Ca2+ release the CaCO3 particles because of the 
acidification. Then, a Ca-alginate hydrogel form around the electrode. Previously, we applied the method 
to culture cells in patterned hydrogels [2-4]. 
 
For the bioapplications, it is important to prepare patterned hydrogels easily. In this study, we present an 
electrodeposition method of Ca-alginate hydrogel by scanning a probe electrode or by placing patterned 
electrodes. To trap electrodeposited Ca-alginate hydrogels, gelatin is added into a solution and acted as a 
scaffold (Fig. 1). Upon heating, the untreated gelatin melted, yielding patterned Ca-alginate/gelatin 
hydrogels. Thus, Ca-alginate/gelatin hydrogel is electrochemically fabricated [5]. 
 
 
 
 
 
 
 
 
 
In addition, MCF-7 cells, which are mammalian cells, were cultured successfully within the hydrogels. 
The cell viability was approximately 80%, indicating that the present method will be utilized for tissue 
engineering and preparation of cell culture platforms. 
 
Thus, this electrochemical hydrogel printing has significant potential for use in the construction of 3D 
tissue organs. 
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The pH is one of the most important parameters for the characterization of chemical properties in 
aqueous medium, especially when working with biological systems. Glass membrane electrodes are the 
most widely used devices for this purpose. However, when it comes to biomedical or physiological 
applications, their use becomes extremely disadvantageous.[1] Aligned with this issue, problems in the 
development of experimental models to allow the monitoring of this parameter in vivo and with high 
resolution have generated controversy on certain branches of human physiology, such as the search for 
causes of muscle fatigue. [2] Within this context, this work aims at the development of a potentiometric 
microsensor for real-time pH monitoring. This was achieved by using a 5 µm radius gold microelectrode 
as the platform for the sensor fabrication, and an iridium oxide layer was used as sensing material. 

The electrodeposition of the iridium oxide film was performed according to the protocol described 
by Santos et al. [3], which involves the application of a fixed potential, followed by the recording of a few 
cyclic voltammograms in a solution containing the complex [Ir(COO)2(OH)4]2-. Fig. 1A shows a cyclic 
voltammogram recorded in 0.1mol L-1 PBS solution (pH 7.4) using the AuIrOx sensor, where the anodic 
peak corresponds to the oxidation of Ir (III) to Ir (IV) and the cathodic peak is related to the inverse process. 
From the charge density of the cathodic peak and assuming a surface density of 7.8 x 10-7 mol cm-2 μm-1 
[2], the film thickness was found to be 5.1 μm. The response of the AuIrOx sensor to pH changes was 
evaluated by open circuit potential (OCP) measurements in a PBS solution in a pH range from 2 to 10. The 
potentiometric calibration curves obtained from such measurements showed that the sensor has a linear 
response throughout the studied pH range, with a super Nernstian response (from 69 to 85 mV pH-1). 

The AuIrOx sensor was tested in some samples of biological interest such as synthetic urine, 
DMEM and blood, and the results were quite satisfactory. A preliminary study involving muscle cells of 
the C2C12 lineage (Fig.1B) grown in DMEM was performed in order to investigate whether pH changes can 
be induced by changing the cellular metabolism. Accordingly, the AuIrOx sensor was positioned at 10 µm 
from the surface of a cell by using Scanning Electrochemical Microscopy (SECM), and the pH was 
monitored by OCP measurements. To stimulate the muscle cells, a caffeine solution (5 mmol L-1) was added 
during the pH monitoring. A control experiment (without the cells) was also done. From the results (Fig. 
1C), one can observe a 0.2 pH units increase upon caffeine addition to the cellular medium, whereas a much 
less significant change was noticed in the control experiment. These results suggest that caffeine induces a 
change in the cells metabolism, leading to a slight pH increase at the vicinity of the muscle cell. Experiments 
are under development to evaluate the effect of the caffeine concentration on the pH change. 

 
Fig.1 – A) Cyclic voltammograms recorded with a Au microelectrode in 0.1mol L-1 PBS solution before 
(─) and after (─) the modification with an IrOx film. v = 100 mV s-1. B) Optical image of muscle cells of 
the C2C12 lineage and the AuIrOx sensor. C) OCP recordings with the AuIrOx sensor in a DMEM solution 
with (─) and without (─) cells. The arrows indicate the addition of caffeine solution. 
 
[1] O’ Hare, D.; Parker, K. H.; Winlove, C. P., Med. Eng. Phys. 2006, 28, 982. 
[2] Lindinger, M.I. J Physiol 2007, 581, 419. 
[3] Santos, C.S.; Lima, A.S.; Battistel, D.; Daniele, S.; Bertotti, M. Electroanalysis 2016, 28, 1. 

A B C 



Sensing of native and denatured BSA on thioalkane-modified 
electrodes with different headgroups 

 
Veronika Ostatná, Hana Černocká, Stanislav Hasoň and Emil Paleček 

 

Institute of Biophysics of the Czech Academy of Sciences, Královopolská 135, 61265 Brno, Czech 
Republic 

ostatna@ibp.cz 
 

In the previous decades, electrochemical analysis of proteins focused on conjugated proteins containing 
non-protein redox groups. These proteins represent, however, a tiny fraction among tens of thousands of 
proteins occurring in nature. Recently, we have designed a new label-free method based on the ability of 
proteins to catalyze hydrogen evolution, enabling analysis practically of any protein [1]. We showed that 
constant current chronopotentiometric stripping (CPS) analysis is sensitive to local and global changes in 
protein structure and can be used also for studies of protein complexes [2-4]. Properties of the electrode 
surface play crucial role in studies of proteins at charged interfaces and can be easily changed using self-
assembled monolayers (SAMs). SAMs are able to protect adsorbed proteins against undesirable electric 
field effects, such as unfolding and denaturation. We were able to discriminate between native and 
denatured bovine serum albumin (BSA) at various alkanethiol SAMs [5]. Alkanethiol SAMs modified by 
BSA are studied by CPS and by impedance analysis. Our results showed that different headgroups of the 
alkanethiols influence the quantity of adsorbed protein, as well as the protein structure at the electrode 
surface. SAMs with longer alkanethiol chain length are more efficient in protecting BSA from the electric 
field-induced denaturation than those formed by short chain length alkanethiols. We believe that our work 
will be useful in future electrochemical studies of nucleic acid-protein and protein-protein binding 
sensing.   
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Therapeutic drug monitoring (TDM) is the clinical practice of measuring pharmaceutical drug 
concentrations in patients’ biofluids at designated intervals allowing a close and timely control of their 
dosage. TDM represents a potential high-impact strategy to personalize the drug dosage, but its 
application in the clinical practice is still very limited or absent, particularly in oncology, mainly due to 
the lack of the plasmatic concentration range for many drugs. To date, TDM in oncology is performed 
within specific clinical research programs, still far from the routine practice, in centralized laboratories 
employing instruments (e.g. mass spectrometer) that can be run only by trained personnel. An innovative, 
fast and user-friendly analytical tool would help medical doctors to routinely monitor and control 
chemotherapeutic dosage. In fact, antineoplastic drugs often show a narrow therapeutic range (the 
concentration range in between non-efficacy and toxicity), which might cause under dosage and 
subsequent therapeutic failure, or over-dosage and therefore severe adverse effects.1 CPT-11 is an 
antineoplastic drug that inhibits topoisomerase type I, causing cell death, and is widely used in the 
treatment of colorectal cancer. However, CPT-11 was also found to directly inhibit the enzyme 
acetylcholine esterase (AChE),2 which is involved in neuromuscular junction. Taking advantage of such 
inhibition, we developed an enzymatic biosensor, based on a platinum electrode functionalized with 
AChE and Choline oxidase (ChOx), which is capable of detecting CPT-11 in the concentration range 10-
10,000 ng/mL, which is usually found in human plasma.3 We believe that these findings could open new 
routes towards a real-time TDM in oncology, thus improving the therapeutic treatments, which might 
have tremendous fallouts into the clinical practice, the Healthcare System and, most importantly, the 
quality of life of oncological patients. 
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Boron-doped diamond (BDD) is a promising material for electrochemical applications due to its 
excellent chemical stability and sensitivity. Due to the vast fabrication techniques that can be used with 
this material, it is ideal for a sensing device. In this study, two 3-in-1 electrode sensors were fabricated 
out of BDD, characterized for their electrochemical ability, and were investigated for their capability to 
detect isatin. Isatin is an attractive endogenous indole for the treatment of tremors, epilepsy, and 
Parkinson’s Disease due to its anticonvulsant properties [1]. Current detection methods for this compound 
have been shown to have long measurement times, making an electrochemical sensor an attractive 
alternative [2]. Each sensing platform was comprised of a working, auxiliary, and quasi-reference 
electrode, all made of BDD. Two different working electrode geometries were studied, a microelectrode 
array (MEA) comprised of 97 individual micro electrodes with a diameter of 15 µm each, and a macro 
electrode (MAC) with a 2 mm diameter. The quasi-reference electrode’s potential was measured against 
that of a traditional Ag/AgCl electrode to study its behavior. Its potential shifted as a function of pH but 
did not have a dramatic shift when the pH of the solution was held constant. The BDD quasi-reference 
electrode had a potential -0.2V vs Ag/AgCl in a solution of pH 7 and remained stable throughout a 30 
hour test. pH 7 was studied since the buffer used for the isatin studies was pH 7.4 and was an appropriate 
value for biological samples.  
 The detection of isatin was performed in phosphate buffered saline (PBS) using both sensor 
geometries. The MEA sensor had a limit of detection (LOD) of 0.04 µM of isatin. The MAC sensor 
configuration had a slight increase in its LOD compared to the MEA at 0.22 µM of isatin. For a direct 
comparison to existing detection methods, an experiment was performed using UV-vis 
spectrophotometry. The LOD from this method was higher than both the MEA and MAC at 0.57 µM. 
After determining the advantage in the lower LOD from the electrochemical detection, a study was 
performed in a urine simulant to test a “real world” sample matrix. Both the LOD of the MEA and MAC 
worsened in this matrix with the MEA LOD being 0.80 µM and MAC LOD being 0.82 µM. Although 
these numbers are higher than in buffer solution, most “real world” samples would go through a 
pretreatment and extraction procedure allowing for lower detection [2]. From investigating these sensor 
geometries with the detection of Isatin, it was found that the MEA structure is the superior sensor 
configuration for this compound. These results can be further applied to applications of flow through 
systems such as direct EC detection and LC-EC detection.  
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Enzymatic fuel cells (EFCs) have been proposed to catalyze oxidation of fuels at anodes and/or 
reduction of oxidants at cathodes thus providing electrical power. The EFCs can be divided into 
mediated electron transfer (MET) and direct electron transfer (DET) biodevices, between the 
redox center of the enzyme and the electrode surface [1]. One of the main problems of EFCs is 
related to the low power densities, which hinder their applications as usable power devices.   
In this work, we have developed a new configuration of EFC to pursue the improvement of the 
electron transfer process, a higher amount of enzyme loading as well as a high surface area 
conductive materials, to obtain an enhancement of performance of the developed biodevices. 
In particular, we realized a portable high-power glucose/oxygen enzymatic fuel cell (EFC) using 
MWCNTs-screen printed electrodes (SPE) as electrodic material and based on an efficient MET 
bioanode, employing FAD-glucose dehydrogenase (FAD-GDH) immobilized onto 
electropolymerized methylene blue (pMB), and a DET biocathode, consisting of bilirubin oxidase 
(BOD) immobilized onto 2-amino anthracene (2-ANT) diazonium salt grafted on MWCNTs-SPE 
[2-3]. Moreover, to enhance the EFC stability, poly(vinyl alcohol) N-methyl-4(4’-
formylstyryl)pyridinium methosulfate acetal (PVA-SbQ) was photo-crosslinked onto both 
electrodes [4]. Finally, the EFCs were tested in human serum and saliva. 
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The development of biosensors based on modified carbon electrodes such as glassy carbon (GC) with 
carbon nanotubes (CNT) and polymer films has been a field of extensive research in the past two decades. 
One of the more studied configurations is CNT-modified glassy carbon with electropolymerized 
phenazines from aqueous media [1]; more recently the electropolymerization of phenazine dye monomers 
in deep eutectic solvents (DES) has been reported [2,3]. The polymer films resulting from 
electrodeposition in these media exhibit different morphologies and electrochemical behavior compared 
with the traditional aqueous media, and have the advantage of being a greener alternative, since these 
solvents are non-toxic. Such modified electrodes can be used for the construction of enzyme biosensors, 
such as with pyruvate oxidase that can detect pyruvic acid and phosphate. These are key analytes in foods 
and the environment, and faster, cheaper and portable analytical methods and devices for their monitoring 
are sought after.  
In this work, the electropolymerization of Neutral Red (NR) in the DES ethaline was carried out on glassy 
carbon and on CNT-modified glassy carbon electrodes to produce a new platform for pyruvate oxidase 
(PyOx) immobilization, in a similar way as in a previous study [4]. The optimization of the 
polymerization was carried out by testing different counter ions and varying their concentration in the 
solvent, varying the monomer concentration, as well as the temperature. The PNR/GC and PNR/CNT/GC 
modified electrodes were characterized by cyclic voltammetry, square wave voltammetry and 
electrochemical impedance spectroscopy. The electrochemical behavior of the nanostructured polymer 
films produced in DES was compared with those obtained in aqueous media. 
PyOx enzyme was immobilized on the electrode surface that exhibited the best performance, and the 
biosensor was applied to determine pyruvic acid and phosphate ions by fixed potential amperometry. The 
operational conditions of the biosensor were assessed and optimized for the determination of the analytes. 
A study of interferent species and inhibitors was conducted and the stability of the device was 
determined. The biosensor was finally applied to determination in food samples for pyruvic acid and 
phosphate ion determination in waters. 
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Some bioinorganic compounds (BC), on interaction with DNA, can cause significant changes in the DNA 
structure such as unwinding, oxidation of DNA bases or single- and double-stranded breakage in the 
DNA backbone [1]. Some of this damage, particularly with copper containing BC, is caused by reactive 
oxygen and nitrogen species (ROS/RNS) produced in a Fenton-like reaction in close proximity to the 
DNA strands [2]. Changes in the DNA structure caused by interaction with the BC can inhibit DNA 
function, such as DNA replication and, consequently, may result in cell death. Thus, some BC have the 
potential to be used as anticancer drugs as they can efficiently kill cancer cells.         
The aim of this research project is to use electrochemical DNA biosensors to investigate the interactions 
between DNA and BC, in particular, focusing on the nuclease activity of BC. The DNA biosensor was 
fabricated through chemisorption of thiol-modified double-stranded DNA oligonucleotides to create a 
self-assembled monolayer (SAM) on the gold electrode surface.  
This device can provide information about changes in DNA conformation caused by interaction with an 
external agent. The DNA biosensors are immersed in a solution containing the BC of choice. The redox 
wave of BC can be observed at the DNA-modified electrode as oxidation and reduction of the BC metal 
centre is facilitated by DNA via a long-range electron transfer mechanism – stacked DNA base pairs 
behave as the electron conduit. Comparison of the BC redox waves in the presence and absence of DNA 
can reveal information about the type of binding mechanism. Moreover, using chronocoulometry, the 
binding constant can be determined for each compound at the DNA biosensor. 
The nuclease activity of several BC is investigated through the measurement of changes in the DNA 
electrode surface coverage before and after interaction with the BC. The cleavage of DNA can be induced 
both chemically, using Fenton-like nuclease assay containing the BC of choice, an oxidant and reductant, 
and electrochemically. The DNA facilitated electrochemical reduction of the BC at the DNA sensor in 
aerated solution negates the requirement of an exogenous oxidant and reductant. DNA nuclease efficacy 
can be recorded as a percentage of the amount of DNA cleaved from the DNA-SAM, thus quantifying 
nuclease efficacy of the BC. 
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Nowadays the development of new antibiotics with different mode of action, to which the prokaryotic cell 
would not be capable to form drug resistance, is of immediate interest [1]. Cytochrome bd oxidase, the 
final electron acceptor in the respiratory chain from several bacteria is one of the most promising targets 
of antibiotics. This protein family is highly conserved and can be found only in the prokaryotes, including 
pathogens such as E. coli, M. tuberculosis, L. monocytogenes, K. pneumonia, growing under low oxygen 
pressure [2, 3]. The enzyme utilizes quinol as natural electron donor and reduces oxygen to water. 
Depending on the type of quinone-binding site (so-called Q-loop) two subfamilies can be distinguished: 
short Q-loop bd-oxidases (e.g., G. thermodenitrificans) and long Q-loop (e.g. E. coli) [4]. Thus, it would 
be useful to compare cytochrome bd of the two types.  
 
There is also a considerable demand for high throughput screening methods [5]. For this purpose, we 
have developed a voltammetric method based on immobilization of membrane redox active proteins on 
gold nanoparticles [6]. The nanoparticles were deposited on a gold rotating disk electrode and further 
modified with a monolayer of thiols to prevent unspecific protein adsorption on the gold surface. First, we 
focused on the optimization of the setup to achieve stable and functional protein films. It was shown that 
the quantity of deposited nanoparticles and the type of thiol head-groups were among the most crucial 
parameters. The type of lipids used in protein preparation was found to play a role in the adsorption 
processes. 
 
Various ligands have been probed with the bd oxidase from both organisms. All tested ligands contain the 
natural substrate chemical/structural scaffold: quinolones, quinones, hydroxyl- and bromo-
naphtoquinones, quinazolines, coumarins, flavanones, naphthofuran/pyrans, etc. In addition, aurachin D 
derivatives (quinolone group) that were reported as highly specific inhibitors effecting cytochrome bd in 
the nanomolar concentration range [7-10] have been successfully used as positive controls. 
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3D cell cultures are postulated to become a bridge between 2D in vitro models and experiments 
on animals. Models of this kind are able to mimic the in vivo environment, including the hystologic, 
physiologic and functional properties of the tissues in question, much better than traditionally used planar 
cultures. This mimicry is attributed mainly to more natural cell-cell and cell-extracellular matrix 
interactions, which influence gene expression, proliferation, migration and adhesion. However, at present 
difficulties in analysis of such complex 3D structures and complete lack of possibilities of their 
automation restrain full emergence of this technology. 

 
Electrochemical analysis is the obvious choice given the difficulties of traditionally used optical 

techniques to analyze such structures. Our work is focused on development of sensors for the analysis of 
the principal excitatory neurotransmitter in the mammalian central nervous system, namely glutamate. 
Glutamate is related to Parkinson’s disease, cognitive disturbances, epilepsy, schizophrenia, attention 
deficit, hyperactivity disorder and drug abuse. It is crucial for both physiological (learning and memory) 
and pathological(excitotoxicity, neurodegeneration) processes.  

 
We are currently working on two distinct systems for glutamate sensing, one being a sensor 

based on ion-transfer and the other a layered biosensor. The layered biosensor (Fig.1) is based on 
glutamate oxidase and prussian blue, which enables detection of hydrogen peroxide produced in the 
enzymatic reaction. As the concentration of hydrogen peroxide is proportional to concentration of 
glutamate it is possible to indirectly quantify the amount of the substrate. Due to the difficulties of work 
with glutamate oxidase, part of the optimization studies during sensor development was carried out using 
glucose oxidase. In the other approach detection of glutamate is based on specific interactions between 
glutamate and a recognition molecule, an ionophore entrapped in the organic phase covering the sensor. 

 
Fig.1 Schematic representation of the layered biosensor structure 

  
Proposed sensors are applied for the analysis of both 2D and 3D cell cultures. In case of 2D 

primary neuronal cultures exact information regarding glutamate concentration can help to unravel 
mechanisms of synaptic plasticity -the remodeling of synapses, which is crucial for learning and memory 
processes. Our sensors are also applied in 3D cultures of primary astrocytes, where the electrodes are 
integrated in a hydrogel scaffold, providing information regarding the state of the culture during 
neurotoxicity studies.  
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 In recent years, due to the very rapid increase in energy consumption as a result of the 
automotive and electronics industry development, strong interest in electrochemical energy sources 
(including batteries and accumulators) is observed. Biofuel cells are currently considered to be one of the 
most promising future energy sources. The biggest obstacle arising during the use of the enzymatic 
catalysts is the difficulty to establish good contact between the active center of the enzyme and the 
electrode surface. One of the methods for improving electrical contact between the enzyme and the 
electrode surface is the use of various carbon structures: such as carbon nanotubes, nanospheres, 
nanoparticles, graphene, reticulated vitreous carbon or mediators [1,2,3,4]. Mediators facilitating electron 
transfer between the enzyme and the electrode surface are added to the system. In this presentation we 
compare the electrochemical behavior of electrodes modified with mediators for example: 
3’,5’dimethoxy-4’-hydroxyacetophenone (acetosyringone),10-[3-(dimethylamino)propyl]-phenothiazine 
(promazine) and we tested the electrodes in biofuel cell and biobattery. The power, current density, OCV 
potential and stability in time are compared for all of these electrodes. This system were also employed as 
oxygen sensor. The operation of the biosensor devices was investigated in buffers containing a wide 
range of concentrations of oxygen. 
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Electroactive bacterial biofilm were developed onto a carbon anode from a wastewater inoculum 
in the presence of acetate, the absence of oxygen and a connection to a chemical cathode using 
ferricyanide as the oxidant, in an H-shape, membrane-separated, two compartments fuel cell design. The 
content of the anodic mixed species biofilm was analyzed with 16S ribosomal RNA (rRNA) sequencing. 
The fully developed catalytic bioanodes were then used to test the effect of different imidazolium-based 
ionic liquids which were added into the anolyte at different concentrations. Monitoring of the current 
from the catalytic oxidation of acetate by the bioanodes provides a straightforward mean of measuring the 
toxicity effect of the ionic liquid on the electroactive biofilms. Further studies confirming this effect 
include the failed recovery of the catalytic activity of the biofilm in a clean anolyte and the impeded 
development of bioanodes in the presence of the ionic liquid. Scanning electron microscopy revealed the 
absence of bacteria at the electrode after ionic liquid treatment.  
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Figure 1: Near-complete loss of the acetate oxidation catalytic current by a microbial bioanode over half 

an hour upon 1-butyl-3-methylimidazolium acetate (BMIM Ac) addition into the anolyte 
and monitored by five recurrent cyclic voltammograms  (scan rate 5 mV/s) 
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We previously reported a large scale integration (LSI)-based device for electrochemical bioimaging 
[1]. The device contains amperometric electrochemical sensor in a 20 × 20 array with a 250-µm pitch. 
The sensors can work individually, so that an electrochemical image can be obtained every 1 ms. 
Previously, the device imaged cell differentiation of stem cells, dopamine release from neuron-like cells 
and motion tracking of microorganisms. Since its invasiveness is low, the detection system is useful for 
cell analysis. In the conventional electrochemical imaging using LSI devices, single type of analytes is 
simultaneously imaged. However, for detailed cell analysis, it is important to detect simultaneously 
multiple analytes in real time. 

In this study, we present electrochemicolor imaging for simultaneous detection of multiple analytes [2-
4]. In this strategy, haft of sensors are used for detection of one type of analytes and others are used for 
detection of another type of analytes (Fig. 1). By using the strategy, two types of analytes can be 
simultaneously imaged. For selective assay, different potential is applied at each sensor. For example, 0.3 
and -0.5 V are applied to detect oxygen reduction currents and oxidation currents of enzymatic products, 
respectively [2]. The assay imaged cell differentiation of mesenchymal stem cells (MSCs) via detection of 
these currents [3]. In addition to the potential-based assay, sensor electrodes were modified with different 
enzymes. For example, half of sensors were modified with glucose oxidase and others were modified with 
horse radish peroxidase, so that glucose and H2O2 were successfully imaged at the same time [4].  

Thus, in this study, we present electrochemicolor imaging that can detect multiple analytes. The 
detection system is useful to image redox compounds in real time. Thus, the detection system will be a 
powerful tool for cell screening and tissue engineering. 
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MicroRNA (miRNA) molecules are small non-coding RNA molecules with a wide range of regulatory 
functions, such as cell differentiation, proliferation or apoptosis. Recent research showed that miRNAs 
can be associated with onset and progression of various types of cancer and are considered to be potential 
biomarkers or even therapeutic targets.  
 
Current methods of miRNA detection are mainly based on hybridization or amplification, connected to 
fluorescent readout. These systems are reaching high sensitivities, but they often require expensive 
instrumentation, skilled personnel and complex protocols. Electrochemical (EC) detection systems offer 
rapid detection and relatively inexpensive and simple instrumentation. Therefore, EC techniques represent 
an interesting alternative to standard techniques.  
 
Aim of our project is development of rapid, reliable and cheap EC method for up-regulated miRNAs 
detection. Our EC assay was composed of miRNA-specific hybridization probe and two biotinylated 
auxiliary probes (Scheme 1). Target miRNA separation from mixture was facilitated by protein G-
magnetic beads, modified with special S9.6 antibody which specifically binds RNA/DNA 
heteroduplexes1. EC signal, generated by enzymatic reaction catalyzed by horseradish peroxidase (HRP) 
conjugated to streptavidin2, was then amperometrically monitored.  
  
As a miRNA model, we used miR-21, which has already been shown to be up-regulated in a wide range 
of tumors and is thus well detectable in real samples. Based on this optimized model, we were able to 
detect other up-regulated miRNAs on wide panel of cancer cell lines, making this assay potentially useful 
in treatment response prediction or early cancer diagnostics. 

  
Scheme 1. Detection system for miRNA – hybridization chain reaction 
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    A thin and high-performance biofuel cell has been attractive attention due to it's potential to disposable electrical power 
source for medical and healthcare applications [1]. In this study, we newly fabricated a thin film-type lactate biofuel cell.  
A carbon cloth was used as electrode material. A MgO-templated carbon, which has mesopores of 100 nm diameter, was 
coated in the carbon cloth to be increased the effective surface area of the electrode. Lactate oxidase (LOx)- and 1,2-
naphthoquinone modified anode was prepared using the carbon cloth electrode. Also, bilirubin oxidase (BOD) and 
mediator-modified carbon cloth electrode was fabricated as cathode. Then, a thin film-type lactate biofuel cell was 
fabricated by combining the anode and the cathode, and the output power was evaluated by electrochemical measurement. 
In the present paper, we discuss the performances of anode and cathode.  
 The carbon cloth electrodes for anode and cathode were prepared by coating MgOC inks on the carbon cloth surface 
and drying for 24 hours. Polyvinylidene difluoride and polytetrafluoroethylene were used as the binder of anode and 
cathode. The prepared electrode was treated by UV/ozone. 25 μL of a solution containing 0.1 mol dm -3 1,2-
naphthoquinone (1, 2-NQ)  was dropped on the anode, followed by drying under reduced pressure for 1 hour. Then,  25 
μL of 0.01 mol dm -3 phosphate buffer solution containing lactate oxidase (LOx) was dropped on the anode. In the case 
of cathode, bilirubin oxidase (BOD) were dropped on the cathode, followed by drying under reduced pressure for 1 hour. 
The performances of anode and cathode were measured by cyclic voltammetry. 
 Figure 1 shows the cyclic voltammogram of the anode measured in a 0.1 mol dm -3 lactic acid solution. A catalytic 
oxidation current attributable to 1,2-NQ and LOx was observed around -0.05 V, and a maximum current density was about 
34 mA cm -2 at 0.4 V vs. Ag/AgCl.  Figure 2 shows the cyclic voltammogram of the cathode measured in 1 mol dm -3 
phosphate buffer solution. A catalytic reduction current attributed to ABTS and BOD was observed  around 0.5 V. The 
maximum current density was  15 mA cm -2 at - 0.2 V vs. Ag/AgCl). The large current densities were obtained for both 
anode and cathode due to the combination of excellent fuel supply into the carbon cloth and increase of effective surface 
area by MgOC.  
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FeFe hydrogenases are very efficient biological catalysts of hydrogen oxidation and production. They use 
an inorganic active site, the H-cluster, which consists of a [Fe2(CO)3(CN)2(dithiomethylamine)] subsite 
covalently bound to a [Fe4S4] subcluster. These enzymes inactivate under various conditions, e.g., in the 
presence of the inhibitors O2

1 and CO2 or under oxidative conditions. 
 
In Marseilles, we use direct electrochemistry to study the catalytic mechanism of metalloenzymes. In this 
technique, the enzyme is absorbed on a rotating electrode, which allows direct electron transfer, and its 
activity is monitored as a current. The changes in current (activity) detected when we expose the enzyme 
to the substrate and inhibitors or to different electrode potentials allow us to gain information about the 
different steps of the catalytic mechanism.4 We have applied this technique to study the effect of halides 
on the oxidative inactivation of FeFe hydrogenase. We found a strong effect of chloride (see figure) that 
cannot be explained by any of the previously proposed hypotheses regarding the oxidative inactivation 
mechanism. We have provided experimental evidence that the inactivation is strictly dependent on the 
presence of chloride and that this halide binds to catalytic intermediates of H2 oxidation. The 
overoxidation of the active site leads to the formation of a very stable, saturated, inactive form. The 
structure of this species has been calculated using DFT. 5 Our findings, which reveal the unexpected 
inhibition of FeFe hydrogenase by Cl-, contribute to explain a relevant inactivation mechanism in these 
enzymes. 
 
 
 
Figure: Effect of the increase in the 
concentration of chloride on the 
voltammetric response of FeFe 
hydrogenase. In the presence of 
chloride, the positive current (H2 
oxidation activity) decreases when the 
potential is increased, indicating an 
oxidative (reversible) inactivation, the 
magnitude of which increases with the 
concentration of the halide. 
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Both high sensitivity and high specificity are crucial for detection of miRNAs that have emerged as 
important clinical biomarkers. Just Another Zinc finger proteins (JAZ, ZNF346) bind preferably (but 
nonsequence-specifically) to DNA− RNA hybrids over single-stranded RNAs, single-stranded DNAs, 
and double-stranded DNAs. We present an ultrasensitive and highly specific electrochemical method for 
miRNA-21 detection based on the selective binding of JAZ to the DNA−RNA hybrid formed between a 
DNA capture probe and a target miRNA-21. This enables us to use chemically stable DNA as a capture 
probe instead of RNA as well as to apply a standard sandwich-type assay format to miRNA detection. 
High signal amplification is obtained by (i) enzymatic amplification by alkaline phosphatase (ALP) 
coupled with (ii) electrochemical-chemical-chemical (ECC) redox cycling involving an ALP product 
(hydroquinone). Low nonspecific adsorption of ALP-conjugated JAZ is obtained using a polymeric self-
assembled-monolayer-modified and casein-treated indium−tin oxide electrode. The detection method can 
discriminate between target miRNA-21 and nontarget nucleic acids (DNA−DNA hybrid, single-stranded 
DNA, miRNA-125b, miRNA-155, single-base mismatched miRNA, and three-base mismatched 
miRNA). The detection limits for miRNA-21 in buffer and 10-fold diluted serum are approximately 2 and 
30 fM, respectively, indicating that the detection method is ultrasensitive. This detection method can be 
readily extended to multiplex detection of miRNAs with only one ALP-conjugated JAZ probe due to its 
nonsequence-specific binding character. We also believe that the method could offer a promising solution 
for point-of-care testing of miRNAs in body fluids. 
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Enzyme-like nanocatalytic reactions developed for high signal amplification in biosensors are of limited 
use because of their low reaction rates and/or unwanted side reactions in aqueous electrolyte solutions 
containing dissolved O2. We present a nitrosoreductase-like catalytic reaction, employing 4-nitroso-1-
naphthol, Pd nanoparticles, and H3N−BH3, which affords a high reaction rate and minimal side reactions, 
enabling its use in ultrasensitive electrochemical biosensors. 4-Nitroso-1-naphthol was chosen after five 
hydroxy-nitro(so)arene compounds were compared in terms of high signal and low background levels. 
Importantly, the nanocatalytic reaction occurs without the self-hydrolysis and induction period observed 
in the nanocatalytic reduction of nitroarenes by NaBH4. The high signal level results from (i) fast 
nanocatalytic 4-nitroso-1-naphthol reduction, (ii) fast electrochemical redox cycling, and (iii) the low 
influence of dissolved O2. The low background level results from (i) slow direct reaction between 4-
nitroso-1-naphthol and H3N−BH3, (ii) slow electrode-mediated reaction between 4-nitroso-1-naphthol and 
H3N−BH3, and (iii) slow electrooxidation of H3N−BH3 at electrode. When applied to the detection of 
parathyroid hormone, the detection limit of the newly developed biosensor was ~0.3 pg/mL. The 
nitrosoreductase-like nanocatalytic reaction is highly promising for ultrasensitive and stable biosensing.  
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  Recently, various organic linker molecules have been modified to make covalent bonds on gold electrode 
surface for immobilization of biomolecules. Thiol-based self-assembled monolayers are commonly used 
for this purpose. However, there are some critical issues about this strategy. First, thiol groups can 
nonspecifically adsorb to other parts (e.g. insulating layer surrounding a gold electrode). Second, thiol 
groups can be detached from gold electrode surface because gold-thiol bonding has poor stability towards 
thermal or electrochemical perturbation. Electrochemical reduction of diazonium is a more desirable 
strategy in a view of resistance to electrochemical perturbation and long-term stability because it allows 
stronger covalent bond between diazonium and electrode surface compared to thiols. In this study, 4-
nitrobenzenediazonium was chosen as a diazonium compound and electrochemically modified on a gold 
electrode. Then, nitro group was converted into amino group through electrochemical reduction processes. 
After glutaraldehyde treatment, probe DNA sequence for Dengue virus was finally immobilized. All 
processes were electrochemically monitored using cyclic voltammetry and electrochemical impedance 
spectroscopy of ferri/ferrocyanide. 
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Biosensors for ultrasensitive and simple point-of-care testing require dried reagents with long-term 
stability and a high signal-to-background ratio. Although ortho-substituted diaromatic, dihydroxy and 
aminohydroxy compounds undergo fast redox reactions, they are not used as electrochemical signaling 
species because they react easily with dissolved oxygen. In this presentation, stable, solid 1-amino-2-
naphthyl phosphate (1A2N-P) and ammonia-borane (H3N-BH3) are respectively employed as a substrate 
for alkaline phosphatase (ALP) and a reductant for electrochemical-chemical (EC) redox cycling. ALP 
converts 1A2N-P to 1-amino-2-naphthol (1A2N), which is then employed in EC redox cycling using 
H3N-BH3. The oxidation and polymerization of 1A2N by dissolved oxygen is significantly prevented in 
the presence of H3N-BH3. The electrochemical measurement is performed without modification of 
indium−tin oxide (ITO) electrodes with electrocatalytic materials. For comparison, nine aromatic 
dihydroxy and aminohydroxy compounds, including 1A2N, are evaluated to achieve fast EC redox 
cycling, and four strong reductants, including H3N-BH3, are evaluated to achieve a low background level. 
The combination of 1A2N and H3N-BH3 allows the achievement of a very high signal-to-background 
ratio. When the newly developed combination is applied to the detection of creatine kinase-MB (CK-MB), 
the detection limit for CK-MB is ∼80 fg/mL, indicating that the combination allows ultrasensitive 
detection. The concentrations of CK-MB in clinical serum samples, determined using the developed 
system, are in good agreement with the concentrations obtained using a commercial instrument. Thus, the 
use of stable, solid 1A2N-P and H3N-BH3 along with bare ITO electrodes is highly promising for 
ultrasensitive and simple point-of-care testing. 
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People all over the world have recently suffered from food allergies, such as milk, egg, tree nuts, peanut, 
and buckwheat. Food allergies cause many kinds of skin, respiratory, and digestive symptoms. In a 
serious case, an immediate hypersensitivity reaction including anaphylaxis may cause a reduction in 
blood pressure or unconsciousness, resulting in a life-threatening condition. Therefore, allergenic 
substances either in raw materials or processed materials need to be severely checked. A representative 
detection method for food allergens is based on enzyme-linked immunosorbent assay (ELISA) test, 
although it has some drawbacks such as complicated operation steps and large analysis equipment. To 
overcome these drawbacks, a field effect transistor (FET) biosensor, which has some advantages in mass 
production and large-scale integration, is a promising biosensing platform as a simple label-free allergen 
detection technique. The FET biosensors may directly detect the intrinsic charge of proteins specifically 
captured by immobilized receptors, suggesting that it has the potential to eliminate some of the steps 
involved in conventional allergen detection processes. In our previous study, an FET biosensor modified 
with antigen binding fragment (Fab) could successfully detect an allergenic buckwheat protein BWp16, 
which is present in buckwheat noodles popular in Japan. To detect the BWp16 protein which does not 
possess its intrinsic charge enough to be detected by the FET biosensor, we achieved the signal 
amplification by coupling of the negatively charged surfactant, sodium dodecyl sulfate (SDS), with the 
BWp16 protein [1,2]. Toward the practical application of the FET biosensor to food inspection, extract 
and specific detection of allergens from processed foods are important steps to be optimized. In this 
presentation, we show an availability of the FET biosensing 
system for the detection of buckwheat protein in processed 
foods. First, to achieve significant signal amplification by 
using the SDS surfactant, the treatment condition of the 
surfactant, such as concentration and reaction time, was 
examined. Second, a recognition ability of various types of 
Fab molecules, which recognize different antigen epitopes, 
immobilized on the gate of FET biosensors, was evaluated. In 
addition, the availability of an immunochromatography assay 
strip, which is also a potential substitute without complex 
operations and expensive quantification equipment, was 
tested, and the results were compared with those obtained by 
using FET biosensors. Finally, the specific detection of the 
buckwheat protein in food extracts or processed foods was 
examined by using the FET biosensors. 
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Figure 1 Schematic illustration of  
Fab-immobilized FET biosensor for the 
detection of food allergens.  
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Nowadays, bioelectrochemical processes are gaining acceptance for the elimination of recalcitrant 
pollutants in water. It has been shown that some microorganisms are able to survive the process: they 
even use the pollutant as a source of nutrients, thus removing it in a more efficient way. However, little 
information regarding metabolic and/or population effects of the microbial consortium when it is 
subjected to an electrochemical process, is found in the literature. In the present work were analyzed the 
metabolic activities such as hydrolysis, acidogenesis (fermentation), acetogenesis and methanogenesis of 
a microbial consortium using specific substrates, before and after being exposed to an electrochemical 
process for the degradation of an azo dye (methyl orange). As inoculum, a microbial consortium from an 
anaerobic lagoon was adapted to the working conditions of the bioelectrochemical process and for dye 
degradation. The process was carried out in a batch reactor, as a Microbial Electrolysis Cell (150 mL, 100 
rpm, 35ºC), with stainless steel electrodes, J=0.0016 mAcm-2 and a cell voltage of 0.2 V. The kinetics of 
dye removal, Chemical Oxygen Demand and Total Nitrogen were studied during the process; the data 
obtained were related to the consortium's metabolic activities and PCR test (polymerase chain reaction). 
Results showed an increase in the dye removal for the bioelectrochemical process, in which the growth of 
Gram-negative bacteria was stimulated; also, in its morphology, nano-wires were perceived. It was 
evidenced the presence of microorganisms from Geobacter, Desulfovibrio and Shewanella genus, which 
act synergistically in order to carry out largely the hydrolysis and acidogenesis stages in the anaerobic 
degradation process. Methanogenesis activity in the consortium could have stopped because hydrogen 
partial pressure was not maintained due to its excessive generation and the production of hydrogen sulfide 
during the metabolism of the fermenting bacteria. These metabolic and population modifications by the 
applied electric current at this process conditions, cause an increase in 30% average in dye removal 
efficiency, comparing with the simple biotic reaction. Therefore, the stress caused by the applied electric 
current causes changes in the species present in the microbial consortium increasing preferably the 
growth and activity of Gram-negative bacteria, mainly fermenters, which favor the processes of 
hydrolysis and acidogenesis of the substrate in its path of degradation. In the case of stimulate the growth 
and activity of methanogenics, process conditions would have to be modified. 
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Fig. 1. Metabolic activity and population changes of an anaerobic consortium in a  

bioelectrochemical process for azo dye degradation. 
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A search for new sustainable energy sources is becoming more and more important in the 
present days. Scientists and engineers are looking for new, more productive setups, preferably that will be 
able to produce the so-called “green energy.” One of such solutions is bioelectrochemical systems (BESs) 
that utilize microorganisms to produce hydrogen, generate electricity, treat wastewaters or for sensing 
purposes [1,2]. BESs consist of an anode or a cathode that can be colonized by the microorganism which 
catalyzes either oxidation or reduction reaction [3]. The performance of such systems, especially the 
current efficiency, strongly depends on thermodynamical, biological and technical factors. Among many 
variables, electrode’s material and the type of bacteria species are the most important. Up to date, the 
most commonly used material for constructing bioelectrodes is carbon (e.g., cloth, paper, brush). Despite 
significant advantages, carbon materials are characterized by high background currents that may encase 
the response from redox species in the system [3]. When it comes to the microorganisms, some virulent or 
wastewater-derived species like Escherichia, Geobacter or Shewanella are applied [4]. Therefore, there is 
a constant need for more efficient electrode materials, as well as for less harmful microorganisms when it 
comes to designing bioelectrodes for some BESs applications. 

Herein, we present for the very first time novel bioelectrodes based on the metal (gold) and 
polycation (cationic dextran derivative) with a lactic acid bacteria (Lactobacillus rhamnosus GG) biofilm. 
The use of gold provides very good conductivity, while a polymeric monolayer assures biocompatibility 
of the surface. Morphology of the samples was determined by using scanning electron microscopy 
(SEM), atomic force microscopy (AFM) and infrared spectroscopy (IR). Used L. rhamnosus GG strains 
are derived from the probiotic, therefore, are human and environmentally friendly. SEM images proved 
that such metal/polycation surfaces enable a well-developed lace-like biofilm formation from 
L. rhamnosus GG bacteria (Fig.1a.). In order to study the electrochemical activity of synthesized novel 
bioelectrodes, electrochemical measurements, e.g., cyclic voltammetry (CV) and chronoamperometry 
(ChA) were performed. Preliminary studies confirmed the electrochemical activity of 
gold/dextran/L. rhamnosus GG electrodes, showing an increase in the obtained current with time (ChA 
measurements), and the presence of redox peaks on voltammograms (Fig. 1b). Such results allows to 
consider the presented innovative electrodes for their potential use in bioelectrochemical systems. 

 
Fig. 1. (a) SEM microphotographs of L. rhamnosus GG on gold/dextran electrodes. (b) Cyclic 

voltammetry and chronoamperometry measurements of synthesized electrodes in medium solution. 
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Our group has recently focused on a screen-printed paper-based biofuel cell [1]. Recently we fabricated 
a screen-printed paper-based lactate biofuel cell [2].  In the present study, we newly tried to improve the 
printability and performance of the lactate biofuel cell from the view point of the rheological aspect of the 
printing inks. Firstly, we focus on particle size of the porous carbons, which is related to cissing and ink 
clogging during the printing.  Then, we improved the dispersion stability of the porous carbon ink by 
using an additive. The performance of the electrode and biofuel cell were measured by cyclic 
voltammetry and chronoamperometry. 

We prepared the porous carbon ink composed of MgO-templated carbon (MgOC, Toyo Tanso), poly-
vinylidene difluoride (PVdF) binder and a N-methyl-2-pyrrolidone. We used two sizes of MgOC particles 
(2 m and 6 m diameters). Frequency sweep experiments are performed on these inks by using a 
rheometer (Anton Paar, MCR 102) at shear strain of 0.1%. The angular frequency range of ω was 0.1 - 
100 rad s-1. The measurement temperature was 25C.  

Figure 1 shows the relation between storage modulus (G'), the loss modulus (G") and the angular 
frequency (ω). Both of G' and G'' of 2 m carbon inks were independent of the angular frequency over the 
entire angular frequency range. Moreover, G' is higher than G", which means that 2 m carbon ink is 
dominated by the elastic behavior. However, 6 m carbon ink was dominated by viscous behavior.  These 
results indicated that the cissing and ink clogging hardly cause by using 2 m carbon ink. Next, a MgOC 
ink was prepared using the MgOC of 2 m diameter in which carboxymethyl cellulose sodium salt 
(CMC) is added as dispersants. The 1,2- naphthoquinone solution and lactate oxidase (LOx) solution is 
immobilized in the MgOC layer of anode by a casting method. In prepared electrode, chronoamperometry 
(CA) was carried out at a potential of 0.3 V for 2000 s.    

Figure 2 shows chronoamperogram of the bioanode in 100 mM phosphate buffer containing 100 mM 
lactate (pH: 7.0). The current density was drastically improved by using CMC as the dispersant. In the 
present paper, we discuss the effect of CMC on the electrode structure in detail.  
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Fig.１ Relation between angular frequency, storage 
modulus (G') and loss modulus (G") of porous carbon inks 

Fig. 2 Chronoamperogram of anode 
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Abstract 
In vitro synthesis of ATP catalyzed by the ATP-synthase requires membrane vesicles, in which the 
ATP-synthase is present in the bilayer membrane. To realize ATP synthesis catalyzed by ATP-synthase, a 
proton gradient across the membrane is necessary. Inverted vesicles prepared from E.coli[1] cells provide 
all requirements for an in vitro ATP-synthesis and offer an easy accessibility. Present 
NADH-Dehydrogenase complexes generate the proton gradient necessary for ATP synthesis by, 
catalyzing the conversion of NADH to NAD+ and thereby pumping protons across the vesicle membrane. 
The proton gradient is used by the ATP-synthase also present in the vesicles and catalyze the synthesis of 
ATP from ADP and inorganic phosphate[2][3][4]. 
To determine the vesicle respiration and the associated ATP level, a micro-biosensor using poly 
(benzoxazine)[5] for entrapment of the enzymes glucose oxidase (GOD) and hexokinase (HEX) at 
platinum ultra-microelectrodes (UMEs) was used to locally measure the ATP level[6]. Amperometric ATP 
biosensors allow monitoring the ATP release over time under physiologically relevant conditions. 
Experimentally, the vesicles are separated from the biosensor compartment using a porous polycarbonate 
membrane to avoid de-activation of the biosensor due to adsorption effects. To position the 
micro-biosensor, scanning electrochemical microscopy (SECM) is used with a dual micro-electrode 
where one electrode is modified with the enzyme layer and the second electrode is blank for positioning 
the biosensor at the membrane surface At distance 30µm above the pores, and at concentrations of 0.7 µM 
ADP and 3.32 µM NADH, total protein concentration is 22mg/ml, a value of 0.304 ± 0.023 µM/µl was 
determined. In addition, performed control experiments and evaluation of the reproducibility of the 
obtained results will be presented.      
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Wearable devices for monitoring athletes' performance status have been attached attention. Ammonium 
ion concentration in sweat is related to muscle fatigue and deterioration of perceptual function. Currently, 
an ammonium ion sensor using tattoo paper as a substrate has been reported [1]. We have developed a 
sodium ion sensor by transfer printing. The sodium ion sensor can be printed directly on a cloth. A risk of 
skin rash can be reduced by using our cloth-type ion sensor [2]. In this research, we have newly developed 
an ammonium ion sensor by heat transfer printing. 

A schematic diagram of the sensor is shown in Fig. 1. Firstly, a two-electrode sensor was fabricated by an 
PET film. An overcoat ink, resist ink, carbon ink, Ag/AgCl ink, and adhesive ink were printed on the PET 
film successively by screen printing. 8 μL of tetrahydrofuran solution containing polyvinyl chloride, o-
nitrophenyl octyl ether, and potassium tetrakis (4-chlorophenyl) borate was dropped on the carbon 
electrode surface and dried overnight. 8 μL of a methanol solution containing poly (vinyl butyral) and 
sodium chloride was dropped on the Ag/AgCl electrode surface and dried overnight at room temperature. 
The sensor was formed on the non-woven fabric substrate by thermal transfer printing. The performance 
of the sensor was estimated by measuring the open circuit potential using 10-7-10-1 M ammonium chloride 
solution. 

Fig. 2 shows the ammonium concentration dependence on the sensor after thermal transfer printing. The 
potential of this sensor increased along with increase the ammonium concentration, and a linear relationship 
was obtained in the concentration range from 0.1 to 100 mM. The slope of the calibration curve was 57.1 
mV/log CNH4+ (90% confidence interval, n = 3). The calculated lower detection limit was 1 × 10 -5.2 M. 
Since the concentration of ammonium ion in general human perspiration is 0.1 to 1 mM, it was suggested 
that the sensor could be used for the determination of ammonium ion in perspiration. The selection 
coefficients (log KNH4

+,Na+, log K NH4
+,K+) of the sensor for two cations (Na+ and K+) determined by the single 

solution method were -2.3 and -1.3, respectively.  
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Enzymatic glucose/O2 biofuel cells (BFCs) are energy conversion systems in which enzymes oxidize glucose at a 
bioanode and reduce oxygen at a biocathode. These enzymes are highly safe toward humans, and highly selective for 
substrates, without leaving toxic residues at room temperature and neutral pH conditions. There are many recent studies 
on self-powered biosensing systems based on BFCs [1]. The BFC [1] was composed of a bioanode and a biocathode that 
were based on MgO-templated carbon (MgOC) electrodes. The MgOC is a suitable for biofuel cell electrodes, because 
the MgO-templated carbon has large specific surface areas and has mesopores for enzyme-immobilization whose size can 
be easily controlled.  

In the present study, we investigated a method to immobilize a mediator on the MgOC surface by graft polymerization. 
Azure A (N',N'-dimethylphenothiazin-5-ium-3,7-diamine chloride) was used as the mediator since azure A is an 
biocompatible organic dye. Optimum polymerization conditions were investigated by changing the pH and intensity of 
electron beam irradiation. Then, FAD-dependent glucose dehydrogenase (GDH) was immobilized with azure A on the 
MgOC by using a cross linker. The performance of bioanode was estimated by cyclic voltammetry and 
chronoamperometry in detail. 

Radicals was introduced onto the MgO template carbon (MgOC) surfaceby electron beam irradiation.  Then, glycidyl 
methacrylate (GMA) was polymerized on the MgOC surface.   The grafted MgOC and polyvinylidene difluoride were 
dispersed in N-methylpyrrolidone to prepare a porous carbon ink. The porous carbon ink was coated on a glassy carbon 
electrode surface, followd by drying at 40 ° C for 24 h. The porous carbon-modified grassy carbon electrode was immersed 
in an azure A solution and GDH solution, successively. Then the azure A and GDH-modified grassy carbon electrode was 
dried under reduced pressure to prepare a bioanode. Electrochemical measurements were performed by three electrode 
method. A platinum wire and a saturated KCl/Ag/AgCl electrode were used for the counter electrode and the reference 
electrode, respecively.  
  Figure 1 shows the chronoamperogram of the bioanode measured in 100 mM phosphate buffer solution containing 100 
mM glucose. A large current density of 2 mA cm -2 was obtained after 10 hours. From the result, it was confirmed that 
azure A was immobilized stably on the MgOC surface. But, a current is gradually decreased with time due to the elution 
of FAD-GDH. Thus, FAD-GDH was immobilized on the MgOC surface using Poly (ethylene glycol) diglycidyl ether 
(PEGDGE) as a cross-linker. By using PEGDGE, a current decrease could be reduced to one-quarter.  
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Fig.1 Chronoamperegram of the FAD-GDH and azure A modified grassy carbon 
electrode in 100 mM phosphate buffer containing 100 mM  glucose (pH 7) at room 
tempereture. The potential of the electrode was-0.1 V (vs Ag/AgCl).  
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In a previous paper [1], we revealed a different way to modify Multi walled carbon nanotubes 
(MWCNTs) with 3,5-dinitrobenzoate (35DNB) wherein the compound is encapsulated on the electrode 
without covalent bond between 35DNB and the MWCNT array. Later [2] we proved that 35DNB-
MWCNTGC electrode efficiently catalyzed the oxidation of NADH with a decrease of more than 0.6 V 
vs Ag/AgCl in the overpotential compared to the bare GCE and a difference of 0.25 V vs Ag/AgCl with 
respect to the situation without mediator. 
With the aim of obtaining a stronger bond of the electrocatalytic mediator 35DNB with the MWCNTs we 
have synthesized a modified compound of 35DNB. The modification consisted in adding a 4- (piren-1-yl) 
butyl terminal to 35DNB to form 4- (pyren-1-yl) butyl 3,5-dinitrobenzoate (35DNBpy) (Fig. 1). The 
synthesis of 35DNBpy was obtained with a yield of 78.3% (mp = 202-204 ° C). With this change we 
hope to maintain the electrocatalytic effect by several oxidation cycles conferring electrocatalytic 
stability. 
The preparation and modification of electrodes with carbon nanotubes and 35DNBpy is fast and simple. 
The electrochemical study was performed by cyclic voltammetry in 3 mM NADH solutions. Oxidation of 
NADH (signal I) occurs at 0.1 (V vs Ag / AgCl) in aqueous medium at pH 7 and the same electrode can 

be used up to 50 min (Fig. 1). 
The electro-oxidation of NADH has always 
been a challenge, because it occurs in 
common electrodes irreversibly and with 
high overpotential (Fig. 1, dashed line). In 
this work, the electrocatalytic effect of new 
modified electrodes with MWCNTs and 
35DNBpy is reported. The electrocatalytic 
effect was evaluated by cyclic 
voltammetry. The electrocatalytic capacity 
of the electrode and the heterogeneous 
transfer constant were calculated. 
The developed method is easy because the 
mediator compound is encapsulated in the 
nanostructure by simple dipping on 1.5 mM 
35DNBpy on buffer Britton - Robinson pH 
7. 
NADH oxidation is a process that occurs 
by one proton and two electrons to generate 

NAD+ (eq. 1). This reaction is catalyzed by nitroso-hidroxylamine mediator generated in situ at the 
electrode (eq. 2). By using this modified electrode (GC-CNT-Med), a decrease in the overpotential for the 
oxidation of NADH of 500 mV vs GC (no show), and 300 mV vs GC-CNT (Fig. 1. solid line) is 
observed.  
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The field of enzymatic biosensors has rapidly expanded over the last few years, thanks in part to their 
excellent selectivity to specific target species.1-2 Much current research is therefore focused on enhancing 
the electrochemical signal, which often involves the detection of stoichiometric amounts of H2O2 formed 
as part of the enzyme mechanism. This opens the possibility of enhancing a biosensor’s performance by 
facilitating the H2O2 oxidation signal through surface modification.3-5 Here, we investigate the impact of 
the roughness of the platinum surface on the biosensor response, where rougher platinum surfaces show 
greater activity for H2O2 oxidation, and therefore enhanced biosensor sensitivity. Through careful 
manipulation of the electrode surface roughness, we are able to show a significant improvement to the 
LOD for our biosensor when using a rougher electrode surface. Additionally, we have shown that this 
enhanced surface roughness has no detrimental effects towards the electrode response time. This suggests 
that surface roughness could be a simple and easy to implement means of enhancing the sensitivity of 
electrode-based enzymatic biosensors, and is an important factor to consider when studying other aspects 
of biosensor fabrication. 

 

 
 

Figure 1:  A) Diagram of the fully fabricated biosensor. Inset focuses on the tip of the biosensor, showing 
the enzyme layer (orange), size exclusion polymer layer (blue) and platinum surface of the microelectrode 
(grey). The displayed roughness of the platinum surface shall be manipulated through the electrode 
polishing regime. B) Calibration curves for ᴅ-serine recorded at the enzymatic biosensor with varying 
surface roughness. The gradient of the calibration curve increases with greater roughness, resulting in an 
improved LOD.  
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Pyoverdine is a fluorescent siderophore produced by Pseudomonas aeruginosa that can be considered a 
biomarker for this bacterium involved in nosocomial infections. The elaboration of electrochemical 
sensors with high selectivity, sensitivity, fast response and suitable for portability and miniaturization, 
represents an alternative to biochemical, genetic and genomic methods, that are currently used for the 
detection of Pseudomonas aeruginosa, and are limited to laboratory level. 
A novel platform based on a graphite based screen-printed electrode modified with graphene and applied 
for the electrochemical selective and sensitive detection of pyoverdine was developed. First step of the 
optimized experimental protocol consist in the electrochemical reduction of the graphene layer using 
cyclic voltammetry in phosphate buffer. The electrode surface was then electrochemically decorated with 
gold nanoparticles using cyclic voltammetry in the presence of HAuCl4. The overall experimental 
protocol used for sensor elaboration is presented in Figure 1. 
 

 
Figure 1 Elaboration steps of the sensor 

 
The optimized sensor presents higher sensitivity compared with unmodified electrode and was 
successfully applied for the detection of pyoverdine in real samples: serum, saliva and tap water. The low 
limit of detection of 66.9 nM, long term stability, high reproducibility and wide linear range (from 0.5 μM 
to 100 μM) are the parameters that recommend this sensor for biomedical and environmental application. 
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Microbial contamination of indoor air is important for occupational and public health. Among different 
microorganisms the microscopic fungi Penicillium, Aspergillus etc. are most common airborne genera. 
They can cause mycosis, mycogenic food or drug allergies, rhinosinusitis and bronchial asthma. Beside 
the harm to the human health there is also a negative influence of microorganisms on manufacturing 
processes of medicines, foods and microelectronics. 
Previously we reported on the novel reagentless and label-free detection principle allowing discrimination 
of specific binding over non-specific interactions [1]. Unlike majority of impedimetric and 
conductometric (bio)sensors, which specific and unspecific signals are directed in the same way 
(resistance increase), making doubtful their real applications, the response of the reported sensing 
material poly(3-aminophenylboronic acid) or poly(3-APBA) results in resistance decrease, which is 
directed oppositely to the background. 
The developed sensing material – poly(3-APBA) – is able to selectively bind compounds possessing 1,2- 
or 1,3-diol functions which are common part of sugars and hydroxyacids. However, a diversity of 
potential analytes for the polymer is not limited to above-mentioned small molecules. It seems that 
poly(3-APBA) is able to bind to fungal cell wall surface, which consists mainly of b-1,3-glycan. The 
glycan contains repeating units of glucose with 1,3-cis-diol functions which are known to selectively bind 
to phenylboronic acid. Apparently, boronate groups of poly(3-APBA) binds to diols within cell wall 
which causes doping of conducting polymer in solution [2]. 
In this work, we elaborated microsensor for direct detection of Penicillium chrysogenum in air [3]. It was 
first shown that the presence of the microorganism in air led to conductivity increase of 
electropolymerized 3-APBA. We believe that spores of Penicillium chrysogenum with sizes of 2–4 mm 
undergo sorption on the surface of poly(3- APBA) due to specific interaction of the cell wall functional 
groups with boronic acid moiety which cause increase in conductivity of the polymer. Effect of poly(3-
APBA) conductivity increase as a result of polymer self-doping in the presence of the fungi was 
confirmed by Raman spectroscopy. Detection of fungi with microsensor requires less than 20 minutes 
which is approximately 100 times faster than agar plate cultivation. Furthermore, microsensor is 
applicable to monitor hygienic standard of fungal content in air. Reagentless operation in air and compact 
size of microsensors opens the possibility to create embedded systems of air control in manufacturing 
processes and even in everyday life. The reported application of reagentless sensing principle is upcoming 
approach not only to detect complex analytical objects such as microorganisms in a simple manner but 
also for elaboration of non-enzymatic selective sensors for key metabolites (possessing diol functions 
such as glucose or lactate etc.) that open new prospects for health care. 
 
Acknowledgments: 
Financial support through Russian Science Foundation grant # 18-73- 00264 is greatly acknowledged. 
 
References: 
1. Andreyev E.A., Komkova M.A., Nikitina V.N., Zaryanov N.V., Voronin O.G., Karyakina E.E., 
Yatsimirsky A.K., Karyakin A.A. Anal. Chem. 2014, 86, 11690–11695 
2. Komkova M.A., Andreyev E.A., Nikitina V.N., Krupenin V.A., Presnov D.E., Karyakina E.E., 
Yatsimirsky A.K., Karyakin A.A., Electroanalysis, 2015, 27, 2055–2062.  
3. Andreev E.A., Komkova M.A., Shavokshina V.A., Presnov D.E., Krupenin V.A., Karyakin A.A. 
Electroanalysis, 2018, 30, 602-606. 



Label-free Electrochemical Aptasensor Based on Gold and Polypyrrole 
Nanoparticles for Interleukin 6 Detection 

 
Mihaela Tertiș, Bianca Ciui, Robert Săndulescu, Cecilia Cristea 

Analytical Chemistry Department, Faculty of Pharmacy, Iuliu Haţieganu University of Medicine and 
Pharmacy, 4 Louis Pasteur St, 400349 Cluj-Napoca, Romania 

ccristea@umfcluj.ro 
 

Cytokines are soluble proteins (molecular weight from 6 to 70 kDa) secreted from the immune and non-
immune cells. These proteins are involved in the modulation of many immune reactions including 
sensitization, chemically-induced tissue damage, control of cell replication, apoptosis and cancer 
progression and development [1]. Interleukin 6, a cytokine which serves as an inflammation biomarker, is 
a circulating protein that can be found in plasma of healthy individuals at a very low level (around 6 pg 
mL-1) [2] and over expressed as a response to injury, inflammation and infection [3]. 
A highly sensitive, selective, fast and stable electrochemical aptasensor, based on a screen-printed carbon 
electrode modified with a nanocomposite architecture consisting of polypyrrole and gold nanoparticles 
was designed for interleukin 6 detection in human serum. The simultaneous presence of the conductive 
polymer and gold at the electrode surface provided a suitable environment for the interleukin 6 specific 
aptamer immobilization through sulfur-gold bonding. The aptamer immobilization onto the transducer is 
an important and challenging step, since a reproducible and well controlled modified surface is envisaged. 
The repetitive application of this succession of opposite potentials, with a very high speed (tens of ms) 
and for a sufficient time, ensured in our study the controlled immobilization of the aptamer through the S-
Au bond. Moreover, the unfolding of the DNA strand and its upright orientation on the electrode is 
favorable for the affinity reaction with the target analyte. Therefore, multipulse amperometry was adapted 
in our study for both aptamer immobilization and blocking of the free surface of the electrode with an 
alkylthiol (mercaptohexanol). Employing the multipulse amperometry strategy, the fabrication of the 
presented aptasensor required approximately 30 minutes, which is extremely benefic for maturation of the 
electrochemical biosensors towards the design of point-of-care devices. 
Cyclic voltammetry and electrochemical impedance spectroscopy were used for the monitoring, 
characterization and optimization of the biosensor during all the steps involved in the fabrication process. 
After complete optimization, the aptasensor exhibited a good impedimetric response towards the target 
analyte. The results showed that interleukin 6 could be detected in a wide linear range from 1 pg mL-1 to 
15 µg mL-1 with a detection limit of 0.33 pg mL-1. The biosensor was tested in the presence of other 
proteins in human serum samples with good recoveries [4]. 
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Future goal for enzymatic biofuel cells is to use them to power implanted medical devices. For this purpose 
they have to be biocompatible, stable and totally safe for the wearer. The last decades have witnessed an 
exponential effort to develop current power sources compatible with on-body operation that will make 
existing devices obsolete[1]. A typical enzymatic biofuel cell consists of an enzyme functionalized 
bioanode and biocathode. Advantages of using enzymes are gained by their selectivity toward natural 
compounds and to their ability to work in mild conditions of pH and temperature. When implanted in 
animals, enzyme-containing biofuel cell electrodes can be damaged by components of the biological 
environment [2] therefore lipidic cubic phase has been proposed as a convenient matrix for incorporating 
enzymes and holding them on the electrode surfaces in fully active forms. Lipidic cubic phases are 
biocompatible, biodegradable and can be used as model matrices to mimic biological process. They have a 
well define nanoporous structure which allow the enzyme to remain attached to the lipid bilayer, while 
water channels allow the enzymatic substrates and products to diffuse. 

Here we present a miniaturized BFC with screen-printed electrodes integrated in a fully disposable flow 
cell. Compared to the traditional flow analysis device with electrochemical detection, the thin layer flow 
cell (TLFCL) with screen printed electrodes does not need any pretreatment or electrodes polishing and it 
is easy to handle. D-Fructose Dehydrogenase from Gluconobacter sp. (FDH) and Corynascus 
Thermophilus Cellobiose Dehydrogenase (CtCDH) were used as anodic enzymes and Myrothecium 
verrucaria Bilirubin Oxidase (MvBOd) as a biocathode to build a sugar/O2 BFC. Carbon-based electrodes 
were modified by drop casting graphene and MWCNTs covalently naphthylated [3] to improve enzymes 
direct communication with electrodes and increase the working surface area of the electrodes. The 
electrodes were located in a TLFCL and a sugar solution (50 mM MOPS buffer 100 mM NaCl and 30 mM 
CaCl2, pH 6.0) in atmospheric air was flowed. Alternatively, a layer of lipidic cubic phase containing only 
electrolytes and sugars, was placed between the enzymes modified electrodes and provided the supporting 
electrolyte in the liquid crystalline state. A variable load (R= 1kΩ to 10 MΩ) was applied to the circuit and 
parameters of the fuel cell were measured. 

The changes of potential during the work of biofuel cell of each electrode were monitored versus a 
pseudoreference Ag electrode present in the TLFCL (E = - 0.071 V vs.  Ag/AgCl KCl sat.)2. The substrate 
concentration was investigated and also optimized. 
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Anthracycline antibiotics (ANT), are most commonly used anticancer agents for the treatment of several 
types of cancers, such as lung, breast, ovarian, prostate, brain cancers. Clinical effects of the drugs are 
connected with modification of the DNA structure primarily through intercalating complexes and 
covalent bonding [1,2]. Additionally, the anthracycline drug, doxorubicin inhibits topoisomerase II, 
leading to an increased level of stabilized drug−enzyme−DNA cleavable complex during DNA 
replication and impaired DNA repair. However, the clinical application of doxorubicin has been limited 
by serious adverse effects [3,4]. The specific toxicity of the drug is due to reactive oxygen species (ROS) 
produced in redox reactions of anthracycline. The radical oxygen species can interact with cellular 
components such as proteins, lipids, carbohydrates or nucleic acids. All of the modifications can cause 
mutation of the healthy cells. The toxicity can be reduced e.g. by creating an inclusion complex holding 
the anthracycline molecule inside a cyclodextrin(CD) cavity.  
The limitation in the use of CD as a carrier of anthracycline drugs is the low stability of the complex 
compared with that of the drug-DNA complex. We showed earlier that appropriate modification of the 
cyclodextrin can increase the stability of the drug-CD inclusion complex. The derivatives of β-
cyclodextrin with a  triazole moiety formed strong inclusion complexes with ANT with 1:1 stoichiometry. 
Using voltammetry data we determined the stability constants of the complexes and we found their 
dependence on the pH: at pH 7.4, corresponding to the pH of body fluids, the stability constants were 
much larger than at pH 5.5, which is characteristic for cancer cells [5,6,7]. The question was how the 
modified CD affects the interactions of the drug with DNA – which are crucial for the therapy. 
We present here newly designed nontoxic derivatives of β-cyclodextrin containing both antioxidant and 
targeting units in the molecule (lipoic acid, folic acid and galactosamine). We determined first the 
stabilities of the complexes of this new group of modified CDs with daunorubicin and doxorubicin, and 
next we evaluated the effect of these modified βCDs on the anthracycline interactions with DNA. 
Interestingly, the CD ligands were found to strengthen the drug–DNA intercalation both at pH 7.4 and 
5.5. In the absence of cyclodextrins, binding of the anthracyclines to DNA is known to be much weaker at 
lower pH, which is a difficulty encountered in the therapies. We demonstrate that when the drug is 
complexed by appropriately modified cyclodextrins this effect is eliminated: the values of the stability 
constants of ANT-DNA are strong and similar at both pHs, The reasons of this phenomenon, important 
for potential therapeutic applications of the CD - based drug delivery, will be discussed.  
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Nivolumab (NIVO) is a human monoclonal antibody used as anticancer drug in the treatment of several 
advanced cancers including melanoma, non-small cell lung cancer and kidney cancer. NIVO acts by 
blocking a negative regulator of T-cell activation and response, thus allowing the immune system to 
attack the tumour. Although it has therapeutic efficacy, NIVO causes an increase in the risks of severe 
immune-mediated inflammation of lungs, colon, liver, and kidneys, as well as immune-mediated 
hypothyroidism and hyperthyroidism. 
The understanding of the in vivo behaviour and physiological mechanism of action, as well as of the toxic 
and chemotherapeutic adverse side effects of NIVO is of utmost importance, since its use in clinical 
oncology has been increasing. Studies on the interaction of anticancer monoclonal antibodies and drugs 
with DNA have enabled to elucidate their possible implications in DNA structural modifications, and the 
mechanistic and cytotoxic aspects of their physiological action. 
The anticancer monoclonal antibody NIVO-dsDNA interaction, for different time periods in incubated 
solutions, and in situ using the dsDNA-electrochemical biosensor, was investigated. 
The effect of the NIVO-dsDNA interaction was electrochemically followed comparing the changes in the 
oxidation peaks of guanosine and adenosine residues, in the absence and presence of NIVO, and 
monitoring the occurrence of free guanine and free adenine, and the purine biomarkers: 8-oxoguanine, 
and 2,8-dihydroxyadenine.  
The dsDNA-electrochemical biosensor incubated in NIVO solutions showed a strong condensation of the 
DNA helical structure promoted by the NIVO-dsDNA interaction. NIVO interacts with the dsDNA, in a 
time-dependent manner, causing morphological changes in the DNA double-helical structure, but did not 
induce oxidative damage to DNA, since no peaks corresponding to the DNA oxidative damage 
biomarkers were observed. 
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Escherichia coli (E. coli) O157: H7 is a highly pathogenic bacterium, causing diseases transmitted mainly 
by food, causing diarrhea progressing to bloody diarrhea, severe abdominal pain, vomiting and fever may 
or may not occur. Failure to detect it in time increases the risk of becoming a deadly infection, so its early 
detection is extremely important. Traditional methods of detection and bacterial identification, in general, 
require a long time of completion, so in recent years electrochemical biosensors modified with 
nanomaterials have been developed making their operation more efficient. In particular, electrochemical 
biosensors are devices that combine the sensitivity and short response time of electrochemical techniques 
with the selectivity of biological recognition processes, presenting great advantages such as: high 
sensitivity, easy fabrication, portability, versatility, easy handling, reliable, low cost and in addition they 
require small sample volumes. A simple, highly sensitive and specific immunosensing assay for rapid 
detection and quantification of E.coli O157:H7 in water samples based on the electrocatalytic properties 
of gold nanoparticles (AuNPs) and magnetic property of microbeads (MB) is developed. The AuNPs and 
MB were synthetized in our laboratory. 20 nm gold nanoparticles (AuNPs) were synthesized by reducing 
tetrachloroauric acid with trisodium citrate. The surface modification of the obtained AuNPs was 
compared with the modified AuNPs by UV–vis spectroscopic and zeta potential techniques. The 
maximum of absorbance was obtained at 520 ± 1 nm of wavelength; this value is associated to AuNPs 
with 20 nm of diameter the zeta potential, a shift in the wavelength of the maximum of absorbance from 
520 nm to 524 ± 1 nm is observed; comparing this shift with that reported before, it can be evidenced that 
the surface of the AuNPs has been modified, suggesting the conjugate formation. MB of magnetite were 
synthesized following the coprecipitation technique; a hydrodynamic diameter of 381 ± 18.4 nm was 
obtained, a shift in the hydrodynamic diameter to 407.9 ± 8.9 nm is observed, suggesting the conjugate 
formation. Water samples inoculated with different concentrations of E. coli O157:H7 have been tested 
using monoclonal anti E. coli O157:H7–MB conjugate as a capture platform and sandwiching afterwards 
with AuNPs modified with secondary antibodies and detected using differential pulse voltammetry 
measurement with a homemade screen-printed carbon electrodes. Detection limit 2.54 E8 UFC/mL was 
obtained.  
 
 
 
 
De la Escosura-Muñiz, A., Parolo, C., Maran, F., y Mekoçi, A. (2011). Size-dependent direct 
electrochemical detection of gold nanoparticles: application in magnetoimmunoassays. Nanoscale, 3, 
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Santos, A. F. M., Macedo, L. J. A., Chaves, M. H., Espinoza-Castañeda, M., Merkoçi, A., Lima, F. das C. 
A., y Cantanhêde, W. (2015). Hybrid Self-Assembled Materials Constituted by Ferromagnetic 
Nanoparticles and Tannic Acid: Theoretical and Experimental Investigation. Journal of the Brazilian 
Chemical Society, 1–8. 
 
 



Electrified Soft Interface for Forensic Applications. From Illicit Drug 
Sensing to Proteins Extraction from Fingerprints.  
Lukasz Poltorak,1 Nienke van der Meijden,1 Irene Eggink,1 Stijn Oonk,1,2 Marnix Hoitink,2 Ernst J. R. 
Sudhölter,1 Marcel de Puit1,2 

1) Delft University of Technology, Department of Chemical Engineering, Van der Maasweg 9, 2629 
HZ Delft, The Netherlands 

2) Netherlands Forensic Institute, The Hague, The Netherlands 
 

E-mail: l.poltorak@tudelft.nl 

Electrified liquid – liquid interface, known as the interface between two immiscible electrolyte solutions 
(ITIES), is still intriguing platform where the interfacial polarization is purely ionic process. ITIES is soft, 
renewable, self-healing, defect free, modular and assures discontinues environment where separation of 
reactants is driven by their lipophilicity. All these properties are reflected in number of unique 
applications which include energy conversion, Janus materials deposition, drugs pharmacokinetic’s 
evaluation,1 electrochemical sensing to mention only few. When compared to solid electrodes, the 
detection mechanism at the ITIES is not restricted to oxidation/reduction reactions but can arise from the 
simple ion transfer process. Such property opens new avenues in the field of electrochemical sensing as it 

broadens detection to 
molecules that can be 
inactive at solid 
electrodes.2 

In this work we used 
ITIES to develop new 
screening methods in 
demanding field of 
forensics. We found that 
ITIES based 
electrochemical sensor 
gives desirable selectivity 

for the cocaine screening in street samples. The simple cocaine ion transfer across water – 1,2-
dichloroethane interface was investigated together with 13 cutting agents using ion transfer voltammetry. 
Selective detection of cocaine in the presence of e.g. lidocaine (false positive of colorimetric Scott test) 
was achieved. It is well known that proteins can be adsorbed to the ITIES in the presence of external 
polarization.3 This ability was employed to extract protein biomarkers from model fingerprints. 
Electrochemically driven pre-concentration step together with Mass Spectroscopy analysis give new 
solution to forensic problems. 

Another important point of electrochemical sensing is miniaturization.  Downscaling electroactive system 
to micro- or nano-scopic level improves sensitivity, lower limits of detection, decrease amount of 
consumed chemicals as well as the volume of investigated sample.  For this reason we develop ITIES 
based miniaturized devices using cheap and readily accessible materials.  

(1)  Poltorak, L.; Sudhölter, E. J. R.; de Smet, L. C. P. M. J. Electroanal. Chem. 2017, 796 (April), 
66. 

(2)  Poltorak, L.; Gamero-Quijano, A.; Herzog, G.; Walcarius, A. Appl. Mater. Today 2017, 9, 533. 
(3)  Arrigan, D. W. M.; Herzog, G.; Scanlon, M. D.; Strutwolf, J. Electroanal. Chem., A Ser. Adv. 

2013, 25, 105.  
 

Figure 1. Electrified liquid – li 

 

 

 

 

Figure 1. Electrified liquid – liquid interface used for cocaine detection in street samples 
(left) and protein extraction from fingerprints (right).  

 

 

 

 

 

 

 

quid interface used for cocaine detection in street samples (left) 
and protein extraction from fingerprints (right).  
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Raltitrexed (RTX), Fig. 1, is a folate analogue that belongs to an antimetabolites family and has 
antineoplastic activity correlated to inhibition of the thymidylate synthase (TS) enzyme. RTX has 
antineoplastic activity for several kinds of solid cancer tumors, such as gastric, head and neck, malignant 
mesothelioma and pancreatic, but its main application is in the treatment of advanced colorectal cancer 
tumor, treatment which has been approved in several countries [1]. This study addresses the electrochemical 
characterization of RTX at glassy carbon electrode, on a wide interval of pH, using voltammetric 
techniques. The interaction between RTX and double helix DNA (dsDNA) in physiological medium is also 
addressed, using a DNA-electrochemical biosensor [1]. A mechanism for the electrochemical oxidation of 
RTX is proposed, Fig. 1. RTX is irreversibly electroxidized under a predominantly diffusion controlled and 
pH-dependent process. The oxidation process in acid and physiological media occurs in two consecutive 
steps. The first oxidation step is pH-independent and associated with the transfer of one electron of the nitro 
group at N10 position by releasing a methyl cation. The second oxidation step is pH-dependent and occurs 
with transfer of one electron and one proton from the carbon at C9 position, followed by a direct attack by 
a water molecule leading to an irreversible dissociation of an oxidation product of RTX [1].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Fig. 1. Proposed oxidation mechanism of RTX. 

 
The RTX molecule is stable in several media, as revealed by a chemical degradation study of RTX solutions 
in different supporting electrolytes (acetate, phosphate and borate buffer) on different periods (24 h and 42 
h) using differential pulse and square wave voltammetry. A strong interaction between RTX and dsDNA 
was revealed by using a multilayer dsDNA electrochemical biosensor. The experiments demonstrated that 
RTX interacts and binds to the dsDNA helix by different interaction modes, suggesting an intercalation in 
between the DNA base pairs leading to defects in its secondary structure [1]. 
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Recent investigations in drug delivery systems are focuses, among others, on synthesis of 

intelligent polymer nanogels. These materials consist of cross-linked 3D networks loaded with a 

solution (content of up to 95 %) and are environmentally sensitivity to various external stimuli. Special 

attention was given to their biological modification.[1] Hydrogel-based materials with incorporated 

oligonucleotides or aptamers became recently a particularly promising product line for design of targeted 

delivery systems. These materials have been proposed for several biomedical applications due to their 

unique dynamical structural properties such as: obeying the complementarity rule, ability of denaturation, 

annealing and hybridization, and change of conformation [2,3]. 

In our work, we present the synthesis route and the optimization steps needed for successful 

preparation of nanomaterials designed from PNIPA-AAc hydrogels and oligonucleotides. The 

nanomaterials were expected to exhibit improved delivery of selected anticancer drug – doxorubicin 

(DOX). The synthesis procedure was based on free radical polymerization of 5’ PEG2000 modified with 

DNA strands, and the attachment of the complementary strands through the hybridization process. The 

complementary strand was modified with the S-S bridge. Due to the fact that glutathione is usually 

present at increased level in the cancer cells, it is capable of cutting the disulfide bridges. In consequence 

the denaturation takes place and an increased release of DOX is seen.  

In addition, the carriers have been modified with the MUC1 aptamer that has been found to 

easily recognize the tumor cells. MUCI aptamer is a cell surface glycoprotein that is widely 

overexpressed in many types of cancers, including those of pancreas, stomach, lung, colon and breast. 

The accumulation of DOX and its release was monitored with voltammetric methods. The 

physicochemical parameters of new materials such as: amount of incorporated DNA, size, zeta potential 

and volume phase transition were determined. By introducing oligonucleotide hybrid to nanogels we 

succeeded in getting a strongly enhanced efficiency of accumulation and release of anticancer drug. 

 

 

 

 

[1] G. Karwal, P. Kaur, R.Kakkar, H. Rao, Int. J. Nat. Prod. Science 1 (2012), 38. 

[2]  E. Zabost, W. Liwinska, M. Karbarz, E. Kurek, M. Lyp, M. Donten, Z. Stojek, Bioelectrochem. 
 109 (2016) 1. 

[3] W. Liwinska, M. Symonowicz, I. Stanislawska, M. Łyp, Z. Stojek, E. Zabost, RSC Adv.6 (2016) 
 91045. 
 

mailto:wliwinska@chem.uw.edu.pl


Macroporous Gold Spirals for High Performance Miniaturized Biofuel 
Cells  

 
Lin Zhang1,2, Stéphane Reculusa1, Sébastien Gounel2, Nicolas Mano2, Alexander Kuhn1 

 
1Université de Bordeaux, Institut des Sciences Moléculaires, CNRS UMR5255, ENSCBP, 16 Avenue Pey 

Berland, 33607 Pessac, France, 
2Université de Bordeaux, Centre de Recherche Paul Pascal, CNRS UPR8641, Avenue Albert Schweitzer, 

33600 Pessac, France 
e-mail: lin.zhang@enscbp.fr 

 
Enzymatic glucose/O2 biofuel cells (glucose/O2 EBFC) consisting of a glucose oxidizing anode and an O2 
reducing cathode are promising candidates for implantable bio-electronic devices.[1] However, several 
critical issues (stability, catalytic activity, etc.) need to be solved when designing such a device.[2] In 
addition, the electrode configuration also plays an important role in improving the performance of EBFC. 
In order to obtain optimal power output, the cathodic and anodic currents need to be adapted by precisely 
tuning the enzyme loading on each electrode. Since the oxygen reducing cathode is usually limiting the 
performance of glucose/O2 EBFC, due to the low concentration of oxygen in buffer or biological fluids,[3] 
playing with the electrode architecture[4][5] allows eventually to compensate this lack of cathodic current. 
In this work we designed a spiral macroporous gold electrode to be used as a cathode. After 
immobilization of bilirubin oxidase on such an electrode, high enzymatic O2 reduction currents can be 
achieved due to the increased active surface area. The cathodic current can be optimized with respect to 
the anodic current by changing the number of windings. Preliminary experimental results revealed that by 
assembling such a spiral with a straight macroporous gold wire modified with glucose oxidase and acting 
as anode, a versatile co-axial biofuel cell device can be developed. Such a device is promising as a power 
source for miniaturized, eventually implantable, electronic devices.[6] 
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The planar cationic liposome N-[1-(2,3-Dioleoyloxy)propyl]-N, N, N-trimethylammonium chloride 
(DOTAP) and gold nanoparticle (AuNP) were tethered on different mixed monolayers of unmodified 
hydrophilic short chain (number of carbon atoms < 15) alkane thiols via electrostatic interaction for label 
free biosensing of ion channel, toxin membrane protein and DNA hybridization sensing (Fig 1). Among 
analyzing various mixed monolayer platforms, the MPA-MCH monolayer serves as an advantageous and 
appropriate surface for the formation of planar bilayer of DA. Toxin transmembrane protein melittin 
(MTN) exhibited decreased ion transport of Na+ and K3/K4[Fe(CN)6] with increasing concentration (Fig 
2) whereas valinomycin (VM) displayed directly proportional relation between impedance signal and 
concentration. This behavioural conflict of MTN with VM is due to its concentration dependent nature 
with DA bilayer on the mixed monolayer. The association of lipid with AuNP is confirmed with high 
resolution transmission electron microscopy. More number of smaller lipid-AuNP vesicles are present on 
the MPA-MCH mixed monolayer than on the lone MPA and MCH layers which is confirmed by atomic 
force microscopy (AFM). The integrity, uniformity and insulation properties of the mixed monolayers 
were assessed using contact angle (CA) measurement, thiol reductive voltammetry, cyclic voltammetry 
(CV) and electrochemical impedance spectroscopic (EIS) techniques. Label free DNA and protein 
sensing were done in the presence of electroactive redox probe K3/K4[Fe(CN)6] which indicated high 
selectivity, sensitivity and reproducibility. The lowest detection limits of 1.5 fM and 1×10-16 M were 
obtained for proteins and DNA respectively. Hence, Liposome-gold nanoparticle platform has been 
applied for label free detection of ion channel, DNA, toxin protein for the first time.  
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1        Figure 2   

 
Fig 1: Scheme of the work 
Fig 2: EIS behavior of varying concentrations of melittin on MPA-MCH-DOTAP-AuNP surface recorded 
in the frequency range 100 MHz to 0.1 Hz at an applied DC potential 160 mV in PBS buffer (pH 7.4) in 
presence of 1 mM K3/K4[Fe(CN)6] and the inset scheme shows the changes in orientation of melittin with 
varying concentrations on the bilayer. Solid line: experimental data, open circle: R[Q(RW)] circuit fitted 
data. 
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Cancer is a major cause of death worldwide and early diagnosis is crucial to control disease status and 
evolution, moreover detection of cancer in early stages is of utmost importance for clinical diagnosis [1]. 
Therefore, the development of biosensors has enormous potential to enhance the evolution of new diagnostic 
techniques with high detection sensitivity, specificity, and multiplexing capacity. In this work, we developed 
an integrated DNA aptamer-based biosensor to detect relevant biomarkers for prostate cancer: free prostate-
specific antigen (fPSA) and androgen receptor (AR) [2]. A thiolated DNA hairpin containing binding aptamer 
was conjugated with methylene blue, and was immobilized on a gold electrode by self-assembly. Binding of 
specific protein to the aptamer induced the unfolding of aptamer hairpin, pushing MB away from electrode 
and decreasing electron-transfer efficiency. The change in redox current was quantified using square wave 
voltammetry (SWV) and three types of prostate cells were evaluated,  normal human prostate cells (RWPE-1, 
ATCC ® CRL-11609™), androgen-sensitive human prostate carcinoma (LNCaP, ATCC ® CRL-1740™) and 
human prostate adenocarcinoma (PC-3 ATCC ® CRL-1435™) and the aptasensor was able to identify 
differences on protein released patterns by normal cells and cancer cells with high stability, reproducibility 
and selectivity offering new insights into the molecular metabolism events [3].   
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Bipolar electrochemistry has recently been used for the deposition of metal composition gradients across 
a single substrate surface opening up new opportunities for the high-throughput synthesis of materials 
libraries.[1] While structural and spectroscopic techniques such as electron microscopy and vibrational 
spectroscopy can routinely access the micro- and nanoscale features of these heterogeneous substrate 
surfaces, measurements of the corresponding electrocatalytic activity have not yet been reported. 
Scanning electrochemical cell microscopy [2], which uses a laser pulled glass pipet filled with an 
electrolytic solution to create a microscale electrochemical cell that can be translated across a substrate 
surface, readily permits access to measurements of the local electrocatalytic activity of individual 
nanomaterials and heterogeneous electrode surfaces such as those created using bipolar electrochemistry. 
 
NiFe electrocatalysts have received increasing attention as electrocatalysts for the oxygen evolution 
reaction. [3] Their composition, thickness and morphology [4], all of which can be varied using bipolar 
electrochemistry, can contribute significantly to the overall electrocatalytic activity. In this work, low 
ionic strength aqueous solutions containing Ni(II) and Fe(II) salts, without supporting electrolyte, were 
used to establish a linearly varying potential gradient between two electrodes connected to an external 
power supply. A conducting fluorine doped tin oxide substrate was used as a bipolar electrode for the 
electrodeposition of NiFe thin films. It was found that both NiFe morphology and composition varied as a 
function of distance across the substrate surface. In this talk, I will present our recent results exploring the 
correlation between thin film morphology/composition of NiFe thin films and their local electrocatalytic 
activity towards the oxygen evolution reaction, measured using a droplet electrochemical cell. 
 
 

 
Figure 1. Scanning electron microscope image (top left) and corresponding energy-dispersive X-ray 

spectroscopy of a fluorine doped tin oxide bipolar electrode used for the electrodeposition of NiFe thin 
films. 
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We recently demonstrated high-throughput selective cell capture by dielectrophoresis at arrays of up to 
1,400 bipolar electrodes positioned in micropockets. High-fidelity single-cell capture was achieved when 
the pocket dimensions were matched to those of the cells. This technique has now been extended to 
analyze individually captured cells. In a single microfluidic chip, single cells are selectively captured, 
transferred into reaction chambers, and fluidically isolated with an immiscible phase. This valve-free 
design also allows for the solution in the reaction chambers to be exchanged to facilitate the introduction 
of reagents prior to the fluidic isolation step. After isolation, the cells are electrically lysed at a bipolar 
electrode tip interior to the reaction chamber. Here, we report the quantitative characterization of the 
success of each step of selective single-cell capture and isolation. Finally, initial results of analysis of 
individual cells by bipolar electrochemistry with an electrochemical enzyme-linked immunosorbent assay 
(ELISA) will be described. Collectively, these results highlight the versatility of bipolar electrodes for 
multifunctional applications and demonstrate that because they do not require wire leads, device design, 
fabrication, and operation is drastically simplified versus other cell capture and analysis strategies. 
 
 
 
 



Fig. 1. Schematic illustration showing (A) conventional 
system and (B)liquid-junction-free system for deposition 
process of SSV. 

Fig. 2. A photograph of  a 
simultaneous multiple 
amperometric sensing chip 
integrated a reference electrode 
system without liquid junction 

Fig. 3. Schematic illustration of 
fabricated probe (A), microscope 
image of detection electrode (B), 
photo-graph of a fabricated probe 
(C) and schematic illus-tration of 
electrochemical reaction on FMA 
sensing. 
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We have developed liquid-junction-free amperometric sensing systems based on a closed bipolar 
electrode system. One is a liquid-junction-free substitutional stripping voltammetry (SSV). 1 SSV is a type 
of stripping analysis that changes the redox current to metal deposition (Fig. 1A). The amount of the 
deposited metal is detected by anodic stripping voltammetry after the deposition process. In our study, a 
couple of driving electrodes connected to a potentiostat were used to provide the electrical conductivity 
for the two cells (Fig. 1B). Another is a simultaneous multiple amperometric sensing chip integrated a 
reference electrode system without liquid junction (Fig. 2). Liquid junction between a cell containing a 
reference electrode (reference cell) and another cell contain analyte (sample cell) was replaced by a 
bipolar electrode to supply not ion but electron transfer between the cells. Under the condition that the 
redox reaction of analyte at a pole of bipolar electrode is a limiting process of the whole system, we can 
conduct voltammetric and amperometric quantitative detection using this system. We successfully 
calibrated 0.1-0.5 mM ferrocenemethanol (FMA) by simultaneous six amperometric measurements using 
the device. We also developed a probe type amperometric sensor electrode integrated a liquid-junction 
free reference electrode (Fig. 3). This is an innovative technology for electrochemical measurements to 
solve the problem derived from liquid junction of the reference electrode, including the sample 
contamination by chloride ion, high liquid junction potential especially in case of non-aqueous sample 
solution, and complicated fabrication process of the proper reference electrode on a chip. 
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In 2001, Manz’s group firstly introduced the bipolar electrochemical system into analytical chemistry 

[1], and bipolar electrode (BPE) system has been widely used in many fields including asymmetric 
modification, motion indicating, biological analysis, the electrochemical controllable fluorescence switch 
and catalyst screening and fabrication of the logic gate due to its simple device, easy to achieve high 
throughput analysis [2]. In the early stage, the research was mainly focused on the open bipolar system 
and ECL detection. On one hand, the high background form driving electrode and the low current 
efficiency limited the high-sensitivity analysis. On the other hand, the limited detection tool (eg. ECL) 
encouraged people to explore the various indicating platforms making BPE more popular. To resolve the 
problem above mentioned, our research group proposed closed BPE and self-powered BPE with 100% 
current efficiency, which greatly reduces or eliminates the interference background signal form driving 
electrode. In addition, we also combine the BPE with the electrochromic material and use it for biological 
sensing, characterization of catalyst and the construction of fluorescent switch [3-5]. The versatile 
platforms constructed provide a powerful tool for the point of cate testing and effective strategy for the 
catalyst screening (Figure 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. 1 the platforms constructed in our Lab and application in different fields. 
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The individual electrochemical anodic responses of dopamine (DA), epinephrine (EP), and pyrocatechol 
(CT) were investigated at arrays of recessed gold disk microelectrodes arrays (MEAs) covered by a gold 
plane electrode and compared to those of their binary mixture (CT and EP) when the top-plane electrode 
was operated as a bipolar electrode or as a collector. The interferent species (EP) displays a chemically 
irreversible wave over the same potential range as the chemically reversible ones of DA or CT. As 
expected, in the generator-collector (GC) mode, EP did not contribute to the redox cycling amplification 
that occurred only for DA or CT. Conversely, in the bipolar mode, the presence of EP drastically 
increased the bipolar redox cycling efficiency of DA and CT. This evidenced that the chemically 
irreversible oxidation of EP at the anodic poles of the top plane floating electrode provided additional 
electron fluxes that were used to more efficiently reduce the oxidized DA or CT species at the cathodic 
poles. This suggests an easy experimental strategy for enhancing the bipolar efficiency of MEAs up to 
reach a performance identical to that achieved when the same MEAs are operated in a GC mode [1]. 
Moreover, if this strategy is used in a sensor it is possible to determine the concentrations of both analyte 
and interferent upon using the added aliquots method whenever the device is calibrated prior to analytical 
measurements. 
This approach together with the control of the extension of a bipolar conductor, which we described 
previously [2, 3], allows tuning the efficiency of the generator-collector system through selecting a proper 
bipolar electrode geometry and/or by adding interferent at adequate concentration. 
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In an electrochemical cell, an electrically floating conductor functions as a bipolar electrode (BPE) when 
polarized in a sufficiently large electric field. A BPE can simultaneously induce redox reactions at its two 
opposite poles wirelessly, making it the preferred, and sometimes the only option for many applications 
ranging from bioanalysis to materials sciences. For example, dispersed micro-BPEs can be used to 
generate “micro-swimmers”, bulk electrochemiluminescence or Janus particles in bulk. These 
applications are impossible to achieve with a wired electrode. The versatility of BPEs is also evidenced 
by their application, mainly in the form of patterned arrays, in high throughput screening of catalysts, 
detection of bio-molecules and generation of compositional gradients in materials.1  
 
A polymer light-emitting electrochemical cell (PLEC) is a solid-state device based on a mixed conductor 
of a luminescent conjugated polymer and a solid polymer electrolyte. First developed in the 90s as an 
alternative to the polymer light-emitting diodes (PLEDs), PLECs are fundamentally different from 
PLEDs in that the mixed conductor active layer is electrochemically doped in situ during operation. 
Electroluminescence (EL) occurs when the expanding p- and n-doped regions meet to form a forward 
biased p-n homojunction.2-3 Until recently, PLECs had only two wired driving electrodes and emitted 
from a single p-n junction. The formation of a metal conductor between the driving electrodes creates a 
BPE that dramatically altered the doping and emission profile of a PLEC.4 In PLECs, bipolar 
electrochemistry (BPEC) research has acquired a new, solid-state platform to perform mechanistic studies 
via fluorescence imaging, EL, scanning photocurrent imaging and facile formation of new BPEs.5-6 In 
BPEC, PLECs are afforded a powerful technique to achieve new functionalities and device performance 
that are unrivaled by conventional PLECs.  
 
In this presentation, we report the latest developments in BPEC applied to and realized in solid-state 
PLECs. First, the fundamental operating mechanism of PLECs will be introduced. We then describe how 
BPEs affects the doping and EL of PLECs. BPEs, in the form of discs, concentric rings, rods, and 
triangles have been directly coated on top of the PLEC active layers. Open and closed BPE are formed by 
either thermal deposition of metals through a shadow mask or by the inkjet printing of conductive ink. 
We also report novel BPEs realized by manipulating the PLEC film itself, without the use of any metals. 
Finally, we show dispersed micro-BPEs leading to the amazing polymer bulk homojunction and its 
photovoltaic properties.  
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Bipolar electrochemistry has undergone a renaissance over the last decade or so, with various works 
showing how this approach can be used to give “Janus” functionalization of solids [1]. The elegance of 
the approach stems from its “wireless” configuration, although this implicitly means that very high cell 
voltages (often approaching kV) are required to give the large electric fields required to sustain bipolar 
processes at either end of a solid object [2]. One alternative approach is to localize the electric field within 
the electrolyte: this means much smaller cell voltages are required to sustain a large cell voltage on either 
side of the “object”. This can be achieved through the introduction of an interface between two 
immiscible electrolyte solutions (ITIES), rather than the conventional single electrolyte phase, since the 
electric field will be localized at the ITIES for the case of a non-polarisable interface. A further advantage 
is that many micron and nano-scale particles readily adsorb at such liquid-liquid interfaces [3] and can 
therefore be assembled from either solution phase to the interface, to enable their “wireless” electrical 
decoration, We have used this approach to functionalise macroscopic (in area) graphene sheets, adsorbed 
at the liquid-liquid interface, using spontaneous and electrochemical approaches. We have also 
demonstrated Janus functionalization of these adsorbed materials via this route (see image) [4]. Recent 
extensions to electrocatalysis will also be discussed [5]. 
 

 
Figure 1: An EELS chemical map of Janus functionalised graphene, showing the simultaneous presence 

of Pd (blue) and Au (yellow). 
 

Future directions for the combination of bipolar electrochemistry with the immiscible electrolyte 
configuration will be discussed.  
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Among the electrochemical techniques for preparing gradients surfaces, bipolar electrochemistry is a 

powerful tool to generate in-plane potential gradients at a bipolar electrode (BPE) surface.1 We have 
successfully controlled the potential slope on BPEs by designing a cell configuration which includes 
insulating walls.2 In this study, the use of such potential distribution for the fabrication of gradients on 
polymeric materials is demonstrated. To this end, a redox active, conducting polymer film was employed 
as a substrate on a BPE to reflect potential gradients through direct electron transfer. 

Conducting polymers can involve electron transfer on an electrode surface to form polarons and 
bipolarons in the repeating structure (commonly known as doping), producing considerable variations in 
the physical properties of the polymer itself and imparting features such as drastic color changes and 
electrical conductivity. First, poly(3-methylthiophene) (P3MT) film was prepared on an ITO working 
electrode by the potential sweep electropolymerization and then placed into a U-shaped cell equipped 
with a Pt anode and a Pt cathode connected to a constant current power supply containing 5 mM 
Bu4NPF6/MeCN (Figure 1a).3,4 On the BPE, P3MT, originally red-colored film, was turned to be blue at 
the anodic pole of the BPE during the passage of a constant current (Figure 1b). Similarly, poly(3,4-
ethylenedioxythiophene) (PEDOT) film on the BPE exhibited a drastic change in color from deep blue to 
rather transparency at its anodic side. In the case of polyaniline (PANI) in 5 mM H2SO4, a multi-color 
gradient of the film depending on the applied potential on the BPE was clearly observed. We could 
compare the absorption spectrum at each position to that of the authentic samples doped with 
potentiostatic conditions, consequently the potential distribution generated on the BPE could be 
successfully estimated. 

For patterning application, the conducting polymer film was prepared on an ITO electrode by 
electropolymerization and was used as a BPE in a container equipped with an external cathode wire and 
an anode ring separated by a plastic shielding cylinder (Figure 2a). When a current flowed via the BPE in 
solution containing a low concentration of electrolyte, a new anodic area appeared under the driving 
cathode wire together with a surrounding cathodic area with its interface gradient. Figure 2b shows 
photographs of PEDOT, P3MT and PANI films doped with the bipolar device under a constant current.5 
A clear spot appeared in the anodic pattern of the BPE. This local color change completely recovered 
when the whole substrate was treated with cathodic electricity (dedoping).  

 

  
Figure 1. (a) U-shape cell configuration. (b) Photographs of the 
conducting polymer films after bipolar doping. 

Figure 2. (a) Cell configuration using 
insulating cylinder. (b) Photographs of 
polymer films after bipolar doping. 
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Bipolar electrochemistry (BPE) is a well-established wireless technique which has recently attracted 
increasing interest in several fields including electrochemical functionalization and 
electropolymerization.1 The versatility of this technique allows several kinds of surface modifications to 
be carried out, e.g. electrodeposition and/or electrodissolution of metals2, fabrication of patterned polymer 
brushes and electrooxidation of monomers to generate polymer films. The wireless feature is particularly 
interesting for surface modification of nano- or micro- objects, which are difficult or impossible to wire 
for conventional electrochemistry.   
Most electrodeposition applications of BPE utilize only the reduction or the oxidation process at one side 
of the bipolar electrode to achieve surface modification, along with a non-grafting counter process at the 
opposite side. However, a few examples exist of asymmetric Janus-type objects, where both ends of the 
bipolar electrode are modified.3 
Recently we reported a novel bipolar electrografting methodology, which allowed in one step 
concomitant electrografting of both ends of a conducting object. This was achieved by simultaneous 
reductive and oxidative grafting of an appropriately designed bifunctional organic molecule or by using in 
the same electrolyte two different grafting agent for reductive and oxidative grafting, respectively. It was 
however realized that not many bifunctional precursors were available. Applying two grafting agents in 
the same media proved also problematic since they very often would react with each other or refuse to 
dissolve in the same media.  
A new methodology for simultaneous (one-step) electrografting of two different organic films at opposite 
ends of a gold substrate is reported. A two-phase system consisting of an aqueous phase and an 
immiscible organic phase was used to spatially as well as chemically separating the two grafting agents 
that otherwise would react and form a non-grafting compound. The surface modifications have been 
achieved by simultaneous reductive electrografting of an aryl diazonium salt and by oxidative grafting of 
an amine.4 Two-phase bipolar electrochemistry is unfortunately more complicated than ordinary BPE 
because the electrical field will be different in the two phases depending on the conductivity of the two 
electrolytes.  
The wireless feature of BPE has recently been used to functionalize graphene by reduction of 4-
bromobenzenediazonium on large (10 × 10 mm2) monolayer CVD graphene sheets supported on SiO2.5 
Monolayer graphene is quite interesting as a bipolar electrode material since conductivity is diminished or 
lost when the extensive S-system is saturated. The functionalization is therefore self-limiting in more than 
one way. By BPE, transferred graphene was electrochemically functionalized without the need of a metal 
support or the deposition of physical contacts and at the same time, it was proved possible in a single step 
to modify an array of many small graphene electrodes (1 × 1 mm2) on SiO2. This was the first proof of 
concept towards the manipulation and functionalization of small graphene flakes obtained from electro 
driven exfoliation of graphite. The modification of small objects are however challenging since larger 
electric fields are required to create a sufficient potential difference across the small particle.  
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Electrochemical actuation of conducting polymers is the result of ionic movement in and out of the polymer 
under the influence of applied potential.1 Direct physical connection of the polymer with a power supply 
has several drawbacks and limits the range of applications of such actuators. Hence, there is strong interest 
in developing actuation schemes not needing wire connection between the polymer and the power supply. 
Bipolar electrochemistry can be used to trigger redox reactions in conducting polymer films in a wireless 
way, for example in order to induce gradual color changes2. Here we describe for the first time the use of 
bipolar electrochemistry to achieve wireless actuation of polypyrrole objets. A dissimilar morphology of 
the two faces of as grown polymer gives rise to a break in symmetry, responsible for directional bending in 
the presence of a static electric field.3 Polymer strips positioned in the bipolar cell start showing crawling 
motion under the influence of electric fields of alternating polarity.4 Apparently unequal electro-activity of 
the two extremities is the key factor leading to crawling motion. Both wireless bending and crawling motion 
is highly reproducible and stable for long time. These peculiar features open the gate for further 
developments of interesting biomimetic actuation schemes. 
 

 
Figure: Crawling behavior of a polypyrrole strip triggered by bipolar electrochemistry 
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We report a sensor platform based on a closed bipolar electrochemical circuit employing 
electrochemiluminescence detection and square-wave excitation, that allows signal averaging to achieve 
high sensitivity. The cell is comprised of a bipolar electrode fabricated using photolithography that spans 
sensing and reporting compartments constructed using a 3D printer. The square-wave technique allows an 
electroactive analyte to be regenerated by applying a reverse potential, thus allowing significant S/N gains 
by accumulating ECL signals over multiple measure-regenerate cycles. The working principles of the 
SW-BPE sensor were demonstrated using Fe(CN)6

3− as a representative analyte. Using DNA self-
assembled monolayers as a model for the electrochemical proximity assay co-developed in our 
laboratories, we demonstrate the ability to detect ca. 300 fmol/cm2 of MB-conjugated DNA. The square 
wave ECL sensor described herein is capable of detecting a wide variety of analytes over broad 
concentration ranges, and shows great promise for a variety of analytical applications. 
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Over the past decades, thin-film Li-ion microbatteries with thicknesses up to 100 Pm have become the 
dominant power sources for a wide variety of miniature electronic devices and implantable medical 
devices. Nevertheless, due to the increasing power requirements of the latter devices and emerging 
technologies (e.g., wireless transmission), the next generation of  Li-ion microbatteries are expected to 
provide both high energy and power densities on a small footprint area (e.g., <1 cm2). To date, the most 
promising way to maximize the energy and power densities of a microbattery is to build 3D 
microbatteries, in which the battery components – current collectors, electrodes, and electrolyte – are 
incorporated into a 3D micro- or nanoarchitecture.[1] Due to the limited packing size as well as high 
safety, the electrodes for microbatteries generally lack binders and conductive additives, which highly 
complicates the cycling stability of the electrode. So far, many recent studies have been mainly dedicated 
to the development of free-standing 3D micro- and nanostructured electrodes rather than full 3D-
microbatteries, since the attainment of 3D electrodes with both high areal capacities and high rate 
capabilities, in addition to long term cycling stability, is yet not straightforward. In that direction, we have 
previously[2] demonstrated that by using highly ordered anatase TiO2 nanotube electrodes an areal 
capacity of 0.24 mAh cm-2 at a charge/discharge current density of 2.5 mA cm-2 (corresponding to a rate 
of 5C), and 0.46 mAh cm-2 at 0.05 mA cm-2, can be achieved. The nanotube electrodes, which have been 
cycled for 500 cycles with only 6% loss of capacity, exhibited higher energy and power densities, as well 
as an excellent cycling stability, compared to earlier reported 3D Li-ion microbattery electrodes. 
 

Well-defined TiO2 nanotube size gradient thin films, manufactured using a bipolar 
electrochemistry approach, can also be used as versatile monolithic hybrid electrodes for energy storage 
devices[3]. The nanotube size distribution within the gradients can readily be controlled by altering the 
bipolar current and/or the length of the employed bipolar titanium sheet. As the electrochemical 
properties of the gradient electrodes can be carefully tailored by modifying the nanotube size gradient, 
this approach provides new possibilities for the manufacturing of hybrid electrodes with integrated energy 
and power density gradients. The free-standing anatase TiO2 nanotube size gradient electrodes provide 
unprecedented capacities at cycling rates from C/5 (i.e. 162 PAh cm-2 or  169 mAh g-1) to 50C (i.e. 40 
PAh cm-2 or 42 mAh g-1). It is likewise shown that the electrodes facilitate fundamental studies of the 
charge/discharge process of TiO2 based electrodes. The results demonstrate that the different shapes of 
charge and discharge curves of TiO2 nanotube electrode can be explained by inherent differences between 
the lithiation and delithiation processes. 
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Bipolar electrochemistry is a wireless technique[1], whose applications cover a wide field.[2] The technique 
utilizes the potential difference between a bipolar electrode (BE) and a solution that is formed when a 
sufficient electrical field is applied across the solution. This field promotes an oxidation at one extremity 
of the BE and a reduction at the other extremity. 

Most applications of bipolar electrochemistry utilize either the reduction process[3] or the oxidation pro-
cess[4] at one side of the bipolar electrode, while a non-grafting counter process takes place at the opposite 
side of the electrode. If modifications of both ends of the BE are desired, two-step procedures can be fol-
lowed, where either two different grafting solutions[5] or a polarity reversal of the electric field[6] are used. 
Dual modifications are also obtainable using single-step procedures, either by a simultaneous reductive 
and oxidative grafting of two electrografting species, or by the use of a single grafting agent with two 
different electrografting moieties[7]. These procedures are, however, limited by the use of grafting candi-
dates, which, in the case of two species, must not react with each other, and in the case of a single species, 
must be specially designed.  

In this work, we present a vertical two-phase system (wa-
ter/dichloroethane (DCE)) for one-step double deposition of 
molecules that would otherwise spontaneously react with each 
other. We demonstrate the simultaneous grafting of 4-
fluorobenzenediazonium tetrafluoroborate (FBD) in water and 
4-bromophenethylamine in DCE, two species that are known 
to react through N-azo couplings[8], but by separation in two 
immiscible solvents, both agents can be grafted in one step. 
We utilize that primary amines are grafted by oxidation[9], 
whereas aryldiazonium salts are grafted by reduction[10], 
which facilitates the single step dual modifications of the BEs. 
Lastly, we demonstrate that the system is not limited to elec-
trografting, by showing the possibility for a simultaneous 
electrografting of FBD and a oxidatively electropolymeriza-
tion of thiophene. The modifications of the BEs are visualized 
with x-ray photoelectron spectroscopy and ellipsometry. 
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Hydrogels are useful materials for biosensors and cell culture. For these applications, it is important to 
control shape and amount of hydrogels. To control them, electrodeposition is useful. Several schemes 
have been proposed for electrodeposition of thick hydrogels. For example, Ca-alginate hydrogels are 
electrodeposited via Ca2+ release based on an electrochemical reaction [1-6]. We previously reported 
several shapes of Ca-alginate hydrogels based on electrodeposition, such as tubular shape [1] and 
microwells [2]. In addition to them, electrodeposition-based hydrogel lithography by scanning an 
electrode was proposed [3, 4]. Cells were successfully cultured in these hydrogels, indicating that the 
electrodeposition method is useful for cell culture and tissue engineering. 
 
We previously used a wire electrode [1, 3, 4], a patterned electrode in a glass [2] and an electrode array 
[5] for hydrogel fabrication. In this study, bipolar electrodes (BPEs) were used as a new concept for 
hydrogel fabrication [6].  Figure 1 shows the concept of electrodeposition of Ca-alginate hydrogels. The 
system consists of an electrolytic solution, driving electrodes and BPEs. A sodium alginate solution 
containing CaCO3 particles was introduced onto the BPEs, and a potential was applied between driving 
electrodes to produce H+, so that Ca2+ is released from CaCO3 particles due to the acidification. Then, Ca-
alginate hydrogels were electrodeposited. In this study, several shapes of electrodes were used and/or 
driving electrodes were moved, so that designed hydrogels were successfully fabricated. In addition, 
mammal cells were successfully cultured in the hydrogels.  
 
Thus, we developed several methods using BPEs for electrodeposition of designed hydrogel, and the 
bipolar system will be used for biosensors and cell culture platforms.  
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The readout of electroanalytical information is generally achieved by measuring either current, potential, 
impedance and eventually generated light signals. Here, we are suggesting a completely different 
approach i.e. electromechanics triggered by bipolar electrochemistry [1].  
We recently reported that bipolar electrochemistry can be used to actuate conducting polymer objects in a 
wireless way [2, 3]. In this case, and in contrast to classic actuators made out of conducting polymers [4], 
the electrochemical oxidation and reduction of the polymer can be achieved gradually without any 
physical connection to a power supply. This phenomenon can be easily visualized with a free standing 
polypyrrole film having intrinsically different morphologies at its two faces. This asymmetry is analogous 
to the bilayer structure of a classic actuator and is therefore a key ingredient for efficient bipolar actuation 
[5]. In a typical experiment, when a polypyrrole film is immersed in an electrolyte solution and a 
sufficient potential difference is applied between two feeder electrodes, differential shrinking and 
swelling along its main axis is observed resulting in bending in a specific direction due to asymmetric 
oxidation/reduction at the two extremities of the polymer. The deformation is reversible with the change 
in polarity of the feeder electrodes and its amplitude can be controlled by varying different parameters 
like the applied voltage, the thickness of the polymer, dopant concentration in the polymer and, most 
importantly, the composition of the electrolyte. If a specific analyte is present in solution which can be 
selectively converted for example by an electroenzymatic reaction on the surface of the polypyrrole film, 
then the bending will be a function of analyte concentration. This straight forward electromechanical 
transduction allows an easy optical read out and opens up very interesting perspectives in the field of 
electroanalysis.  
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Bipolar electrochemistry has demonstrated advantages in examining electrochemical effects under high 
electric fields, optically-coupled experiments, and other geometries where conventionally-connected 
electrodes would be prohibitively complex. In macro-scale bipolar electrochemistry, the difference in 
electric potential between the electrode and the surrounding electrolyte provides the driving force for a 
chemical reaction, such as the deposition of a metal ion from solution onto a surface. If suitably 
controlled, a conductive filament may be created by electrodeposition, for example, in a nanoscale gap 
between two electrodes to create an atomic-scale junction. Nanoscale systems show unique behavior due 
to the inherent limitations of nanoscale mass transport; previous work examined the kinetics of nanoscale 
bipolar electrodeposition by creating conductive filaments through a single nanoparticle. This work 
extends the study toward confined polymer cylinder arrays and multiple nanoparticles, and examines the 
change in optical behavior via altered plasmonics as nanoparticles are connected. Filaments are formed 
via conductive AFM. Preliminary theory suggests that the optical permittivity of the nanoparticle array 
may be tuned via formation and dissolution of the filaments. With application areas ranging from 
massively-parallel chemical sensing arrays to non-contact tunable metamaterials, this work serves to 
further the mechanistic understanding of nanoelectrodeposition, which is vital to advancing the use of this 
technology in real-world devices.  
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Bipolar electrode (BPE) electrochemiluminescence (ECL) is playing an important role in chemical 
sensing/biosensing. Almost all BPEs are film electrodes, either screen printed electrodes or electrode 
arrays made by lithography. The use of film electrodes makes it difficult to reuse BPE since the foul of 
BPE happens commonly. It is also costly to fabricate electrode arrays by lithography. Therefore, it is 
desirable to develop new methods to make BPE. Additionally, ECL on driving electrodes are frequently 
intense and significantly affect the ECL detection at BPE. However, few study has been carried out to 
find driving electrode with weak ECL [1-7]. 
 
Herein, we designed for the first time a bipolar ECL device utilizing two glassy carbon rods linked with a 
copper wire as BPE, stainless steel as driving electrode, and cheap repeatedly attachable cold patch for 
easy construction of ECL cell [8]. The use of rod electrode, instead of film electrode, enables the 
regeneration of BPE by simple polishing, thus greatly reducing cost for multiple tests. The use of stainless 
steel driving electrode effectively minimizes background ECL from driving electrode at appropriate high 
voltage. The use of cold patch enables the construction of ECL cell repeatedly by simply attaching cold 
patch onto electrode chip. By coupling with cell phone-based detector, the bipolar ECL device allows 
sensitive visual detection of H2O2. The new reusable bipolar ECL device with low ECL background from 
driving electrode is easily constructed, stable, and convenient to renew electrode surface by polishing, and 
thus is an attractive tool for bipolar ECL study. 
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An electrochemiluminescence (ECL) sensing platform driven by eco-friendly, disposable, and 
miniaturized reverse electrodialysis (RED) patches as an electric power source was developed. These 
flexible RED patches composed of ion-exchange membranes (IEMs) produced sufficient voltage for ECL 
sensing. The generated voltage can be customized by simply adjusting the number of the IEMs and the 
ratio of salt concentrations. To demonstrate a proof-of-concept, we integrated the RED patch with a 
bipolar electrode on the microfluidic chip to achieve glucose detection in the range of 0.5 - 10 mM by 
observing ECL emissions with naked eyes. Owing to their size and simplicity, these miniaturized RED-
powered systems would find wide application in other electrochemical platforms. This is expected to be a 
solution for practical availability of battery-free electrochemical sensors for disease diagnosis in 
developing countries. 
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In open bipolar electrochemistry, the bipolar electrode (BPE) is a conductor dipped in an 
electrolyte solution which is polarized by the application of a high voltage between two driving 
electrodes. The ΔV so generated at the two ends of the BPE depends directly on the intensity of 
the electric field and inversely on the length of the BPE. As a consequence, it is very difficult to 
perform open bipolar electrochemistry on  micro- or nanosized conductors unless one applies 
extremely  high electric fields, of the order of tens kV/m [1-3]. 
On the other end, in closed bipolar electrochemistry (CBPEC), the driving electrodes are placed 
in two separated anodic and cathodic compartments. This allows one to perform bipolar 
electrochemistry even on nano- or microsized conductors by using low intensity electric fields. 
Moreover, since the cell is composed of two separated compartments, one can use two different 
electrolytes with different chemical composition.  In principle, this allows one to perform the 
asymmetrical modification of micro- or nano-objiects in only one step, thanks to the possibility 
of using chemicals otherwise impossible to mix together because they are chemically 
incompatible. 
To test and verify this possibility, we present here the use of CBPEC for the asymmetrical 
deposition of metals and metal oxides on bipolar electrodes of decreasing dimensions, 
approaching the nanosize, by applying a potential difference between the driving electrodes as 
low as 1 V [4].  In particular, we focus on the asymmetrical deposition of semiconducting oxides 
(TiO2, Cu2O and Co2O3 ) and Pt metal at the two opposite ends of carbon-microwires and gold-
nanowires embedded in a polymeric membrane. For performing these processes, the two half-
cells must contain electrolytes of very different composition, e.g. acidic solution in one 
compartment vs. alkaline in the other. In some cases, by adopting the CBPEC configuration, it is 
also possible to use in one half-cell an electrolyte heated at 70-80 °C, while the electrolyte in the 
other half-cell is kept at room temperature. The results achieved demonstrate that CBPEC can 
be successfully exploited to prepare Janus-like nanosized objects, e.g. for generating different 
semiconductor/metal  junctions at the two tips of conducting nanowires. 
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Bipolar electrodes (BPE) are electronic conductors which are usually embedded into microchannels filled 
with solution. A voltage applied at the two ends of the microchannel causes potential difference at the 
BPE/solution interface. When the potential reaches a critical value, redox reaction takes place at both 
poles of the BPE simultaneously[1]. Compared with a conventional three electrode system, BPE 
possesses advantages of wireless, simple configuration and easy miniaturization[2-3]. They have been 
widely used in many fields, especially electro-synthesis[4], bioanalysis[5] and electro-catalysis[6]. Since 
there are no ohm contacts between BPE and external circuits, optical probes are usually required to 
indirectly indicate the interfacial electron transfer on BPE. However these probes can not visualize the 
whole BPE and may cause pollution to BPE. Also optical probes are easily affected by temperature, pH 
value and some other factors[1-2]. To overcome drawbacks of these optical probes, we propose a probe-
free imaging method that can visualize the distribution of interfacial potential on BPEs with arbitrary 
shapes under non-faradaic charging process (as shown in Fig.2), providing essential information to 
validate and develop the theory and applications of bipolar electrochemistry[7].  
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Fig.1 Schematic diagram of bipolar electrodes. Fig.2 (a) Schematic diagram of surface plasma resona-
nce microscopy and (b) plasmonic imaging of potential 
distribution on a rectangle bipolar electrode . 
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The output voltage of a galvanic cell can be increased by insertion of two pairs of anodes and cathodes 
into a single volume of an electrolyte [1,2]. The anode from the first pair and the cathode from the second 
pair are galvanically connected using external wire conductor (Fig. 1, left). Two thin-layer cells 
connected through such short circuit performed as separate units when their spatial separation in the 
common electrolyte was sufficient. The output voltage of thus modified cell increased above the 
thermodynamic potential of a single cell, with the increase of the second electrode pair separation, and 
finally reached double the value of the output voltage of a single cell after exceeding a characteristic 
parameter, the saturation distance (Fig. 1, right). Distance of two subcells (d) represents all the processes 
governing the behaviour of the cell: ratio of solution resistance and galvanic short circuit resistance, the 
galvanic self-discharge when copper ions are in contact with zinc electrode and are being deposited onto 
it, and electrode processes depending on the concentration of CuSO4 as an oxidant. The trade-off setup 
which involves zinc anode in the solution of CuSO4 was chosen because it provides simplicity of the 
construction and possibility of miniaturization. 
The described system can be regarded as a reversed bipolar electrochemistry – no application of potential 
on bipolar electrode, but utilization of the difference of the potential of a such bipolar electrode with 
different poles (shorted zinc anode and copper cathode). 
Diverse functional parameters were described on the example of a modified Daniell cell including tests of 
various types of electrolytes and other experimental conditions. The general nature of the principles was 
confirmed in an experiment with the Leclanché cell and linear character of the multiplication of the 
corresponding output voltage was confirmed with 2, 3 and 4 galvanically short-circuited cells. This 
concept thus will be valuable for all types of chemical energy sources (employing an electrolyte) – 
galvanic cells, batteries, (bio)fuel and microbial cells [2]. 

 
Fig.  1 (left) A setup enhancing the output voltage using a galvanic short circuit in the Daniell cell (zinc anodes, 
copper cathodes in the solution of CuSO4) The zinc anode of the first cell is galvanically connected by a metal 
conductor with the copper cathode of the second cell. Characterisitic parameter, distance of electrode pairs d is 
visualized. (right) Dependence of the output voltage Eout on the distance of the shorted electrode pairs. Saturation 
distance dsat is visualized as the highlighted point in the sigmoidal plot and it is approx. 34 mm for the 5 mM CuSO4. 
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The complexity of the natural photosynthetic systems is difficult to reproduce in vitro; however, 
complexity is inherently associated to the efficiency of the living multienzyme character of 
photosynthesis any biomimetic attempts must cope with this stringent requirement. 
In this regard, we have designed and assembled efficient organic-biological hybrid systems formed by 
small to medium size organics molecules responsible of a given specific role and the photoenzyme 
responsible for energy transduction in photosynthetic organisms. 
Applications to different fields will be presented to show drawbacks, limitations and potentials of such 
hybrid systems in energy conversion, along with some future developments. 
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Nature has developed remarkable means for harvesting solar energy to drive the process of 
photosynthesis. In part, the remarkably high quantum efficiency associated with photosynthesis has been 
enabled by the successful “division of labor” associated with this process. In nature, organisms have 
evolved largely separate biomolecular structures that have become specialized to either 1) capture 
photons and facilitate energy transfer via high-efficiency exciton coupling of pigments and 2) convert this 
exciton into a charge separation that has a quantum yield approaching unity (via the reaction center 
complex). Interestingly, the light harvesting process has been very adaptive to capture a wide range of the 
visible solar energy via distinct optical “niches”. Our work has focused on Photosystem I (PSI) as a 
highly robust reaction center. Utilizing the thermophilic cyanobacteria, Thermosynechococcus elongatus, 
we have developed new, non-detergent methods of isolation/stabilization of PSI that may enable much 
more robust and cost-effective methods for PSI utilization.  In addition, we are exploring novel means of 
coupling PSI directly to metal-oxide electrodes via simple self-assembly methods using the native 
electron acceptor, ferredoxin. Through molecular modeling we have begun to bioengineer Fd and the PSI 
interface to enhance their affinity permitting a diffusion free mode of electron transfer. Similar efforts on 
the donor side of PSI will work to utilize natural and bioengineered cyt c6 proteins to facilitate more rapid 
re-reduction of P700+.  We are also synthetizing novel Co+2 complexes that may mimic cyt c6 yet be 
potentially more cost effect and facile in device design. Employing synthetic biology may allow us to 
improve on nature, advancing the design and fabrication of new biohybrid devices. In addition, I will 
discuss future designs to further enhance their external quantum efficiency toward the goal of a viable, 
sustainable, and environmentally benign strategy for bioenergy production. 



Optimization of a photosystem 2 based photovoltaic half-cell 
 

Volker Hartmann1, Adrian Ruff2, Nicolas Plumeré3, Matthias Rögner1, Wolfgang Schuhmann2, Marc M. 
Nowaczyk1* 

1Plant Biochemistry, 2Analytical Chemistry – Center for Electrochemical Sciences, 3Center for 
Electrochemical Sciences – Molecular Nanostructures 

Ruhr-Universität Bochum, Universitätsstraße 150, D-44780 Bochum, Germany 

marc.m.nowaczyk@rub.de 

 
Photosystem 2 (PS2) and Photosystem 1 (PS1) are the key components of natural photosynthesis. Light 
induced charge separations within the photosystems drive the electron transfer and finally energy is stored 
in chemical compounds like NADPH. Moreover, PS2 catalyzes the unique light induced oxidation of 
water that allows access to an in principle unlimited source of electrons. Isolated photosystems can be 
immobilized by redox active polymers on electrode surfaces and generate electrical power during 
illumination [1;2].  
A major problem of the PS2 containing anodic half-cell is the poor long term stability. To gain insight 
into the photo-degradation process, we combined electrochemical measurements with the simultaneous 
detection of reactive oxygen species (ROS) by fluorescence microscopy [3], we used redox 
polymer/protein biophotoelectrochemistry to compare high-light and low-light adapted PS2 complexes 
for an optimized PS2 half-cell [4] and we are currently investigating the electron transfer from PS2 
towards the redox-hydrogel for biological and chemical engineering of the interface.  
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Breathing (micro)organisms (both photosynthetic and heterotrophic) are capable to generate electrons that 
can be harvested by a suitable electrochemical setup and be used as electrical current. This concept forms 
the basis of bio electrochemical systems (BESs)(1). 
The electrical output obtained from these bio electrochemical systems has improved considerably over the 
last few years, with the maximum reported being in the region of ca.4A m-2 and ca.70A m-2, for the 
systems operated with photosynthetic and heterotrophic (micro)organisms receptively (2,3). 
A number of aspects have been considered for enhancing the electrical output and make the BESs suitable 
for actual applications. These include the availability of electrons from the organisms involved, the 
transfer of electrons outside the cellular body and interface to the electrode, and the nature of the 
materials used to build the electrochemical setup.  
With the aim to focus on possible areas of application I will present ongoing projects where 
photosynthetic BES constitute a useful source of electricity in, for example, off-grid locations. I will 
discuss the use of photosynthetic BES to power 
camera trap in the Amazonian tropical forest of 
Peru and to run environmental sensor for 
wastewater monitoring in Bangalore India. 
In addition, I will also promote the idea to use Bio 
Electrochemical Systems as educational toolkit for 
disseminating knowledge related with energy and 
sustainability in schools. This was done by 
promoting the creation of open-source algal-BES 
prototypes. The figure on the right shows an algal-
BES developed by students from the IAAC in 
Barcelona, Spain (4). 
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Nanobodies are fragments of single domain antibodies (specific type of antibodies found in camels) that 
can be cloned and produced in bacteria in large quantitates1. This unique material has a great potential in 
the field of biosensors but still little known in the domain. Nanobodies offer more freedom with 
molecular engineering and chemical modification, while the affinity of nanobodies the same as that of 
conventional antibodies (IgG). Moreover, due to a smaller size, nanobodies can recognize sterically 
hidden epitopes often given even better specificity that that of conventional antibodies. 
 
In this work we explore the application of nanobodies in magnetosensors with amperometric and 
photoelectrochemical detection. The detection concept is based on our recent finding that phenolic 
compounds can be detected with a high sensitivity by a photocatalyst deposited on a screen-printed 
carbon electrode2. In the similar manner the photocatalytic reaction can be used in affinity sensors based 
on labeled reagents2. This strategy results in an improved limit of detection because of inherent baseline 
correction and a high rate of the photocatalytic conversion mediated by singlet oxygen. 
 
Capture and detection nanobodies were designed and modified in a way to provide efficient recognition 
and detection in sandwich immunoassays with streptavidin modified magnetic beads as the carrier 
particles. Detection nanobodies were modified by horse radish peroxidase (HRP), alkaline phosphatase 
(ALP), and a molecular photocatalyst chlorin e6. Bare and modified screen printed electrodes were 
applied as the electrochemical transducers giving possibility for development of several 
photoelectrochemical detection strategies. Photoelectrochemical assays were evaluated in comparison 
with the chronoamperometric (HRP), voltamperometric (ALP) detection and conventional ELISA based 
on the same reagents. Electrochemical immunoassays with the magnetic beads and HRP improves 10 
times the LOD and reduces the analysis time in comparison to ELISA, while the innovative 
photoelectrochemical sensing approach simplifies the measurements demonstrating the great potential for 
applications in point-of-care diagnostics. 
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Light-harvesting strategies are of crucial importance for the establishment of renewable energy 

production systems that can utilize solar energy with high efficiency. In terms of artificial photosynthesis, 
so called “photon flux density problem” should be overcome through development of light-harvesting 
systems that efficiently collect light energy to transfer it to an active site in a catalyst so as to provide high 
turnover frequency. In photosynthetic membranes, densely-packed light-harvesting (LH) and reaction 
center (RC) complexes perform highly efficient energy conversion from light energy to chemical 
potential. Recently, we successfully extended light-harvesting ability of photosynthetic light-harvesting 
complex (LH2) from a purple bacterium through attachment of artificial fluorophores (Alexa Fluor 647: 
A647), which can expand the range of wavelength of light energy acquired. Femtosecond transient 
spectroscopy revealed that energy transfer from A647 to the intrinsic chromophores bacteriochlorophylls 
(BChls) occurs in sub picosecond to several dozen picoseconds time range [1].   

When a hydrophobic fluorophore (Atto647N: AT647N) was used for the auxiliary chromophore 
attached to LH2 (LH2-AT647N), the energy transfer rate was significantly accelerated in the time range 
of sub picosecond to several picoseconds in a lipid bilayer environment. In this study, we addressed a 
combination of the biohybrid light-harvesting complex (LH2-AT647N) and a bacterial light-harvesting 
1/reaction center core complex (LH1-RC) to show a cooperative effect of light harvesting and chemical 
reaction, i.e., charge separation and photocurrent generation, the latter of which results from the catalytic 
photocycle in RC. 

Recently, we have reported that LH1-RC from a purple photosynthetic bacterium (from 
Rhodopseudomonas palustris) effectively generates photocurrent when assembled with lipid bilayer on an 
ITO electrode [2]. The photocurrent generation activity was analyzed via Michaelis–Menten kinetics to 
provide quantitatively how many active LH1-RCs work on the electrode and the turnover frequency.  
When LH2-AT647N and LH1-RC (1/1 mixture) in lipid bilayer were placed on the ITO electrode, 
enhanced photocurrent was observed upon irradiation at 650 nm (absorption maxima of AT647) 
compared with a LH2/LH1-RC system. Action spectra were evident for the contribution of AT647N to 
photocurrent generation. The enhancement of photocurrent generation activity is likely due to increase in 
apparent absorption cross-section of LH1-RC. Femtosecond transient absorption spectroscopy revealed 
that energy transfer from AT647N–LH2 (BChls) and LH1-RC (BChls) takes place in the time range of 
picoseconds to a dozen picoseconds and subsequent charge separation. Taken together, such biohybrid 
systems composed of the functional components of light harvesting and charge separation cooperatively 
work on the electrode system.   
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Recently a lot of attention has been paid on electrochemical communication between photosynthetic 
systems and electrodes both for fundamental investigations but also as a means for harvesting solar 
energy for small scale energy production. Communication between thylakoid membranes (TMs) and 
electrodes can be brought about through both mediatorless and mediated pathways. To increase the 
mediatorless electron transfer efficiency between the negatively charged TMs and the electrode [1] the 
deliberate modification of nanostructured carbon materials like multiwalled carbon nanotubes [2] and 
reduced graphene oxide [3] through exposure to ammonia at 250 °С for 10 h to make the conducting 
electrode material positively charged resulted in a 100% increase in photocurrent when the TM modified 
electrodes were illuminated with a light intensity of 400 W m−2. 
We have previously shown that flexible osmium redox polymers can work as efficient mediators as well 
as a convenient immobilisation matrix for a number of photosynthetic systems [4,5]. Here we also report 
on electrochemical communication between TMs and electrodes through the use of osmium redox 
polymers [6] and how to even further increase the efficiency of the charge transfer from the 
photosynthetic reaction centres to the electrode through nano-structuring the electrode surface [7,8]. 
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The bacterial photosynthetic reaction center (RC)1 is a membrane spanning protein that, upon 
illumination, promotes the reduction of a quinone molecule withdrawing electrons from cytochrome c. 
This reaction has been often exploited in suitably designed photoelectrochemical cells, to generate 
photocurrents sustained by the reduction at the working electrode of the photo-oxidized electron donor or 
by the oxidation of the electron acceptor. A number of PECs employing the bacterial RC as photoactive 
component have been developed in the last decade 2. Much effort has been devoted to the optimization of 
protein/electrode electrical communication by suitable protein immobilization strategies 3. Several ways 
to interface RCs to electrodes have been described including immobilization by Layer-by-Layer  and 
Langmuir-Blodgett techniques, by encapsulation in nanoporous and nanostructured materials, by 
entrapment in sol-gel media, and by employment of suitable electrode/protein linkers. Despite the huge 
amount of investigations driven in recent years on bio-photovoltaic devices based on immobilized RCs 
and relevant models describing their behaviour,4 the scientific literature is relatively poor of reports 
focused on photocurrent generation by means of photoactive proteins dissolved in the electrolyte 
solution.5 In this work we have explored in more detail the factors affecting the photocurrent generation 
in commercially available screen-printed electrochemical cells containing an electrolyte solution where 
RC proteins are solubilized. In particular, the role of the applied potential and the influence of 
concentration and structure of acceptor and donor molecules have been assessed. We show that efficient 
generation of cathodic photocurrents occurs at an applied potential of 0 V versus quasi-ref Ag (the open 
circuit voltage of the system in the dark) in presence of ferrocenemethanol and decylubiquinone, which 
proved to guarantee high performances as electron donor and acceptor respectively. Moreover, a set of 
differential equations, describing reaction and diffusion processes, has been employed for modelling with 
high accuracy the chronoamperometry profiles recorded at variables RC concentrations. This model 
allowed to estimate the kinetic parameters relevant to the chemical reactions triggered by light and to get 
a snapshot of the electrolyte composition in the different cell compartments (bulk and electrode 
surroundings) at different times from the light exposure. The characteristic time course of the 
photocurrent, showing a peak value followed by a slow decay, has been therefore explained as the result 
of the strict interconnection between the dynamical processes involved. This investigation represents a 
further contribution to the comprehension of factors that regulate light energy conversion in protein-based 
and bio-inspired photoelectrochemical devices. On the other side, the generated photocurrents represent a 
good physical observable for the selective detection of herbicides and specific environmental pollutants, 
able to inhibit the reaction center photoactivity. 
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The localized surface plasmon resonance (LSPR) arises from the collective oscillation of conduction 
electrons of metal nanostructures upon light irradiation. This LSPR will excite high-energy electron-hole 
pair (referred to as “hot electrons” and “hot holes”) emerging on metal surface acompanying the 
occurence of enhanced surface eletric field. The energetic charges will considerably affect the 
electrochemical reactions occurring at the nanoparticles under potential field. When the plasmonic 
metallic nanostructures are coupled to other substrates, for example, the semiconductor (i.e., TiO2, MoS2), 
the plasmon-excited hot electron-hole at nanoparticle surface can communicate with the conductance and 
valence bands of the semiconductors, resulting in variation in electro/photocatalytic activity. In this talk, 
we will show how the LSPR accelerates electrocatalytic reactions of glucose oxidation on gold 
nanoparticles and hydrogen evolution reaction at molybdenum disulphide nanosheets. Based on the 
plasmonics accelerated electrochemical reactions (PAER), high sensitive electrochemical biosensors for 
detection of glucose and other electroactive biomolecules have been constructed. 
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Bio-photovoltaic device is powered by protein-pigment complexes that convert solar light into chemical 
energy with high efficiency in photosynthetic membrane. These natural materials are plenty and no threat 
to environmental. As the bio-photovoltaic materials, photosystem I (PSI) have been attracted attention. 
PSI from cyanobacteria is composed of 96 chlorophyll (Chl) molecules in each monomeric subunit. The 
six of them act as electron transfer pathway and the others play a role of light-harvesting (LH) antenna. 
Photoenergy absorbed at the LH is concentrated at Chl dimer, special pair (P700). The exited electron at 
P700 is transferred from P700 to 4Fe-4S iron−sulfur clusters through the primary electron acceptor Chl a 
(A0) and the secondary acceptor phylloquinone (A1) with near unity quantum efficiency. The PSI which 
performs efficient unidirectional electron transfer is deposited onto electrode to fabricate bio-photovoltaic 
cell. The photocurrent of bio-photovoltaic device is, however, not high because of unsuitable orientation 
of PSI and narrow spectral absorption. In the case of dye-sensitized solar cell, addition of fluorescent dye 
into the device has been studied for making spectral absorption broaden [1]. The energy absorbed at the 
fluorescent dye is transferred to the sensitizing dye via Förster resonance energy transfer (FRET), and 
subsequently converted to electron by the sensitizing dye such as LH antenna in photosynthetic 
membrane.  
 
In this work, we fabricated a new bio-photovoltaic device. We integrated artificial light-harvesting (LH) 
antenna into the device to enhance photocurrent. As artificial LH antenna, we introduced fluorescent dye, 
perylene di-imide derivative (PTCDI). The photoenergy absorbed at the dye was transferred to PSI via 
FRET. In addition, we also found that the PTCDI acts as a linker between PSI and TiO2. In Figure 1a, 
such design on TiO2 surface is schematically shown. The construction on TiO2 electrode was made by 
sequential immersion; TiO2 electrode firstly immersed in PTCDI solution, and the PTCDI-adsorbed 
electrode immersed in PSI buffer solution. 
 
The photovoltaic performances of the fabricated devices were evaluated by the incident photon to current 
conversion efficiency (IPCE) spectra. The IPCE spectrum of the photovoltaic cell using only PSI did not 
power as shown in Figure 1b. When use both PTCDI and PSI, the IPCE spectrum is increased in the 
range of 450-750 nm. These results implied that the PTCDI allow PSI to adsorb with suitable orientation. 
Moreover, in the PTCDI absorption range, the photons absorbed by the PTCDI transfer to PSI via FRET, 
and then the photons are converted to electrons by PSI. Therefore, the PTCDI acted not only the 
foundation of the PSI on TiO2 but also LH antenna. 

   
Figure 1. a) Schematic representation of the TiO2 surface absorbed Perylene derivative (PTCDI) and 
deposited PSI. b) IPCE spectra of the bio-photovoltaic cells using PSI with and without PTCDI. 
 
[1] Y. Takekuma, T. Ochiai, and M. Nagata, Chem. Lett., 2018, 47:2, 225-227. 
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One of the biggest problems of the contemporary world is the depletion of fossil fuels. Among possible 
solutions for meeting future energy demands, solar cells based on photosynthetic reaction centers (RCs) 
of the purple bacterium Rhodobacter sphaeroides are considered. The proposed construction is similar to 
that of Dye Sensitized Solar Cells invented by Michael Graetzel, but natural pigment proteins are used 
instead of the artificial dye. For the described research new genetically engineered RCs were used in 
which a TiO2-binding peptide tag was added. As a redox mediator, TMPD (N,N,N′,N′-tetramethyl-p-
phenylenediamine) was used. TiO2 layer was prepared using pastes produced following two different 
procedures and using two different nanoparticle sizes. Furthermore, some samples were treated with 
TiCl4. 
 
Depending on preparation procedure, cathodic or anodic currents of the order of up to a few µA cm-2 were 
obtained. For explanation of the observed photocurrents, a mathematical kinetic model is proposed that 
includes: (1) an anodic current due to injection of electrons from the triplet state of the RC primary donor 
(P) to the TiO2 conduction band, (2) a cathodic current due to reduction of P+ by surface states of TiO2, 
and (3) transient cathodic and anodic peaks due to oxidation/reduction of TMPD/TMPD+ on the 
conductive glass (FTO) substrate. 
 
Understanding of the  photocurrent generation mechanism described by the model will hopefully enable 
further optimization of our prototype solar cell. 

 
Figure 1 Scheme of processes taking place around working electrode (main figure) and representative 

photocurrent trace (inset). 
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Photosynthesis represents the photoconversion of water and CO2 into sugars and dioxygen. From an 

environmental/energy point of view, this photochemical reaction catalyzed by biological materials under 
light exposure may appear as an inventive resource for future.[1] However, the photosynthesis overall 
yield is very low, with only 4% of the total sunlight energy being converted into chemical energy.[2] This 
can be explained by various limitations and particularly by the rate limiting electron transfer steps 
occurring downstream in the chain of the Photosystem II (PSII). The resulting saturation of the 
photochemical conversion is thus observed under high light conditions. Moreover, such a limitation can 
lead to the formation of reactive species which can induce some biological damages. Even though a 
photorepair pathway can be involved, the damages induction kinetics under sufficient high light 
conditions would be higher than these of photorepair, this phenomenon being called photoinhibition. 

 
In order to alleviate the saturation of the photochemical conversion, we thus aim here at maintaining 

the photosynthetic efficiency under high light conditions by using electrochemical techniques. Our 
strategy consists in creating an alternative desexcitation pathway for PSII chains that cannot release their 
charge by harvesting the overflux of electrons. A non-invasive pathway will be considered, for which 
cargo molecules will drive the excess electrons flux to an electrode. In order to be usable, these cargo 
redox mediators have to be electron acceptors that can easily cross the cell membranes. In this work, by 
using electrochemical and fluorescence techniques, the ability of several quinones to uptake electrons 
from the photosynthetic chain from algae and to convey them at the electrode surface was evaluated.[3] 
Furthermore, a modeling of the extraction was established as a function of light illumination and quinone 
concentration. Zone diagrams thus rationalized the quinone behavior during the extraction and evidenced 
how a tight compromise can be found between minimizing the photoinhibition and maintaining algae 
alive.[4] Moreover, encouraging photocurrents were recorded at a preparative scale by using a carbon 
gauze electrode.[5,6] Recent theoretical works eventually evidenced which parameters will help to 
enhance the performances. More particularly, the toxic effect of quinones will need to be taken into 
account in the future.[7] 
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Photo-induced charge transfer across interfaces is a fascinating process that has yet to be fully understood 
at the molecular level.[1] Significant progress has been made in understanding photo-induced electron 
transfer across solid-solid or solid-liquid interfaces, which ultimately will have a big impact on the 
performance of many technologies related to solar energy conversion and storage.[2] However, charge 
transfer across membrane-like interfaces, like the interface between two immiscible liquids, remains 
rather unexplored.[3], [4]  

 
In this presentation, we will share our work exploring photo-induced charge transfer at the interface 
between Water and organic solvents like Trifluorotoluene or 1,2-Dichloroethane. To do this, we will 
present results obtained using a simple system where the interface between these two immiscible liquids 
was functionalized with a film of light active porphyrin molecules, specifically Zinc tetrakis(4-
carboxyphenyl) porphyrin or ZnTPPc. Once the interface was functionalized with these dyes, we studied 
the photo-induced electron transfer between electron donors like Ferrocene derivatives in the organic 
solvent, and electron acceptors like oxygen in water, modulating the voltage (Electrochemical Impedance 
spectroscopy-EIS) and the light intensity (Intensity Modulated Photocurrent Spectroscopy-IMPS) across 
the interface, in an attempt to understand the influence of different fundamental steps like coupled ion 
transfer or photoproduct separation, in the rate and efficiency of photo-induced electron transfer reactions.  
 

 
Figure1. a) Scheme of the system used for studying the photo-induced electron transfer process. b) IMPS 
response for the photo-induced electron transfer between Ferrocene in Trifluorotoluene and O2 in water 
under different interfacial potentials. 
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The rising energy demand related with increasing global population and improving life quality calls for 
the development of new renewable power sources. Solar power constitutes an attractive source due to the 
amount of energy received by the Earth from the sun. While a number of technologies already exist to 
convert sunlight into electrical current, the use of photosynthetic biomaterials is still largely unexplored. 
Coupling these biomaterials with an electrode surface allows developing photobioelectrochemical 
systems, an emerging environmental friendly approach to convert solar energy into electrical energy.[1] 
Photoactive biological components span from intact photosynthetic organisms to parts of cellular or 
subcellular apparatus,[2,3] which show different advantages and disadvantages depending on the required 
applications. Isolated apparatus, such as the photosystem, don’t require energy for their growth and 
maintenance; however, they are considerably less stable compared to intact photosynthetic organisms. 
Rhodobacter capsulatus (R. capsulatus) is a photosynthetic nonsulfur, purple bacterium, well established 
as a model organism for anaerobic bacterial photosynthesis. Its photosynthetic process is considered 
simpler compared to eukaryotic counterparts, and it contains only one photosystem, which is not powerful 
enough for the photolysis of water. R. capsulatus is extremely effective in anaerobic photoheterotrophic 
conditions, opening for its application in the removal of organic carbon while converting sunlight into 
electrical energy. However, R. capsulatus has an outer and inner membrane, with a peptidoglycan cell 
wall in between, and an outer capsule of slimy lipopolysaccharides, making the direct electron transfer 
between the microorganisms and an electrode surface quite hindered. Accordingly, redox mediators are 
required in order to sustain the extracellular electron transfer (EET) process with an electrode surface, but 
few electrochemical studies can be found.[4,5] 
 
We have investigated how the properties of quinone-based redox mediators influence the capability of R. 
capsulatus, photoheterotrophically grown under anaerobic conditions, to successfully undergo 
extracellular electron transfer with a carbon-based electrode. Our results indicated that by finely tuning 
the mediation system remarkable changes in the generated current could be obtained. The EET process 
was investigated in a three-electrode configuration system, performing amperometric measurement (i-t 
curves) and cyclic voltammetric studies in dark/light conditions, where sunlight was simulated by a 
quartz−halogen illumination system with an optical light guide, which provided a light intensity of 76 
mW cm−2. 
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Photosystem 1 (PS1) is a highly abundant and robust protein complex capable of generating light induced 
charge separation with a high quantum yield. Coupling of PS1 with electrodes enables the development of 
semi-artificial biophotovoltaic devices for efficient and cost-effective solar energy conversion. The 
integration of isolated redox proteins into photoelectrochemical devices requires immobilization 
strategies that allow an optimized electron transfer. To date, the successful integration of photosynthetic 
protein complexes into photoelectrochemical devices has been demonstrated in the design of advanced 
architectures and engineered electron-transfer chains. [1] However, while recovery of the remarkably large 
charge separation in PS1 is required to achieve high-energy conversion efficiency, it also translates in a 
large driving force for short-circuiting processes, making the design of PS1-based devices particularly 
challenging. Moreover, light-induced damage of the photosystem under certain experimental conditions 
causes degradation of the protein complex with a consequent drop in activity over time, substantially 
limiting the applicability of biohybrid devices. Therefore, a better understanding of charge recombination 
pathways and the electron transfer processes involved is required for the development of systems with an 
improved performance. 
Here, we present scanning photoelectrochemical microscopy (SPECM) [2] as a valuable and versatile tool 
for the local examination of a redox-hydrogel embedded PS1-based photocathode. The setup uses a tip 
microelectrode that performs simultaneously as source for local irradiation of the sample substrate and as 
current collector to identify the source of charge recombination. [3] The capability to perform simultaneous 
measurements of the photoelectrochemical processes at both redox active sites of the photosystem enables 
an in depth characterization of the communication among PS1 reaction centers, mediators and the 
electrode surface. Moreover, the employed analytical methodology facilitates the long-term evaluation of 
the PS1-based photocathode, allowing the investigation of light-induced stress processes. As evidenced 
by the measurement of generated photocurrents and the simultaneous collection of H2O2 and O2 under 
localized irradiation conditions, the processes responsible for photosystem degradation reveal that oxygen 
is required for light-induced inactivation of PS1, suggesting that the damage is caused by reactive oxygen 
species. 
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The photosynthetic system provides enough electronic energy to reduce carbon dioxide into organic 
substances. However, the photosynthetic system is not suitable for use as a solar cell because the 
electrode activity of NADPH is very poor. Therefore, the selection of artificial electron acceptors with 
high electrode activity is important to solve such problems in the construction of photo-driven bioanodes 
based on photosynthetic systems.  
 
The desirable characteristics for photo-driven bioanodes are 1) high stability, 2) negative redox potential, 
and 3) high current density. The isolated photosystem in the membrane shows strong photosynthetic 
activity but has poor stability. Whole bodies of photosynthetic microorganisms are stable, but require 
energy to maintain the cell body. In addition, the barrier for mediators to be transported across the cell 
membrane is high. Therefore, thylakoid membranes are suitable as catalysts for photo-driven bioanodes. 
The kinetics of electron transfer from the photosystem in the thylakoid membrane to artificial mediators 
seems to depend on the difference in the formal redox potential between them. It is thus important to 
investigate the relationship between the thermodynamics and the kinetics of electron transfer from the 
thylakoid membrane to mediators. However, systematic investigations of the relationship between the 
kinetics of electron transfer and the redox potential of the mediator have not been carried out. 
 
The electrode structure is an important factor for improving the photocurrent. Many workers have 
attempted to increase the photocurrent density by increasing the electrode surface area. Recently, carbon 
nanotubes (CNTs) have been reported as attractive electrode materials for photo-driven bioanodes due to 
their high conductivity and large surface area. Calkins et. al reported a thylakoid membrane-modified 
CNT electrode as a photo-driven bioanode that produced a photocurrent density of 68 µA cm−2. However, 
as it is difficult to disperse CNTs in aqueous solution, the thylakoid membrane and the CNTs were 
separately deposited on the electrode which resulted in layer-by-layer structures. Recently, water-
dispersed multi-walled CNTs (MWCNTs) have been developed and used as electrode materials. The 
MWCNT dispersion is homogeneously miscible with the aqueous dispersion of thylakoid membrane. 
This mixing should improve the electrochemical junction between the thylakoid membrane and the 
electrodes. Moreover, MWCNTs are cheaper than single-walled CNTs. 
 
In this work, a photo-driven bioanode was constructed using the thylakoid membrane from spinach, 
carbon nanotubes, and an artificial mediator. By considering a linear free-energy relationship in the 
electron transfer from the thylakoid membrane to the mediators and the oxygen resistance of the reduced 
mediator, 1,2-naphthoquinone was selected as the most suitable mediator for the photo-driven bioanode. 
Water-dispersed multi-walled carbon nanotubes served as scaffolds to hold the thylakoid membrane on a 
porous electrode. The constructed photo-driven bioanode exhibited a photocurrent density of over 100 µA 
cm−2 at a photon flux density of 1500 μmol m−2 s−1. 
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The integration of photosynthetic proteins in biohybrid solar cells is envisioned for the production of 
electricity or chemical fuels. To this end, redox hydrogels proved particularly suitable as matrices for the 
immobilization and electrical contacting of various photosynthetic proteins to electrodes. We tuned the 
redox potentials of the electron relays and the properties of the polymeric supporting matrix to enable 
benchmark photocurrent densities (300 μA cm-2 for PS1[1] and up to 400 μA cm-2 for PS2[2]) at low 
overpotential[3]. In analogy to the working principle of dye sensitized solar cells, an important feature of 
biohybrid solar cells for conversion of light to electricity is the charge carriers needed for collection of the 
high-energy electron from the photosystem[4]. The main limitation in energy conversion efficiency is the 
recombination of this charge carrier at the photoelectrode, a process that decreases both the photocurrent 
and the open circuit voltage. Moreover, this charge recombination process is suspected to induce 
degradation of the photosynthetic protein[5]. We demonstrate that the hydrogel film properties as well as 
the electrode surface chemistry can be tuned to minimize the various charge recombination pathways. 
This concept opens up the possibility to build biohybrid photovoltaics free of semi-conductor materials.  
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Photoelectrochemical system exploiting semiconductor electrode provides opportunities for more 
efficient CO2 reduction and allows us to devise new devices for unique electrochemistry as well. With 
regard to CO2 reduction, we immobilized formate dehydrogenase (FDH) and its cofactor NADH together 
in the electrochemically synthesized polydopamine (PDA) film, which is so thin to barely trap the 
enzymes. By incorporating this enzymatic biocatalytic cathode with cobalt phosphate/bismuth vanadate, a 
photoanode, we produced formate from CO2 at highly efficient faradaic efficiency (>99%) without 
external bias and deterioration along at least one day.1) On the other hand, an earth abundant transition 
metal oxide, hematite, has short diffusion length of exitons which is unfavorable for conventional purpose 
of oxygen evolution reaction. Interestingly, the very property can make it possible to work as a light-
driven virtual electrode for intriguing electrochemical analysis of biologically important species. In this 
work we show quantitative detection of micrmolar level neurotransmitter, dopamine, where light is 
focused. The virtual electrode, which could be ultramicroelectrode if necessary, has its own area close to 
that of the spot illuminated owing to short diffusion length of exiton in hematite film. We need neither 
prepatterned array nor any modification of the surface, but just pristine hematite is enough to realize 
virtual electrode of high spatial resolution. Being integrated with digital micro-mirror device, the hematite 
based virtual electrode offers novel methodology for mapping electrochemical oxidizable biomolecules 
from the cells cultured in vitro or even brain slice. 
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Hybrid systems, which can effectively convert light energy into electrical or chemical energy and exploit 
the unique features of natural photosynthesis, have become an interesting research target.  Particularly the 
two complexes photosystem I and II (PSI and PSII) of the oxygenic photosynthesis have been used to 
construct new biohybrid systems. In this context an efficient coupling of PS with the electrode is essential. 
Besides the light-to-current conversion, these PS electrodes may also be useful for light-driven enzymatic 
reactions resulting in photobioelectrocatalytic systems. 
For establishing communication between PSI and electrodes we present here approaches which are based 
on the interaction of the trimeric PSI from Thermosynechococcus elongates and the small redox protein 
cytochrome c [1]. Although cyt c is not a natural partner of PSI, it can effectively reduce the light-
activated complex. Additionally cyt c exhibits fast electron transfer with electrodes and allows self 
exchange to occur [2].  
PSI can be immobilised on a cyt c monolayer on gold or in multiple layers by co-assembly of PSI and cyt 
c or by the combination of co-assembly and the layer-by-layer technique by means of negatively-charged 
DNA [3]. Alternatively, a 3D electrode configuration based on macroporous ITO can be exploited [4]. In 
all these cases purely a cathodic photocurrent has been found the magnitude of which can be enhanced 
from few µA/cm2 up to values of more than 100 µA/cm2.  
The 3D electrode architecture based on ITO has also been used to evaluate the behaviour of another redox 
protein as the interconnecting electron conduit: cytochrome c4 from the acidophilic bacterium 
Acidithiobacillus ferrooxidans. This dihemic protein can also show direct electrochemistry with 
electrodes in an immobilized state. Furthermore, indications for self exchange have been found. Finally 
photocatalytically active electrode could be developed demonstrating the reaction capability of this redox 
protein with PSI.  
The protein-based connection of PSI with electrodes can be beneficially used for the integration of a 
biocatalytic unit within the electrode architecture. Here human sulfite oxidase hSOx has been applied for 
a defined assembly of all components using a modular design. The biohybrid electrode architecture 
combines the photo-physical features of PSI with the biocatalytic properties of hSOx for advanced light-
controlled bioelectronics. The operation principle is based on well-defined electron pathways and exploits 
a competition between electron supply from the electrode or by enzymatic substrate conversion.  
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Deep eutectic solvents (DESs) are a new class of green solvents with the potential to replace organic 
solvents in many applications (1). DESs are formed by the correct combination of two or three 
environmentally safe and inexpensive components, which engage in hydrogen-bond interactions forming 
a eutectic mixture with a melting point much lower than that of either of the individual components. One 
archetypal DES is the 1:2 molar ratio mixture of choline chloride (the H-bond donor) and urea (the H-
bond acceptor). Thanks to their biodegradability, low price, tunable physico-chemical properties, and 
easiness of preparation, DESs are increasingly being used in synthetic organic chemistry and in 
technological processes. 
We present here an unprecedented characterization of the behavior of the bacterial photosynthetic 
reaction center (RC) from Rhodobacter sphaeroides directly dissolved in a series DESs with different H-
bond donor/acceptor moieties. The RC (2,3) is a membrane-spanning three-subunit pigment-protein 
complex that, upon illumination, is capable to produce a stable charge-separated state. Moreover, RC 
features an optical spectrum rich of bands, some of which useful to assess protein integrity and 
conformational changes. Thus, it represents the ideal model for carrying out basic studies of protein-
solvent interactions. Herein, we report that, in many DES mixtures investigated, RC (a) is stable, (b) is 
capable to generate the charge-separated state, and (c) in some mixtures features exceptional thermal 
stability (d) performs its natural photocycle, even though at reduced rate due to the solvent viscosity. RC 
dissolved in DESs is effective in reducing quinone molecules to quinol by withdrawing electrons from 
suitable electron donors. This has been proved either (a) using cytochrome c as electron donor and 
following spectrophotometrically its oxidation and (b) in a photoelectrochemical cell using 
ferrocenemethanol as electron donor and recording the photocurrents arising from the reduction of the 
ferrocenemethanol at the working electrode. 
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Light induced modulation of cellular activities is raising more and more interest for its high throughput, 
selectivity and resolution. The exploitation of visible light requires the presence of photo-transducers, the 
human tissues being transparent to that wavelengths. Absorbing materials have to transfer electrons to 
surrounding molecules generating cascades of electrochemical reactions. Polymeric materials suit all the 
requirements for a good photo-transducer, since their optical properties are easily tuneable, they show good 
photocatalytic efficiency and are characterized by excellent biocompatibility properties (Zucchetti et al., 
2016). 
Poly-3-Hexyl-Thiophene (P3HT) is an eligible photo-transducer, both for its broad absorption spectrum in 
the visible range and its photoelectrochemical activity and stability (Lanzarini et al., 2012; Bellani et al., 
2015).  
Recently, we fabricated polymer nanoparticles (NPs) and we demonstrated that, once internalized within 
the cell cytosol, photostimulated P3HT NPs generate Reactive Oxygen Species, whose changes in 
concentration efficiently modulate cellular activity and functions (Bossio et al., 2018, submitted). Nature 
provided cytochromes to deal with the increase of these radicals, whose handling is part of cellular 
metabolism. Thus, the detailed understanding of the interaction between P3HT polymer and cytochrome 
protein is key to optimize and finely modulate the possibility to optically control the cell metabolism. 
Here, we present a detailed electrochemical study of the system P3HT/cytochrome C upon visible light 
excitation, unravelling the electron transfer mechanisms that occur from the polymer to the protein. Cyclic 
voltammetry of cytochrome C is recorded using P3HT thin film as working electrode, denoting the affinity 
between their energy levels. Chronoamperometry measurements born out the role of molecular oxygen in 
the transfer, being a possible electron acceptor in the environment. Finally, optical absorption technique 
combined with chronoamperometry measurement definitely point out the dynamics of P3HT/cytochrome 
C electron transfer. 
In summary, we first report on optically activated, functional interaction between a biocompatible 
semiconducting polymer, of increasing interest for several biotechnology applications, and Cytochrome C. 
Our results contribute to the understanding of phototransduction mechanisms at the biotic/abiotic interface 
between organic semiconductors and living cells, paving the way for on demand modulation of cellular 
metabolism and, more generally, opening up a wide range of possibilities in the field of photo-
biomodulation.  
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Bacterial reaction centers (RCs) are photosynthetic proteins which convert solar energy into chemical 
energy by absorbing infrared light and reducing quinones to quinols. Because of the high quantum 
efficiency of these processes, RCs have been of great interest for bioelectronics, biosensors and 
biophotovoltaics [1]. However, the performance of these devices is limited by charge recombination 
between the charge carriers (typically quinones) and the photoelectrode. This unwanted process decreases 
both the photocurrent and the open circuit voltage (OCV). Moreover, in biophotovoltaic cells, the 
objective of achieving high OCV is associated with an increased driving force for charge recombination. 
Semiconductor materials can limit this process, however, the use of semiconductors that have intrinsic 
photo-active properties attenuates the advantage of implementing a photo-active biological component. 
Here, we demonstrate that the reoxidation of the reduced quinone at the photoelectrode surface 
contributes to charge recombination.  This process can be limited by modifying the Au surface with a 
blocking layer serving as kinetic barrier for the reduced quinone reoxidation process. A self-assembled 
monolayer of 11-mercaptoundecanoic acid (MUA) is particularly well-suited as blocking layer because 
the reoxidation of the reduced quinone on the MUA modified Au is significantly impeded, while the 
electron transfer between the Os-complex modified polymer that acts as wiring matrix for the RC and the 
MUA modified Au is not significantly affected. As a result, the blocking layer significantly increases the 
OCV of the full cell by 100 mV. Blocking of recombination is even possible when high potential redox 
polymers are used for the wiring of specifically designed high potential RC mutants. The mechanism of 
the charge recombination is studied by evaluation of the electron transfer kinetics of hydroquinone re-
oxidation at the photoelectrode. Moreover, the proposed mechanisms are validated by simulation of the 
photocurrent generation. This concept opens up the possibility to build photovoltaic cells free of 
semiconductor materials. 
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Photosystem 2 (PS2) is the only known protein-complex that catalyses the light-driven oxidation of water 
in natural photosynthesis. Isolated PS2 complexes can be applied in the anodic half-cell of bio-photovoltaic 
devices.[1,2] For this, PS2 is embedded in redox-active hydrogels which shuttle high energy electrons 
between the terminal PS2 redox cofactors QA and QB and an electrode surface. However, the activity of 
isolated PS2 is limited to the blue- and red-light region of visible light due to the absorption properties of 
chlorophyll, the major pigment of the PS2 core complex. Cyanobacteria evolved special light-harvesting 
protein complexes named phycobilisomes (PBS), which allow for light utilization in the green gap of 
chlorophyll. 
Here we describe the first successful in vitro reconstitution of isolated PS2 from the thermophilic 
cyanobacterium Thermosynechococcus elongatus (TePS2) and PBS from Acaryochloris marina (AmPBS). 
AmPBS has a unique, barrel-shaped structure and a molecular weight of about 1.4 MDa, whereas TePS2 
forms a dimer of about 700 kDa. [3,4] The resulting mega-complex was characterized by fluorescence 
spectroscopy, transmission electron microscopy and electrochemical measurements, particularly by action 
spectra of TePS2-AmPBS embedded in an Os-complex-modified hydrogel. We could demonstrate the 
formation of a functional mega-complex for enhanced light harvesting within the PS2 containing anodic 
half-cell of a bio-photovoltaic device. 
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Two freshwater Sediment Microbial Fuel Cells were constructed using 50 l transparent containers and 
sediments, collected from river Struma near the town of Blagoevgrad, Bulgaria. The cathodes of both fuel 
cells were made of 1cm thick carbon felt, whereas beds of crushed graphite and respectively metallurgical 
coke were used for anodes. The constructed SMFCs were situated at open air under the direct impact of 
the environmental conditions. The generated current outputs of the fuel cells together with sunlight 
illumination, the ambient temperature and the temperature inside the reactors were measured at 5 minutes 
intervals for a period of one year. Using a power management system both fuel cells were used to supply 
an environmental monitoring platform equipped with a radio module. The performance of the SMFCs 
was analyzed and compared in order to examine the properties of coke as an alternative anode material. 
Both fuel cells behaved similarly, maintaining relatively steady-state power outputs over time [1]. Among 
the monitored environmental factors, the sunlight illumination and the temperature influenced most 
significantly the SMFCs electrical characteristics. Similar to the results, obtained with lab-scale SMFCs 
[2], the generated current increased during the photoperiods, correlating with the light irradiance, and 
decreased during the nights. The study demonstrates that the constructed SMFCs can be used as power 
suppliers for eco-monitoring sensors. In addition, the metallurgical coke is an appropriate low-cost 
material for SMFC anodes. 
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The Li-S battery technology offers a higher capacity than Li-ion batteries, however, it has some 
drawbacks such as volume change during cycling and incomplete reduction of S to Li2S, forming 
polysulphides (PS) known as shuttle effect, which lead to a decrease in coulombic efficiency, in addition 
to the low conductivity of S. To solve some of these problems, biocarbons obtained from peanut shell and 
sunflower seed were used as cathodes for Li-S batteries. This novel use of biomaterials adds an important 
value to the waste of the agricultural industry. 
The aim of this work is to use pyrolyzed biocarbons as active material for Li-S cathodes, taking 
advantage of its porous structure, to control the volume change and the shuttle effect. Additionally, two 
different treatments were tested to improve these active materials. 
The biocarbons were obtained by means of a pyrolysis of biomaterials in an inert atmosphere, and then 
were impregnated with sulfur to obtain the active material of the cathodes. Two protocols, acid and basic, 
were tested to generate different functional groups on the surface and different porous structure. The 
active materials were characterized with X-ray photoelectron spectroscopy (XPS), adsorption isotherms, 
thermogravimetric (TGA), adsorption isotherms (BET) and scanning electron microscopy (SEM). The 
modified biocarbons impregnated with sulfur were mixed with PVDF and carbon Super P in NMP to 
make slurries that are deposited on aluminum foils to obtain the cathodes. These materials were tested in 
coin cells, using LiTFSI 1M, LiNO3 0.25 M in 1,2-dimethoxyethane(DME)/1,3-dioxolane (DOL) 1:1 as 
electrolyte. Electrochemical studies like cycling performance and its potentiodynamic response were 
analyzed to evaluate the cells behavior. 
Cells made with these biocarbons have high efficiency and capacity that remains stable throughout 100 
charge-discharge cycles. Additionally, the initial specific capacity of discharge is in the order of 
800 mA h g-1 for C/16. It was demonstrated that the basic treatment was the one that generated the active 
material with the best electrochemical response for this type of batteries in both biomasses. 
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A light-dependent current generation has been reported for different types of microbial fuel cells (MFCs) 
[1]. In our recent study [2], we observed increased current outputs of tubular freshwater sediment MFCs 
during natural sunlight irradiation. The detailed studies have shown that the observed fluctuations of the 
generated current during the photo/dark cycles are connected with processes affecting the cathodic semi-
reaction. The highest impact on the current generation was achieved when the explored SMFCs were 
irradiated by monochromatic light sources with wavelengths, corresponding to the maximal absorbance of 
the light-harvesting system of oxygenic photosynthesizing microorganisms. Based on these findings, we 
hypothesized that the in situ produced bio-oxygen by photosynthesizing microorganisms on the cathode 
surface decreases the mass transport limitations for the oxygen reduction reaction (ORR), thus enhancing 
the kinetics of overall electrochemical process, resp. the current outputs during the photoperiods. The 
same photo-induced current response was also obtained from 50 l-pilot-SMFC reactors, operating at open 
air conditions. In contrary, an inverse relationship of current with illumination was observed for flat-plate 
transparent reactors, in which the distance between the sediment layer surface and the anode was only few 
millimeters. In this case, the observed behavior is attributed to the inhibition of the anodic reaction due to 
expansion of the oxic zone in the sediment, allowing the exoelectrogenic bacteria to utilize oxygen rather 
than the anode as an electron acceptor. The analysis of the data, obtained with differently designed 
SMFCs, shows that the major factor affecting the light-dependent current oscillations is the anode 
arrangement in the reactor, i.e. whether it operates under strict anaerobic or aerobic conditions. 
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Some purple photosynthetic bacteria have light-harvesting complex 2 (LH2), which is responsible for 
photon capture and energy transfer to light-harvesting/reaction center core complex (LH1-RC), where 
energy funneling and subsequent charge separation take place. We have reported that light-harvesting 
ability of LH2 can be extended through attachment of artificial fluorophores (biohybrid LH2). 
Femtosecond transient absorption spectroscopy revealed that efficient energy transfer from the artificial 
fluorophore (Alexa647: A647) to bacteriochlorophylls in LH2 takes place in the time range of sub ps to 
23 ps. Recently, we found that a hydrophobic fluorophore (Atto647N: AT647N) worked as the more 
efficient energy donor than the hydrophilic A647 when the conjugates were incorporated in hydrophobic 
interior of lipid bilayer. This result prompted us to use hydrophobic environment of lipid bilayer for 
efficient energy transfer using the membrane-embedded pigment-protein complexes. In this sturdy, we 
assembled the biohybrid LH2s and LH1-RC into lipid bilayer to assess energy transfer between them and 
subsequent charge separation in LH1-RC. LH1-RC was isolated from Rhodopseudomonas palustris. 
Energy transfer from the biohybrid LH2s and LH1-RC in lipid bilayer environment was observed with 
femtosecond transient absorption spectroscopy. Energy transfer from LH2-AT647N to LH1-RC occurs in 
the time range of few ps to a dozen of ps. Quantum yield of charge separation in LH1-RC upon 
irradiation of the artificial chromophores was evaluated with static fluorescence spectroscopy. The 
enhanced charge separation took place when the LH2-AT647N conjugate was used compared with the 
LH2-A647 and the native LH2. This result indicates that the hydrophobic AT647N works as the efficient 
light-harvesting pigment embedded in the lipid bilayer, resulting in the efficient charge separation in 
LH1-RC. When the LH2-AT647N was placed onto an electrode with LH1-RC, prominent photocurrent 
generation was observed upon irradiation at 650 nm. This result suggests that the extended light-
harvesting complex, LH2-AT647N, functions to transfer light energy to drive the photo cycle of the 
reaction center complex. 
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Some purple photosynthetic bacteria have peripheral light-harvesting complex 2 (LH2), which performs 
highly efficient photon capture followed by ultrafast excitation energy transfer between multiple 
chromophores. LH2 from Rhodopseudomonas acidophila strain 10050 consists of nine-membered pairs 
of α- and β-apoproteins and 27 bacteriochlorophyll a (BChls) and 9 carotenoids. These intrinsic 
chromophores possess characteristic absorption bonds as shown in Figure 1. Specifically, BChls form two 
types of molecular assemblies, B800 and B850, representing their absorption maxima. The intrinsic 
chromophores cover a wide range of absorption wavelength, while the absorptivity in the range of 620-
750 nm is low. Recently, we have reported that light-harvesting ability of LH2 can be extended through 
attachment of artificial fluorophores (Alexa Fluor 647: A647) as an auxiliary light-harvesting pigment (1). 
A647s were covalently attached to Lys residues on the N- and C-terminals of LH2α-polypeptide via a 
bifunctional cross-linker reagent. We found that efficient energy transfer from A647 to B800/B850 takes 
place in the time range of sub ps－23 ps in micellar solution systems. To construct faster energy transfer 
systems, we chose a hydrophobic chromophore (Atto647N: AT647N) to conjugate to LH2 (LH2-
AT647N). Absorption and fluorescence spectra of AT647N were also shown in Figure 1. Interestingly, 
when the LH2-AT647N conjugate was assembled in lipid bilayer, the energy transfer rate increased 
markedly but not the case of hydrophilic A647 conjugate. This result suggests that the AT647N moieties 
are placed in hydrophobic lipid bilayer region, being proximal to the acceptor BChls in LH2 to enhance 
energy transfer. 
 
Reference: 
(1) Yoneda, et al., J. Am. Chem. Soc. 137, 13121 (2015). 

mailto:takedewa@nitech.ac.jp


Spectroelectrochemistry of Biohybrid Solar Device Based on Osmium 
Redox Hydrogel and Rhodobacter sphaeroides Reaction Centers 

 
Rafał Białek1*, Vincent Friebe2, Raoul Frese2, Adrian Ruff3, Wolfgang Schuhmann3, Nicolas Plumeré4, 

Michael R. Jones5 and Krzysztof Gibasiewicz1 

 
1Faculty of Physics, Adam Mickiewicz University in Poznań, ul. Umultowska 85, 61-614 Poznań, Poland 
2Department of Physics and Astronomy, LaserLaB Amsterdam, VU University Amsterdam, De Boelelaan 

1081, Amsterdam 1081 HV, The Netherlands 
3Analytical Chemistry, Ruhr-Universität Bochum, Universitätsstrasse 150, D-44780 Bochum, Germany 

4Center for Electrochemical Sciences—Molecular Nanostructures, Ruhr-Universität Bochum, 
Universitätsstrasse 150, D-44780 Bochum, Germany 

5School of Biochemistry, Medical Sciences Building, University of Bristol, University Walk, Bristol BS8 
1TD, UK 

*e-mail:rafal.bialek@amu.edu.pl 
 

Photosynthesis is a biophysical process of a great importance in an everyday life. Its primary steps 
consists of energy and electron transfer within membrane-bound pigment-protein complexes following 
absorption of light quanta. Physiologically this energy is then used to produce utilizable chemical 
compounds. However, nowadays there is an effort to use the energy stored in the intermediate charge 
separated states of proteins for electricity production. One of the approaches is to deposit purified proteins 
from photosynthetic organisms in proper matrix covering an electrode to photosensitize it. As a matrix, 
different materials were already studied such as: metal [1], titanium dioxide [2] and redox hydrogel [3]. 
 
The system described in this work consists of osmium-based redox hydrogel with Rhodobacter 
sphaeroides reaction centers deposited on a conductive glass coated with FTO (Fluorine-doped Tin 
Oxide; see the Figure 1). Redox hydrogel is a system consisting of water and a polymer with attached 
osmium redox centers. Electrons are transferred through such gel by hopping between redox centers. 
Such working electrode is immersed in a mediator (ubiquinone-0) solution and tested in 3-electrode setup 
using potentiostat. 
 

 
Figure 1 Scheme of a working electrode of the studied biohybrid device. 

 
Poster will present results of photocurrent generation, light absorption changes under different applied 
potential conditions as well as photocurrent action spectrum in the described system. These findings are 
important for the determination of rate-limiting steps in biophotovoltaics, enabling targeted strategies for 
improved performance. They also give an insight into the pathway of electron transfer within the system. 
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A purple bacterial light-harvesting–reaction center core complex (LH1-RC), which is integrated with a 
core antenna LH1 and a reaction center complex (RC), is a naturally occurring high-performance 
excitonic and photovoltaic device that functions in a lipid membrane. In order to apply LH1-RCs as a 
biohybrid energy-producing material, some important issues must be addressed, including how to make 
LH1-RCs function as efficiently as possible. In addition, they should be characterized to evaluate how 
many active LH1-RCs efficiently work in artificial systems. We report here that an anionic phospholipid, 
phosphatidylglycerol (PG), stabilizes the charge-separated state (a photooxidized electron donor and 
reduced quinone pair, P+QB

–) of LH1-RC (from Rhodopseudomonas palustris) and enhances its activity in 
photocurrent generation. Steady-state fluorometric analysis demonstrated that PG enhances the formation 
of the P+QB 

– state at lower irradiances. The photocurrent generation activity was analyzed via Michaelis–
Menten kinetics, revealing that 38% of LH1-RCs reconstituted into the PG membrane generated 
photocurrent at a turnover frequency of 46 s-1. PG molecules, which interact with LH1-RC in vivo, play 
the role of an active effector component for LH1-RC to enhance its function in the biohybrid system.  
By use of the quantitative analysis on the basis of Michaelis–Menten kinetics, in this presentation, we 
characterize the photocurrent generation activity for multilayered LH1-RCs on electrodes compared to 
that of the single-layered LH1-RCs.   
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Nitroarenes are a class of organic compounds with high applicability in the production of many 
commercially relevant chemicals. However, the major problem of its use is relative to its persistent 
presence in wastewater effluents and its implications to human health1. Over the past decades, many 
research groups have reported different strategies to manage nitroaromatics in aqueous effluents, such as 
physical, biological, and chemical degradation techniques. Photocatalysis is another degradation 
technique that has attracted much attention since TiO2 electrodes began to be employed in the light-
assisted decomposition of water into hydrogen and oxygen2. It expanded the investigations on using 
photochemical catalysis, not only for water splitting, but also for organic pollutants degradation. 
Nevertheless, TiO2 – based photocatalysts absorb in a quite narrow range of the solar spectrum, limiting 
its applicability for UV-assisted processes. In this sense, great effort has been made in the direction of the 
design and development of photocatalysts activated by visible light. We present here a chalcopyrite-based 
photoelectrode, as a catalyst film to reduce nitrobenzene into aniline not only using light irradiation, but 
also, applying a potential. For that, bismuth-doped CuGaS2 nanocrystals with average size of 15 nm 
(Fig.1A) were prepared by a simple and fast method via a hot-solvent synthesis approach as reported by 
Chang et al.3 The nanocrystals were spray-deposited on molybdenum resulting in high purity films of 
thickness around 2.3 – 2.5 µm. The incorporation of bismuth in the chalcogenide resulted in 0.6 eV of 
band gap lowering and enlargement of the absorbance range in the visible solar spectrum, compared to 
the undoped samples. The catalytic activity of the films was tested upon the visible-light driven 
electroreduction of nitrobenzene. Aniline was selectively obtained with 90 % of conversion for reaction 
times of 100 min (Fig.1B) when using Bi-doped CuGaS2 – representing a 40 % yield increment in 
comparison with the reaction over bismuth free catalysts. The catalytic performance of the doped films 
remained stable for a set of 5 consecutive experiments (Fig.1C). These results indicate Bi-doped 
CuGaS2/Mo films act as efficient photocathode to easily reduce nitrobenzene to aniline through the direct 
pathway mechanism in aqueous environment. 
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Figure 1. A- SEM image of Bi-doped CuGaS2 film and HRTEM image of the nanocrystal, inset. B- Real-
time UV-Vis spectra collected during the photoelectrocatalytic nitrobenzene reduction over Bi-CuGaS2 
electrodes. C – Cycling runs in photoelectroreduction of nitrobenzene into aniline at -0.9 V vs Ag/AgCl 
under visible light illumination of 100 mW cm-2 during 100 min. 
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          Wine has been present in the historical development of humanity. Such is its relevance that today 
its annual production is close to 26 billion liters around the world. Given the scale of this industry it is 
essential to determine possible contaminants present in the production process, such as Ochratoxin A 
(OTA), a mycotoxin that has been classified as a possible carcinogen for humans1. Currently the 
determination of OTA is carried out by chromatographic methods involving high costs, specialized 
personnel and pretreatment of samples2. Under this context, in the present work a systematic study is 
being carried out to obtain core/shell ZnO/CdS structures that will lead to the fabrication of a photo-
electrochemical aptasensor of the type ZnO-NRs/CdS/Au-NPs/aptamer (see Fig. 1); a small, economical, 
portable, sensitive and selective device that allows the detection and quantification of OTA present in 
samples of Chilean wines. 

 
 
Fig.1: Diagram of the fabrication and operation of the photo-electrochemical sensor ZnO-NRs/CdS/Au-

NPs/aptamer. 
 
In a first stage of work, ZnO-NRs were electrodeposited, varying the conditions of the synthesis process; 
potential, temperature, time and concentration of precursors. The above, with the objective of obtaining 
highly ordered nanostructures. These nanostructures were characterized by cyclic voltammetry (CV), 
electrochemical impedance spectroscopy (EIS), UV-visible spectroscopy (UV-Vis), scanning electron 
microscopy (SEM) and X-ray diffraction (XRD), to be later sensitized with CdS formed in situ 
chemically on ZnO, the above, with the aim of forming a stable core/shell type assembly. To obtain 
ordered core/shell structures with a compact coating layer of ~ 15 nm thickness, the experimental 
conditions were varied: time, precursor concentration and temperature. This composition was 
characterized using CV, EIS, UV-Vis, SEM and XRD. The generation of photogenerated charge carriers 
as the recombination processes were studied. 
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Advanced electrochemical systems combine ion electrosorption at the interface between an electrode and 
the electrolyte (EDLC) with charge storage in the bulk electrolyte by redox activities. Such redox 
electrolytes are promising for non-flow hybrid energy storage systems particularly when they are 
combined with highly porous carbon electrodes.[1] This nano-confinement enables diffusion-less redox 
kinetics (thin-layer electrochemistry)[2] which is beneficial for the fast reaction during charging and 
discharging. In virtue of diffusion-less redox kinetics, the redox electrolyte systems with highly porous 
carbon provide high power performance (10 kW/kg) and an energy storage capacity over 30 Wh/kg as 
well as robust stability over 1000 cycles.[3, 4] However, there are remaining challenges for further 
development of redox electrolytes such as the balance of redox species between cathode and anode[5] and 
the notorious redox shuttling[6]. The latter leads to leakage current when reduced or oxidized species 
diffuse from one electrode compartment to the other. For the prevention of redox shuttling, ion exchange 
membranes can be applied; however, the use of such membranes is a significant cost-driver. 
 
Herein, we report a hybrid energy storage system employing 
zinc iodide (ZnI2) redox electrolyte with a nanoporous activated 
carbon cloth cathode and a zinc disk anode.[7] The membrane-
less feature of this system is enabled by favorable sorption of 
iodide within nanoporous carbon. The adsorption behavior of 
iodide in porous carbon was investigated concerning different 
pore sizes with regards to self-discharge rate and reversible 
hydrogen reduction. Successful operation of this system without 
an ion exchange membrane was demonstrated. We examined the 
origin of the high power performance (20 kW/kg) of our 
ACF/Zn ZnI2 battery by electrochemical analysis with a rotation 
disk electrode. Considering the high specific energy (226 Wh/kg), the ACF/Zn ZnI2 battery represents an 
alternative for lead acid, Ni–Zn, and Ni–Cd batteries, while providing a supercapacitor-like power 
performance in the range of seconds to minutes charging times. 
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[1] B. Evanko, S.W. Boettcher, S.J. Yoo, G.D. Stucky, Redox-Enhanced Electrochemical Capacitors: 
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[2] I. Streeter, G.G. Wildgoose, L. Shao, R.G. Compton, Cyclic voltammetry on electrode surfaces 
covered with porous layers: an analysis of electron transfer kinetics at single-walled carbon nanotube 
modified electrodes, Sens. Actuators, B 133(2) (2008) 462-466. 
[3] B. Krüner, J. Lee, N. Jäckel, A. Tolosa, V. Presser, Sub-micrometer Novolac-Derived Carbon Beads 
for High Performance Supercapacitors and Redox Electrolyte Energy Storage, ACS Appl. Mater. 
Interfaces 8(14) (2016) 9104-9115. 
[4] J. Lee, B. Krüner, A. Tolosa, S. Sathyamoorthi, D. Kim, S. Choudhury, K.-H. Seo, V. Presser, 
Tin/vanadium redox electrolyte for battery-like energy storage capacity combined with supercapacitor-
like power handling, Energy Environ. Sci. 9(11) (2016) 3392-3398. 
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tin–vanadium redox electrolyte for hybrid energy storage with nanoporous carbon electrodes, Sustainable 
Energy Fuels 1(2) (2017) 299-307. 
[6] J. Lee, S. Choudhury, D. Weingarth, D. Kim, V. Presser, High Performance Hybrid Energy Storage 
with Potassium Ferricyanide Redox Electrolyte, ACS Appl Mater Interfaces 8(36) (2016) 23676-87. 
[7] J. Lee, P. Srimuk, S. Fleischmann, A. Ridder, M. Zeiger, V. Presser, Nanoconfinement of redox 
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Abstract. Redox active films are important in energy conversion related catalysis applications because of 
their ability to mediate the electron transfer of redox catalysts. In practice, the surface of a prepared film 
could be highly inhomogeneous, so that there is the possibility that parts of the film could have highly 
variable catalytic performance. Although Atomic Force Microscopy is a popular method for the 
characterization of film surfaces, the redox active portion of the film thickness cannot be differentiated 
from the total film thickness when electrochemical breaks within in the film are present. Here, we 
introduce the use of an electroanalytical approach based on linear sweep voltammetry (LSV) to extract 
the electroactive film thickness distribution. The peak currents from the LSV depend on the experimental 
time scale and the electron transfer distance from the electrode to the film boundary. Hence, the peak 
current depends also on the distribution of the distances from the electrode surface to the film boundary, 
and is therefore useful for extraction of the film thickness distribution. The method is in principle 
applicable to any redox-active material for which the current responses depend on diffusion-like 
processes such as electron hopping or counter ion transport. More generally, the LSV method is expected 
to greatly impact the way film thickness distributions are measured since the method intrinsically takes 
into account the entire sample regardless of its size instead of the limited portion of the surface that is 
probed in classical methods for surface roughness determination.  
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Abstract. The use of thin films for biophotovoltaics applications offers some particular advantages, such 
as the ability to immobilize both photosystems and electron mediators to an electrode, allowing for the 
construction of a biophotovoltaic device in which a freely diffusing charge carrier closes the solution 
circuit between the biophotoelectrode and the collector electrode. However, the high energy electrons 
given to the charge carrier can be lost due to various recombination, or “short-circuit”, processes. In 
particular, in a major recombination process, instead of diffusing forward to the collector electrode, the 
charge carrier can diffuse backwards to the photoelectrode, giving the electron back by anodic oxidation.  
In addition, in a minor recombination process, before leaving the film, the reduced charge carrier can 
recombine with the oxidized electron mediator in the film. Recent experimental results from our group 
have demonstrated the ability of blocking layers to effectively impede the primary recombination process. 
     In order to support these experimental findings, and more importantly, in order to be able to discern 
the competing processes of electron transfer, biophotocatalysis, and mass transport in thin film based 
biophotovoltaics, a model was developed for the simulation of both the current-time curves, as well as for 
the time-dependent concentration profiles within the thin redox-active films. The model purposely builds 
upon currently available models related to redox films where possible and relevant1-3. However, the need 
of transient (versus steady-state) signals, as well as the experimental situation where the surrounding 
solution is stationary (and where the mediator is confined to the film, and the charge carrier is freely 
diffusing) present new modeling challenges. 
     Matlab was used for the generation of the simulation currents and concentration profiles obtained by 
the simultaneous solution of a system of two coupled time-dependent partial differential equations with 
three time domains and with two space domains. The nature of the internal film/solution boundary 
required that the problem be formulated and solved using the Method of Lines. Although Matlab runs in 
the background, simulation parameters are entered into an Excel spreadsheet which is read by Matlab 
during the simulation. Therefore, obtaining simulations for a given set of conditions for comparison with 
experimental data does not require programming knowledge from the end-user. 
 

 
Figure 1. Example Simulated Current-Time Curve 
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Vesicular exocytosis is an ubiquitous mechanism used by cellular organisms to release bioactive 
molecules (hormones, neurotransmitters…) in their environment. During this process, secretory vesicles 
containing the (bio)chemical messengers fuse with the cell membrane. The formation of a fusion pore 
thus occurs and initiates the release of the vesicular content into the external medium. The subsequent 
expansion of the pore may then take place and favour a larger release. However, some questions on the 
mechanism remain under debate. This is why several analytical methods have been developed for the last 
twenty five years. Among them, amperometry with ultramicroelectrodes (UME) and fluorescence 
microscopy allow one to investigate exocytosis in real time at the single cell level.[1, 2] 

Firstly, using UMEs provides a real time detection of the electroactive vesicular content once the 
release onsets with a high sensitivity and temporal resolution. Furthermore, total internal reflection 
fluorescence microscopy (TIRFM) allows one to visualize the status of vesicles near the plasma 
membrane (vesicular motion and location of the release). In this regard, coupling these techniques would 
magnify their own performance by correlating electrochemical and optical signals. 
      In this context, we implemented a TIRFM-amperometry coupling methodology related to the 
development of specific ITO devices several years ago.[3,4] However, the electrochemistry – 
fluorescence combination intrinsically raises many analytical questions before its use for biological 
purposes. More particularly, the electroactive and fluorescent probes are a key point that strongly alters 
the analytical performances of the combination in terms of sensitivity and reliability (orphan events). This 
talk will thus summarize our last results about a unique and dual electroactive probe belonging to false 
fluorescent neutrotransmitters (FFN).[5,6] 
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Recently, Sarcosine has been identified as a key metabolite marker for the monitoring and early 
diagnosis of metastatic prostate cancer (PCa). Electrochemiluminescence (ECL) is the most commonly 
used transduction methodology for early PCa diagnosis for both research and commercial applications.[1]  

In this work we describe a method for the quantification of Sarcosine, obtained by ECL approach, in 
which Sarcosine acts as co-reagent in a Ru(bpy)3

2+ ECL process. In fact Sarcosine is a secondary amine, 
capable of generating ECL according to the “oxidative-reduction” strategy. As electrode, we used 
polycrystalline ceria films (20 nm thick), prepared ex-situ by nonreactive magnetron sputtering of a 
CeO2 target. Here, we also demonstrated that CeO2 is far superior electrode material for ECL application 
compared with the commercial GC electrode.[2] Thanks to this approach we were able to detect sarcosine 
in Phosphate Buffer (pH=7) solutions at different concentration (50-5000 PM). 
 

  
Figure 1: a) AFM image of CeO2 on Glassy Carbon; b) ECL signal recorded using nanostructured Ceria 

after addition different concentration of Sarcosine (50-5000 PM) 
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Water splitting has been a top matter of research for the last decades because of its 
potential to provide H2 while avoiding hydrocarbon sources. The biggest challenge 
to overcome is minimizing the energy barriers, which convey high overpotentials 
that increase the process’ energy demand. Many catalysts have been researched for 
both water reduction and water oxidation, although few enzymatic biocatalysts 
have been. Hydrogenases’ family have been matter of top research and many 
advances have been accomplished on this side whereas biocatalytic water oxidation 
process is more challenging and still demands more research on new biocatalysts. 
In fact, the only biocatalytic complex able to naturally oxidize water into O2 is 
PSII, although recently was described the possibility to force a multicopper oxidase 
immobilized on a carbon electrode to oxidize water [1]. Herein we present the 
modification of FTO electrodes with In2S3 - a n-type semiconductor chalcogenide 
that absorbs visible light (O t 600nm) and its further use as active scaffold for 
laccase-catalyzed oxidation of water. Irradiation of FTO-In2S3-laccase electrode 
yields O2 production at much lower applied potential than the previous example 
where only electric energy was applied. The present system allows a diversification 
of the energy applied to accomplish the water splitting, taking a portion from the 
Sun. Advances on SnS2 modified electrodes as well as other chalcogenides will 
also be presented. 
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Conducting polymers can provide a suitable interface for biocatalysts to be fixed on electrodes since they 
may stabilize the protein on the non-natural surface and can also help to establish communication with 
electrode.  In this study, polythiophene copolymers have been used as modifier for carboneous electrode 
surfaces in order to allow the immobilization of active PQQ-GDH and to simultaneously improve the 
direct electrical connection of the enzyme with the electrode. Polymer films are electrosynthesized in 
aqueous solution without the need of surfactants onto carbon nanotubes from mixtures of 3-
thiopheneacetic acid (ThCH2CO2H) and 3-methoxythiophene (ThOCH3) using a potentiostatic pulse 
method. The deposition of the polythiophene significantly improves the bioelectrocatalysis of PQQ-GDH: 
the process starts at a potential of -0.2V vs. Ag/AgCl and allows well-defined glucose detection at 0 V vs. 
Ag/AgCl with high current density. Compared to polythiophene films prepared in organic solvents the 
properties could be significantly improved [1]. 
Several parameters of the electro-deposition method have been studied to optimize the anodic current 
output after enzyme coupling. The prepared polymer has been carefully characterized in order to verify 
the successful polymerisation reaction. Here SEM, EDX, FT-IR, UV-Vis, XPS and Raman have been 
used. The bioelectrocatalytic response towards increasing glucose concentrations exhibits a dynamic 
range extending from 1 μM to 2 mM. The low applied potential helps minimizing interferences from 
easily oxidizable substances such as uric acid and ascorbic acid.  
Finally, the PQQ-GDH electrode has been coupled to a BOD- and carbon nanotube-based cathode in 
order to test its performance as anode of a biofuel cell. The promising results suggest a further 
investigation of this kind of polymers and, in particular, the study of the interaction with other enzymes in 
order to employ them in building up other biohybrid systems for sensing of bioenergetics.  
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In this study, LiNi0.5Mn1.5O4 has been coated with zirconia (ZrO2) nanosize particles. Unlike 

most coating processes, the method involved the use of a soft and scalable ball milling technique 

in which increasing amounts of ZrO2 (0.5-2 wt.%) were introduced to LiNi0.5Mn1.5O4 just before 

the final calcination. The obtained materials have been characterized by x-ray diffraction, 

scanning and transmission electron microscopies (SEM and TEM), and electrochemical charge 

and discharge. We also used the electrochemical impedance spectroscopy (EIS) to characterize 

the electrode/electrolyte interfaces before and after coatings. This process has resulted in 

significantly improving the life of LiNi0.5Mn1.5O4 under high-temperature (55oC) and rate 

performance (10-min charge) conditions. Our observation is that the material with the 1wt.% 

ZrO2 coating exhibited better rate performance, while that with the 2wt.% ZrO2 coating 

presented better life span. The overall results demonstrated that the adopted ZrO2-coating 

technique could pave the way to enabling LiNi0.5Mn1.5O4 as an advanced cathode material in fast 

charge/discharge and long-cycle life lithium-ion battery applications. 

. 
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Lithium and sodium show the different chemistry for graphite. These facts have been well-known for 
more than 40 years. Irrespective of intercalation methods (solid-gas reaction method, solution method, 
and electrochemical method), lithium-ion intercalates into graphite to form lithium-graphite intercalation 
compounds. Higher stage to lower stage (up to stage 1) Li-GICs can be obtained. In contrast, only high 
stage Na-GIC can be synthesized by any methods. Although there are some explanations for this peculiar 
phenomenon, the detail has not been well-understood yet.  
 
Sodium can insert into non-crystallized carbons, which has been also well-known for many years. 
Therefore, non-graphitizable carbon, so-called, hard carbon is one of the promising active materials for 
sodium-ion batteries. Hard carbons have been commercialized as a negative electrode of lithium-ion 
batteries for high-rate use. Typical hard carbons are prepared by the heat-treatment of some resins, e.g. 
phenolic resins. The optimized temperature are somewhere between 1,000 – 1,200 degree C. When the 
heat-treatment temperature increases, the volume ratios of closed pores inside hard carbons increase. As a 
result, the capacity of lithium-ion decreases. On the contrary, sodium shows the good performance for 
hard carbons with large closed pores [1,2]. 
 
The above two results will be reported in detail at the conference. 
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     Aqueous sodium-ion battery has 3 big advantages about the high ionic conductivity, non-flammability 
and low cost. However, the cell voltage is limited because of the narrow electrochemical window of 
aqueous electrolyte. We have reported that highly concentrated 17 mol/kg NaClO4 electrolyte can 
expands its electrochemical window [1], nevertheless the mechanism was unclear. In this study, we try to 
reveal the expansion mechanism of electrochemical window in concentrated NaClO4 electrolyte using 
DSC measurement and Empirical Potential Structure Refinement (EPSR) modeling. 
     The three types of water molecules can be classified as “free water”, “intermediate water” and “non-
freezing water”, in order of increasing strength of the interaction to ion, respectively [2]. These water 
molecules can be analyzed using DSC. The amount of each water estimated from DSC results is shown in 
Figure 1. As the concentration of NaClO4 electrolyte increases, the ratio of free water was decreased, and 
the ratio of intermediate water was increased. In the higher concentration more than 13 mol/kg, it was 
found that there was only non-freezing water in NaClO4 electrolyte. 
     The structure of NaClO4 electrolyte was 
investigated using EPSR modeling. Average 
coordination numbers of oxygen atom of water 
molecule (Na-OW) and ClO4

- (Na-OCl) around Na+ 
are shown in Table 1. As the concentration 
increases from 1 mol/kg to 17 mol/kg, the number 
of hydration water molecules decrease from 5.2 to 
2.8. As the result of the high concentration, almost 
all water molecules coordinate with Na+ because 
water molecule and Na+ are present in a molar 
ratio of 3.3:1 in the 17 mol/kg NaClO4 electrolyte. 
On the other hand, the coordination number of 
Na-OCl increases from 0.5 to 3.2. In each 
concentration, the total of the coordination 
number of Na-OW and Na-OCl is approximately 6. 
This result shows that water molecule and ClO4

- 
indicated an octahedral coordination geometry 
around Na+. 
     From these results, in the high concentration, 
strong bond between Na+ and water molecule is 
more dominant than hydrogen bond of between 
solvent waters. Thereby, it is considered that 
highly concentrated electrolytes can expand its 
electrochemical window. 
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Concentration 
(mol/kg) 

Atom pair 
Na-OW Na-OCl 

1 5.2 0.5 
10 3.3 2.5 
17 2.8 3.2 

Figure 1. NaClO4 concentration dependence of 
the molar ratio of free water, intermediate 
water and non-freezing water in the aqueous 
electrolyte. 
 
Table 1. Average coordination number of Na+, 
water molecule and ClO4

- for 1, 10 and 17 
mol/kg NaClO4 solution estimated by EPSR 
modeling. 
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The further development and progress in existing Li ion Battery technology will depend on both, the 
introduction of new active electrode materials and the better understanding and mitigation of existing 
materials challenges. Silicon is currently introduced as a new active anode material in Li ion Batteries but 
the related electrolyte decomposition layers, the so-called solid-electrolyte interface, SEI, as well as the 
material integrity and stability are unsolved issues. Nanostructured Si alloy material, which can be 
produced by melt-spinning or sputter-deposition, offer a possible solution as well as an interesting model 
system to better understand fundamental processes during battery cycling. We here present a study on 
nanostructured Si/Ti4Ni4Si7 (STN) alloy employing high-resolution bulk and surface techniques such as 
Focused Ion Beam SEM (FIB-SEM) and Atom Probe Tomography (APT), but also shortly Surface Force 
Apparatus (SFA) and Hard X-ray Photoelectron Spectroscopy (HAXPES). These techniques offer 
unprecedented insights in battery processes such as tridimensional Li distribution and interface layer 
growth. 
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The ability to efficiently and safely cycle Li metal has been a long-sought goal for the development of 
high-energy density rechargeable batteries. In contrast to graphite, which forms a relatively stable solid 
electrolyte interphase (SEI) when in contact with organic electrolytes, the SEI on lithium metal evolves 
during cycling due to disruption from volume changes upon plating and stripping and from uncontrolled 
dendrite growth. Thus, after decades of screening of various electrolyte solvents and salts, so-called 
“native” SEI layers appear insufficient to address the long-term cycling needs of a rechargeable Li 
electrode. This has led to a recently growing emphasis on two fronts: the development of solid 
electrolytes to block dendrite growth; and the development of additives (typically solution-phase) to 
repair a damaged SEI as it forms during cycling. In both cases, dendrite growth and ultimate SEI failure 
persist; meanwhile, numerous challenges exist with the implementation of solid electrolytes, including 
their low ionic conductivities and intrinsic thermodynamic instabilities against Li. New, parallel and 
complementary approaches are needed that impart chemical, electronic and structural tailorability to Li 
surfaces while offering routes to scalability. 
 
Recently, attention has shifted towards the introduction of “designer” material layers on lithium through 
pre-formed SEI structures. Such a motif can be accomplished, for example, by introducing clean Li 
surfaces to donor molecules that contain desirable functionalities or moities, such as fluoride ligands, that 
will presumably be incorporated upon decomposition at the Li surface. However, one major challenge is a 
lack of fundamental understanding of how such molecules decompose when in contact with a Li surface, 
either under dry conditions or in the presence of electrolyte. Consequently, there remains little 
understanding regarding how to intentionally build SEI layers with targeted compositions, morphological 
and electronic properties, and how these properties translate into electrochemical metrics such as 
Coulombic efficiency and cycle life. 
 
In this work, we present our recent studies of the decomposition reactions of several oxide- and fluoride-
donating gases in contact with Li surfaces. Gases, especially halogenated gases, are attractive as potential 
SEI-forming agents because of their ease of use and industrial compatibility; their wide chemical 
versatility; and the ability to be incorporated into cells as repair agents through pressurization of the cell 
headspace. We first demonstrate controllable growth (10 – 100’s of nm thickness) of targeted ionic 
materials such as Li2O and LiF, which is achieved through judicious selection of the reactant gas. In gas 
molecules with multiple potential SEI-forming constituents, we find that reaction kinetics and the 
decomposition pathway determine which material phases are ultimately imparted to an SEI, thereby 
introducing an ability to rationally tune the SEI by tuning the gas structure and chemistry. We report X-
ray photoelectron (XPS) and X-ray diffraction (XRD) analysis of films to describe their chemical 
composition and crystallinity. We also employ several methodologies to characterize the electrochemical 
behavior of such by-design films, including Li-Li cycling, Li-Cu plating/stripping measurements, and 
constant-current discharge to failure to measure dendrite propagation times. Finally, we describe new 
opportunities to tailor the properties of Li surface layers through introduction of inorganic bilayer 
structures that enable conversion of Li into desirable solid electrolyte materials with tunable properties. 
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Due to the emergence of the Internet of Things (IoT), there has been an increased demand for 
miniaturized energy storage solutions. These coupled with energy harvesters and appropriate power 
management systems will enable long-life autonomous sensors. In order to realize these sensors, batteries 
with high power density over a small footprint must be utilized. Conventional Li-ion batteries utilise a 
graphite anode which offers a theoretical capacity of 372 mAh g-1, however, in order to realise high 
energy density Li-ion microbatteries, alternative anode materials must be investigated. Group IV elements 
Si, Ge and Sn are of particular interest as they offer high theoretical capacities of 3579, 1600 and 994 
mAh g-1 respectively. Ge despite having a lower specific capacity offers an electrical conductivity 10,000 
times and a Li diffusion rate four hundred times greater than Si and thus offers greater power density 
capability. However, the use of Ge as an anode material has been hampered by the expansion that occurs 
upon alloying with Li. Upon de-alloying, the Ge anode experiences pulverization which reduces the cycle 
life and capacity of the electrode material.  
 
Electrolyte systems such as those based on ionic liquids (ILs) are of interest for Li microbatteries as 
unlike typical commercial organic solvents they are non-flammable with zero vapour pressure and Li Ion 
conductivity is comparable to those of organic solvents, whilst being superior to solid state electrolytes. 
ILs can also be utilised to form polymer gel analogues which may buffer the pulverisation effects 
experienced by Ge anodes, thereby increasing the cycle life of the battery while maintaining the specific 
capacity. 1-butyl-1-methylpyrrolidinium bis(trifluoromethylsulfonyl)imide ([C4mpyr][TFSI]) and its 
polymer gel analogue were assessed using cyclic voltammetry and capacity values of greater than 80% 
were achieved.  
 
Ultra-thin DC sputtered Ge films are also being investigated to determine if structured thin film anodes 
would counteract the pulverisation effects noted in typical Ge anodes. Ge films 50 nm thick were DC 
sputtered initially onto Cu foil substrates, where two different morphologies, pitted and planar, were 
obtained by varying the sputter current, shown in figure 1. For comparison the film was sputter deposited 
onto Cu on Si substrates and subsequently analysed using SEM and Raman spectroscopy and the results 
show that the pitted morphology was also achieved on the Si substrate. CV analysis in both organic and 
IL based electrolytes show that higher current densities are achieved with samples that exhibit pitting, by 
comparison to films that do not (figure 1) for similar deposit thickness. 

 
Figure 1: CV of Ge films in 1 M LiPF6 in 1:1 
EC:DEC. Inset: SEM images of (a) pitted and 
(b) planar DC sputtered Ge films on Cu foil. 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2: SEM image of planar DC 
sputtered Ge film on Cu on Si substrates. 

(a) (b) 
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The improvement of lithium ion batteries (LIBs) can be attained by incorporating a new generation of 
active materials in both LIB negative and positive electrodes. The incorporation of such “new 
chemistries” in conventional industrial fabrication processing raises questions which are yet to be 
answered, regarding whether their manufacturing scalability (and the associated costs) and the desired 
battery volume density (and the associated electrochemical performance) are achievable. Indeed, the 
electrode mesostructure strongly depends on its fabrication parameters which need to be carefully 
adjusted to achieve optimal battery performance. The availability of a predictive computational approach 
simulating the fabrication process will be of paramount importance to save time and cost in the 
fabrication process optimization, to speed up the integration of new active material chemistries (1).   
We present an in house computational platform aiming at predicting the link between fabrication 
parameters and electrochemical performance of lithium ion battery cells (2). The platform combines 
Coarse Grained Molecular Dynamics (CGMD) with a finite volume (continuum) approach. CGMD is 
used to simulate slurries and the self-organization phenomena of the particles suspensions arising from 
the solvent evaporation. The resulting virtual electrode structure is injected into a 3D-resolved continuum 
model allowing to predict its electrochemical performance at the battery cell level. Examples of 
application of this platform are provided for different types of NMC-based electrodes. Practical 
implementation aspects and experimental validation strategies are presented. The practical implications of 
such a platform towards the fabrication process optimization and the integration of new battery 
chemistries are discussed.  
 

 
 
(1) Franco, A.A., Doublet, M.L., Bessler, W., Eds., book title: "Multiscale Modeling and Numerical 

Simulation of Electrochemical Devices for Energy Conversion and Storage", Springer, UK (2015). 
(2) Ngandjong, A.C., Rucci, A., Maiza M., Shukla, G., Vazquez-Arenas J., Franco, A.A., J. Phys. Chem. 

Lett., 8 (23) (2017) 5966. 
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 Silicon electrodes are attracting for lithium-ion batteries but their use is impeded by their poor 
mechanical stability upon operation (huge volume variation takes place upon electrochemical Li insertion 
in and extraction from the material) and a poorly-controlled growth of surface layers resulting from the 
electrolyte decomposition products (the so-called solid-electrolyte interphase, SEI). 
 A thin layer of methylated amorphous silicon a-Si(1-x)(CH3)x:H has a much better resistance to 
electrochemical lithiation/delithiation cycles than amorphous silicon a-Si:H [1]. Methylated amorphous 
silicon is a carbon-silicon alloy, deposited using PECVD, in which carbon is incorporated in the bulk 
material under the form of methyl groups CH3 only. We have studied the lithiation processes in the 
material for various methyl contents x ranging from 0 (a-Si:H) to 0.12. 
 The lithiation process has been investigated using operando infrared spectroscopy in geometry of 
attenuated total reflection (ATR) where the active thin layer (30 nm) is directly deposited at the surface of 
the ATR prism. For all the investigated values of the methyl content x in the material, it was observed that 
the first lithiation proceeds according to a two-phase mechanism [2]: a (highly) lithiated phase with a 
well-defined Li content z (LizSi phase) progressively invades the active-material film; if lithiation is 
performed in galvanostatic mode, this regime corresponds to the observation of a potential plateau. When 
lithiation is pursued beyond the potential plateau, a single-phase behavior is observed: the Li 
concentration in the active film becomes uniform and increases as long as the lithiation current is 
maintained. Delithiation and subsequent lithiation/delithiation cycles proceed homogeneously according 
to this single-phase behavior. 
 When the electrode is thicker (200 nm), extensive electrochemical cycling results in the cracking 
of the film. The appearance of the crack network can be followed by operando optical microscopy. When 
the active film is deposited on a reflecting substrate such as stainless steel, the lithiation can also be 
followed using the same technique by monitoring of interference colors, since the lithiation results in a 
thickening of the film and in a change of its refractive index. 
 The quantitative analysis of the two-phase regime of the first lithiation shows that the Li content 
z in the invading phase depends in a non-trivial way upon the methyl content x of the material: z first 
decreases upon increasing x, then for values of x larger than 0.05, z increases when increasing x. This 
behavior can be rationalized in the framework of a model describing the first lithiation of 
a-Si(1-x)(CH3)x:H. Moreover, the careful analysis of color patterns during lithiation demonstrates that the 
locations at which the lithiation occurs is not homogeneous at the very beginning of the second cycle: 
color change can be identified at the locations where future crack will appear at the end of the second 
delithiation of the electrode. Possible implications regarding the optimization of the material for its use as 
electrodes in Li-ion batteries will be discussed. 
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The key factors ensuring long-lasting lithium-ion battery (LIB) operation are the formation and retention 
of a stable solid electrolyte interphase (SEI) on the anode surface. The properties of the SEI, e.g., 
chemical composition, thickness, mechanical and electrical characteristics, directly impact the safety and 
power capability of the cell, and are strongly determined by the electrolyte formulation. Indeed, the SEI is 
formed during the initial few charge/discharge cycles, usually defined as the “formation process”, 
involving the electrolyte decomposition. Therefore a suitable formation protocol should be designed and 
validated for each specific cell chemistry and architecture. The formation process is an industrial 
bottleneck as it requires long time, specific instrumentation and large portion of the battery production 
plant, significantly influencing the manufacturing cost of the batteries [1]. Herein we present the results of 
a study dedicated to the development of electrolyte formulation for LIBs based on graphite and 
silicon/graphite composite anodes coupled with a polyanionic cathode. To cover all the development 
chain, the study, conducted on electrodes with a practical loading of 2.5 mAhcm-2, included both coin-
cells and pouch cells. The basic electrolyte, a 1M solution of LiPF6 in organic carbonates, has been 
enriched with various additives (e.g., FEC, VC and lithium imide salts, such as LiTFSI) to evaluate their 
effect on the cell performance and the SEI properties. Interestingly, LiTFSI as additive displays a 
beneficial effect on the cell performance reducing the irreversible capacity loss at the first cycle [2]. 
Selected formulations have been used to evaluate different formation protocols conducted at 20°C and 
45°C with the aim to reduce the formation time. High resolution TEM permitted to directly observe the 
morphology of the SEI layer formed under the different conditions while XPS yielded information on its 
chemical composition. Finally, the performance of ~2Ah prototypes (~145 and 160 WhKg-1 respectively 
for pouch and cylindrical cells), assembled using Si/graphite anode, a blended NMC/LFP (50:50) cathode 
and the optimized electrolyte, are presented.   
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Recently, solid-state electrolytes have been a highly active area of research for future Li-ion 

batteries due to the potential for drastically improved energy density and safety. Among these materials, 
garnet structured lithium lanthanum zirconate (Li7La3Zr2O12, LLZO) shows particular promise as a 
ceramic electrolyte owing to the high conductivity (0.1-1 mS cm-1) of its cubic polymorph, inertness, and 
electrochemical stability against metallic lithium. Herein we report the facile synthesis of phase-pure 
cubic LLZO using molten salt synthesis in a eutectic mixture of LiCl:KCl at 900 °C. Fine powders of Al- 
and Ga-doped LLZO were obtained with primary particle sizes ranging from 0.3-3 µm. Depending on the 
consolidation conditions, pellets with up to 86% relative density could be obtained, with conductivity 
values ranging from 0.20-0.31 mS cm-1. It is also observed that the effect of proton exchange/hydration 
has a profoundly deleterious effect on sintering and densification, and that this effect can be mitigated by 
the simple addition of LiOH before sintering to reverse protonation and aid densification. The size-
homogenous and non-agglomerated LLZO particles produced from the molten salt synthesis method are 
also ideal for use as ceramic fillers in composite polymer electrolytes. The effect of LLZO wt%, amount 
of Li salt, and film processing conditions on the ionic conductivity of the polyacryonitrile composite films 
will also be discussed.  
 
 

 
 
 
Scheme 1. Molten salt synthesis of LLZO powders in LiCl:KCl eutectic mixture. 
 
 
Reference: J.M. Weller, J.A. Whetten, C.K. Chan, Synthesis of fine cubic Li7La3Zr2O12 powders in 
molten LiCl-KCl eutectic and facile densification by reversal of Li+/H+ exchange. ACS Applied Energy 
Materials, 1, 552 – 560 (2018).   
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Recent years, applications of lithium ion secondary batteries have expanded, and thus it is 

required to improve energy density of batteries. In this regard, the solid solutions of Li2MnO3 and 
LiMO2(M= Mn, Ni, Co) have attracted attention over the years because they deliver high discharge 
capacity of over 200 mAh/g. In our laboratory, we have focused on xLi2MnO3-(1-x)LiMO2(M= Mn, Ni, 
Co) with x=0.4 and 0.5 because of the good electrochemical performance, and then performed average 
and local crystal structure analysis on the materials1),2).  However, the influence of operating temperature 
has not been studied.  The present study investigated the temperature dependence of the local and average 
structure of 0.4Li2MnO3-0.6LiMn1/3Ni1/3Co1/3O2 cathode during the first discharge cycle, using neutron 
and synchrotron X-ray total scatterings and diffraction. In addition, the electrode by TEM, STEM/EDS 
and SAED were observed and compared the result with those of the crystal structure analysis, and 
examined the structural changes of the particle surface and inside. 

Sample was synthesized by co-precipitation method. From the XRD data, it was found that a 
product can be attributed to a single phase of the layered structure with space group C2/m. In the cycle 
performance at room and high temperatures at 60 oC, it was found that a capacity of more than 280 
mAh/g could be achieved at a voltage of 2.5-4.8 V vs. Li/Li+at 60°C, which was larger than the capacity 
at room temperature.  
To clarify the reason for this, an analysis was carried out based on the pair distribution function for 
cathodes following their first charge and discharge cycles, and examined the average structure by 
Rietveld technique using neutron diffraction measurements at BL20, J-PARC and synchrotron X-ray 
diffraction measurements at BL02B2, BL19B2, SPring-8. As a result, it was found that the ordering of the 
transition metal might be changed by the operating temperature and Ni cation mixing might be increased 
at 60°C. We also investigated the cation-distribution uniformity within the particle by STEM/EDS, and 
confirmed that there was not significant variation in the cation distribution.  In addition, we constructed 
local structure models by extending the refined unit cell, and then analyzed the local structure by PDF 
technique using neutron total scattering measurements at BL21, J-PARC and synchrotron X-ray total 
scattering measurements at BL04B2, SPring-8(Fig.1).  The results showed the distortion parameters for 
Ni-O6 octahedra in transition metal and Li layers that participate in mixing tended to be less during charge 
and discharge at higher temperature. In addition, an analysis using XAFS spectroscopy indicated a change 
in valence during charging and discharging based on a shift in the position of peaks associated with Mn, 
Ni, and Co. At 60°C, the shift was particularly large for the Ni peak. Thus, the operating temperature can 
have a large effect on the behavior of especially Ni, which can influence the battery characteristics. 
References:  
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Fig. 1   PDF analysis of pristine sample using both  (a) synchrotron X-ray and  
(b) neutron total scattering data. 
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Batteries for the future need improved cycle stability and increased capacity but also safety aspects in 
systems based on Li are of utmost importance. All solid state Lithium-ion-Batteries (ASSLiB) combine 
both aspects and present an attractive solution with high potential for further development. Lithium 
Aluminum Titanium Phosphate Li1.3Al0.3Ti1.7(PO4)3 (LATP), a ceramic with NASICON type structure, is 
especially considered as a beneficial solid state electrolyte due to its superior lithium ion conductivity [1]. 
It is crucial for the development of improved solid state electrolytes to get insights into the correlation 
between microstructure and local Li-ion mobility on a sufficiently small scale and transfer this knowledge 
into innovation for devices [2]. 
 
Within this contribution, we introduce electrochemical strain microscopy (ESM) as a versatile method to 
investigate ionic conductivities of energy materials with very high spatial resolution [3]. ESM is based on 
atomic force microscopy (AFM), a powerful and proven tool for surface characterization of materials at 
the nanometer scale. To probe the Li-ion flow through solids on a small scale and understand how ion 
migration functions locally and is linked to the microstructure, we combine ESM correlatively with other 
microscopy techniques such as scanning electron microscopy (SEM) and energy-dispersive X-ray 
spectroscopy (EDX). We observe strong local variations in the Li-ion conductivity of LATP and analyze 
these variations in relation to the microstructure. In line with recent findings [1] there is a clear 
connection between the microstructure and local ion mobility, showing low ion mobility along grain 
boundaries and in secondary phase areas. The complex signal formation process in ESM on solid state 
electrolytes will be critically discussed. 
 
[1] A. Mertens et al., Solid State Ionics 309, 180-186, (2017) 
[2] S. Yu et al., Functional Materials Letter 5, 1650066, (2016) 
[3] N. Balke et al., Nano Letters 10, 3420-3425, (2010) 
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Silicon and metal lithium anodes are excellent alternatives for Li-ion batteries because of their large 
theoretical capacity when compared to graphite used in practically all rechargeable Li-ion batteries.  
Cathodes based on sulfur are also great alternatives as well as new spinel structures.  On the other hand, 
swelling upon lithiation causes cracks on the anode protective solid electrolyte interphase (SEI), creating 
channels for the electrolyte to enter and disturb the anode, leading to capacity fading, short- or open-
circuit failures.  In addition, the growth of lithium dendrites is one of the most important to take care due 
to safety issues.  One possible solutions to these problems is the use of solid electrolytes.  The extremely 
slow drift velocity of the Li-ions in a typical commercial Li-ion battery, makes the growth of a dendrite 
take a few hours; however, once a Li-ion arrives at an active site of the anode, it takes an extremely short 
time of ~1 ps to react.  This large difference in time-scales allows us to perform the molecular dynamics 
simulation of the ions at much larger drift velocities, so we can have valuable results in reasonable 
computational times.  Therefore, we study the properties of new solid electrolytes as part of a full 
nanobattery. We follow the formation of a SEIs at the anode and cathode sides.  During charge, stress 
decreases and the number of bonds in the SEI approaches a minimum, confirming cracking. However, at 
the lowest currents, atoms have enough relaxation time that a surface reconstruction is observed and the 
stress reaches a second and higher maximum, then the SEI layer breaks into pieces. The microscopic 
amorphization mechanism is found to be independent of the charging rate; however, the value of the 
tensile strength depends on the expanding rate. The breaking of bonds at the interphase begins with those 
nearest to the anode-electrolyte interface, along a radial direction, then forming larger LiF rings until the 
SiLi alloy loses its protective shell. We also attempt to predict the mechanism of dendrite growth by 
simulating possible behaviors of charge distributions in the anode of an already cracked solid electrolyte 
interphase of a nanobattery, which is under the application of an external field representing the charging 
of the battery; thus, elucidating the conditions for dendrite growth. We simulate the dendrite growth by 
testing a few charge distributions in a nanosized square representing a crack of the solid electrolyte 
interphase, which is where the solid electrolyte comes into direct contact with the LiSi alloy anode. 
Depending on the selected charge distributions, the dendrites grow when an external field is applied to 
them.1-4 
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Contemporary liquid electrolytes for Li-ion batteries are known to be flammable, toxic and/or corrosive 
depending on the exact composition of the electrolyte mixture. Reports on incidents with Li-ion batteries 
catching fire have made the public aware of the flammability hazard and have triggered massive research 
on the mechanisms initiating such events and the ways to make operation, storage, transportation and 
recycling of Li-ion batteries safer [1,2,3]. 
 
Chemical toxicity hazards related to exposure to electrolytes and their decomposition products have 
recently been quantitatively assessed for applications expected to become widely deployed in the near 
future, e.g. electromobility and energy storage [4]. Calculations show that at room temperature a small 
electrolyte release in a confined space can result in the formation of a potentially toxic atmosphere. For 
some toxic and highly volatile solvents used in electrolytes, e.g. 1,2-dimethoxyethane (DME), 2-methyl-
tetrahydrofuran (2-Me-THF), 1,3-dioxolane (1,3-DL) and diethyl carbonate (DEC), the volume of the 
solvent required to evaporate to create a potentially harmful atmosphere at room temperature is below 15 
ml [4]. 
 
It is reported that Li-ion battery cells, especially those of large format, may contain some free liquid 
electrolyte [2] that can leak out when the integrity of the cell casing is compromised. To further help 
quantifying risks associated with electrolyte leakage from Li-ion batteries, an experimental study of the 
amount of free liquid electrolyte in large format prismatic Li-ion battery cells was performed. Li-ion 
battery cells with capacity ranging from 38 Ah to 63 Ah made by 6 different manufacturers have been 
opened and the amount of free liquid electrolyte was measured. It was found that some fresh cells 
contained up to 40 ml of free liquid electrolyte. Cells produced on a large scale by well-established 
manufacturers contained reproducible amount of free liquid electrolyte that amounted up to ca. 20 ml. 
 
 
[1]. P. Roth, C.J. Orendorff, "How electrolytes influence battery safety", The Electrochemical Society 
Interface, Summer 2012, p. 45. 
[2]. C. Mikolajczak, M. Kahn, K. White, R.T. Long, Lithium-ion batteries hazard and use assessment, 
Springer, New York (2011). 
[3]. D. Lisbona, T. Snee, "A review of hazards associated with primary lithium and lithium-ion batteries", 
Process Safety and Environmental Protection, 89 (2011) 434. 
[4]. N.P. Lebedeva, L. Boon-Brett, "Considerations on the chemical toxicity of contemporary Li-ion 
battery electrolytes and their components", J. Electrochem. Soc., 163 (2016) A821. 
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Today’s modern lifestyle, where most people have at least one mobile device, requires high capacity 
batteries more than ever before. Tin is a promising candidate for negative electrodes in lithium-ion 
batteries, which can provide a high theoretical specific capacity of 992 mAh g-1 for Li22Sn5 [1] as well as 
a high charge density of around 2023 Ah L-1 [2] during reversible lithiation and delithiation. Nevertheless, 
researchers are still facing certain challenges using tin in comparison to state-of-the-art graphite anodes 
such as a relatively low Coulombic efficiency and extreme volume changes during lithiation and 
delithiation. Especially the volume expansion during cycling leads to pulverization, subsequent loss of 
electronic contact to the current collector as well as high electrolyte and active lithium consumption due 
to ongoing solid electrolyte interphase (SEI) breakage and re-formation. Therefore, high irreversible first 
cycle capacities and poor cycling stability demand further investigations. 
 
A main strategy to improve the electrochemical performance of tin is the formation of  multiphase 
composite materials, i.e. by introducing a second or more components, which  display no or only less 
volume changes as well as preferentially a high electronic conductivity. The idea of this approach is to 
use the host matrix to buffer the volume changes of tin and thus to maintain the electrode integrity and 
electronic network. Examples are tin-carbon composite materials, e.g. tin particles dispersed in a carbon 
composite matrix, and tin-based alloys or composite heterostructures, such as intermetallic compounds 
like Mg2Sn or Ni3Sn4 [3]. 
 
In this work, we report facile and easily scalable synthesis routes for tin-based intermetallic/composite 
anodes for lithium ion batteries. The structure and morphology of the composites is analyzed by X-ray 
powder diffraction, scanning electron microscopy, etc. Cyclic voltammetry as well as constant current 
investigations are performed to analyze the electrochemical performance. Furthermore, the influence of 
the host matrix on the volume changes are studied with in situ electrochemical dilatometry.  
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Since the last two decades, Li-ion batteries (LIBs) have led to widespread technological revolution, and are 
fast becoming an integral part of the present energy space. However, the performance of state-of-the-art 
LIBs cannot keep up with the increasing need of the modern world, e.g. performance in electromobility 
leaves a lot to be desired [1]. Thus, there is a strong thrust towards development of advanced LIBs and 
nanostructured Si anodes based systems are one of the more promising technologies [2]. Silicon has a 
significantly high theoretical specific capacity (3579 mAh/g), almost 10 times higher than that of 
commercial graphite [3]. Furthermore, Si anodes being low cost and environmentally friendly, makes them 
quite attractive for widespread commercialization.  
Unfortunately, significant challenges inhibiting long term performance are still not resolved. Si undergoes 
a large volume change (~300 %) during cycling, in addition to an unstable solid electrolyte interphase (SEI) 
with increasing resistance, leading to high degradation and low cycling efficiency [3]. Nanostructuring of 
Si anodes has proven to be a successful strategy towards mitigating the large volume expansion [4]. 
Nanocomposites containing Si nanoparticles (<10nm) inside hollow carbon spheres (n-Si@C), developed 
in our group [5], offer high performance with economical chemistry. Notwithstanding the remarkable 
performance of these n-Si@C anodes, development of an efficient SEI is still a work in progress. Electrolyte 
additives are commonly used to design SEI, and additives such as fluoroethylene carbonate (FEC) and 
vinylene carbonate (VC) are known to be quite and their roles towards SEI formation on n-Si@C have been 
recently established [6]. In order to further improve upon the performance, binary and ternary combinations 
of FEC and VC along with vinyl ethylene carbonate (VEC) and vinyl dioxolane (VDOL) have been studied 
in the present work. Detailed in situ and ex situ characterization studies have been done to obtain a better 
understanding of the SEI formation in such additive combinations. VDOL is found to have detrimental 
effect on the specific capacity although the performance is stabilized to some extent by the addition of FEC 
(Figure 1a), which suggests an unstable SEI resulting in a significant capacity fade. VEC as an additive by 
itself has minimal effect on the electrochemical performance but is found to improve the cycling stability 
in presence of other additives (Figure 1b). The effect of additive combinations on formation of certain 
species, e.g. LiF, was also studied, so as to develop an in-depth comprehension of SEI formation. An insight 
into the interaction of different additives towards SEI formation, shall allow us to expand the understanding 
to other additives and hopefully even to other battery systems, towards development of a highly efficient 
and stable SEI for advanced LIBs with high energy density and long term cycling stability.  

 
Figure 1: Delithiation capacity and coulombic efficiency for total 10 vol% additive combinations containing 
(a) VDOL (b) VEC, for n-Si@C anodes in half cells with LP30 (1 M LiPF6 in EC:DMC 1:1 v/v) as an 
electrolyte; Delithiation capacities for pure LP30, 10% FEC and 10% VC have been plotted for comparison.  
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Possible concerns about the safety of rechargeable lithium metal batteries has postponed their 
introduction into the smart electronics or automotive industries and have promoted advances in the field 
of non-flammable solid electrolytes. Among the oxide ceramic super lithium ion conductors, garnet-type 
Li7La3Zr2O12 (LLZO) has recently attracted much attention because of its relatively high ionic 
conductivity at room temperature (>10-4 S cm–1), negligible electronic conductivity and absence of 
harmful decomposition products upon contact with atmospheric moisture. Anyway, processing LLZO in 
pellets by sintering, results in brittle and more or less porous electrolytes, which often display poor 
interfacial contact with Li metal electrodes. Moreover, there are some reports of lithium dendrite growth 
and instability towards the cathode material - especially while processing of the electrode at high 
temperature - referred to cells assembled with this electrolyte family [1,2]. To circumvent these problems, 
recent efforts have been dedicated to the formulation of composite hybrid polymer electrolytes (CPEs), 
where the ceramic material is embedded in a polymeric matrix. As compared to the pristine components, 
CPEs are stiff while preserving flexibility, are easily processed, and can be conceived to attain improved 
ionic conductivity and interfacial contact with the electrodes [3]. 
In this work, a polymer based matrix containing poly(ethylene oxide) (PEO), lithium bis 
(trifluoromethylsulphonyl)imide (LiTFSI), tetra(ethylene glycol dimethyl ether) (G4) and a photoinitiator 
was added with LLZO particles, thoroughly mixed, formed into a film and cross-linked under UV 
radiation to obtain a composite hybrid electrolyte [4]. This easy procedure allows obtaining self-standing 
CPEs with desirable properties of flexibility, shape retention upon thermal stress, improved interfacial 
contact with the electrodes and ionic conductivity suitable for practical application. Lab-scale lithium 
metal cells assembled with the CPEs and lithium iron phosphate (LFP) cathodes demonstrated specific 
capacities up to 125 mAh g−1 at 1C rate and could work for hundreds of cycles at ambient temperature.  
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The unique combination of exceptional energy and power density makes Lithium-ion batteries (LIBs) the 
state-of-the-art electrochemical energy storage system for small- and large-scale applications [1]. 
However, further improvement is needed to obtain robust batteries able to maintain good performances 
over a large range of environmental conditions.  
For instance, the low temperatures experienced in countries with extremely cold winters, such as northern 
Europe, Russia, USA and Canada, can sensibly reduce the energy storage capability of LIBs based on the 
current graphite-metal oxide technology. The major responsible for such limitations is the graphite 
negative electrode, where the lithium intercalation becomes sluggish below 0°C. Besides hampering the 
full utilization of the LIB capacity (full recharging is precluded), the poor electrochemical performance of 
graphite at low T can cause severe safety hazards: in fact, the probability of plating lithium metal on the 
negative electrode during fast charge or regenerative braking increases substantially. 
In this work, we propose a new class of negative electrode materials consisting of zinc-rich Cu-Zn alloys, 
based on a low cost and environmentally benign metal. The porous Cu–Zn alloys (Figure 1, left) are 
electrodeposited from aqueous medium using the dynamic hydrogen bubble template (DHBT) method, 
which was previously explored for the preparation of Cu-rich compositions [2]. The lithiation/delithiation 
mechanism is studied in detail by both in situ and ex situ X-ray diffraction, indicating that Zn is indeed 
active toward alloying with Li. The influence of the alloy composition on the performance of carbon- and 
binder-free electrodes is also investigated.  
The optimal Cu:Zn atomic ratio is found to be 18:82, which provides impressive rate capability up to 10 
A g−1 (≈30C), and promising capacity retention upon more than 500 cycles [3]. The high electronic 
conductivity provided by Cu, and the porous electrode morphology, combine to provide superior lithium 
storage capability at low temperature. Cu18Zn82 can indeed steadily deliver ≈200 mAh g−1 at −20 °C, 
whereas an analogous commercial graphite electrode fades to only 12 mAh g−1 (Figure 1). Furthermore, a 
safe operational voltage that minimizes the risk of lithium plating is maintained [3].  
These results add further appeal to the growing interest for Zn-based materials, which, by replacing 
graphite, could boost the volumetric capacity, safety and charging rate of next generation LIBs. 

 
Figure 1: SEM images of a porous Cu18Zn82 deposit (left); voltage profile at 0.1 A g-1 (center) and 
capacity retention upon cycling at T = -20 °C (right),  in comparison with commercial graphite. 
 
 
References 
[1] B. Scrosati, J. Garche, J. Power Sources 195 (2010) 2419-2430. 
[2] L. Mattarozzi, S. Cattarin, N. Comisso, R. Gerbasi, P. Guerriero, M. Musiani, L. Vázquez-Gómez, and 
E. Verlato, J. Electrochem. Soc. 162 (2015) D236-D241. 
[3] A. Varzi, L. Mattarozzi, S. Cattarin, P. Guerriero, and S. Passerini, Adv. En. Mater. 8 (2018) 1701706. 



A new European player perspective on Li-ion cell production:  
the “E-Lithium” project 

 
Matteo Destro 

Faam Research Center 
Str. Del Portone 61, Torino, Italy 

matteo.destro@lithops.it 
 

As important as they are, evolutionary technology improvements achieved through European R&D 
activities, are not sufficient to drive EU competitiveness in the battery sector, without a stable and secure 
battery manufacturing base. The lack of a domestic cell manufacturing base makes the EU dependent on 
the supply of foreign battery technology, and, over time, the current EU capabilities in high-quality R&I 
at worldwide level will decline, compromising the ability for EU to compete for and catch the market of 
the next generation of batteries. Recently the European Commission expressed its intention to support 
industry-led initiatives to develop a full battery value chain in the EU [1].  
Within this context Lithops (soon re-branded as Faam Research Center, FRC) is developing a Li-ion cells 
200 MWh/y manufacturing plant (based in South Italy) for ESS and industrial traction market. Lithops 
plans to exploit the know-how gained during several years of R&D activities within its pilot plant for the 
production of Li-ion pouch cells (based in Turin), covering from active material treatments to cell testing. 
Together with Seri Group (Lithops holder) and Faam, Lithops aim to set a vertically integrated 
production, from raw materials to second-life battery re-usage and materials recycling. The 
manufacturing plant is designed to mainly produce (ramping-up in Q2 2019) 40 Ah Li-ion pouch cells for 
Energy Storage Systems (ESS) and industrial traction application, with an expecting output of approx. 
1.5M cells/y. 
 Regarding the raw materials Lithops has recently subscribed an agreement with Jemse, the Argentinean 
mining company of Jujuy region, this  partnership will grant strategic access to raw materials at 
competitive prices, enabling strong saving in the cell production costs, and access to the South American 
market. 
Great effort will be made also on R&D activities, particularly on materials and recycling.  The group plan 
is to produce the cathodic active material (LFP), by exploiting a cost-competitive synthesis method. 
Moreover, working together with Politecnico di Torino, Lithops is developing solid-polymer-electrolyte 
membranes (replacing liquid electrolyte) with interesting performance, through a promising process that 
could be easily up-scaled in the production line. 
Regarding the recycling Lithops aims to exploit the know-how present in Seri Group in order to develop a 
mechanical-chemical process capable to recover almost 90% of the materials.  
 

 
 
 

Figure 1: E-Lithium project overview 
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Solid polymer electrolytes for lithium batteries: enhancing the Li-ion 
conductivity at ambient temperature  

 
María Martínez-Ibañez1, Itziar Aldalur1, Eduardo Sánchez-Díez1, Michal Piszcz2, Heng Zhang1, 

Lide M. Rodriguez-Martinez1, Michel Armand1 

1CIC Energigune. Parque Tecnológico de Alava, Albert Einstein 48, 01510 Miñano, Álava, Spain 
2Warsaw University of Technology, Faculty of Chemistry, Polymer Ionics Research group, Noakowskiego 

3, PL-00664 Warszawa, Poland 
mmartinez@cicenergigune.com 

 
Compiled by the growing demand in energy and the challenge of finding new green energy sources to 
avoid the excessive use of conventional fossil fuels, electrochemical energy storage has emerged as the 
most feasible alternative. In particular, lithium batteries stand out among all the available energy-storage 
technologies. For the last two decades, lithium-ion batteries (LIBs) have become the dominative 
components in portable electronic devices. Besides, there has been an increasing interest in the research 
of rechargeable lithium metal batteries (LMBs), where a higher energy density can be achieved compart 
to the state of art LIBs technologies, due to the high specific capacity provided by lithium metal electrode.  
 
Most of the lithium batteries are built up with liquid electrolytes, which entail potential security risks such 
as volatilization, flammability and explosion. For that reason, numerous research efforts are focused on 
the obtaining of solvent-free solid electrolytes, for which solid polymer electrolytes (SPEs) can be 
presented as one of the best choices. SPEs can mitigate the Li dendrite growth that takes place in 
conventional liquid electrolytes, attenuate the interfacial resistance, and improve the electrode-electrolyte 
compatibility compared to their inorganic solid electrolytes counterparts. However, the low Li-ion 
conductivity  (< 10−4 S cm−1) of SPEs at ambient temperature remains as the major hindrance towards the 
practical deployment of lithium polymer batteries.1,2  
 
To overcome this shortcoming, extensive work has been devoted to the search of polymeric matrices that 
allow the obtaining of SPEs with improved ionic conductivity at room temperature, where chemical 
modification, such as cross-linking or copolymerization, or the use of low molecular weight oligomers are 
the main used strategies. In addition, the anion concentration gradient that takes place in conventional 
dual-ion conductors is one of the factors responsible for low Li-ion transference number and subsequent 
poor performance of lithium batteries. The main strategy to go through this polarization problem is the 
development of single lithium-ion conducting solid polymer electrolytes (SLIC-SPEs), where the anion is 
immobilized by different means.3 
 
Inspired by previously stated challenges, in the present talk, we will present the performance of new SPEs 
where we combined a flexible and highly conductive comb-like polymer with grafted polyether amine 
oligomer side chains in order to decrease the working temperature, and a polystyrene-based SLIC-SPE to 
avoid problems related to polarization.4 
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The 2015 report about enhanced electrochemical stability of aqueous solutions at very high salt 
concentration revived the research efforts on aqueous electrolyte batteries.[1-3] So far most studies 
focused on lithium-ion systems as it proved difficult to develop equivalent sodium-ion electrolytes due to 
the typically lower solubility of sodium salts. Recently, stable cycling has been reported for a 
NaTi2(PO4)3/Na0.66[Mn0.66Ti0.34]O2 cell employing a highly-concentrated aqueous electrolyte, namely 9.26 
mol/kg sodium trifluoromethanesulfonate. Despite the relatively high upper cut-off voltage of 1.7 V, this 
battery displays an average discharge voltage of only ~1.0 V at 1C.[4] Sodium 
bis(trifluoromethanesulfonyl)imide (NaTFSI) solutions display a similar maximum room temperature 
solubility of 8 mol/kg compared to 21 mol/kg for the lithium analogue. According to our results, this 
concentration is insufficient to enable 2 V class sodium-ion batteries.[5] 
 
We discovered that sodium bis(fluorosulfonyl)imide (NaFSI) has a much higher solubility of >35 mol/kg. 
Interestingly, aqueous solutions of NaFSI undergo a transition to high electrochemical stability at ~30 
mol/kg accompanied by a marked increase in viscosity and a change in solution structure. We 
demonstrate that this high concentration enables stable cycling of a NaTi2(PO4)3/Na3(VOPO4)2F cell with 
an average discharge voltage of ~1.5 V increasing the energy density significantly.[6] 
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A variety of characterization techniques have been used to study the lithium ion battery (LIB) system. In 
recent years, AFM-based setups have gained great attention for investigating LIB systems with high 
spatial resolution. Kelvin probe force microscopy (KPFM) is one of the extended AFM-based methods. It 
enables the mapping of the surface potential of a variety of solid-state materials by measuring the work 
function difference (contact potential difference, VCPD) between the conductive AFM probe and the 
sample surface [1]. Only few researchers have preliminarily applied KPFM to study LIB systems with 
different objectives [2-4]. In our work, we foresee the potentials of this technique and propose an 
elaborate methodology to study LIB systems. 
 
We have systematically applied KPFM to map the electrode surface potential of LiNi0.8Co0.15Al0.05O2 
(NCA) material at different charge states. An approximately linear relation has been found between the 
measured surface potentials using KPFM and the charge states of the electrode (see Figure.1). By using 
this linear relation, the charge state of individual mapped electrode particles can be estimated. In figure 2, 
a different charge state can be observed between two neighboring particles i.e. A and B, corresponding to 
VA ≈ 4.25 V and VB ≈ 4.31 V vs. Li/Li+ respectively. This approach can, therefore, be used to study 
heterogeneities in the composite battery electrodes and link the different measured surface potentials with 
the local charge states. We believe that KPFM is a valuable tool for versatile LIB studies such as battery 
ageing phenomena, electrode surface modification, and solid-state battery system. 
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Figure 1 (Top panel): 1C charging curve of 
NCA electrode and the VCPD measured at six 
charge states. The linear relation is 
demonstrated in the inset of the figure.  
 
Figure 2 (Bottom panel): A surface potential 
map of NCA electrode charged to 4.3 V vs 
Li/Li+. Two particles are selected and the 
distribution of their VCPD are fitted by using 
Gaussian distribution. 
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The recent unprecedented increase in energy demands has heightened the need to develop advanced 
energy storage systems. Henceforth, the development of high energy density LIBs with ample cycle life is 
of paramount interest. The commercialized intercalation based cathode materials such as LiFePO4, and 
LiCoO2 possess low theoretical capacities and limit the high energy density applications considerably. 
Transition metal based conversion materials (MX, X=oxides, fluorides and sulfides, M= Fe, Co, Mn, Cu, 
Ni), which can store more than one Li ion per transition metal have been extensively researched recently, 
on account of their high theoretical capacities1. Among those, Iron sulfide (FeS) is an inexpensive and 
environmentally benign material, with a high theoretical capacity of 609 mAh/g. Most of the works have 
featured FeS as a prospective anode material on account of its low operating voltage2. However, its low 
operating potential coupled with a high theoretical capacity (four times that of LiCoO2), makes it 
attractive enough as a cathode material to meet the high energy density applications3. Nevertheless, the 
FeS based electrodes suffer from limited cycle life as a result of the large volume changes (up to 200 %) 
encountered upon cycling, which eventually destroys the electrode structure. The generation of 
polysulfide intermediates during the cycling process, further accelerates the capacity decay4.  

In the present work, lithium ion storage in FeS nanoparticle loaded carbon nanofibers 
synthesized via a facile electrospinning process is investigated in detail in the voltage range of 1-3 V. The 
presence of nano sized FeS particles in the composite improves the sluggish reaction kinetics whereas the 
one dimensional morphology of the conductive carbon nanofiber matrix encapsulating them shortens the 
lithium ion diffusion pathway and promotes rapid electron transfer. Volume changes and associated 
strains encountered during the cycling process are also accommodated effectively by the carbon nanofiber 
matrix encapsulating the FeS nanoparticles. The electrochemical performances of the synthesized FeS 
nanoparticle loaded carbon nanofiber composite investigated in terms of cycling stability and specific 
capacity confirms the superior reversibility of the electrode. 
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Tin-based materials, especially tin oxide, have been widely investigated as potential graphite substitutes 
anodes of Li-ion batteries. In comparison to graphite anode, the SnO2 anodes shows a high theoretical 
capacity of 1494 mAhg-1 in a voltage range of 0-2 V. SnO2  is also inexpensive, exhibits low toxicity and 
is environmentally friendly. Unfortunately, during the lithiation process (i.e. conversion and alloying 
reaction), tin dioxide suffers of a drastic volumetric expansion, that induces surface cracking 
accompanied by an electrical contact loss with the current collector and subsequent capacity fading [1]. 
It’s well known that reducing the particle size of SnO2, the surface will be increased and consequently the 
volume expansion during lithium insertion/extraction will be reduced [2]. For these reasons, we 
synthesized SnO2 nanoparticles by different methods to obtain SnO2 nanoparticles with different size and 
also finely dispersed in a stable matrix which acts as a “buffer” for volume change. 
All the materials were morphologically characterized by XRD, SEM and EDS techniques and 
electrochemically characterized by galvanostatic cycling and cyclic voltammetry, in order to individuate 
their electrochemical performances in relation with their crystal structure, particle size, morphology, 
surface area and pore size distribution. 
The reduction process of the electrode was studied and the effect of morphology and structure is relate 
with the electrochemical performance. 
The best electrodes show a specific capacity around 1400 mAh/g at C/5 and 1000 mAh/g for the first 100 
cycles at higher current regime (1C), with a coulombic efficiency of 99.7%. 
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Li-ion batteries (LIBs) are playing a key role in the electrification of road transport and home energy storage. 
Although the energy of LIBs has considerably increased over the last two decades, future mass production of 
electrical vehicles (EV) and hybrid electrical vehicles (PHEV) requires improvements in terms of performance, 
costs and safety.  

Si and Si-alloys are promising high specific capacity anode materials for Lithium-ion batteries. In the present 
study, we investigated the behavior of Si-alloy and Si-alloy/graphite electrodes in half and full cells.  

At first, the electrochemical behavior of Si-alloy (3M, Germany) based electrodes has been assessed. The 
electrodes showed low irreversible capacity loss and a reversible capacity of ~1100 mAh/g. The Si-alloy based 
electrodes have been utilized to develop a new and effective methodology based on infrared (IR) spectroscopy to 
quantify the consumption of the electrolyte additive, namely Fluoroethylene carbonate (FEC), during cycling. It 
has been found that the consumption rate of FEC after the first cycle is rather constant and that a drastic decrease 
in capacity occurs when the amount of FEC is close to zero.  

With the aim of reducing the anode volume variation during lithiation/de-lithiation, thus improving the cycle 
stability, blended electrodes comprised of Si-alloy and graphite SMG-A3 (Hitachi, Japan) have been developed. 
All electrodes have been manufactured using poly-acrylic acid (PAA) as the binder. A study on the influence of 
the molecular weight of PAA binder on performance of Si-alloy/graphite composite will be shown. The impact 
of the binder on the first cycle irreversible loss is considered as well as its effectiveness in minimizing the 
electrode volume expansion/shrinkage upon lithiation/de-lithiation. The use of 8 wt.% of  PAA-250k in the 
electrode formulation leads to the best overall performance in terms of high rate performance (90% retention at 
3C) and long term stability (85% retention after 150 cycles).  

Finally, the electrochemical behavior of prototypes pouch cells will be discussed. Prototype cells with capacities 
ranging between 1.2 Ah to 1.4 Ah have been manufactured using Si/alloy-Graphite anode and NMC 532 or 622 
(Umicore, Belgium) cathodes. Cells have been electrochemically characterized using galvanostatic cycling and 
electrochemical impedance spectroscopy (EIS). Moreover, the cells’ swelling upon charge/discharge has been 
monitored via in-operando thickness measurements. These measurements will be compared with micro X-ray 
computed tomography measurements of cells before and after cycling. Lastly, a comparison with a baseline cell 
(graphite | NMC 532) demonstrated the improvements that can be achieved in terms of specific energy and 
energy density by using advanced anode and cathode materials.    
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All-Solid State Batteries (ASSBs) are an auspicious battery technology that may be able to 
challenge today’s lithium-ion batteries (LIBs). Indeed, ASSBs may give access to much higher 
energy densities if lithium metal, exhibiting very high theoretical gravimetric and volumetric 
capacity of 3860 Ah kg-1 and 2062 mAh cm-3, respectively, can be safely enabled as anode 
material. [1, 2]. However, several challenges, associated with the use of lithium metal anodes, 
still need to be overcome, such as inhomogeneous lithium deposition, dendrite formation as well 
as electrolyte decomposition due to side reactions with lithium metal. These issues result in short 
circuits, short cycle life and low columbic and energy efficiencies. To counteract these drawbacks, 
it is necessary to develop a stable and efficient interphase between the lithium metal anode and a 
respective solid electrolyte material. Promising research has been focusing on stabilizing the 
lithium surface via the development of artificial solid electrolyte interphases (SEI) [3, 4]. 

In general, due to the high reactivity of lithium metal, a native SEI is formed on the lithium surface 
which strongly aggravates its tailoring. In our contribution, we will present the development of 
artificial SEIs by cutting the lithium directly in a precursor solution. The precursor solution 
consisted of a metal salt in an organic, aprotic solvent, creating a complex interface layer 
including an alloy compound on the lithium metal surface [5]. The so-obtained lithium metal 
electrodes with artificial SEI were tested in symmetric cells either with a liquid or sulfidic solid 
electrolyte. The chemical / physical and electrochemical properties of the interphases were 
analyzed via electrochemical impedance spectroscopy (EIS), lithium stripping-plating 
experiments and scanning electron microscopy (SEM). Importantly, a significant drop in 
interfacial resistances can be achieved via careful optimization of the metal salt concentration and 
solvent of the SEI precursor.  
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The satellite ‘REIMEI’ was launched in 2005, this satellite is one of the first spacecraft to use 
Li-ion batteries. The orbit of the satellite is a low earth orbit, over 6500 charge/discharge cycles have 
been reached and REIMEI is still operating. The satellite uses 2 batteries, each battery consists of 14 cells 
(7 series, 2 parallel). The cells use LiMn2O4 and graphite as the positive and negative electro-active 
materials, respectively. The rated capacity of each cell is 3 Ah. 

Figure 1 shows the end of discharge voltage of the batteries as a function of operation time. 
Twelve years have passed and we are trying to estimate the remaining useful capacity and state of health 
for the REIMEI Li-ion batteries. However, the estimation of remaining useful life for Li-ion cells is not 
trivial, since their degradation is caused by many physical and chemical processes which get accelerated 
depending on the working environment and operating conditions. In this presentation we will focus on the 
performance analysis of the REIMEI Li-ion batteries. Also, a method to estimate the state of health for 
Li-ion cells will be presented. 

 
Fig. 1 End of discharge voltage of REIMEI Li-ion batteries obtained from on-orbit telemetry data. 
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Herein, we report, for the first time, the preparation and the characterization of an interpenetrated polymer 
network electrolyte (IPNE) in a thin film lithium µ-batteries (µLIBs). The IPNE was prepared by thermal 
free radical polymerization of methacrylate oligomers in the presence of 1-butyl-1-methylpyrrolidinium 
bis(fluorosulfonyl)imide (P14FSI), lithium bis(trifluoromethylsulfonyl)imide (LiTFSI) and PVdF-HFP co-
polymer . The illustration of the µLIB stack is given in figure A. The battery is constructed using the IPNE 
as a substrate for the lithium anode (5µm thick) deposition using thermal evaporation. The cathode of the 
battery is a thin layer of LiCoO2 (10 µm thick) and the IPNE (5 to 10 µm thick) plays the role of both 
electrolyte and separator. After assembling, the µ-battery has an open circuit voltage around 3 V and 
exhibits a reversible behavior under charge and discharge (figure B). Furthermore, the IPNE battery showed 
a very low serial resistance and over potential in comparison with µ-batteries using state of the art ceramic 
thin film electrolytes (e.g. LiPON Li2.88PO3.73N0.34) as highlighted by the differential charge/discharge 
profiles shown in figure B. The IPNE µLIB also demonstrated a very promising cyclability as shown in 
figure C. 
These promising results were obtained after carful optimization of the IPNE in term of ionic conductivity, 
mechanical properties, liquid retention in the polymer phase, and lithium diffusion. Consequently, the 
performance and properties of the IPNE have been tuned by varying several parameters, e.g. Li-salt and 
P14FSI concentrations, mass fraction of the polymer phase, rate of the cross-linking, etc.  
 

 
Figure : A) Preparation of the lithium microbattery starting from the deposition of the precursors of the IPN 
electrolyte. A quasi-solid IPNE is obtained after thermal polymerization and the lithium anode is then deposed 
on the IPNE by thermal evaporation. B) differential charge/discharge versus voltage of microbatteries with 
IPNE and LiPON. C) Stability of the IPNE microbattery under cycling, and photo of the obtained and tested 
thin films microbattery. 
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Consumer markets drive a constantly growing demand for batteries with ever higher energy density, and a 
further increase is expected as new battery applications emerge, such as automotive mass-electrification 
and stationary electricity storage connected to sources of renewable energy. Even if the component 
limiting the energy density of Li-ion batteries is the positive electrode, an increase in the specific charge 
of the negative electrode can significantly increase the energy density of the cell. As graphite electrodes 
have reached their theoretical limits for specific charge and gravimetric energy density, these properties 
cannot be improved further using graphite as the negative electrode. Therefore, a solution has to be found 
to enhance the specific charge of negative electrodes without compromising life time and performance 
stability. Silicon is in principle an attractive negative electrode material, due to its high theoretical 
capacity of 3579 mAh/g (Li3.75Si) at room temperature [1], its abundance and relatively low cost [2]. 
However, exploiting reversibly the high capacity of Si in a practical cell has proven to be difficult. The 
large volume changes (~300 %) during cycling of silicon lead to mechanical fatigue upon prolonged 
cycling, resulting in pulverization of the active material and its disconnection from the electronic network 
of the electrode (Figure 1). 

1 µm 1 µm

 
Figure 1. Si particle after 1st and 50th de-lithiation (cross-section). 

One way to exploit high-specific-charge negative materials, such as Si, is to use them as specific-charge-
enhancing additives for graphite electrodes. In this talk the advantages and pitfalls of low-Si-content 
graphite electrodes will be shown, with a focus not only on the preparation of the electrodes but also on 
the effects that the Si-surrounding matrix, cycling protocols and electrolyte additives have on cell 
performance [3, 4]. The contradictory experience on interrelation between cycling protocols and Si-
particle size will be reported, and findings specific to the Si/graphite electrode [5] will be discussed. 
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In January 2017, Samsung announced the reason why the Note 7 explodes and losses of more than 5 
billion US dollar. According to their explanations, it was caused by the internal short circuit problem 
in the lithium ion battery. Currently, there is no effectively solution for eliminating the internal short 
circuit problem owing to the sudden accident.    
In this research, a new technology has been developed, which can be used to terminate the thermal 
runaway and promise the safety performance of lithium ion battery. High voltage Li-excess and Ni-
rich layer-type cathode material are employed and combined with this safety electrode additive for 
investigation. In terms of the results, the new technology LIVING@ additive significantly enhances 
the cycle performance at 60oC and high voltage. In addition, the following figures illustrated that the 
battery containing LIVING@ technology is stable and passed the nail penetration test. On the other 
hand, the battery without LIVING@ cannot be used when the short problem is taking place. The 
LIVING@ contains self-polymerized hyper branch structure in order to insulate the directly contact 
between anode and cathode. This electrode additive not only provides high thermal stability on 
electrochemical reaction, but the columbic efficiency of charge-discharge is also enhanced. 
 

   
 

Figure 1 (left) The battery containing LIVING@ technology and (right) the battery without any modification. 
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Li-ion batteries (LIBs) are one of the most popular energy storage devices because of their high 
energy densities. While they have also used on a larger scale, e.g., as power sources in electric vehicles 
and stationary power supply systems, their energy densities are not yet sufficient for such applications. 
Silicon (Si) is an extremely promising active material for negative electrode in LIBs because the 
theoretical capacity of Si (Li15Si4: 3580 mA h g–1) is approximately ten times higher than that of graphite 
which is currently used. However, Si undergoes a volumetric expansion of 380% upon going from Si to 
Li15Si4, which generates high stresses and strains in the active material. The accumulation of strains under 
repeated charge–discharge cycling finally leads to disintegration of the active material layer; thus, Si 
electrodes show poor cycling stability. On the other hand, an electrolyte is one of the most important 
components that determines the lifetime and safety of batteries. If Si is used as a negative electrode 
material, the energy density of LIBs increases, which raises the fear of explosion or ignition. Thus, non-
flammable electrolytes are needed to improve the safety of LIBs. Ionic liquids have negligible vapor 
pressure and non-flammability. Therefore, ionic liquids have attracted much attention as electrolyte 
solvents for use in LIBs. We have found that Si-alone electrodes showed significantly excellent cycling 
stabilities in 1-((2-methoxyethoxy)methyl)-1-methylpiperidinium bis(fluorosulfonyl)amide (PP1MEM-
FSA)-based ionic liquid electrolyte compared with a propylene carbonate (PC)-based organic electrolyte. 
In this study, we investigated the mechanism of the improved cycling performance of Si electrodes in the 
FSA-based ionic liquid electrolyte by analyzing the lithiation-delithiation distributions of Si electrodes. 

It is very important to understand the distribution of the lithiation-delithiation reaction of Si 
electrodes, because this distribution relates to the utilization ratio of active materials and largely affects 
the cycling performance of Si electrodes. To determine this distribution, Soft X-ray emission 
spectroscopy (SXES) measurements of the electrodes were performed after the 10th cycle, as shown in 
Fig. 1. The crosses in the SEM images indicate measured points, and the number corresponds to each 
SXE spectrum. In the organic electrolyte, no 
Li K emission was confirmed at the 
measured points in 3 and 4, whereas it was 
detected in 1 and 2. This result reveals that a 
lithiation reaction inhomogeneously 
occurred in the PC. On the other hand, Li 
was detected at all the measured points in 
the PP1MEM-FSA. This result appears to 
indicate that the Si electrode uniformly 
reacted with Li in the PP1MEM-FSA. Since 
the Si active material layer uniformly 
expanded and contracted, stresses and 
strains did not accumulate locally in the 
layer. This should be the reason why Si 
electrode showed the excellent cycling 
stability[1].  
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Fig. 1 (upper) Cross-sectional SEM images and 
(bottom) SXE spectra of Si electrodes at a charged state 
after the 10th cycle. The electrodes were cycled in 1 M 
lithium bis(trifluoromethanesulfonyl)amide/PC or 
LiFSA/PP1MEM-FSA. 
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Sulfide-based solid electrolytes (SSE) have been used to fabricate all-solid-state lithium batteries 
(ASLBs). Typically, ASLBs based on SSE are fabricated just by cold pressing, where composite cathode 
contains solid electrolyte and/or carbon additives to improve ionic and electronic conduction to the active 
material. The amount of solid electrolyte in the composite cathode is crucial to obtain a low interfacial 
electrode/electrolyte resistance, however, large amount limits the total energy density. 
A solution process has been evaluated to produce lower interfacial electrode/electrolyte resistance 
because a SSE liquid phase can cover effectively the solids particles of active material.  
Here, composite cathodes with a high content of active material ca. 90 wt% (LiNi1/3Mn1/3Co1/3O2, NMC) 
has been prepared by its dispersion into a SSE precursor solution varying protic and aprotic solvents and 
including dispersant agents and carbon additive. After solvents removal by heating at 180 ºC, composite 
cathodes were evaluated in bulk-type ASLB configuration.  
The formation of adequate interface by liquid phase process was verified by the good electrochemical 
performance of the bulk-type ASLBs (14 wt% SSE, 84 wt% NMC) achieving initial discharge capacities 
of ca. 120 mA h g-1 [1] to 160 mA h g-1. The effort to reduce the amount of SSE- layer, to increase the 
energy density, lead to a drop of the discharge capacity (ca. 50 mA h g-1) [2,3]. To improve interfacial 
electrode/electrolyte resistance with large content of NMC, dispersant agents has been added to SSE 
solution. Fig 1a. shows SEM micrograph of SSE obtained by solution process containing dispersant, 
small/regular particles size at nanometric scale were obtained, ionic conductivity up to 1 ×10-3 S cm-1 has 
been obtained. Fig 1b. displays first cycle performance of ASSBs cell fabricated with composite electrode 
(89 wt% NMC, 9 wt% SSE) derived from solution process. High initial discharge capacity of 110 mA h 
g-1 at 25 ºC with a capacity retention of 97% after 10 cycles was obtained from the composite cathode 
derived from solution process containing dispersant, better that those without dispersant (40 mA h g-1). 
The results indicate that favourable SSE-layer can be controlled by chemical way through strategic 
selection of protic/aprotic solvent and dispersants.  

 
Figure 1. a) SEM micrograph of SSE obtained from solution process and b) 1st discharge curve of ASLB 

cell fabricated with composite cathodes derived from solution process 
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Silicon has high volumetric energy density (972 Wh L-1) compared to the widely used carbon-based 
electrodes (253 Wh L-1), which makes it a promising candidate to replace graphite electrodes [1]. 
However, previous studies have suggested that there is inherently non-passivating behavior of silicon in 
standard Li-ion electrolytes [2] that is aggravated by significant volume changes (~320%) of silicon 
during the charging and discharging processes. Mechanical stresses from volume change leads to particle 
decrepitation, resulting in electronic isolation of particles, loss of mechanical integrity of composite 
electrodes and interfacial instability. Particle factures expose fresh Si surface to the electrolyte during 
cycling, leading to formation of a thick film of electrolyte reduction products, causing impedance rise, 
capacity loss and lithium inventory shift in the cell [3].  

One approach to overcome the loss of electronic connectivity and mechanical integrity in the composite 
Si electrode during extended charge-discharge cycles is to use an effective binder. Strong adhesion to the 
electrode’s active (e.g., Si, graphite) and passive (e.g., Cu current collector, carbon conductive additive) 
components, high tensile strength and low Young’s modulus are just a few desirable mechanical 
properties of such binder materials. Poly(vinylidene fluoride) (PVdF) is the most commonly used binder 
in commercial Li-ion batteries. However, Si-based composite electrodes with PVdF binder show poor 
electrochemical performance i.e., rapid capacity loss and impedance rise upon cycling [4]. Sodium 
carboxy-methyl cellulose (CMC) binder showed a significant improvement in capacity retention of Si 
anodes by producing strong bonds and links between the conductive carbon additive and Si particles [5]. 
Similarly, poly(acrylic acid) (PAA) binder has also been shown to improve the performance of composite 
Si electrodes [6]. 

In this study we show that the observed fundamental chemical and physical properties of the PPy polymer 
is highly relevant to its use as a binder specifically for Si anodes in Li-ion batteries. On one hand, PPy 
shows superior adhesion toward Si and suggesting that PPy can improve mechanical integrity and 
stability of Si composite electrodes as compared to conventional binders such as PVDF. The presence of 
the PPy film on the Si(100) surface alters the rate and possibly the mechanism of passive film formation. 
The Si(100)/PPy electrode exhibits excessive electrolyte reduction during initial CV cycles and inhibits 
Li+ transport through the PPy film preventing lithiation of the underlying Si. The induced electronic 
conductivity of the PPy may exacerbate the electrolyte reduction reactions relative to the uncoated surface 
although this did not occur with the coated Cu electrode [7] 
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Integrated microenergy storage devices are a highly sought after for emerging microsensors technology. 
The burgeoning interest in sensor miniaturisation is motivated by the potential implications in important 
application areas, such as autonomous and wireless microsensors (for health and environmental monitoring), 
and reconnaissance and surveillance microdrones (for defence & security). 

The development of integrated microbatteries is crucial to realise such technology. However, the 
development of these microbatteries is faced with the conundrum of size vs energy, as the sensor platforms 
become smaller in size, and their power demand rises with ever increasing complexity and autonomous 
operation. For the battery component itself, the problem of ‘limited real estate’ arises which in turn leads 
to the undesirable effect of a reduction in the energy available to the miniature sensor systems. Energy 
storage is thus considered to be a major roadblock in the trend towards sensor miniaturisation. 

To overcome the problem of the dwarfed capacity resulting from the miniaturisation of the battery, CSIRO 
is developing a 3D-structured microbattery consisting of high surface area pillar-shaped electrodes as the 
power block in a miniaturised multicomponent platform for medical microsensor implants. Here, we 
present our approach for assembling a 3D-structured device with a particular focus on the development of 
ion conducting polymer thin films which function as solid polymer electrolyte (SPE) as well as a separator 
between the pillar-shaped electrodes. Notably, our approach allows the SPE thin films (~100 nm) – a ternary 
composite of a polymer matrix, an ionic plasticiser and a lithium salt – to be applied thinly and contiguously 
to complex surface geometries by using electrochemical polymerisation techniques. The effectiveness of 
the SPEs to perform the desired functions was determined from electrochemical analysis. In addition, we 
also highlight our experimental methodology to address the challenges of manipulating and performing 
data collection from very small device components.  

                                                                       
        Vision                                                   Realisation                                        
Application 
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Sodium-based electrode materials attract a lot of interest as an alternative to lithium-based materials for 
large-scale energy storage applications, due to the large natural abundance and lower cost of sodium. In 
recent years, fluorophosphates with the NASICON (Na Super-Ionic Conductor) type structure were 
studied as cathode electrode materials, because they exhibit rich chemistry, attractive lithium/sodium 
insertion properties and thus offer promising electrochemical properties [1]. Among them, Na3V2(PO4)2F3 
(NVPF) deserves attention because of promising electrochemical properties and favorable characteristics. 
The inductive effects of both PO4

3- and F- allow for a high working potential combined with a high 
theoretical specific capacity due to the multiple oxidation states of vanadium[1-2]. 
 
NVPF and NVPF/carbon composite powders were synthesized by spray-drying method (figure 1) with 
conditions mentioned in our previous work [2]. Spray drying is a cost-effective and easily up-scalable 
route to prepare homogeneous multi-component powders, thus making it a suitable method to incorporate 
carbon in the composite powder. We used different carbon sources like conductive carbons (MWCNTs, 
Carbon Black, etc) and organic sources (PVA, Citric Acid, Ascorbic acid, etc) to prepare NVPF/carbon 
composite powders. 
 
The samples were characterized by XRD, TGA, SEM, TEM, Raman Spectroscopy, CV, Electrochemical 
impedance spectroscopy and Galvanostatic charge-discharge cycling in order to understand the influence 
of carbon source on structure, morphology (figure 1), reaction mechanism and most importantly 
electrochemical performance of NVPF and NVPF/carbon composite powders in Na-ion batteries. The 
chemical diffusion of Na ions was studied using results obtained by varying scan rates in cyclic 
voltammetry measurements. We further used Raman spectroscopy to evaluate the quality in disordered 
carbon materials and its electronic conductivity [3] and compared the results with the results from EIS 
and cycling performance of different samples.  
 

 
Figure 1, Schematic of spray drying process (a), SEM micrographs of Spray dried  NVPF(b) and 
NVPF/CNT(c), Ball-milled NVPF(d) and NVPF/CNT(e),  TEM images of NVPF(f) and NVPF/CNT(g). 
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In the context of increasing the energy density of lithium-ion battery (LiB) silicon appears as a very 
attractive candidate to replace graphite anodes due to its ten times higher theoretical specific capacity 
(3578 mAhg-1 for Li15Si4 versus 372 mAh g-1 for LiC6). However, Si-based anodes present a poor cycle 
life due to the huge volume variation of Si particles (up to ~300%) associated with its alloying with 
lithium, inducing a loss of electronic connectivity by electrode dismantling and an instability of the solid 
electrolyte interphase (SEI). Therefore, a precise characterization of the evolution of the complex 3D 
microstructure of Si-based electrodes during charge/discharge cycling is highly relevant for optimizing 
their formulation and for a better comprehension of their failure mechanisms. In this context, X-Ray 
computed tomography (XRCT) is a very relevant way to study the morphological changes of Si-based 
electrodes upon cycling compared to post-mortem and destructive characterisation technique like 
FIB/SEM tomography. However, conventional XRCT is limited to a rather poor spatial resolution and the 
observation of phenomena occurring at a submicrometric scale, like silicon particle expansion and 
cracking, is a real hurdle to implement.  
 
In this communication, the morphological changes of Si-based electrodes is studied at different length 
scales reachable for both in situ and ex situ XRCT measurements. Using conical X-ray source, produced 
by our EasyTom tomograph at the MATEIS laboratory, a voxel size of 0.8 µm was reached to image in 
situ a Si electrode for one complete charge/discharge cycle. Increasing the spatial coherence and the 
brightness of the X-Ray thanks to synchrotron sources allows decreasing the voxel size down to 0.65 µm 
at Soleil synchrotron (Psiché beamline) and 0.163 µm at SLS synchrotron (Tomcat beamline). These 
experiments were performed with a 1 or 3 mm diam. electrode. With a smaller 0.2 mm diam. electrode, it 
is possible to improve the resolution down to 0.05 µm using the synchrotron X-ray source of the ESRF 
(ID16B beamline).  These observations allow retrieving very useful information about the morphological 
changes of Si-based electrodes such as its thickness expansion/contraction, porosity variation and 
cracking at different length scales, which appear to be very heterogeneous along the three spatial axes and 
especially in the electrode thickness direction. 
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Abstract  
 
Although silicon is a promising negative electrode material for Li-ion batteries, its practical application 
has been hindered by the huge volume expansion resulting poor cyclic stability. It has been demonstrated 
that ultra-thin (< 50 nm) amorphous Si shown an excellent cyclic stability. However, the energy density 
delivered from the ultra-thin film is not sufficient for high energy application and increasing the thickness 
leads to the fracture of the film. Therefore, it is a key to design a conductive substrate with high surface 
area to enhance adhesion and Si active mass before reaching the fracture thickness.  In this work, 
amorphous silicon (a-Si) film electrodeposited on self-organized TiO2 nanotubes is investigated as 
durable negative electrode material for Li-ion batteries. The nanostructured composite electrodes were 
fabricated by a two-step cost effective electrochemical process. Firstly, TiO2 nanotube arrays were 
synthesized by anodizing of Ti foil. Subsequently, thanks to room temperature ionic liquid, conformal Si 
film was electrochemically coated on the TiO2 nanotubes for the fabrication of nanostructured a-Si/TiO2 
nanotube composite negative electrodes. Compared to other strategies where Si is used as a form of thin 
films, the TiO2 nanotube arrays provide several advantages such as a strong mechanical support to buffer 
Si volume expansion, a high surface area to increase Si active mass, and the direct contact of the 
nanotubes with the Ti current collector facilitates 1D electron transport and avoids the need of adding 
inactive binders or conductive additives. The influence of the Si loading as well as the crystallinity of the 
TiO2 nanotubes have been studied in terms of capacity and cyclic stability of the composite electrode. For 
an optimized Si loading, it is shown that the amorphous state for the TiO2 nanotubes enables to get stable 
lithiation and delithiation with a total areal charge capacity of about 0.32 mA h cm-2 with improved 
capacity retention of about 84% after 50 cycles. The specific capacity contribution of Si in the composite 
is estimated to be about 900 mAh/g after 50th cycle. However, the Si deposited on crystalline TiO2 
nanotubes showed poor cyclic stability independently from the Si loading. 
 

 
 
Fig. 1 SEM images of TiO2 nanotubes formed by anodizing Ti foil (left) and after Si coating of the 
nanotubes via electrodeposition from room temperature ionic liquids (right).  
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Although sodium (Na)-ion and lithium (Li)-ion batteries were both already investigated in the 1970s, due 
to the success of the Li-ion battery, research on Na-based batteries was largely abandoned. Exploration of 
Na-ion batteries has only recently been revived, largely motivated by the high natural abundance of Na. 
The simple migration of the typical inorganic materials used for Li batteries to Na batteries has mostly 
failed, because the inorganic crystalline structure is very sensitive to the radius of the inserted ion. 
Differently, the ion radius has very little effect on the electrochemical performance of organic materials, 
mainly due to their porous structure.  Furthermore, organic materials may be synthesized by green 
chemistry from biomass, with the big advantage of being easily recyclable (Figure 1a).[1] Based on their 
high theoretical capacity, fast reaction kinetics, as well as their structural diversity, organic carbonyl 
pigments represent a promising class of electrode materials for secondary Na-ion batteries. This work 
presents recent advances using pigments like anthraquinone (AQ) and N,N’-
dimethylperylentetracarboxylicdiimide (PTCDI-Me2) as active material for sodium-ion battery electrodes. 
As proved by the charge/discharge profile (Figure 1b), these pigments demonstrate good cycling 
performance in a Na electrolyte system. Their electrochemical characteristics are determined by 
combining complementary methods, including electrochemical impedance spectroscopy (EIS), cyclic 
voltammetry (CV), and galvanostatic cycling. Furthermore, FTIR and Raman spectroscopy revealed that 
the corresponding organic films on a carbon paper substrate are well preserved, even after extensive 
galvanostatic charge/discharge cycling (Figure 1c). Different to previously reported inorganic, carbon 
based materials, like reduced graphene oxide or expanded carbon,[2] these organic pigments are widely 
used in industry. The corresponding electrodes have the great advantage to may be cheaply produced, 
possibly in a roll-to-roll manner. Thereby, small organic pigments like AQ or PTCDI-Me2 may offer a 
cost-effective, abundant and environmentally benign anode material for rechargeable Na ion batteries.  

 
Figure 1: (a) Proposed closed cycle process for sustainable organic-based Na-ion batteries. (b) 
Galvanostatic charge/discharge performances of an AQ derivative. (c) Corresponding specific capacity 
(charge and discharge) and efficiency versus cycle number. 
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The development of suitable storage devices based on low-cost technologies and abundant materials is 
fundamental for a better exploitation of the growing energy production due to the non-programmable 
renewable sources and in general, for a better managing of the electric grid. 
The development of Na-Ions batteries (NIB) or hybrid devices (between pseudo-capacitors and batteries) 
based on Sodium can overcame Li- scarcity, offering a potential solution for a low-cost storage systems 
with high performance and sustainable mass-production. So far, the development of NIBs has exploited 
structures, components, systems, and charge storage mechanisms already tested for lithium technology.  
One of the main aspect that constrains the mass diffusion of NIBs is the low electrochemical quality (in 
particular, the limited cyclability performance) shown by the best anodic material developed for this kind 
of batteries. The large diffusion of LIBs is based also on the good performance of a standard and large 
diffused anodic material, the graphite. Unfortunately, graphite is electrochemically less active with the 
larger Na+ ions, and other carbonaceous electrodes (e.g.: Hard carbon [1]) proposed in literature to 
overcome this effect, show still too limited performance.  
Recently, MXenes [2], a new class of 2D materials obtained by the chemical exfoliation of lamellar 
carbides/nitrides, known like MAX phase, have been proposed by Japanese researchers as suitable anodic 
materials for hybrid NIB devices [3]. The Mn+1AXn, or MAX phases, are layered, hexagonal, early 
transition-metal carbides and nitrides, where n = 1, 2, or 3 ‘‘M’’ is an early transition metal, ‘‘A’’ is an A-
group (mostly groups 13 and 14) element, and ‘‘X’’ is C and/or N. 
Ti-C based MXenes tested as anodic materials in hybrid NIBs have shown good specific capacity, long 
stability and rate capability extended on a large charge. The lamellar structure of MXenes facilitates the 
intercalation of many alkaline and earth-alkali metal ions, on an extended range of charge-recharge rates 
for thousands number of cycles [4]. 
In this work, we will show the implementation in RSE labs of a fully integrated production process from 
pure metallic powders to high quality MXenes samples for NIB anodic applications. MXenes has been 
obtained by exfoliation of MAX-phases synthesized by Spark Plasma sintering (SPS). Chemical (EDX, 
XRD) and morphological (SEM) analysis of MXenes have been also carried out to offer a complete 
characterization of the studied materials during the whole experimental sequence. Ti3C2-MXenes have 
been tested as NIBs anodes in order to correlate their storage performance with the main experimental 
parameters of our productive process. The electrochemical properties have been study as a function of : i) 
MAX-phase grinding/milling process ii) MAX-phase powder grain size iv) chemical exfoliation recipes 
v) electrolytes composition. Electrochemical measurements of prototypal NIB devices based on MXene 
as anode) and Manganese Oxides like cathode will be also shown and commented. 
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We present a statistical physics-based model of mechanical degradation in the negative electrode of 
lithium ion batteries. During battery operation, nano-cracks nucleate and grow caused by the impact of 
diffusion-induced stress during Li-ion intercalation. Particle agglomeration is another mechanical effect 
that contributes to morphological changes. Our model employs a population balance formalism based on 
the Fokker-Planck Equation to describe the propagation of the particle density distribution function in the 
electrode. A set of kinetic and transport equations describes structure-transforming processes at the level 
of individual particles. These processes alter the particle density distribution function, and cause changes 
in battery performance. The model is coupled with classical porous electrode theory. A parametric study 
shows that the population of small particles and the width of the initial particle size distribution (PSD) are 
the main parameters to determine the change in electrochemical performance and capacity fade. The 
model is applied to experimental data in order to isolate and quantify the impact of various degradation 
mechanisms.  
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Ionic liquids (ILs) have been proven to be promising electrolytes for electrochemical energy storage devices 
such as supercapacitors and lithium ion batteries. So far, aprotic ionic liquids (AILs) have been the most 
investigated and utilized class of IL for the realization of IL based electrolytes for SC and LIBs. More 
recently, also protic ionic liquids (PILs) have been proposed as electrolytes for these devices [1]. 
In the last years, several efforts have been dedicated to the development of alternative alkaline metal-ion 
batteries. Among these systems, the sodium-ion battery (SIB) is considered as one of the most promising 
candidates, thanks to the high natural abundance of sodium and its low price, which make these devices 
ideal for stationary energy storage applications [2]. It has been shown that the use of glyme-based 
electrolytes allows the reversible formation of ternary intercalation compounds between the sodium, the 
glyme molecules and the graphite and thus makes the use of graphite as an anode material for SIBs possible. 
To the best of our knowledge, in the past only few works have been dedicated to the investigation of 
mixtures of AIL and glyme-based solvent and none to mixtures of PIL and glyme-based solvent. 
Nevertheless, considering the interesting properties of these two classes of electrolytes, a deeper 
understanding of the properties of this kind of mixtures would be of importance for the realization of 
advanced sodium-based devices.  
In this work we investigated the chemical-physical properties of mixtures containing bis(2-
methoxyethyl)ether diglyme (2G), the AIL 1-butyl-1-methylpyrrolidinium 
bis(trifluoromethanesulfonyl)imide (Pyr14TFSI) and the PILs 1-butylpyrrolidinium 
bis(trifluoromethanesulfonyl)imide (PyrH4TFSI). In order to realize electrolytes suitable for sodium-based 
systems, sodium bis(trifluoromethanesulfonyl)imide (NaTFSI) has been used as conducting salt. With the 
aim to have a better understanding of the properties of these mixtures, several ratios of 2G/IL have been 
considered. The conductivities, viscosities and densities of several mixtures of 2G and these ILs have been 
investigated (Fig. 1). Furthermore, their impact on the electrochemical behaviour of activated carbon 
composite electrodes has been considered. The results of this investigation indicate that these mixtures are 
promising electrolytes for the realization of advanced sodium-based devices [3]. 
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FIG. 1.  Influence of the temperature on the conductivity of the (a) AIL-2G and (b) PIL-2G mixtures, all 
with 0.5 M NaTFSI. 
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Lithium ion batteries (LIB) are the leading technology in the market of power sources for 
cordless devices with a production higher than 100 million cells/month and about 1500 
ton/month of electrode materials. These numbers will increase in the near future thank to the use 
of LIBs in the automotive industry and in grid applications, which implies the increasing of 
lithium raw material consumption. Nowadays, the availability of lithium sources is restricted to a 
few countries and lithium may become a strategic material due to its increasing cost and the rise 
of geopolitical issues. In this scenario, Na-ion batteries are getting more attention because the 
larger availability of Na sources and the possibility of decreasing the energetic demand 
connected to raw materials extraction and processing. So far, many efforts have already been 
made in the design and characterization of both anode and cathode materials for Na-ion batteries. 
For the cathode side, promising results have been achieved. Conversely, anode materials still 
represent a challenging topic which needs to be investigated further.  
A cheap and common choice for this application is the use of carbon based materials, due also to 
the successful development of graphite anodes in LIBs. However, graphite reacts irreversibly 
with Na+ in carbonate based electrolytes and cannot be used in NIBs. Different carbonaceous 
materials have been proposed in the last years, such as hard carbon, carbon black, graphene, 
carbon nanotubes, carbon hollow nanospheres, etc. The research efforts have been directed 
towards the production of optimized phases by a trial and error procedure focused on the 
electrochemical performances rather than a full understanding of the mechanism beyond the 
electrochemical reaction. The aim of the present contribution is to elucidate the structure 
properties correlations in several carbonaceous materials investigated by SEM, TEM, XRPD, 
Raman, XPS and tested in half cells vs. metallic sodium. The carbon materials here considered 
are: acetylene black (AB), Super P (SP) and C65 carbon blacks, reduced graphene oxide (RGO), 
and hollow nanospheres. All the samples show a specific capacity larger than 100 mAh/g in half 
cells vs. metallic sodium, however the voltage profiles are different highlighting the differences 
in reaction mechanisms, from pure capacitive behavior (reduced graphene oxide) to pseudo-
capacitive intercalation (Super P) or pure Faradic intercalation (acetylene black). The different 
CV profiles reported in the figure, indeed, show the current peaks whose positions are related to 
the different mechanisms. This different functional behavior has been attributed to extension of 
graphitic domains in the microstructure as well as to the presence of sp3 defects detected by 
Raman. An important consequence of the present work is that some of the investigated phases 
(Super P and C65) are commonly used as conductive additives in NIB anode materials. Their 
contribution to the electrode total capacity is often underestimated or neglected.      
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For the development of high energy density lithium-ion batteries, the electrolyte is a critical component, 
mainly determining safety specifications. Important challenges are aimed to replace flammable alkyl 
carbonate solvents with non-volatile ionic liquids (ILs) [1]. 
 
Here we propose N-butyl-N-methylpyrrolidinium hexafluorophosphate (Py14PF6) as an additive for 1M 
LiPF6 in ethylene carbonate - dimethyl carbonate (commercially, LP30). This IL was considered to be one 
of the most suitable to be combined with LP30 [2], because of the analogous anions structure and high 
electrochemical stability of the IL cation. 
 
Different amounts of the IL in LP30 were considered, namely 30, 50 and 70 wt.%. The highest IL 
concentrations (i.e., 50 and 70 wt.%) allowed the suppression of any crystallization features and shifted 
the flash point of the mixtures well above room temperature, thus enlarging the temperature limits for a 
safe applicability. Good ionic conductivity, approaching 10-2 Scm-1, was retained at around room 
temperature even for the most concentrated solutions. 
 
The most favorable electrochemical properties, in terms of interfacial stability versus lithium and 
carbonaceous electrodes, were found for the 50 wt.% mixture. Due to the enhanced electrochemical 
stability window of the IL-added solution, the mixture with 50 wt.% of Py14PF6 in LP30 was tested as 
electrolyte in high voltage lithium-metal batteries, adopting the spinel LiMn1.5Ni0.5O4 (LMNO) cathode. 
A good rate capability of the quoted cell was found, with a stable, reversible capacity as high as 130 
mAh/g and 110 mAh/g under C/10 and 1C current density, respectively. 
 
Improved cycling tests were obtained with a modified, in-house made LMNO material, having a finely 
tuned stoichiometry containing iron and chromium dopants [3]. This allowed a Li-cell with a fast 
charging behavior, up to 10C, very long cycle life and good capacity retention (≥120 mAh/g) when using 
the 30 wt.% Py14PF6-LP30 electrolyte mixture. 
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Fig.1 a) Voltage profiles (from 
test at 1C) of PTMA-based 
electrodes in the investigated 
electrolytes, b) self-discharge of 
PTMA-based electrodes after 3 
days. 
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Organic radical polymers (ORPs) combine a favourable redox chemistry with favourable kinetics for 
energy storage [1]. Due to these properties, and thanks to their affordable price, the interest on the use of 
these polymers for the realization of metal-free batteries constantly increased in the last years [2]. Several 
types of polymers have been proposed and, among them, the poly(2,2,6,6-tetramethylpiperidinyl-N-
oxymethacrylate) (PTMA), which bears a TEMPO group in every repeating unit, has been one of the most 
investigated [2]. Several studies showed that this ORP, which was firstly reported by Nakahara et al. and 
feature a theoretical capacity of 111 mAh/g, displays high rate capabilities and good cycling stability when 
used in combination with conventional lithium-ion battery (LIBs) electrolytes such as 1 M LiPF6 EC/DEC 
[1,3,4]. These latter electrolytes have been considered because they are a state-of-the-art in LIB, which is 
an established technology. Nevertheless, it is important to notice that the use of lithium salts in not needed 
for the realization of ORP-based batteries, and also electrolytes not containing metal salts could be used. 
These “alternative” electrolytes would contribute to the realization of (completely) metal-free systems. In 
spite of this, however, in the last years only few studies have dedicated the influence of the electrolyte´s 
nature on the electrochemical behaviour of ORPs-based systems. 
In this work, we investigated the electrochemical behaviour of PTMA-based electrodes in the electrolytes 
1M tetraethylammoniumbis(trifluoromethylsulfonyl)imide (Et4NTFSI) in Propylene Carbonate (PC), 1M 
1-butyl-1-methylpyrrolidiuniumbis(trifluoromethylsulfonyl)imide (Pyr14TFSI) in PC and in the neat 
Pyr14TFSI (this is possible because this salt is an ionic liquid). These electrolytes have been verified as 
feasible candidates for high power storage devices before [5]. We showed that the nature of the electrolyte 
has a strong influence on the capacity (Fig. 1a), capacity retention and self-discharge (Fig. 1b) of PTMA-
based electrodes. Furthermore, we also utilize the PTMA-based electrodes for the realization of asymmetric 
high power hybrid devices containing neat Pyr14TFSI as electrolyte, and we showed that these devices 
display high stability over 20.000 cycles carried out at 10C.  
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Nowadays, secondary lithium ion batteries (LIBs) have been used as powerful electrical sources of 

mobile electronic, electric vehicles (EVs) and energy storage system (ESS). Since, organic liquid 
electrolyte which could catch a fire easily, is used as lithium ion medium, serious safety concerns have 
arisen in present-type LIBs. To address safety issues, the development of non-flammable solid 
electrolytes have been required intensively. LIBs exploiting solid electrolyte are free from safety 
problems including flammability, reliability and leakage-free property. Moreover, along with the 
enhanced safety, the battery system exploiting solid electrolyte could provide a flexibility of cell design 
as well as high energy density through bipolar stacking of electrode layers and using the Li metal 
electrode. Compared to dry polymer or sulfide materials, ceramic oxides are considered to be promising 
candidates because better stability and easier handling process could be achieved. A garnet-type oxide 
solid electrolyte with a nominal composition of Li-La-M-O(M=Ta, Nb, Zr) have been widely studied as a 
fast lithium ion conductors for the last decade. Murugan and coworkers have successfully developed a 

garnet-type Li7La3Zr2O12 (LLZO) providing high lithium ion conductivity of 3ⅹ10-4 S cm-1 through 

solid-state method. LLZO has shown chemical stability against lithium metal and wide electrochemical 
window [1]. However, several steps of thermal treatment and grinding as well as relatively high 
temperature and long sintering time put a limit on using LLZO as a solid electrolyte in LIBs. In our work, 
we demonstrate a multi-doping based synthetic process to prepare LLZO with cubic structure. We have 
investigated how the doping element determined the site preference of Li atom and synergistically 
affected ionic conductivity of LLZO [2]. Furthermore, the optimal Li content in LLZO for acquiring the 
facile Li diffusion path has been explained. Finally, the all-solid-state LIBs using composite solid 
electrolyte consisting of LLZO and polymer are assembled and show a reliable energy storage property. 
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The gravimetric capacity of a battery is the amount of electric charge stored per unit of mass (mAh/g) and 
depends on the main components of the storage device i.e. anode, cathode and electrolyte. While the state-
of-the-art cathode materials in lithium-ion batteries are represented by LiFePO4 LiMn2O4 and LiCoO2, the 
anode intercalation material is usually graphite because it is cheap and chemically stable. Nevertheless, 
finding an alternative solution to graphite is one of the most important goals to improve battery 
performances.  Graphite has a very low theoretical gravimetric capacity (372 mAh/g) compared, for 
example, to metallic lithium anode (3860 mAh/g)1. Among alternative anode materials, Si and Ge feature 
higher gravimetric capacities with respect to graphite, 4200 mAh/g (Li22Si5) and 1600 mAh/g (Li22Ge5) 
respectively2. The major drawback of these materials is the strong volumetric variation occurring during 
charge/discharge processes (up to 400%), jeopardizing the device lifespan. 
This work presents a new germanium-based anode featuring a gravimetric capacity of 1000 mAh/g for 
more than 600 cycles withstanding a discharge rate up to 10C (1C=1600 mA/g). This anodic layer is a 
binder-free Ge film directly grown on the current collector (molybdenum or stainless steel) by Plasma 
Enhanced Chemical Vapour Deposition (PECVD). The optimal adhesion of the Ge on the current collector 
requires no additional binder, enhancing the overall gravimetric capacity of the device.  
A porous structure is created by hydrofluoric acid electrochemical etching, to manage the dramatic volume 
change germanium undergoes during lithiation and de-lithiation processes. Coin type 2032 half-cells were 
realized by coupling the porous germanium anode with a metallic lithium counter-electrode. 
Electrochemical tests were performed comparing the results obtained by Ge layers grown on different 
substrates (molybdenum and stainless steel). The Ge thickness varied from 1 to 5 µm with different 
porosity. In addition, half-cells with different additives (vinylene carbonate-VC and fluoroethylene 
carbonate-FEC) were tested. 
The best results were obtained using porous Ge grown onto Mo substrate adding FEC, which helped to 
retain a more stable capacity in its cycle life. This prototype was also tested at different C-rates up to 10-C 
showing no relevant capacity fading after the initial irreversible drop. 
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Fig. 1 Charge/Discharge capacity vs cycle 
number for a 2032 half-cell realized with a Mo-
substrate porous germanium anode 1µm thick 
using FEC additive. 
 

Fig. 2 SEM image of the germanium anode 
porous structure realized via electrochemical 
etching. 
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Solid polymer electrolytes (SPEs) are soft ion-conductive solid materials which are mixtures of 
polar polymers and metal salts.  SPEs are promising materials for energy storage devices, such as lithium 
rechargeable batteries, because they potentially have high safety and high manufacturing workability.  
Most studies to date have focused on polyethers, such as poly(ethylene oxide) (PEO), as host polymer.  
However, studies have shown that there is an apparent limitation of the polyether-based electrolytes.  We 
think that alternative polymers for SPE application is needed to be explored.  In the present study, we 
studied the ion-conductive and electrochemical properties of SPEs consisting of poly(ethylene carbonate) 
(PEC) and Li salt.  PEC is a noteworthy aliphatic polymer material because it is synthesized from carbon 
dioxide (CO2) gas as monomer, and has interesting features such as biodegradability and low oxygen 
permeability.  Previous studies have shown that certain PEC-based electrolytes exhibit a continuous 
increase in ionic conductivity with increasing salt concentration, and have very high lithium transference 
numbers [1].  These are tendencies which are opposite to those of the conventional polyether electrolytes.  
The origin of the specific properties was not satisfactorily studied. 

The present study revealed that highly aggregated coordination structure between carbonate groups 
and Li ions and anions based on the relatively rigid structure gives rise to the unusual characteristics, by 
means of spectroscopic studies [2].  Furthermore, the study demonstrated possibility to take advantage of 
a high oxidation stability and a prevention effect of metal corrosion reaction, which are based on the 
highly salt-concentrated nature of the electrolytes [3,4].  The favorable electrochemical properties 
potentially enable operation of lithium polymer batteries which need to be charged above 4 V [4].  These 
studies contribute to advancing the development of novel SPEs based on PEC derivatives, and also 
suggest that the subject for materials study to search suitable polymer structures for SPE should be 
extended to, for example, polymers having relatively high glass transition temperature.  The present study 
will be a milestone toward discovering uncovered potentials of various polymer structures to further the 
development of novel soft ion-conductive materials. 
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To date, microbatteries are in demand as a power source to satisfy the market requirements with fast 
development of microelectronic devices such as miniaturized and smart devices, Internet of Things… As 
more energy is required, a shift to all-solid-state 3D architectures has been proposed as a promising 
approach to tackle the challenge and achieve both high energy and power densities [1]. Hence, various 
types of microbatteries have been developed and are under investigation. Particularly, it has been reported 
that self-organized TiO2 nanotubes (TiO2nts) can be utilized to improve the electrochemical performance 
of Li-ion microbatteries [2].The improved electrochemical performance of TiO2nts have been mainly 
attributed to the larger surface area offered by 3D nano-architectured electrodes compared to planar 
configurations which is responsible for good rate capability, capacity and cycling performance. To fabricate 
an all-solid-state Li-ion microbatteries, conventional liquid electrolytes need to be replaced by solid 
electrolytes such as polymer electrolyte. We have reported that the electrodeposition of the polymer 
electrolyte into TiO2nts electrodes through cyclic voltammetry technique leads to the filling of the 
nanotubes by the thin polymer film [3]. 
In this work, we report the influence of  the conformal electrodeposition on the whole microbattery utilizing 
TiO2nts as anode, LiFePO4 as cathode, and a drop-casted layer of polymethyl methacrylate-polyethylene 
glycol (PMMA-PEG) acting as electrolyte and separator. A comparison of polymer-coated TiO2nts vs 
LiFePO4 and bare TiO2nts vs LiFePO4 (Fig. 1a and 1b) shows the conformal electrodeposition process give 
a significant increase on the discharge capacity of the microbattery due to the improvement of the electrode-
electrolyte interface.  
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Galvanostatic profile at the first cycle of (a) Bare TiO2nts vs LiFePO4 and (b) Polymer-coated TiO2nts 
vs LiFePO4. The top view of the nanotubes array is shown in the inset figure 1a. 
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The quest for widespread practical utilization of lithium-ion batteries (LIBs) with high energy density has 
prompted researchers to endeavor towards developing new electrode materials and battery systems. 
Silicon, which exhibits a high theoretical capacity of 3572 mAh g-1 (for Li3.75Si), has become one of the 
most attractive anode candidates for LIBs in the last two decades. On the other hand, sulfur has also 
gained tremendous attention as a highly promising cathode material due to its high specific capacity of 
1675 mAh g-1. A theoretical energy density of about 2094 Wh kg-1, much higher than current commercial 
LIBs, is possible for silicon-sulfur full cells. Furthermore, both silicon and sulfur are relatively non-toxic, 
as well as are abundant in the earth leading to low costs, which makes them very promising for 
commercial applications.  
Unfortunately, one of the main issues for Si-S full cells is a compatible electrolyte. Si electrode is 
reported to work well in carbonate-based electrolytes, but since sulfur electrodes are not compatible with 
carbonate-based electrolytes, only ether-based electrolytes can be used for Si-S full cells. However, 
research on Si anodes in ether-based electrolytes is rather rare. Undoubtedly, fully investigating the 
electrochemical behavior of Si in ether-based electrolytes is significantly important for better 
understanding the fading mechanism of Si-S full cell batteries and improving their cycling performance. 
Here, we conducted electrochemical testing of Li-Si half cells using an ether-based electrolyte (1 M 
LiTFSI in DOL/DME, 1:1 vol%). LiNO3 is one of the most effective sulfur shuttle inhibitors for Li-S 
battery. In the present work, we have also focused on the effect of LiNO3 as an additive for Li-Si half 
cells. Our results show that the addition of 0.25 M LiNO3 leads to lower Coulombic efficiency and worse 
cycling stability of silicon nanoparticles, as shown in Figure 1. This phenomenon is quite in contrast to 
the results reported in literature [1,2]. Meanwhile, another report [3], where limited discharge capacity 
was used for testing procedure, is consistent with our observations. In the literature, different silicon 
material, binder, lithium salt concentration and discharge cut-off voltage have been used, but no 
systematic study exists on the individual effect of each of these parameters. Therefore, different discharge 
cut-off voltages, different binders and different LiNO3 concentrations were studied in our work, in order 
to better understand the electrochemical performance of Si in ether-based electrolytes as well as shed light 
on the negative influence of LiNO3 as an additive.  

 
Figure 1. Discharge specific capacity (a), discharge capacity retention (b), and Coulombic efficiency (c) 
of Si nanoparticles in half cells with and without LiNO3 as an additive in the electrolyte. 
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Silicon electrodes have been of considerable interest for their application as negative electrodes in 
lithium-ion batteries by virtue of their high theoretical gravimetric capacity. Unfortunately, extensive 
volume expansion causes silicon particles to crack or drift apart under loss of the electronic contact. 
Related to this phenomenon, a comparatively unstable solid-electrolyte interphase is observed that causes 
continued electrolyte decomposition and thus tremendous irreversible capacity losses [1]. Water-soluble 
binders such as carboxymethyl cellulose (CMC) and polyacrylic acid (PAA) have been found to reduce 
the degree of irreversible charge and help in maintaining the electronic contact between particles. Lestriez 
and coworkers [2] reported that the positive effect of CMC on the capacity retention can be enhanced by 
using a citric acid/citrate buffer during the slurry preparation. It was suggested that pH-induced surface 
functionalization leads to a higher degree of covalent bonds between binder and silicon surface [3,4].  
However, a number of questions remains yet unanswered: What are the mechanisms that mediate a higher 
degree of covalent bonding? What is the impact of the pH? How does the acid strength affect the 
performance of the silicon electrode? 
In this presentation we will provide a closer look on buffered silicon slurries by examining a series of 
different organic and inorganic buffer systems (example shown in Figure 1). Our aim with this study is to 
evaluate if further improvements regarding the capacity retention could be achieved by rational choice of 
the buffer chemistry. Surface analytical techniques are applied in order to understand the silicon-buffer 
and buffer-binder interactions and to identify the key controlling parameters in the functionalization 
process. This will allow us to advance the slurry fabrication process and to further optimize the 
performance of silicon-containing electrodes. 
 

 
Figure 1. Discharge capacities of silicon electrodes prepared in buffered (grey dots) and unbuffered (blue 
dots) aqueous slurries. 
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Lithium-ion batteries, which are widely used in portable electronics, are also considered as the most 
promising technology to power electric vehicles (1). In this regard, recent studies have focused on increasing 
their energy density, especially by developing new cathode materials (2). Nickel manganese cobalt layered 
oxides (NMC) with high amount of nickel are one of these high density materials (3,4). 

The conventional preparation of positive electrode requires the use of N-Methyl-2-pyrrolidone (NMP), 
which is a toxic solvent. In order to reduce the cost and environmental impact of the cathode manufacturing 
process, a recent approach consists in replacing the NMP solvent with water (5). 

This study aims at evaluating the effect of such water-based process on the electrochemical 
performances of the cathode. One of the main issues to be addressed when processing Ni-rich powders in 
aqueous slurries is related to the surface modification of the material (6). Lithium ions can be leached out 
from the particle, forming a resistive layer of lithium carbonate and hydroxide (7). These species are also 
responsible for the alkaline pH of the slurry, which might cause corrosion of the aluminum collector (8). 
Addition of acid to the slurry is often used to 
lower the pH and avoid this corrosion (9). To 
understand the phenomena occurring when 
processing Ni-rich materials in an aqueous slurry, 
qualitative and quantitative analysis were carried 
out on NMC 532 powders after immersion in pure 
or acidified water. Ion leaching was evaluated by 
ICP-OES measurements. TEM analysis revealed 
chemical and structural evolution at the surface. 
Amount of surface impurities such as hydroxides 
and carbonates was also determined using 7Li 
MAS NMR and pH titration. Additionally, XPS 
measurements were carried out to clarify the 
nature of the amorphous layer formed at the 
surface of the particles. Electrodes prepared using 
NMP, water or acidified water as solvent were 
cycled in half and full cells to assess the effect of 
surface evolution on the electrochemical 
performances. 
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We developed Na3V(PO3)3N as a novel 4V-class and zero-strain cathode material for 
Na-ion batteries. Through the combined studies using neutron and X-ray diffraction, 
it was identified that the Na3V(PO3)3N contains 3-dimensional channels, which 
enables the facile Na diffusion in the structure. The Na (de)intercalation of 
Na3V(PO3)3N was occur at ~4 V (vs. Na/Na+) via the V3+/V4+ redox reaction and its 
capacity retention over 3000 cycles was ~67% of the initial capacity. The remarkable 
cycle stability was due to the near-zero volume change (~0.24%) and the unique 
centrosymmetric distortion that occurs during a cycle despite the large ionic size of 
Na ions for (de)intercalation, as demonstrated by ex-situ XRD analyses and 
first-principles calculations. We also demonstrated that the Na3V(PO3)3N could show 
the outstanding power capability with ~84% retention of the theoretical capacity at 
10C, which is attributed to its intrinsic 3-dimensional open-crystal framework. The 
combination of this high power capability and extraordinary cycle stability enables 
the application of Na3V(PO3)3N to a promising cathode material for Na-ion batteries. 
[1] 

 
Figure 1. crystal structure of Na3V(PO3)3N [1] 
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Because of the ubiquitous availability of sodium resources and its relatively low electrochemical 

redox potential, rechargeable sodium batteries are regarded as complementary energy storage technology 
to rechargeable lithium batteries. However, a major obstacle in realizing sodium batteries is the absence 
of suitable negative electrode materials. Recently, we have reported P3-type Na0.58Cr0.58Ti0.42O2 as a 
potential candidate for a negative electrode material of rechargeable Na batteries.[1] However, a large 
irreversible capacity is observed at the initial charge process, probably associated with electrolyte 
decomposition. In this study, titanium-based electrodes with a new binder, graft copolymer of PVA and 
PAN (PVA-g-PAN), which shows better coatability to carbon and active materials,[2] are studied in Na 
cells, and data collected is compared with PVdF as a conventional polymer binder. 

Electrochemical properties of composite electrodes of P3 Na0.58Cr0.58Ti0.42O2 composite electrodes 
with two different binders in Na cells are compared in Figure 1a. It is found that the large initial 
irreversible capacity for the PVdF composite is effectively reduced for the PVA-g-PAN composite 
electrode. Moreover, rate-capability is drastically improved with the PVA-g-PAN binder (Figure 1b), and 
such difference originates from better dispersion of carbon materials associated with the branched 
structure for copolymer.[2]  

Together with these results, we will discuss mechanisms for the suppression of electrolyte 
decomposition and improvement of electrode kinetics with PVA-g-PAN in more details.  
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Figure 1. (a) Comparison of charge/discharge curves of Na0.58Cr0.58Ti0.42O2 composite electrodes with 
different binders at 10 mA g-1, (b) rate capability of the composite electrodes is also compared in (b). 
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Oxyfluorides are considered as promising cathode candidates for Li-ion batteries. Obtained by partial substitution 
of oxygen with fluorine, they present a higher lithiation/delithiation potential than the oxide, due to strong ionic 
bond between metal and fluorine. Here a new and simple treatment of lamellar oxides in HF aqueous solution at 
room temperature is presented. An exfoliated fluorinated intermediate compound is obtained. After appropriate 
heat treatment, the thermal deinsertion of HF molecules from the oxide matrix takes place and leads to a 
nanostructured oxide. 

The benefit of both fluorination and defluorination on structural and electrochemical properties are reported in the 
case of vanadium pentoxide. Indeed, the layered oxide V2O5 is well known for its open layer structure promoting 
reversible Li insertion reactions with a high specific capacity of around 280 mAh g-1 for 2 Li/mole of oxide without 
exceeding the voltage stability of usual electrolytes. 

Without further heat treatment, the vanadium oxyfluoride is obtained. Structural analysis reveals a new bi-
dimensional material not described in the literature and the crystallographic studies suggest a WO3, H2O like 
structure with the chemical composition V2O4F2, 2H2O. This material can reversibly insert up to 0.9 Li+ and 1.4 Li+ 
per vanadium (at C/10) above respectively 3.1 V and 2 V vs. Li+/Li (Fig. 1). 

After heat treatment at 280°C of the fluorinated compound, an exfoliated and nanosized form of V2O5 is achieved. 
The benefit of this original nanostructuration of V2O5 on the electrochemical performances is demonstrated. 
Outstanding rate capacities and cycling stabilities are achieved (260 mAh g-1 to 200 mAh g-1 at C rate after 50 
cycles). The unique structural features of nano-LixV2O5 electrodes are determined over the large Li composition 
range 0 ≤ x < 2 based on XRD and Raman microspectrometry experiments. Lithiation in nanosized V2O5 proceeds 
via a single phase behavior of the ε type whose interlayer distance and unit cell volume linearly increase with x. 
This constitutes a disruption of the usual micro-LixV2O5phase diagram made of successive wide biphasic regions. 
These findings fully elucidate the peculiar voltage profile of nanosized V2O5. Kinetic parameters obtained from 
AC impedance complete the study and are obtained for the first time for nanosized V2O5. A moderate evolution of 
the chemical diffusion coefficient is related to the peculiar single phase behavior, short Li diffusion pathways and 
low activation energy barrier (Ea = 0.06 eV). This study provides a unique insight into the impact of nanostructures 
in terms of electrochemistry and solid state chemistry. 

 

Figure 1: First and second galvanostatic discharge-charge cycles of a V2O4F2, 2H2O electrode (left) and 
nanosized V2O5 electrode (right) in PC/LiClO4 1 mol L-1 at C/10 rate. 
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The electrode/electrolyte interface plays a critical role in the performance of electrochemical energy 
storage and conversion devices. Understanding the structure and reaction processes at solid/liquid 
interface is of great importance in surface science and electrochemistry. In view of the dynamic and 
complex nature of the interface, in situ research approaches can provide valuable information of 
interfacial phenomena during battery operation. In situ scanning probe microscopy (SPM) is a powerful 
technique used for the interfacial investigation of electrochemical energy devices. The versatile SPM 
techniques and their various operation modes have been utilized to measure the morphology and other 
properties of the electrode interface at high resolution.  
In this presentation, we discuss the related SPM techniques to study the topography, mechanics and 
electrochemistry of electrodes. The progress of in situ SPM research on the electrode/electrolyte interface 
of Li-ion battery are summarized. The in situ structural and property characterization of SEI (solid 
electrolyte interphase) for both cathode and anode materials will be discussed. In addition, the high 
resolution electrochemical scanning tunneling microscopy (ECSTM) provides new opportunity to study 
the interfacial electrochemical reactions by molecular catalysts at molecular level.  
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The effective conductivity of the electrolyte confined within the porous structures of a battery electrode and 
separator is a key parameter that determines the overall power density.1,2 Although there are several theoretical 
models describing this conductivity in terms of the porosity and tortuosity, there are relatively few reports of its 
experimental measurement.3,4 This work describes impedance-based methods that are applicable to the analysis 
of the ionic conductivity of battery porous positive electrodes and separators. 

Generally, when the electrolyte is soaked in non-conducting separators the effective conductivity always decreases 
with the decreasing volume fraction of the electrolyte. Although the interpretation of the impedance spectra is 
relatively simple, the analysis of the data (Figure 1a) and the reproducibility of the measurements can be affected 
by the experimental set-up. 

The interpretation of the impedance data in the porous electrode is more complex because of the parallel paths of 
the ionic and electronic conductivities within the composite structure. In this case the DeLevie transmission line 
model is used with suitable modifications to allow for non-ideal capacitive behaviour at the electrode-electrolyte 
interphase (Figure 1b).5 

Specific examples will be presented for novel concentrated electrolytes with application in Li/S batteries. 

 

 
Figure 1. (a) Bode plot of a various number of electrolyte-soaked polyolefin-based separators; (b) Bode plot of different S-containing 

porous electrodes. 
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Lithium alloy forming anode materials can store up to ten times more charge than the currently used 
graphite anodes. This has resulted in significant research aiming at the commercialization of anode 
materials such as Si, Sn and Al. These alloy forming anode materials are, however, known to exhibit 
significant capacity losses during cycling typically ascribed to the volume expansion associated with the 
formation of the lithium alloys (the volume expansion is e.g. about 280 % for Li3.75Si) resulting in 
electrode pulverization and continuous solid electrolyte interphase (SEI) layer formation [1-3]. While 
significant progress has been made to decrease the volume expansion problems with e.g. nanoparticles, 
nanorods and thin films, and/or capacity limitations [1-3], significant capacity losses are still generally 
seen [4,5]. This and previously published data suggest that the phenomenon may also involve another 
effect due to lithium becoming trapped in the electrodes [6-8].  
 
In the present work it is demonstrated (based on e.g. elemental analyses of cycled Sn, Al and Si 
electrodes) that lithium trapping can account for the capacity losses seen when alloy forming anode 
materials are cycled versus lithium electrodes (see Figure 1)). It is shown that small amounts of elemental 
lithium are trapped within the electrode material during the cycling as a result of a two-way diffusion 
process [8] causing the lithium to move into the bulk material even during the delithiation step. This 
phenomenon, which can be explained by the lithium concentration profiles in the electrodes, makes a 
complete delithiation process very time consuming. As a result of the lithium trapping effect, the lithium 
concentration in the electrode increases continuously during the cycling. The experimental results also 
show that a similar effect can be seen also for commonly used current collector metals such as Cu, Ni and 
Ti. These latter are thus unsuitable as current collector materials for lithium alloy forming materials in the 
absence of a lithium diffusion barrier layer composed of a thin layer of boron doped diamond [8]. 
 

 

 

 

 

 
Figure 1: Capacity as a function of cycle number for a silicon nanoparticle based electrode. The schematic 
illustrations depict the gradual increase in the lithium concentration within a silicon particle [8]. 
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Here we illustrate the electrochemical lithium de-insertion/insertion mechanism from/into the lattice of 
the mixed LiCo⅓Fe⅓Mn⅓PO4 olivine phase (LCFMP@C). A single phase LCFMP@C material coated 
with a continuous carbon layer has been synthesized by a solvothermal route followed by pyrolysis under 
Ar/H2 of an organic carbon precursor. The synthesized material has been characterized by X-ray 
diffraction (XRD), scanning and transmission electron microscopy and vibrational spectroscopy. Its 
ability to reversibly cycle lithium in electrochemical cells has been verified by galvanostatic tests at 
various current rates by using a standard EC:DEC LiPF6 electrolyte. The structural changes and reaction 
mechanism upon electrochemical de-insertion/insertion has been investigated by ex-situ synchrotron 
XRD measurements and Rietveld refinement at various stages of charge/discharge. The lithium content in 
the lattice after partial oxidation and reduction has been measured by titration. Our experimental analysis 
is matched with a parallel computational study of the structure, bonding and disorder thermodynamics of 
the mixed olivine phase in the lithiated stoichiometry, i.e. LiCo⅓Fe⅓Mn⅓PO4, and the de-lithiated one, i.e. 
Co⅓Fe⅓Mn⅓PO4, by applying density functional theory (DFT+U) within the supercell approach. In 
particular a Li24Co8Fe8Mn8P24O96 supercell with random Co/Fe/Mn random distribution has been 
generated with SQS algorithm in order to mimic the fully disordered olivine phase (see the figure 1). 

 
Figure 1. Li24Co8Fe8Mn8P24O96 supercell with Co/Fe/Mn distribution generated with SQS algorithm 
Color codes: Li (yellow), Co (blue), Fe (green), Mn (magenta, P (burgundy), O (red) 
 
The LCFMP@C electrodes deliver in Li cells a reversible specific capacity exceeding 135 mAhg-1. The 
electrochemical lithium extraction/loading curves show three well separated pseudo-plateau at 3.49, 4.12 
and 4.73 V vs Li for the oxidations of Fe, Mn and Co, respectively, in close agreement with the electronic 
structure predicted by DFT+U for the three transition-metal d-bands. The electrochemical de-
lithiation/lithiation occurs through a single phase mechanism that involves an highly reversible alteration 
of the pristine olivine lattice affecting the cell size, the antisite disorder and bond distances. The de-
lithiated lattice shows an anisotropic lattice shrinking <3% for the cell volume and a residual amount of 
lithium in the lattice after a full charge in a Li battery, likely trapped in antisite defects. This experimental 
trend compares well with the thermodynamics of antisite disorder that shows a dramatic increase in the 
formation energies from >0.3 eV to >2 eV between the lithiated and the de-lithiated phases. 
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Silicon has been considered as a promising alternative anode material for next-generation Li-ion batteries 
(LIBs) due to the high theoretical energy density of 4200 mAh/g.1 This high energy density is about ten 
times that of commercial anodes based on graphite. However, conventional anodes containing Si typically 
suffer from rapid capacity reduction. The large volume changes (~300%) of Si during repeated 
electrochemical lithium insertion and extraction lead to physical fractures.2 In this study, we report new 
anodes of silicon-carbon (Si-C) composites to minimize the physical degradation in the volume of Si 
anodes.  Herein, Si particles are made through a chemical vapor deposition and their average particle size 
is 100 nm. A pouch cell composed of the Si-C composite anode shows thickness changes of a few 
micrometers during charge/discharge cycles. Using dynamic mechanical analyzer (DMA), mechanical 
properties such as expansion force and external pressure are also observed and the results are compared to 
the cell performance.  In contrast to the cells of graphite anodes, the external force applied to the pouch 
cell changes the cell performance markedly in case of Si-C composite anodes. This indicates that the 
mechanical fracture of anode and the capacity reduction can be improved by an optimal and constant 
external pressure during charge/discharge cycles. The overall pouch cell expansion mainly depends on Si-
C composite anodes than the relatively stable cathodes and separators. Various stress imposing tests on 
the pouch cells and cycle tests of varying current rates also provide useful information for the test of 
battery performances and the results will be discussed. 

 
Figure 1. In-situ measurement of force and capacity in pouch cells using DMA and potentiostat. 

 

  
Figure 2. The effect of external force applied to the pouch cell on capacity change 
(left: pouch cells of graphite anode; right: pouch cells of Si-C composite anode). 
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The chemical compatibility of the various compounds and elements used in lithium based batteries 
dictates their safe operation parameters and performance. Lithium bis(trifluoromethanesul-
fonyl)imide (LiTFSI), has many advantages over the common LiPF6 salt as it does not react with 
water impurities to form e.g. hydrofluoric acid. However, in ester-like solvents LiTFSI readily 
corrodes aluminum (Al) parts in contact with the electrolyte solution (e.g., current collector, bat-
tery casing), consequently rendering the battery unsafe for prolonged use.1 Recently, it was found 
that in disiloxane-based solvents tested in a cathodic half-cell configuration the Al pitting and 
corrosion were mitigated. Another important advantage is being a non-volatile solvent.2 In order 
to find out its potential application to lithium batteries we started studying the interaction between 
electrolyte based on liquid disiloxane functionalized with terminal nitrile groups and lithium, sili-
con nano particles and graphite anodes. We will report the electrochemical characterization and 
the composition of the solid electrolyte interphase (SEI). Electrochemical characterization was 
done with 1 mol Kg-1 LiTFSI dissolved in 1,3-bis(cyanopropyl)tetramethyldisiloxane (TmdSx-
CN) solvent using lithium and silicon nano particles anodes by galvanostatic cycling and electro-
chemical impedance spectroscopy. We study SEI formation and composition by several experi-
mental techniques including: XPS, SEM, TEM and under applied potentials via polarization mod-
ulation infrared reflectance absorption spectroscopy (PM-IRRAS). This electrolyte has an ex-
tended electrochemical stability window of 5 to -0.05 V vs. Li/Li+ and long-term stability in con-
tact with metallic Li. Siloxane based SEI properties will be compared to common battery electro-
lytes SEIs. We anticipate that our study will encourage the exploration, design and use of siloxane-
based solvents as safer options to common solvents used in Li-ion batteries, and specifically as 
candidate solvents in Li metal and silicon anode batteries.  
 
This work is funded by the German Israeli Battery School (GIBS) program, grant No. 
00040024000. YH is supported by the Shamir Fellowship, graciously granted by Israel’s Ministry 
of Science and Technology.  
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All-solid-state batteries (ASSBs) are promising candidates to significantly exceed the energy densities of 
today’s lithium-ion batteries (LIBs).[1,2] For ASSBs, polymeric and inorganic solid electrolytes are of 
interest as well as a combination of both resulting in flexible hybrid solid electrolytes.[1,3,4] This work 
concentrates on the use of inorganic electrolytes. Sulfidic solid electrolytes such as lithium thiophosphate 
(LPS) have a comparably low density, and thus can increase the cell energy more efficiently. The combi-
nation of Li metal with LPS and Li[Ni0.8Mn0.1Co0.1]O2 can theoretically deliver specific energies of about 
426 Wh kg-1 which is significantly higher than state-of-the-art LIBs of today (302 Wh kg-1).[5]  

Considering the design of ASSBs, three different cell configurations are possible: thin-film, pellet-type and 
sheet-type batteries. Thin-film batteries do not meet the energy requirements for large scale application, 
e.g., in cars.[6] Pellet-type cells, which deliver good scientific results are not feasible for large scale indus-
trial processing either.[7] For a successful commercialization of sheet-type ASSBs, an easily scalable pro-
duction procedure is needed.[6] The tape casting procedure herein described easily allows to process a 
slurry-based composite cathode by using an inert binder, conductive carbon, β-Li3PS4 and 
Li[Ni0.6Mn0.2Co0.2]O2. The composite cathode can be contacted with a β-Li3PS4 membrane by two different 
contacting methods. Both contacting methods enable a good contact between the composite cathode and 
the inorganic solid electrolyte membrane. A two-electrolyte layer cell set-up, including the inorganic solid 
electrolyte, β-Li3PS4 membrane, and an additional PEO-based solid polymer electrolyte (SPE) layer to pro-
tect the lithium metal, is developed. Two different conductive carbons are used, nanosized Super C65 par-
ticles and rod-shaped vapor grown carbon fibres (VGCF).The cells demonstrate good cycle performance, 
although the type and amount of conductive carbon, are crucial. 
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The current debate on lithium availability and resources, and therefore both short-, mid- and long-term 
sustainability, has urged researchers to find alternative concepts to lithium-ion batteries (LIBs), and 
sodium-ion batteries (SIBs) are amongst the most promising candidates. Within the numerous next 
generation battery technologies emerging, SIBs are closest to commercialization, with inexpensive and 
plentiful sodium resources available, and fairly easy implementation of much of the LIB know-how.  
Scientific reports have, however, so far mainly focused on electrodes at the expense of the electrolytes 
needed for SIBs including their physico-chemical properties including origins in molecular level 
interactions e.g. thermal and electrochemical windows, ion transport, insertion rates, and speciation. 
Today, the most commonly used SIB and LIB electrolytes are alike; identical anions, similar solvents and 
salt concentrations (i.e. 1.0 M) [1]. Na and Li are, however, still different — albeit they both are alkaline 
metals — and for identical environments they should behave somewhat differently, as indeed observed 
for ionic liquid based electrolytes [2]; hence what has been successful for LIBs cannot always be taken 
for granted successful for SIBs — and thus calls for fundamental investigations. 
Here we have investigated electrolytes composed of the salts NaPF6 or NaTFSI dissolved in solvent 
mixtures of ethylene carbonate (EC), dimethyl carbonate (DMC), propylene carbonate (PC) i.e. EC:DMC 
and EC0.45:PC0.45:DMC0.10, for concentrations ranging from 0.3–2.0 M. Differential scanning calorimetry 
was applied to determine the practical thermal window of operation and storage, dielectric spectroscopy 
to assess the ionic conductivity, and a rolling-ball viscometer for the kinetic viscosity. The thermal and 
dielectric data correlate, with the phase transitions at the same temperatures as the discontinuities in the 
ionic conductivities. The highest ionic conductivity was recorded for the 1.2 M electrolyte (Fig.1a), while 
LIB electrolytes usually reach maximum conductivities at 1.0 M. Using Raman spectroscopy and the 
Walden rule [3], molecular and ionic interactions were studied to determine both cation solvation and 
ion‐pairing. For the same concentrations, the NaPF6 based electrolytes have larger Na+ solvation numbers 
than the NaTFSI based and while the concentration did not affect the solvation number, the ion‐pairing in 
the NaTFSI based electrolytes was altered (Fig.1b). 
 
 
 
 
 
 
 
 
 
 

Figure 1: a) Conductivity isotherms of 0.3–2.0 M of NaPF6 in EC:DMC b) Walden plot of 0.3, 0.6 and 
1.0 M of NaPF6 or NaTFSI in EC:DMC. The reference 0.01 M KCl(aq) represented as a straight line of 
unitary slope. 
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The fast-growing market of lithium-ion batteries in recent years has expanded from 
consumer electronics to the automotive industry. To achieve high energy density and a 
long-term cyclability of the electric vehicle battery, Ni-rich layered oxide cathode 
materials of Li(Ni,Co,Mn)O2 (Ni>0.8) have brought a lot of attention due to their 
potentially large capacity, low manufacturing cost, and great rate capabilities, but they 
suffer from several types of cell performance deteriorations such as phase 
transformation and gas generation.1-2 

For mitigation of degradation behaviors in Ni-rich layered, the doping and surface 
modification method has been suggested by stabilizing the structure and providing the 
physical barrier at the surface of the cathode to prevent the direct contact of active 
materials to electrolytes. Conventional doping and coating approach in principle has 
drawbacks; 1) Li ion diffusion during electrochemical cycling can be impeded. 2) 
Residual lithium still needs to be washed, which requires an additional step during 
synthesis and more importantly, this process can degrade the battery performance.3-4 
The excessive amount of lithium is prerequisite for achieving enough capacity of Ni-
rich cathode materials, which is the origin of the residual lithium impurities. Residual 
lithium such as LiOH and Li2CO3 can initiate the decomposition reaction at the high 
voltage and temperature, leading to evolution of gas species such as CO2, O2, H2 and 
CO. 

In this study, selective-doping and reactive-coating processes have been proposed 
as a structural stabilizer and surface modification to remove lithium residuals. The 
surface structure and chemistry are characterized by surface analyses. The 
electrochemical performance and the evolution of gas species are evaluated using half-
cell and 18650-cylindrical cell. We will provide the practical strategy for the optimal 
doping and surface modification for removing residual lithium on the surface of Ni-rich 
layered oxide cathode material of Ni-rich Li(Ni,Co,Mn)O2 (Ni>0.8).  
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Safety issues of traditional Li-ion batteries exist due to highly combustible liquid electrolytes and 

potential Li dendrite growth. By replacing the flammable liquid electrolyte with solid electrolytes (SEs), 
all-solid-state Li ion batteries (ASSLIBs) constitute an attractive candidate for next-generation energy 
storage technology owing to their good safety and wide potential stability window, etc. Generally, the 
main challenges of ASSLIBs are intrinsically low Li-ion conductivity of SEs and greatly interfacial 
resistances between electrolyte and electrode, which limit their energy and power density. To address 
these issues, much effort has been respectively made on Li7La3Zr2O12-type SEs (e.g., Li6.25La3Zr2Al0.25O12 
(LLZO)) with good chemical stability against Li metal as well as on Li10GeP2S12 (LGPS)-type SEs with 
high Li-ion conductivity (～10-2 S cm-1). Typically, the cation doping has been performed for LLZO-
related compounds to enhance their Li-ion mobility as well as for LGPS-related materials to improve their 
electrochemical stability with Li. While few works have adopted anion doping for modifying the SEs 
towards high-performance solid-state cell system.  

In this study, we have investigated the effect of anion doping on microstructure, and intrinsic and 
interfacial Li-ion transport properties of LLZO- and LGPS-related SEs. A series of analytical techniques 
(like SEM, XRD, XPS, Raman, EIS, etc.) has been used to probe the correlation among composition, 
microstructure, and ionic transport characteristics of the modified SEs. For interfacial and cyclic 
properties, we have prepared various solid-state cells consisted of a cathode (LiCoO2 or NAC active 
materials), a Li-conducting solid electrolyte (LLZO- or LGPS-related materials), and an anode (Li or Li-
In). In a particular example, tiny amount of liquid electrolyte has been added between LiCoO2 cathode 
and LLZO-related solid electrolyte to guarantee intimate electrolyte/cathode contact. Thus, the solid-state 
cells of LiCoO2/liquid electrolyte/LLZO-related solid electrolyte/Li have been expected to open great 
opportunities for practical applications at room temperature. Fig. 1 (a) compares the AC-impedance 
spectra of the solid-state cells using pure or modified LLZO SEs. It is found that the anion doping of 
LLZO SEs has a beneficial impact on both intrinsic and interfacial Li-ion conduction. Modified LLZO 
electrolyte has been also used to determine cyclic performance of the corresponding solid-state cell 
measured at room temperature at a constant current of 0.02 C, as illustrated in Fig. 1(b). It can be 
successfully cycled to deliver a specific discharge capacity of 121.5 mAh g-1 in the first cycle, and 
achieve capacity retention of 95.1% and 90.4% as well as coulombic efficiency of 99.3% and 99.4% at 
the 50th and 100th cycles, respectively. The excellent cycling properties with slight decay in charge-
discharge capacity and high coulombic efficiency can be associated with the favorable effect of anion 
doping on the LLZO SEs. More characterization observations and cyclic measurements for explaining the 
specific effect of anion doping will be displayed and discussed in this presentation.  

In parallel, anion doping has been also considered for favoring the solid-solid contact between LGPS 
electrolyte and electrode. The Li-ion transport kinetics and cyclic performance as well as the reasons what 
could have been occurred inside the ASSLIBs using the modified LGPS SEs will be reported. Possible 
causes for degradation of the ASSLIBs will be also discussed and presented. 
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Fig. 1. (a) Impedance spectra for solid-state cells using pure and modified LLZO, and (b) galvanostatic charge-
discharge profiles and coulombic efficiency measured at room temperature for the cell with modified LLZO. 
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High voltage cathode materials are the next milestone in the field of lithium ion batteries. A promising 
candidate is the spinel type compound LiNi0.5Mn1.5O4 with a theoretical capacity of 146.7 mAh/g and 
oxidation plateaus of 4.7 V vs. Li/Li+. [1] LNMO crystallises in two different structural types, namely a 
disordered spinel type (AB2O4, Fd m) where the Mn and Ni ions occupy the 16d Wyckoff sites randomly 
and an ordered cubic phase (P4332), whereas Mn and Ni ions are located on the 4a and 12d sites. [2] The 
material is cost-effective and it offers an excellent rate capability, because of the spinel structure that 
allows 3D solid state diffusion of Li ions through the lattice. Unfortunately, cells with LNMO cathodes 
are subject to strong degradation mechanisms, so there is no commercial success so far. It is necessary to 
understand the fundamental processes in the cathode material during the cyclization to improve the 
stability and guarantee a commercial success. Therefore, we present operando Raman measurements on 
d-LNMO as a cathode material in full and half-cells for lithium ion batteries. The aim of this study is to 
analyze the structural change of the cathode material during the cycling an due to decomposition process. 
Furthermore we analyzed the degradation of the solvents and conductive salt. It could be that the steady 
loss of electrochemical available lithium is the major issue of the low cycling stability in LNMO battery 
cells, rather than the decomposition of the cathode material by Ni or Mn loss. The concentration of PF6

- is 
steadily reduced and the ratio of dimethyl carbonate (DMC) : ethylene carbonate (EC) is changing during 
the cycling process. EC seems to be more reactive and tends to polymerize, which is described by Jarry 
et. al. [3]. Three phases can be distinguished via Raman spectroscopy in the d-LNMO system, namely 
LiNi0.5Mn1.5O4 (full lithiated, NiII), Li i0.5Ni0.5Mn1.5O4 (half lithiated, NiII/III) and the Ni0.5Mn1.5O4 (full 
delithiated, NiIII/IV). Long-term measurements in half cells show that the fully delithiated phase can’t be 
detected anymore via Raman spectroscopy. The experiments demonstrate that Raman spectroscopy is a 
powerful tool during operation, analyzing structural changes in the cathode material and the degradation 
of the electrolyte. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Raman waterfall diagram of d-
LNMO vs. vs. Li/Li+. LiNi0.5Mn1.5O4 
(full lithiated, NiII), Li i0.5Ni0.5Mn1.5O4 
(half lithiated, NiII/III) and Ni0.5Mn1.5O4 
(full delithiated, NiIII/IV). 
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and Albert Tarancón a 
a IREC, Catalonia Institute for Energy Research, Jardins de les Dones de Negre 1, 08930 SantAdrià de 
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Miniaturized rechargeable batteries with high specific power are required for substitution of the 
large sized primary batteries currently prevalent in integrated systems since important implications in 
dimensions and power are expected in future miniaturized applications. Commercially available 
secondary microbatteries are based on lithium metal which suffers from several well-known safety and 
manufacturing issues and low specific power when compared to (super) capacitors. 
 

A high specific power and novel dual-metal-ion microbattery based on LiMn2O4 (LMO), zinc, 
and an aqueous electrolyte able to overcome these limitations is presented in this work.  

 

 
Figure 1: Multilayer-PLD approach (left) and Evolution of the Specific Charge of a LMO-Zn cell 

(right).  
 
LiMn2O4 thin films were deposited on Si-based substrates with Pt current collector via multi-

layer pulsed-laser-deposition (PLD) technique that permit stoichiometric flexibility and facile handling 
compared to conventional approaches (Fig. 1 left).1 
 

Half-cells of LiMn2O4 thin films (≈90 nm) feature unique kinetics that yield outstanding 
electrochemical cycling performance in an aqueous environment with nondiffusion-controlled and 
pseudocapacitive like storage contribution of the LMO electrode. The material provided at extremely high 
current densities of ≈ 348 C a reversible specific charge of 2.6 μAh cm−2 (44% of the theoretical 
capacity). Furthermore, the electrochemical cycling remains very stable for over 3500 cycles with a 
remarkable capacity retention of 99.996% per cycle. 2 

Dual-metal-ion microbattery based on thicker electrodes (≈400 nm and 1000 nm) provided a 
specific power densities similar to the ones exhibited by typical electrochemical supercapacitors (3400 W 
kg−1) while maintaining specific energies in the range of typical Li-ion batteries (∼100 Wh kg−1). 
Excellent stability with very limited degradation (99.94% capacity retention per cycle) after 300 cycles is 
also presented (Fig. 1 right).  
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As one of the critical components, the electrolyte is very important for preparing safety and 

high-performance lithium-ion batteries (LIBs)[1]. The performance decay and safety concerns 
of liquid electrolytes, which include inflammable solvents, fire, and explosion hinder the 
commercialization of lithium-ion batteries on a large scale[2]. Solid polymer electrolyte (SPE) 
provides an important alternative to conventional liquid electrolytes to address the issues of 
battery safety and efficiency[3]. Unfortunately, the inability of achieving both high ionic 
conductivity and strong mechanical strength, coupled with the problem of concentration 
potential, impeded its chance to replace the liquid electrolytes.  

Based on the conduction mechanism of poly(ethylene oxide) electrolytes and the host-
guest recognition of β-cyclodextrin (β-CD) and adamantine (Ad), the polymer electrolytes with 
self-healing property are prepared (Figure 1). The host-gest recognition of β-CD can efficiently 
eliminate the interface damage of polymer electrolytes, resulting in promoting the 
electrochemical stability, dredging the channel of lithium ion conduction, and maintaining the 
ionic conductivity and electrochemical stability of polymer electrolytes.   

 

 
Figure 1. Self-healing SPE via host-guest recognition. 
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The requirement for storing renewable energy generated from the sun and wind has caused an 

increase in the demand for energy storage systems, which in turn are mainly based on batteries. Despite 
lower theoretical energy density compared to Li-ion batteries (LiBs), Na-ion batteries (NaBs) are 
considered as a promising alternative technology since their overall production cost is thought to be a 
minimum of 30% cheaper compared to LiBs [1]. 

With regards to NaB anodes, carbonaceous materials are the materials of choice due to their low 
potential activity and high specific charge (> 200 mAh.g-1) [2]. In order to reduce the production cost, 
many groups investigated biowaste materials as carbon precursors for negative electrode in NaB [3]. 
Among all the possibilities, lignin based carbonaceous materials demonstrate better electrochemical 
performance compared to cellulose based carbonaceous materials [4].  

In this work, carbonaceous materials were synthesized from waste walnut (WN), almond (ALM) 
shells and scrap wood (FIR) using a one-step annealing procedure at 1000°C under different atmosphere 
(N2, Ar, Ar/H2) (Figure 1). The synthesized materials were characterized by means of X-ray diffraction 
(XRD), Raman spectroscopy, Brunauer, Emmett et Teller method (BET) and Small-angle X-ray 
scattering (SAXS) to properly assess their physico-chemical properties. Except when a reductive 
atmosphere is used (Ar/H2), we report specific charge in the range of 250-270 mAh.g-1 with high 
electrode loadings (> 5 mg.cm-2), testifying that we can obtain low cost anode materials for Na-ion 
batteries. As a proof of concept, the electrochemical performance of the full cell based on the 
carbonaceous material produced from FIR as anode and a layered oxide cathode material as cathode, 
resulting in a specific charge of 150 mAh.g-1 at an average discharge potential of 2.9 V, will be further 
discussed. 

 
Figure 1. Electrochemical performance of carbonaceous materials from biowaste lignin-based 

precursors at C/10 rate in 1 M NaPF6 ethylene carbonate / diethyl carbonate. ALM_AR, ALM_N2 and 
ALM_ARW5 are the samples produced from almond shells under Ar, N2 or Ar/H2 gas respectively. 

FIR_AR and WN_AR are the materials synthesised under Ar from scrap wood and walnut respectively. 
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The continuously increasing importance of lithium-ion batteries for small-, medium-, and large-scale 
applications, ranging from mobile phones and laptops to electric vehicles and stationary energy storage, 
has triggered an increasing awareness concerning their environmental impact – regarding both the 
comprised materials and components as well as their fabrication [1,2]. 
 
In fact, besides avoiding the need for toxic N-methyl-2-pyrrolidone as solvent, the utilization of water-
soluble binding agents as, for instance, sodium carboxymethyl cellulose (CMC) for graphite anodes has 
led to a substantial improvement in terms of cycling stability and first cycle coulombic efficiency [3,4]. 
For the cathode side, however, the pronounced sensitivity of any kind of lithium transition metal oxide 
(e.g., LiNi0.5Mn1.5O4 (LNMO), Li[Ni1/3Mn1/3Co1/3]O2 (NMC), or Li2MnO3*NMC) towards water in 
combination with the resulting severe pitting corrosion of the aluminum current collector has so far 
prevented the implementation of aqueous binders and processing techniques [5–8]. 
 
Herein, we will show that these issues can be overcome when introducing new complementary strategies, 
addressing simultaneously the lowering of the slurry pH value upon electrode preparation, the 
stabilization of the cathode/electrolyte interface, and the binding capability of the water-soluble polymers. 
As a result, thus fabricated lithium-ion cathodes reveal an enhanced cycling stability, improved rate 
performance, and overall higher specific capacities. 
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Polymer electrolytes are expected to play an important role in next-generation lithium metal batteries. In 
addition to intrinsic enhanced safety, polymer electrolytes can display unique properties such as lithium-
ion transference number (t+) approaching unity. This new class of materials – namely single-ion polymer 
electrolytes (SIPE) – may solve the major issue of salt concentration gradients limiting battery lifetime 
and performance. However, low ionic conductivities 
remain a practical challenge for SIPEs.   

This talk will highlight our recent work in the field of 
SIPEs for lithium metal batteries. New polymer structures 
were investigated with the final goal to simultaneously 
obtain high lithium t+, high room temperature ionic 
conductivity, and good mechanical properties.  

We focused on poly(LiMTFSI) as a backbone platform and 
employed RAFT polymerization techniques to prepare well 
defined block copolymers comprising poly(ethylene oxide) 
units [1,2]. Block copolymers showed very high σ as 
compared to previous examples (≈10-4 S cm-1 at 70 ºC) 
combined with t+ ≈ 0.91. We have since continued to 
investigate crosslinking as a further method to incorporate 
propylene carbonate (PC) into the polymer network and 
increase the room-temperature ionic conductivity [3,4]. 
Such gel-type SIPEs displayed lithium t+ approaching unity and high ionic conductivity (≈10-4 S cm-1 at 
25 ºC).  

As the final goal, the application of these innovative polymers in lithium metal battery was investigated. 
Block copolymer electrolytes were successfully tested at 70 ºC providing long lifetime up to 300 cycles, 
and outstanding rate performance (up to 100 mAh g-1 at C/2) whereas lithium metal batteries operating at 
room temperature demonstrated the potential of gel-type SIPEs for high-performance applications in 
energy. 
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Increasing the energy density of Li-ion batteries (LiB) is a key issue. A promising approach is to replace 
graphite in LIB anodes with silicon. The main challenge is to deal with the large silicon volume 
expansion induced by its lithiation, which damages the mechanical integrity (electronic network) of the 
electrode, and produces an unstable solid electrolyte interphase (SEI). We have successfully improved the 
performance of silicon based anodes by working on various aspects such as the silicon nanostructuration 
[1], the use of a mixture of carboxymethylcellulose (CMC) and citric acid (CA) or polyacrylic acid as 
binder [2-4], and the use of carbon nanoplatelets as conductive additive [5].  
 
In this communication, we would like to discuss a postprocessing treatment (called maturation) that we 
have recently discovered. This maturation treatment very significantly improves the mechanical and 
electrochemical stabilities of silicon electrodes made with the CMC/CA binder [6]. It consists of storing 
the electrode in a humid atmosphere for a few days before drying and cell assembly. This results in a 
beneficial in situ reactive modification of the interfaces within the electrode. Our investigations suggest 
that the binder tends to concentrate at the silicon interparticle contacts. As a result, the cohesion of the 
composite film is strengthened. Moreover, the corrosion of the copper current collector, inducing the 
formation of copper carboxylate bonds, improves the adhesion of the composite film. This results in an 
impressive improvement of the electrode cycle life. 
 
In this study, it was also observed that the calendering of silicon/carbon nanoplatelets/CMC/CA 
electrodes induces a major decrease of their cycling stability. This can be attributed to the rupture of the 
particle-binder bridges during the calendering, lowering the mechanical strength of the electrode. The 
calendering of Si-based electrodes is however required to obtain a substantial gain in their volumetric 
capacity compared to conventional graphite electrode. Interestingly, the particle-binder cohesive bridges 
can be restored through the maturation treatment. Furthermore, according to in-operando dilatometric 
experiments, it appears that the volumetric expansion is lower and much more reversible than for a 
standard (not-calendered, not-matured) electrode [7]. 
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A clear comprehension of the processes that occurs during the use of Lithium based batteries is 
indispensable to improve the performance and efficiency of these systems. Sometimes, it is not possible 
to detect all the physicochemical processes only using electrochemical measurements, and in the case of 
lithium ion batteries, the possibility to make electrochemical experiments in a classical tree electrodes cell 
joined to other chemical or physical techniques is very hard. Typical impediments to this type of 
experiment are, for example, the nature of the electrodes, electrolytes and working conditions of these 
types of batteries. For this reason we develop an in-operando lithium ion battery cell system capable to 
work in typical current/potentials experiments for these kinds of batteries to perform, at the same time ,X-
Ray absorption or diffraction characterizations of the active materials. 
This “in-situ” setup allow us to characterize different anodic and cathodic active materials by X-ray 
absorption techniques (XAFS), like XANES and EXAFS, at different working conditions, i.e. different 
states of charge (SOC) or during a potentiodynamic running and also under normal operation conditions 
like charge-discharge cycles. The aim of this work is the XAFS characterization, additionally to  other 
types of techniques (like XRD and XRF), working at faster potentiodynamic experiments or higher 
current conditions. We present our recent results obtained at the DXAS beamline at the LNLS 
synchrotron (Campinas, Brazil) with a home-made5 Volts spinel (LiNi0,5Mn1,5O4) cathode under working 
conditions. Figure 1(a) shows the in-situ cell ensemble (inside of the adapter) for in-situ experiments. 
Figure 1(b) and 1(c) shows the XANES spectra obtained during discharge and the corresponding PCA 
analysis of the spectra, which fits whit the discharge potential profile of Ni and MnK-edges respectively. 
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The ionic liquids possess solubility for inorganic salts. However, the conductivity of them does 
not obey the usual rules approximately described by Walden correlation of conductivity and  
viscosity as the addition of ionic salt decreases overall conductivity of such solution. The system 
ionic liquid – salt was investigated on ethyl methyl imidazolium ionic liquids predominately. 
Lithium, sodium and/or tetraethyl ammonium fluoroborates were used as salts. Based on 
physicochemical measurements, a model can be accepted that no specific interaction between the 
ionic component appears in them and the decrease of conductivity together with increase of 
viscosity is rather a result of electrostatic attraction between the ions. A brief view on the 
electrochemistry of ionic liquids will be presented. 
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A microscopic understanding of reaction mechanisms controlling the operation of beyond Lithium ion 
technologies like Li-O2 or Li-S batteries is essential to improve the performance of such devices. In situ 
experimental techniques1 have increasingly elucidated details about reaction mechanisms, where 
conclusions are widely based on the spectroscopic detection of concentration changes of the involved 
species. In addition, structural information on the position of ionic and molecular species and the 
nanometer-sized morphology of reaction products within the cathode pore network is required to focus 
the efforts of materials research.  
We have recently introduced in situ small and wide angle X-ray scattering (in situ SAXS/WAXS) as a 
suitable method to study global ion fluxes and local ion rearrangements in nanopores of carbon electrodes 
during charging a custom-built electrochemical cell2. The in situ scattering data contains rich detail of 
structural and kinetic information. However, the complexity induced by the multi-phase character of the 
investigated systems makes the analysis of the SAXS data challenging3. Here, we present a powerful 
strategy to analyze in situ SAXS/WAXS data from synchrotron radiation experiments of length scale 
dependent arrangements of ionic and molecular species as well as the structural evolution of nanometer-
sized reaction products in a custom-built Li-S battery. 
Structural models of nano- and subnanoporous carbons are derived from an analytical fit to the SAXS 
intensity of the empty carbon electrode using the concept of Gaussian random fields (GRF) or Boolean 
models4. The computer generated real-space pore structure is then filled with electrolyte and the 
morphology of all phases, like the solid reaction product Li2S or the polysulfide containing liquid phase, 
modelled as a function of the state of charge. Subsequent Fourier transformation of the 3D models yields 
the simulated SAXS curves which are then compared with the experimental in situ SAXS measurements. 
The presented method allows the time-resolved detection of Li2S and S particle morphologies and 
locations in the carbon pore network, independent of their size and degree of crystalline order. Together 
with the simultaneously recorded WAXS (or X-ray diffraction) data this technique represents a unique 
possibility to study the capacity and lifetime determining structural evolution of solid reaction products in 
Li-S batteries or related technologies like Li-O2 batteries. 
 
 
1 Wild, M. et al. Lithium sulfur batteries, a mechanistic review. Energy Environ. Sci. 8, 3477-
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doi:10.1039/C5EE00488H (2015). 

3 Prehal, C. et al. Quantification of ion confinement and desolvation in nanoporous carbon 
supercapacitors with modelling and in situ X-ray scattering. Nat. Energy 2, 16215 (2017). 

4 Gommes, C. J. Stochastic models of disordered mesoporous materials for small-angle scattering 
analysis and more. Microporous Mesoporous Mater. 257, 62-78, 
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Na-β"-alumina, a type of sodium aluminate with the nominal composition of (Na2O)·(Al2O3)x (x = 5~7) 
has been highlighted as a solid electrolyte for sodium high-temperature rechargeable batteries, e.g. Na/S 
and Na/NiCl2 batteries. The Na-β"-alumina conduct sodium ions rapidly through a loosely-packed plane 
between spinel blocks, however, the β"-phase is metastable in the absence of dopants, e.g. MgO or Li2O, 
when the temperature is raised to a high sintering temperature, >1550oC. The role of phase stabilizer is 
also to increase sodium concentration for enhanced ionic conduction on the conduction plane by 
compensation mechanism [1]. 
Recently, to avoid sodium loss during high-temperature firing, the vapor-phase conversion of �-
Al2O3/yttria-stabilized zirconia (YSZ) composite into the Na-β"-alumina composite at a lowered 
temperature (<1450 oC) was introduced [2-5]. The β"-phase conversion from �-Al2O3 is based on coupled 
diffusion of sodium and oxygen ions from Na2O(g), evaporated from atmospheric powder; The ions are 
transported through the converted Na-β"-alumina and YSZ, respectively. The supply of the phase 
stabilizer depends only on the diffusion or evaporation from the atmospheric powder; however, it was not 
examined whether the supply of the content of the phase stabilizer is sufficient [2-5]. In this presentation, 
the ionic conduction in Na-BASE prepared by modified vapor phase method will be discussed as a 
function of lithium-containing stabilizer contents which was added before sintering process. 
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The use of anion redox for the charge compensation in Li-excess metal oxide during charge/discharge 
processes has been proposed to realize higher energy density in lithium-ion batteries. In order to use 
effectively the charge compensation of oxide ions, several lithium-excess positive electrode materials 
have been studied extensively. [1-5] In 4d and 5d metal oxides Li2RuO3-based systems[1] and Li2IrO3,[2] 
high covalent bond between 4d orbital of transition-metal and 2p orbital of oxygen enables charge 
compensation by the oxidation of oxide ions to peroxo-like dimer. On the other hand, in a 3d transition-
metal oxide, Li1.2Ni0.13Co0.13Mn0.54O2 exhibits formation of isolated holes on oxide ions because highly 
ionized 3d transition-metal ions stabilize the isolated holes on the oxide ions surrounded by lithium ions. 
[3, 4] Other 3d transition-metal oxides such as Li1.2Ti0.4Mn0.4O2, also exhibit stable oxide ions redox.[5] 

 
  According to the previous studies, covalent character or ionic character between transition-metal 
ions and oxide ions is a key factor to stabilize oxide ions redox. However, behavior of oxide ions redox in 
lithium-excess positive electrode materials with different covalent character or ionic character has not 
been systematically investigated. Moreover, for understanding essentially the mechanism of oxide ions 
redox, it is important to observe electronic states of oxide ions in these materials under battery operating 
condition. In this study, we focus on three different lithium-excess positive electrode materials, Li2MeO3 
(Me = Mn and Ru) and Li1.2Ti0.4Mn0.4O2, as models with different covalent character or ionic character. 
Developing a new operando soft X-ray absorption spectroscopy, we observed directly the electronic state 
of the oxide ions in these materials during charge process via the technique.[6] 
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Lithium-sulfur (Li-S) batteries are one of the most promising post-lithium battery systems because of 
their high theoretical energy density (about 3000 Wh/kg) low cost and low environmental impact.[1] This 
battery system can fix the problem of current electric vehicles (EV) which is the lack of battery capacity 
which limits their potential range and also open the door for electric planes. However, Li-S battery 
systems suffer by many crucial problems such settling soluble polysulfide at the anode during 
discharging, which leads to a decrease of capacity. Another problem is the expansion of sulphur during 
cycling, when, during the conversion of sulphur to Li2S, the volume expansion of about 80% occurs. This 
expansion leads to a big stress to the cathode and decreases its capacity.[2] Last but not least problem is 
the insulating nature of sulfur.[2] Possible solution of all those problems can be encapsulation of the 
sulphur in to the conductive hollow structure. In this paper, we present a Li-S battery with cathode, based 
on the sulfur-carbon composites. Electrochemical performance of standard electrode with Super P carbon 
was compared with sulfur-carbon composite electrode based on mesoporous carbons, graphitized 
mesoporous carbons and graphene oxides. It was found that there was an increase of the capacity and 
stability of the electrode during cycling at various C-Rates and during long term cycling in the case of 
sulfur-carbon composite electrode. A stable capacity of about 900 mAh/g was achieved during cycling at 
0.2 C and almost 400 mAh/g during cycling at 2 C with sulfur loading of sulfur-carbon composite 
electrode around 2 mg/cm2. 
 
 
Acknowledgement: 
 
This research has been carried out in the Centre for Research and Utilization of Renewable Energy 
(CVVOZE). Authors gratefully acknowledge the financial support from the Ministry of Education, Youth 
and Sports of the Czech Republic under NPU I programme (project No. LO1210), BUT specific research 
programme (project No. FEKT-S-17-4595). This research was also sponsored by the NATO Science for 
Peace and Security Programme under grant 985148. 
 
 
[1] J. Kim, D. Lee, H. Jung, Y. Sun, J. Hassoun, B. Scrosati, Adv. Functional Materials, 2013, 23, 1076-
1080. 
[2] N. Nitta, F. Wu, J. Lee, G. Yushin, Materials Today, 2015, 18, 252-264 
[3] S. Evers, L. Nazar, Accounts of Chemical Research, 2013, 46, 1135-1143   



A silica/carbon composite as anode for lithium-ion batteries with a 
large rate capability: experimental and theoretical studies. 

 
Ezequiel Leiva1,2, Germán Lener1,2, Manuel Otero1,2, Agustín Sigal3,4, Agustín Alvarez3,4, 

  Daniel Barraco3,4 
1Facultad de Ciencias Quíımicas - Universidad Nacional de Córdoba- Argentina 

2 Instituto de Investigaciones en Fısico-Química de Córdoba, CONICET-UNC-Argentina 
3Facultad de Matemática Astronomía y Física - Universidad Nacional de Córdoba-Argentina 

4Instituto de Física Enrique Gaviola (CONICET-UNC)-Argentina 
eze_leiva@yahoo.com.ar 

 
New generations of materials are necessary to provide practical and economical solutions for electrode 
fabrication in lithium ion batteries. To this end, in the present work we propose a negative electrode based 
on a SiO2/C interconnected composite able to charge/discharge at high current regimes while maintaining 
a very good capacity. In order to have a better understanding of the phenomena that occur in the 
charge/discharge process, we combined experimental techniques (XPS, DRX, EIS, etc.) with theoretical 
calculations based on DFT to obtain the thermodynamics of the formation of the reaction products as a 
function of the cell potential. These results were combined with our experiments and results from the 
literature to demonstrate the different reactions that could occur. In this way, an easy to fabricate anode is 
presented, which can be charged/discharged in a few minutes. The present material provides a superior 
performance compared with analogous materials from the literature and may thus be an important tool for 
obtaining practical solutions in both stationary and mobile electrical devices. 
 
The figure below shows on the left the structure of the material (schematically) and on the right the 
performance of the material upon charging at C/20 and discharging at different rates. 
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All-solid-state batteries are intensively studied as they are promising candidates in terms of safety and 
energy density compared to conventional liquid based Li-ion batteries. The batteries composed of 
inorganic solid electrolytes are not flammable (do not cause thermal runaways) and could meet the 
requirements of electric vehicles and large-scale energy storage devices in terms of electrochemical 
performance. So far, sulfur based inorganic solid electrolytes offer the most attractive ionic 
conductivities in the order of 10-4 to 10-2 S/cm [1]. Moreover, pellets made of solid electrolytes are 
easy to fabricate and deliver relatively satisfying ionic conductivities if compared to the garnet and 
perovskite families (oxide based materials) which require a high temperature sintering step [2]. 
Nevertheless, these ionic conductors suffer from a narrow thermodynamic electrochemical window 
which hinders their application especially at high and low voltages due to electrolyte 
decomposition [3]. 
 
Several positive electrode materials such as LCO (LiCoO2), NMC111 (LiNi0.33Mn0.33Co0.33O2) and NCA 
(LiNi0.80Co0.15Al0.05O2) have been tested in half-cell configuration with the Li3PS4 solid electrolyte and a 
counter electrode made of an indium-lithium alloy. The composition of the electrode composite 
(mixture of active materials and solid electrolyte) plays a major role on the electrochemical 
performance as the ionic and electronic percolations are affected by the ratio of the mixtures. In fact, 
by changing the ratio between the solid electrolyte and the active material, it is possible to decrease the 
polarization and thus the impedance of the system upon cycling. Figure 1 illustrates the impact of the 
electrode engineering on the electrochemical performance of all-solid-state batteries. The electrode 
made of 70wt.% of coated LCO and 30wt.% of Li3PS4 delivers a better specific charge during the first 
charge and discharge and the best long term stability. Finally, we will demonstrate that it is possible to 
fabricate solid state batteries with high performance by engineering the interface between the electrode 
and the electrolyte and by optimizing the electrode engineering. 
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Figure 1: 1st charge/discharge of 4 composite electrodes LCO:Li3PS4 tested in half-cell configuration 
with a counter electrode made of an In-Li alloy. The charge and discharge rate was C/10 at 25°C.  
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Short circuit and short lifespan induced by uncontrolled lithium dendrite growth have limited further 
progresses of lithium ion batteries, and all solid state batteries using solid electrolytes are therefore 
proposed to solve these issues [1]. In this study, an interlinking polymer/garnet oxide composite solid 
electrolyte allows the construction of solid state lithium metal batteries with outstanding electrochemical 
behavior over long operating time. As shown in Fig. 1, the interlinked polymer is achieved through ring-
opening polymerization between terminal amines from O,O-Bis(2-aminopropyl)polypropylene glycol-
block-polyethylene glycol-block-polypropylene glycol (ED600, 245 mg) and terminal epoxys from 
bisphenol-A diglycidyl ether (BADGE, 60 mg) under 90 ℃ curing, and added polyethylene oxide (PEO, 
30mg) and Li12La3Zr2O12 (LLZ, 25 mg) are used to reinforce the mechanical strength. 50 mg lithium 
bis(trifluoromethylsulfonyl)imide (LiTFSI) as charge carriers is uniformly dissolved in this freestanding 
and high-tensile film, labelled BPL.  
As depicted in Fig. 2a, FT-IR spectrum indicates that the peak at 1510 cm-1 is ascribed to the C–C 
stretching of the benzene rings of bisphenol-A. The peaks at 738 and 790 cm-1 are attributed to –CF3 
symmetric bending and C–S stretching of the (TFSI)- anion, respectively. The peaks located at 1095 and 
1461 cm-1 are corresponding to the –C–O–C– stretching and –CH2 bending, respectively. The BPL 
exhibits high ionic conductivity above 45 ℃ exceeding 5.0×10-4 S cm-1 (see Fig. 2b). Combined with 
other characterizations (nuclear magnetic resonance and galvanostatic cycling with potential limitation), it 
is believable that the fast ion transfer of the BPL and its ability to suppress lithium dendrites will enable 
the design of a new generation of safe solid state lithium metal batteries. 

Fig. 1 Conceptual illustration of the solvent-free ring-opening polymerization of O,O’-Bis(2-
aminopropyl)polypropylene glycol-block-polyethylene glycol-block-polypropylene glycol (ED600), bisphenol-A 
diglycidyl ether (BADGE) and lithium bis(trifluoromethylsulfonyl)imide (LiTFSI). Photographs of the homogeneous 
precursor sol and crosslinking BPL gel. 

Fig. 2 (a) FT-IR spectra of the raw components and the BPL; (b) Conductivities of the BPL at the cooling- and 
heating process. 
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Previous studies performed in the Technology of Materials and Nanomaterials Research Group 

at Faculty of Chemistry, Jagiellonian University in Krakow resulted in development of new, LMO-based 
cathode material with the following general formula: LiMn2O4-ySy (LMOS) [1-3]. Izoelectronic partial 
substitution of oxygen atoms in spinel structure causes not only inhibition of undesirable phase transition, 
which improves columbic efficiency of electrochemical reaction and cycle life of battery, but also 
significant increase in capacity of the material. Furthermore, LMOS material shows slightly higher 
electrical conductivity and lower activation energy of electrical conductivity than LMO [3].  

LMOS materials developed at Faculty of Chemistry, JU are produced by sol-gel synthesis which 
ensures good control of composition, morphology and grain sizes. LMOS gel precursor is aged and then 
calcined in two step heat treatment process under oxidizing conditions. Such procedure allows obtaining 
LMOS in a form of nanomaterial with desired grain dimensions and narrow distribution of grain size. The 
goal of this project is to optimize LMOS material composition in terms of sulphur content, morphology 
and grain size as well as scaling-up the production procedure to a pilot scale process. Proposed LMOS 
material already exhibits much better properties than other LMO-based materials reported in the literature 
or available on the market. It is assumed that optimization of LMOS composition will additionally 
enhance its electrochemical properties, especially under higher current rates. Improvement of electrical 
conductivity and Li+ ions diffusibility in the material will result in ability to fast charging/discharging of 
the battery without a big capacity loss. Moreover, the synthesis of LMOS nanomaterial was planned to 
fulfil all standards of Green Chemistry. Sol-gel process is efficient and conducted in water medium. It 
does not require use of organic solvents which are detrimental to natural environment, and the substrates 
for this synthesis were chosen to be nontoxic, inexpensive and commonly available. The heat treatment 
process requires lower temperatures and shorter time than standard high-temperature solid state synthesis. 

The main goal of this work is to develop pilot scale production technology of LiMn2O4-ySy 
(LMOS) cathode nanomaterial with optimal composition and properties for application in 
environmentally friendly and inexpensive Li-ion batteries 

The intermediate objectives are: 
• Determination of key parameters influencing structure and morphology of LMOS material; 
• Determination of structural and morphological properties of LMOS nanomaterial with 

indication of influence of materials composition on its structural stability 
• Determination of electrochemical and physicochemical properties of LMOS nanomaterial 

in a working electrochemical cell (C/Li+/LMOS); 
• Optimization of LMOS nanomaterial properties and its synthesis in a laboratory scale; 
• Development of a pilot scale production line for LMOS nanomaterial synthesis; 
• Optimization of LMOS nanomaterial production technology in a pilot scale; 
• Validation of technical and operational parameters of a pilot set of cells.  
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The nanostructured carbons are a relatively new class of electrode materials that exhibit many 

desirable features for energy storage applications. Among them, there are carbon aerogels which become 
more and more popular due to their specific structure and attractive properties such as: well-defined 
porosity, large surface area, chemical and thermal stability, high electrical conductivity and high 
capacitance. However, the commonly used carbon aerogels precursors are frequenlty poisonous and 
expensive which leads to i.a. the restrictions in a large scale production. Therefore, actual studies have 
been largely focused on carbon precursors that are easily accessible, renewable, low-cost, as well as 
environmentally friendly. One of the representatives is the most abundant, non-toxic, naturally occuring 
polysaccharide - starch [1-3]. 

Starch is made of two separate components: amylopectin and amylose which can be combined in 
various proportion depending on their plant source. Differentiation of starch in terms of its composition 
affects the diversity in the properties of synthesized carbon aerogels [4-5]. Hence, the main aim of these 
research is to find the correlation between chemical composition of the carbon precursor and eligible 
properties of the obtained materials. 

In the present work nanostructured carbogel model systems (CBGs) based on various content of 
amylose and amylopectin were successfully synthesized via the sol-gel polymerization process followed 
by the carbonization of the obtained gels. It is notable that the drying process was completely eliminated 
during samples preparation [6-8]. The carbogel materials were characterized concerning structural and 
textural properties by using X-ray powder diffraction (XRD), elemental analysis (EA), Raman 
spectroscopy (RS), nitrogen adsorption/desorption method (N2-BET), transmission and scanning electron 
microscopy (SEM/TEM). The galvanostatic charge/discharge tests (GCDT) in electrochemical cell 
Li/Li+/CBG were carried out to analyse electrochemical behaviour of the CBG materials.  

The results show the influence of the different amount of amylose and amylopectin fractions on 
the carbogels morphology and electrochemical properties. Defining the proper composition of the 
precursors allowed to functionalize nanostructured carbon material depending on the purpose of use. 
 
Acknowledgements:  
This work was supported by the National Science Centre (NCN) – Poland under research grant no. 
2015/19/B/ST8/01077. 
 
References:  
[1] T.P. Kumar, T.S.D. Kumari, A.M. Stephan, J. Indian Inst. Sci. 89/4 (2009) 393-424. 
[2] R.W. Pekala, J. Mater. Sci. 24 (1989) 3221-3227. 
[3] A.M. Shariff, D.M. Beshir, M.A. Bustam, S. Maitra, T. Indian Ceram. Soc. 69/2 (2010) 1-6. 
[4] J. BeMiller, R. Whistler, Starch: Chemistry and Technology third ed, Elsevier, New York, 2009. 
[5] C.A. García-González, M. Alnaief, I. Smirnova, Carbohydr Polym. 86 (2011) 1425-1438. 
[6] M. Bakierska, M. Molenda, A. Chojnacka, M. Świętosławski, Patent Application P.416438 
(9.03.2016), PCT/IB2017/050591 (3.02.2017).  
[7] M. Bakierska, M. Molenda, D. Majda, R. Dziembaj, Procedia Engineer. 98 (2014) 14-19. 
[8] M. Bakierska, A. Chojnacka, M. Świętosławski, P. Natkański, M. Gajewska, M. Rutkowska, M. 
Molenda, Materials 10 (2017) 1336-1348. 



Addressing the Controversial Mechanism of Na+ Reversible Storage in 
TiO2 Nanotubes Arrays: Amorphous, Anatase and Rutile 

Nanostructures 
 

Federico Bella,a Ana B. Muñoz-García,b Giuseppina Meligrana,a Andrea Lamberti,c Francesca Colò,a 
Matteo Destro,d Michele Pavone,b Claudio Gerbaldia 

a GAME Lab, Department of Applied Science and Technology (DISAT), Politecnico di Torino, Corso 
Duca degli Abruzzi 24, 10129, Torino, Italy 

b Department of Chemical Sciences, University of Naples Federico II, Via Cintia 21, University Campus 
of Monte Sant’Angelo, 80126-Napoli, Italy 

c MPMNT Group, Department of Applied Science and Technology - DISAT, Politecnico di Torino, Corso 
Duca degli Abruzzi 24, 10129, Torino, Italy 

d LITHOPS S.r.l., Strada del Portone 61, 10137, Torino, Italy 
federico.bella@polito.it  

 
Titanium dioxide (TiO2), in its amorphous as well as most common polyphases including anatase, rutile, 
brookite and various metastable phases, is under intense investigation as anode candidate for advanced 
sodium-ion electrochemical energy storage. Na-ion batteries (NiB) are attracting the widespread interest 
of the scientific community because they may offer the most convenient alternative to current leading-
edge Li-ion technology (LiB) for large-scale grid energy storage, where size does not matter and cost, 
safety and reliability are the most stringent requirements [1,2]. 
In the recent years, various hypotheses have been proposed on the real mechanism of reversible insertion 
of sodium ions into the TiO2 structure and literature reports are often controversial in this respect. 
Interestingly, we experienced peculiar, intrinsically different electrochemical response between 
amorphous, rutile and anatase TiO2 nanotubular arrays, obtained by simple anodic oxidation, when tested 
as binder- and conducting additive-free electrodes in lab-scale sodium cells. In particular, after the initial 
electrochemical activation, anatase TiO2 showed excellent high rate capability and very stable long-term 
cycling performance at larger specific capacity values, thus definitely outperforming the amorphous and 
rutile counterparts. 
To reach deepen insights into the subject, materials were thoroughly characterized by means of scanning 
electron microscopy and ex-situ X-ray diffraction, and the mechanism of sodium ion insertion in the TiO2 
bulk phases was systematically modelled by density functional theory (DFT) calculations. The results we 
obtained may significantly contribute to get a more systematic selection of proper active material 
configurations for highly efficient sodium-based energy storage systems [3]. 
 

 
Fig. 1 TiO2 nanotubes for reversible Na+ ions storage. 
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The rapid development of industry and technology is one of the reasons for the continuously 

growing worldwide energy demand. Moreover the last decades have seen that there is a need for dynamic 
progress in the field of energy storage systems. Because of these even the most popular lithium-ion 
technology, which is prevailing portable energy source, is constantly being optimized [1-2]. 

Nowadays, among various kinds of cathode materials for rechargeable lithium-ion batteries, 
lithium manganese oxide spinel (LiMn2O4, LMO) is extensively investigated [3-4]. Undoubtedly, LMO is 
one of the most promising alternative to the layered oxides which are so common in commercial devices. 
The attractiveness of LiMn2O4 is connected with its specific capacity, high operating voltage, low cost 
and environmentally friendliness. However, LiMn2O4 is unstable in Li-ion cell. Near room temperature, it 
is observed a reversible adverse phase transition which is related to Jahn-Teller distortion of high-spin 
Mn3+ ions. Furthermore, stoichiometric spinel has limited stability towards organic solvents in liquid 
electrolytes, which results in its partial dissolution and its decomposition. These phenomena lead to 
decrease in the capacity during the charge/discharge cycles [5-6]. One of the possible strategies to deal 
with aforementioned problems is the modification of LMO composition by partial or synergetic 
substitution of the cationic and the anionic sublattices [7-8]. In our previous studies on spinel materials it 
is shown that doping LiMn2O4 with potassium, nickel or sulphur improves the material stability in the 
structural and electrochemical point of view [9-12].  

Application of new, modified spinel materials is associated with the verification of their 
properties under different circumstances. It is commonly known that although normal, steady exploitation 
ensure the optimal parameters of the battery, the intensive usage under harsh condition may affect 
significantly on its capacity and overall efficiency. Therefore in the present work the temperature effect 
on electrochemical performance of lithium manganese oxide spinel materials doped with potassium, 
nickel and sulphur were investigated. The galvanostatic charge- discharge cycling measurements (GCDT) 
under different current loads, the cyclic voltammetry (CV) as well as the electrochemical impedance 
spectroscopy (EIS) were conducted using selected cathode materials in lithium-ion half-cells for analysis 
of their electrochemical behaviour.  
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The layered transition-metal oxide Li(1+x)(Mn1/3Co1/3Ni1/3)(1-x)O2 (NMC) have become a very promising 
alternative to LiCoO2 in rechargeable Li-ion batteries. Lithiated layered compounds are hygroscopic to 
some degree due to the high reactivity of Li towards H2O. Then, it is very important to study the effect of 
air and/or humidity during storage of these cathode active materials.  
Layered oxide cathode materials were prepared by solid state reactions from a stoichiometric mixture of 
Li2CO3, NiO, Co2O3 and MnO2. Starting materials were well mixed in a non-liquid state in an agate ball 
milling tank at 800 rpm for 270 min. The milled powder was heated at 10 ºC/min heating rate under air 
atmosphere first up to 400 ºC for 4 h and then up to 800 ºC for 12 h. The obtained materials were left at 
room temperature and ground using an agate mortar up to smaller than mesh #325.  
In our contribution, we investigate the ageing process of NMC in a humid atmosphere employing 
electrochemical analysis: charge and discharge curves, rate capability (showed in the figure) and 
impedance spectroscopy. Structural studies as infrared and Raman spectroscopies along with X-ray 
diffraction were performed to characterize changes at the surface and in the bulk, respectively. These 
experiments were carried out using a fresh sample and that exposed for six months to air and humidity. It 
is apparent that exposure to a humid atmosphere yield to a rapid chemical attack that is responsible for the 
drop in the capacity values along with impedance modulus increase. These facts were assigned to Li2CO3 
formation at the surface [1], in good agreement with our FTIR experiment results and Rietveld refinement 
analysis. Consequently, our effort is focused in new material composition designs, such as core-shell 
structures.    
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Lithium metal orthosilicates (M= Mn, Fe, Co, Ni) have been investigated extensively as potential cathode 
materials for Li-ion batteries due to the abundance of their elements and the possibility of multi-electron 
reaction utilizing the M2+/M4+ oxidation states [1]. Among the orthosilicate family, Li2MnSiO4 has 
attracted more attention due to its high theoretical capacity and the feasibility of the insertion/extraction 
of two Li+ ions with the M3+/4+ redox couple in the potential range of current electrolytes [2,3]. However, 
its capacity is not fully exploited in practice due to its poor conductivity and capacity retention. This 
study involved a combination of hydrothermal and precipitation synthetic protocols to prepare 
Li2MnSiO4/graphene nanonetworks as cathode materials for lithium-ion batteries. The synthesized 
materials were charcterised using High resolution scanning and transmission electron microscopies 
(HRSEM, HRTEM), X-ay diffraction (XRD), Solid-state nuclear magnetic resonance (SS-NMR) 
spectroscopy, Thermogravimetric analysis (TGA) and Small angle X-ray scattering. Electrochemical 
measurements were conducted using Cyclic voltammetry (CV), Electrochemical impedance spectroscopy 
(EIS) and Galvanostatic charge/discharge. 
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Among the several oxide Na-ion battery materials, Na0.44MnO2 (NMO) is regarded as one of the 
promising cathode materials owing to its high capacity and good cycle life [1]. Sauvage et al. reported 
that Na+ ions could be reversibly extracted and reinserted in the Na range of 0.22–0.66, corresponding to 
a capacity of 121 mAh/g [2]. Recently, we pointed out the possibility of preparing pure Na0.44MnO2 
powders by solid reaction and sol-gel routs. The aim of this study is to compare electrochemical 
performance of Na0.44MnO2 synthesized by solid reaction and sol-gel. For microstructure and purity 
analysis of synthesized materials Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD) were 
used. For electrochemical performance, cyclic-voltammetric (CV) and rate capacity measurements ere 
performed on both samples.  
The precursors used for solid reaction were carbonate forms of Mn and Na and for the sol-gel acetate 
forms of Mn and Na (with a 10wt % excess stoichiometry of Na). Sol-gel precursors were mixed with 
water and citric acid as gelling agents. The formed gel was dried in multi steps and the final calcination 
temperature of both routs was at 920°C for 12h. The composition of electrode for electrochemical 
analysis was 80% active material, 10% carbon Super C65 and 10% PVDF as binder. The CV test was 
performed in potential range of 2-3.8 V (vs. Na+/Na) with scan rate of 0.1mV s-1 in the NaPF6 1M 
electrolyte in Swagelock cell. The rate capacity measurements were carried out in the same conditions at 
different C-rates. 
XRD analysis of both samples proved single phase powder of Na0.44MnO2 for both synthesis routs (not 
presented here). The CV curves of both samples are very similar in the positions of the peaks. Only the 
peak at 3.2V and 3.4V in cathodic scan seems to be a little sharper for solid reaction sample. Figure 3 
shows that, in all C-rates, the capacity of sol-gel sample is higher than solid reaction sample. Moreover, 
sample prepared by sol-gel method displays about 40 mA.g-1 capacity at C-rate of 5; nonetheless, that of 
solid reaction is almost zero. The SEM images of samples in Figure 1 show rod shape of Na0.44MnO2 
crystals with about 5μm length and 1μm thickness for solid reaction samples and needle like crystals with 
about 10μm length and 200 nm thickness for the sol-gel powder. The reason for the higher capacity of 
sol-gel samples probably is because of different crystal shape of sol-gel samples. This morphology 
provides much more available surfaces for intercalation and deintercalation of Na atoms in to the 
structure and charge transfer is more feasible at higher charge/discharge rates from. In future, surface area 
is to be measured by Brunauer–Emmett–Teller (BET) method and crystallite sizes are to be measured by 
XRD pattern refinement techniques (such as Rietveld refinement). 

 
  

Fig. 1: SEM image of a) Solid state 
reaction b) Sol-gel samples (bar=5μm) 

Fig. 2: CV of samples Fig. 3: rate capacity measurements 
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Sodium is abundant and ubiquitous. If high-performing electrode materials compatible with sodium can be 
developed from inexpensive elements, sodium-ion batteries (SIBs) can provide a method of electrochemical 
energy storage that goes beyond lithium-ion at a lower and less volatile cost. Red phosphorus is a readily 
available raw material, and, with a theoretical specific capacity of 2,596 mAh g-1 and an operating voltage 
of 0.4 V versus Na+/Na, it is an attractive candidate for an anode material in SIBs. However, it suffers a 
large volume expansion on sodiation (490%) and low electronic conductivity (10-14 S cm-1). This leads to 
pulverization of the material and loss of electronic contact on cycling for rapid capacity fade and poor cycle 
life. While phosphorous-carbon (P-C) composites have been shown to mitigate this problem, relatively little 
work has gone into studying how the phosphorous particle size affects the electrochemical performance. 
Here we report a scalable method to control the phosphorous particle size and to produce a P-C composite 
with high capacity retention and long cycle life using ball milling techniques. Wet milling in ethylene glycol 
prevents oxidation and aggregation of the particles and the milling time imparts control over the particle 
size. Dynamic light scattering was used to measure the size distribution. Three materials with different 
particle sizes (1.85 μm, 1.26 μm, and 0.79 μm) were milled for 24 h with graphite in a 7:3 mass ratio to 
prepare P-C composite anodes for electrochemical cycling. The cycle life of the P-C composite decreases 
with increasing phosphorous particle size; the largest particles results in rapid decay after only 20 cycles, 
while the composites made from the smallest phosphorous particles had a specific capacity of 1,211 mAh 
g-1 (84.8% retention) after 50 cycles (Figure 1). The effect of the mixing time of phosphorus with graphite 
was also investigated. The composite milled for 48 h had a first-cycle coulombic efficiency of 70.8%, a 
reversible capacity of 1,354 mAh g-1, excellent cycling stability with 94.7 % capacity retention after 50 
cycles, and high coulombic efficiency (> 99%). 

 
Figure 1) A scalable method for preparing P-C composites for anodes in SIBs. During the first step, the 
particle size of commercial red phosphorus is controlled using a wet milling technique with ethylene glycol 
as the solvent (t1). Afterwards, the P-C composite is prepared by mixing phosphorus with a specific particle 
size distribution and graphite (t2).  
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Since its invention in 1991, lithium-ion batteries have depended on graphite as anodic material, since this 
material has a good cycling stability, while it solves the security problems presented by the metallic 
lithium anode. However, graphite’s specific capacity (372 mAh/g) [1] is relatively low compared to other 
materials. A great effort has been invested in trying to replace it with alloy-type anode materials such as, 
Sn (998 mAh/g) [2] and Si (3579 mAh/g) [3], but these suffer from a significant capacity loss during 
cycling due to huge volume changes upon lithiation when forming the Li-alloys. Therefore, a good 
strategy to overcome this problem is to combine graphite with these kind of materials, trying to preserve 
the advantages of both. 
 
In this work, we synthesized several Si-Sn-graphite composites by simple and inexpensive ball-milling of 
its precursors. The goal is to study the effect of the composition in the specific capacity of the synthesized 
composite materials and its cyclability. The anodes were made using polyacrylic acid as binder and Super 
P, in a pH 3.0 buffered aqueous solution. Electrochemical cells were assembled using 1.0 M LiPF6 in 
ethylene carbonate/ethyl methyl carbonate (1:1 v:v) with 10.0 wt.% fluoroethylene carbonate as 
electrolyte. The different composites were characterized by XRD and SEM-EDS. For the electrochemical 
characterization, the cells were galvanostatically cycled for > 100 cycles. This was complemented with 
morphology analysis of the electrodes through SEM before and after heavy cycling. After 
characterization, no evidence of alloy formation were observed, implying that there are no changes in the 
nature of the used materials.  
 
Tri-phase “heat maps” were constructed with specific capacity, capacity retention and dependency with 
mass composition of Si-Sn-graphite composites. The intersection shows the optimal composition for the 
preparation of electrodes with outstanding capacities and high capacity retention. A clear synergic 
behavior is observed between the different materials, but the resultant electrochemical performance is 
dependent on the amount of each component. After a comparative analysis of the studied compositions, 
we found that the mixture formed with 33 wt.% of each component, presents a specific capacity of 989 
mAh/g after 120 cycles at 1.5 A/g, and the best capacity retention.  
 
On the other hand, the study of morphological changes for the different compositions before and after 
cycling, gives us insight about the interaction between each component and how it changes when the 
composition varies. Hence, we expect that this work can help in the design of new electroactive materials 
made from combinations of Sn, Si and graphite. 
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Although LiCoO2 has been now used for decades as positive electrode material in Li-ion batteries, the 
maximum x(Li+) exchanged between the electrodes in a commercial cell has remained quite unchanged. 
Indeed, only approximately 0.62 Li+ ions are reversibly de-intercalated from the lamellar structure of 
LiCoO2 (analogue to NaFeO2 structure, crystallizing in the R-3m space group), giving a capacity of 
174 mAh/g and a typical cycling electrochemical window of 3.0 – 4.4 V vs. graphite (3.0 – 4.3 V vs. Li). 
One possible strategy to try to access more capacity in a LiCoO2//C cell is then to succeed in reversibly 
extracting the remaining 0.38 Li+ ions, that could lead to a potential capacity gain of roughly 100 mAh/g 
(272 mAh/g being the theoretical capacity). Even though the full extraction seems rather unlikely, as it 
was previously shown that the final CoO2 suffers from critical oxygen losses1, a partial de-intercalation of 
the remaining 0.38 Li+ looks reasonable enough. The number of publications dealing with the 
performance of LiCoO2 cycled up to 4.5 V vs. Li or even 4.7 V vs. Li has then increased in the last years. 
However, bare LiCoO2 has always proven to show a very poor cycling performance in such conditions. It 
is believed that the main causes for this are i) structural instabilities1–3, ii) electrolyte degradation4,5 and 
iii) cobalt dissolution6. Two main strategies have been successfully investigated to overcome these issues: 
coatings and doping.  
 
Aluminum ions Al3+ as dopants were among the first considered, by the means of theoretical calculations 
from Ceder’s group7, followed by experimental work from Jang et. al8 and other groups9–11. The choice 
for aluminum was motivated by i) the low cost and non-toxicity of aluminum, ii) an increased overall 
voltage necessary to achieve higher power densities, iii) a similar radius for Al3+ compared to Co3+ 
(53.5 pm vs. 54.5 pm) facilitating the substitution of the latter and preserving the structure leading to the 
full solid solution LiCo1-yAlyO2. These phases were synthesized in many different ways from one article 
to another, but investigation on the aluminum distribution is often missing. Dahn’s group recently studied 
the interdiffusion of Co3+ and Al3+ in the case of coated LiCoO2

12, but what about their interdiffusion 
during the synthesis of Al-doped LiCo1-yAlyO2?  
 
In this talk, we will discuss the aluminum distribution homogeneity in Al-doped LiCo1-yAlyO2 phases 
obtained from different solid state syntheses with well-controlled low doping amount (y = 0.01 or 0.04) 
and particle size. We will show that synchrotron X-ray diffraction data (SXRD) and 27Al & 59Co nuclear 
magnetic resonance (NMR) techniques are powerful tools in that matter. A special focus will also be 
given to the relation between the homogeneity of the Al-doping and the electrochemical performances of 
the materials used as positive electrode in Li cells.   
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 Constant and unavoidable increase of fossil fuels use and galloping environment pollution forces 
mankind to search for most effective and environmentally benign solutions of developing safe and clean 
energy storage systems and power sources. One of the solutions of contamination problems is moving 
away from fuel combustion powered vehicles towards electric and hybrid-electric vehicles (EV/ HEV), 
powered with safe and clean powers sources, such as Li-ion batteries [1]. Fast growing market of electric 
cars pressures scientists to develop new and improve existing electrode materials to make them more 
durable, cost effective and environmentally benign. One of the most promising cathode materials is 
lithium manganese oxide spinel (LMO).  

LMO based materials perfectly fits the market requirements in terms of economy and ecology, 
due to its negligible toxicity as well as low cost and high abundance of manganese. Although, LMO has 
some flaws that needs to be overcome. A few of the most serious drawbacks of the LMO is its structural 
instability and phase transition that takes place around room temperature [2]. Another concerns 
manganese ions dissolution into liquid electrolyte [3], which leads to further electrochemical properties 
deterioration [4]. These disadvantages can be overcome by doping material with different elements, 
which results in significant improvement in LMO electrochemical performance and structural stability. 
Doping with potassium causes significant increase of Li+ ions diffusion coefficient which leads to 
increased rate performance [5]. Nickel doped spinel, exhibits significantly improved structural stability, 
rate capability and capacity retention [6,7]. Introducing sulfur to spinel structure leads to improved 
structural stability and capacity retention [8]. Simultaneous doping with these elements leads to 
synergetic effects and considerable improvement of electrochemical properties [7,8,9]. The other 
approach of increasing stability and electrochemical performance of LMO based materials is surface 
modification. Carbon coated spinel exhibits improved conductivity, rate capability, capacity retention and 
diffusion coefficient [10].  

In this work carbon coating with conductive carbon layers (CCLs) on K, Ni and S doped 
materials was fabricated using method described in [11], with optimized pyrolisys conditions. Pyrolisys 
of polymer leads to reduction of spinel to MnO which is reversible using low-temperature calcination in 
air. Effects of simultaneous doping of LMO have been tested. The effect of CCL coating on LMO has 
been examined. The effective procedure of coating LMO based material with conducting carbon layer has 
been developed. The methods used in the study are x-ray diffractometry (XRD), galvanostatic charge-
discharge tests (CELL TESTS), cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) 
and electrical conductivity measurements (EC). 
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Li2CuO2 phase shows one of the highest theoretical specific capacities (490 mAhg-1) among the transition metal 
oxides when used as Lithium Ion battery cathode [1]. Despite this characteristic, the Li2CuO2 phase undergoes 
irreversible phase transformation, which originates extreme capacity fade. Recently, Ruther et al. investigated 
the Li2Ni0.5Cu0.5O2 phase and its performance as high-capacity cathode material [2]. Although it delivers an 
outstanding capacity of 440 mAhg-1 during the first cycle, the electrode material experienced irreversible phase 
transformations similarly to Li2CuO2 phase. In this work, in order to enhance the capacity retention, the 
Li2Ni0.5Cu0.5O2 phase is intentionally obtained with a high concentration of the secondary phase LiNixCuyO2 as 
stabilizing phase, the sample hereafter will be labeled as LCN.  
LCN was synthesized via a simple one step solid state reaction, Li2O (Aldrich), NiO (Aldrich), and CuO 
(Meyer) were used as precursors. The mixture was thermally treated at 800 ºC for 6 h in air. The obtained power 
was characterized by X-ray diffraction (XRD) and Volumetric Nitrogen Adsorption. Rietveld analyses was 
performed, which indicates Cu presence in both phases. Once synthesized, LCN electrodes composed of 75 wt 
% active material, 15 wt % carbon black as conductive agent, and 10 wt % polyethylenetetrafluoride (PTFE) 
as binder, were assembled in an Ar-filled glovebox.  
The electrochemical characterizations for the LCN phase indicates that the presence of the secondary phase 
modifies the charge/discharge curves (Fig.1). The presence of a well-defined plateau at 3.75 V is attributed to 
the secondary phase, differently to charge/discharge curves of pure Li2CuO2 and Li2Cu0.5Ni0.5O2 phases>1-2@. 
Moreover, the Li2CuO2 and Li2Cu0.5Ni0.5O2 phases, experience fast and continuous degradation process, while 
the addition of [Li0.784(5)Ni2+

0.054(1)Cu2+
0.054(1)](Ni3+

0.5“Cu3+”0.5)O2.0(1) (atomic percentages obtained through 
Rietveld analysis) contributes to the retention of the capacity in the 10th cycle of about 170 mAhg-1 while rate 
capability experiments show higher capacity at C/10 and C/5 while recovering most of the capacity when re-
turning to C/15; moreover, the capacity retention at 50 cycles is high and independent of the voltage window. 
The higher reversible capacity is most likely attributed to the formation of a phases’ synergic effect that avoids 
phase transitions at higher states of charge. 
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Figure 1. First cycle of charge/discharge of copper based cathode materials in Li ion Batteries, legend indicates the sample under study.  
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Currently, Lithium batteries present the most promising solution for energy storage in many applications, 
from electronic devices to electrical vehicles and electrical network power storage. Among the new 
battery technologies, Lithium-Sulfur batteries are attractive because since they have high capacity 
(1675 mAh g-1), high energy density, high efficiency and long life cycles. [1] However, they present 
some disadvantages such as low conductivity of sulfur, volume changes during lithiation / delitiation and 
generation of polysulfides (PS) during cycling, leading to the reduction of active material, the decreasing 
in the coulombic efficiency, and deterioration of cycling performance. 
The aim of the present work is to modified commercial separator with carbon material in order to 
optimize the performance and durability of Lithium-Sulfur batteries. The problem is approached from an 
experimental and theoretical point of view in a coordinated manner. 
The separator was modified with amorphous Carbon (Super P Timcal) treated with different acid and 
basic protocols, to generate functional groups that can trap PS, improving life battery. Coin cell were used 
to made every experiment, using LiTFSI 0.5 M and LiNO3 0.25M in 1,2-dimethoxyethane(DME)/1,3-
dioxolane (DOL) 1:1. The new materials were studied applying different experimental techniques in order 
to obtain structural information such as particle size, morphology, crystalline structure, chemical 
composition, and roughness, such as scanning electron microscopy (SEM), transmission electron 
microscopy (TEM), X-ray photoelectron spectroscopy (XPS), thermogravimetry and adsorption 
isotherms. Additionally, the electrochemical behavior of the cathodes obtained were characterized by 
charge-discharge cycles, electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV). 
Simultaneously computational calculations were carried out within the electronic density functional 
theory (DFT) of the same carbonaceous structures with different functional groups to study their 
interaction with long-chain polysulfides, using the SIESTA code.  
The different experimental and computational characterizations allow understanding the interaction 
between PS and treated amorphous carbon. 
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Energy-dependent full field transmission soft X-ray microscopy (TXM) is able to give a full picture at the 
nanometer scale of the chemical state and spatial distribution of oxygen and other elements relevant for 
battery materials, providing pixel-by-pixel absorption spectrum [1]. We have used this technique to 
understand the architecture of discharged cathodes in metal air batteries [2-5]. Here we report its support 
to understand the oxygen chemistry in Li1.2Mn0.56Ni0.16Co0.08O2 particles with and without VOx coating 
extracted from electrodes at different state of charge. The coating appears in part to frustrate some of the 
usual chemical evolution. In addition, we could directly observe a number of further aspects, such as: 
distribution of conducting carbon and binder regions; inhomogeneous state of charge within the electrode; 
correlation between delayed deintercalation and binder accumulation; local oxygen loss within a particle. 
 

 
Figure 1. An example of data extracted from energy-dependent images at the O-K edge of a fully charged 
Li1.2Mn0.56Ni0.16Co0.08O2 electrode material: maps of ratio between main spectral components and of CMC 
binder distribution (brighter contrast), as well as local spectra at selected points.  
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Pyrite (FeS2) is natural, abundant and non-toxic mineral which is promising candidate for cathode 
materials in lithium batteries. The theoretical capacity of pure pyrite is 894 mAh g−1, corresponding to the 
reaction of four equivalents of lithium per mole of FeS2 [1]:  
 

FeS2 + 2Li+ +2e- → Li2FeS2 
Li2FeS2 + 2Li+ + 2e- → Fe0 + 2Li2S 

 
At room temperature, the two steps merge to the same voltage around 1.5 V. However, FeS2 suffers poor 
cycling stability due to the volume fluctuations, formation of soluble lithium polysulfides and poor 
ionic/electrical conductivity of lithiation products [2]. Most of the reported studies focus their attention in 
the influence of the pyrite’s grain size on the performance of the batteries and they demonstrate that large 
discharge capacities are obtained using submicron particles due to their relatively stable structure, dense 
powder packing and enhanced electrode reaction kinetics [3]. Nonetheless, this conversion type cathode 
with several solution-phase reactions has been poorly analyzed in terms of the effect of amount and 
source of active material in the electrochemical mechanism. 
In this work, we report the synthesis of pyrite (FeS2) by high-energy mechanical ball milling of a powder 
mixture of Fe and S powders with ratio in a 1:2 ratio. The formation of the FeS2 phase requires 72 h 
milling time. After that, a thermal treatment at 350 ºC in vacuum was performed to promote the complete 
formation of pyrite.  
The obtained material was characterized in terms of the milling time and temperature of the thermal 
treatment and further used as cathode materials for the implementation of lithium-FeS2 batteries. The 
electrodes used for electrochemical measurements were prepared by casting a slurry prepared with FeS2, 
PVdF as binder and carbon black (Timcal Super P) dispersed in N-methyl-2-pyrrolidone. The weight 
percentage composition of PVdF was constant at 10 % in every slurry, while the amount of active 
material was set on 30, 50, 70 and 80.  

The analysis of charge/discharge galvanostatic cycling as a function of FeS2 loading showed an 
improvement in the performance until a maximum from while the specific capacity and coulombic 
efficiency start to decrease. The phase segregation experienced during the formation of Li2S and Fe is 
another key feature that determines a major role in the overall performance in the discharge of the cell. 
This was accounted by measuring the amount of remaining Fe after heavy-cycling the batteries by 
Vibrating Sample Magnetometer. Natural FeS2, with high amount of polar inorganic minerals, did not 
showed any improvement in the specific capacity. Considering the polysulfide-scavenging properties of 
the minerals in the natural FeS2, it is clear that morphological changes of the active material during 
cycling are the phenomena that determine the general performance of these kind of cathodes. 
In conclusion, we hypothesize that the highest the amount of FeS2 present in the cathode, the more 
segregation of phases and, in consequence, the highest capacity fading.  
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Recently, engineering the architecture of Li-ion batteries have gained lot of interest to further increase 
battery performances and open to new application areas. In particular, wire-shaped batteries (WSBs) are 
one of the most active and rapidly growing research fields, because of their flexibility and easy 
integration in fabrics as energy storage devices for sensors and wearable electronics. Typically, Li-ion 
WSBs rely on self-supported all-carbon electrodes made of reduced graphene oxide (RGO) and/or carbon 
nanotubes (CNTs) fibers [1] that provide relatively low capacity. The incorporation of higher capacity 
active materials in carbon fibers like TiO2 nanosheets [2], SiO2 [3] and S nanoparticles [4,5] has already 
been demonstrated as a successful strategy to further increase battery performances. Here, we propose a 
novel Li-ion WSB based on RGO-coated SS AISI316L fibers. Iron-based nanostructures have been 
deposited on carbon coated SS fibers by electrochemical route and converted in iron sulphide as active 
material through sulfurization process by means of thermal reactive annealing. Half-cell configuration 
with Li wire as cathode has been evaluated as well as a full-cell configuration employing a conventional 
LiCoO2-coated SS fiber twisted with the RGO/iron sulphide electrode. Electrochemical stability of the 
active materials were investigated through cyclic voltammetry, while capacity, efficiency and cycle 
stability were evaluated for both half-cell and full-cell configurations. Morphological and structural 
investigations were performed through SEM, XRD and Raman analysis on as-deposited iron-based 
nanostructures and sulphide converted active material. 
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Transition metal fluoride are good for lithium battery for its low molecular weight and high 
electronegativity. Hong Li et al[1] studied several kinds of metal fluoride by combining the carbon with 
metal fluoride nano particles. But the performance of thin film is very different from the particles and the 
reaction mechanism is clearer for the film without additive. Nanostructured flouride thin films  have been 
prepared by pulsed laser deposition from the target of  NiFeO4-LiF compound . The fluoride thin films  
showed good reversibility and better rate discharging capability.  
 

The charging-discharing curves show its potential as the cathode film of lithium microbattery with a  
high reversible capacity and a rather good stability. The components and structure of the films after 
charging and discharging were characterized by ex-situ high-resolution transmission electron 
microscopy(TEM) and selected area electron diffraction measurements(SAED).  And with results of the 
X-ray photoelectron spectroscopy(XPS) , its reaction mechanism with lithium is discussed. 
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Recently LiI-mediated Li-O2 batteries containing water in ether-based electrolyte have shown an 
excellent electrochemical performance via forming and removing LiOH [1]. It has been suggested the 
electrochemical formation of LiOH through a 4 e− oxygen reduction process on discharge in the presence 
of LiI and water, as well as the removal of the so formed LiOH during charge. The high stability of LiOH, 
together with the low charge potential at which it has been shown to decompose, raises the question 
whether oxygen evolution from LiOH decomposition indeed occurred on charging  [2]. 

In this study we present operando studies of the oxygen evolution reaction (OER) occurring from the 
decomposition of discharge products in LiI/H2O catalysed Li-O2 batteries. Differential electrochemical 
mass spectrometry (DEMS) and operando electrochemical pressure measurements data show the 
evolution of O2 during charge in ether-based electrolytes, consistent with a 4 e−/oxygen evolution process. 
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Within the context of our mechanistic research on processes in the Li/ air battery, we studied in detail 
oxygen reduction using DEMS. At Au electrodes, in Li+ containing DMSO at low overpotentials oxygen is 
reduced to superoxide, and then at higher overpotentials a transition to a 2 electron transfer occurs with the 
formation of unsoluble Li2O2 which is forming a thin layer on the electrode. In Na+ containing DMSO, the 
same is true, but the transition occurs at more negative potentials.[1, 2] We have shown that deposition of 
Li2O2 is a typical nucleation and growth process.[3] It therefore seemed interesting to study oxygen 
reduction in mixed Li+/Na+ - electrolytes. We used a flow-throw-cell for DEMS (flow rate of 5 µL/s) and 
gold, platinum and glassy carbon electrodes. 

Interestingly, the transition potential between the one and the two electron reduction process on Au is hardly 
affected by the addition of Na+, as long as the Li : Na ratio does not decrease below 1:3. When the ratio 
approaches 1 : 5 and lower, the transition potential is close to that in pure Na+ electrolyte. For Pt and glassy 
carben such a transition is not observed. 

Reoxidation in the solely Na+ containing electrolyte is very reversible. However, even with only 10% Li+ 
the reoxidation occurs at the same potentials as for the Li+ system with the same shape of CV and MSCV. 
As a working hypothesis, we assume that in the electrolyte containing very low amount of Li+ first Na2O2 
is formed, which then by ion exchange transfers into Li2O2. 
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Aprotic Li-O2 battery is an advanced robust energy storage system which utilizes oxygen from air as 
cathode and Li metal as anode[1,2]. Although it could theoretically deliver 10 times energy that of lithium-
ion batteries, large polarization arising from the sluggish kinetics of the oxygen reduction reaction (ORR) 
and oxygen evolution reduction (OER) results in terrible irreversibility and poor cycling stability in the 
Li-O2 battery[3]. Therefore, pursuing a catalyst that could facilitate rapid ORR and OER kinetics in Li-O2 
battery is of high importance. Heteroatom doped carbon materials have showed remarkable 
electrocatalytic activity toward ORR and OER[4,5]. Herein, a multi-heteroatom doped defect-enriched 
carbon nanotube was synthesized as a metal-free cathode material for aprotic Li-O2 batteries. It showed 
decreased overpotential both in discharge and charge processed compared to undoped carbon nanotubes 
during initial cycle with a capacity limitation of 500mAh g-1 CNTs  (Figure a). The charge overpotential of 
doped CNTs was even reduced by 0.2 V from the undoped ones in 5th cycle (Figure b). A more stable 
cycling performance (Figure c) further showed its high round-trip efficiency and promising use as 
bifunctional catalyst for aprotic Li-O2 batteries.  
 
 

 
 
Figure 1: Discharge-charge plots of doped carbon nanotubes (CNTs) compared with undoped CNTs with 
a capacity limitation of 500mAh g-1 CNTs  of (a) Initial cycle and (b) 5th  cycle. (c) Cycling performance of 
doped carbon nanotubes (CNTs) compared with undoped CNTs with a capacity limitation of 500mAh g-1 
CNTs . 
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Metal-air batteries are receiving a significant interest due their high theoretical energy densities. Among 
them, iron-air batteries are considered as the most economic and durable ones. The iron electrode is one 
of the most robust electrodes known in the field of batteries, being able to resist over 3000 cycles with no 
significant degradation in nickel–iron batteries 1. Unlike zinc electrodes, the iron electrode does not suffer 
from shape change upon cycling and is extremely tolerant to over-charge and over-discharge 2. The 
capacity of the iron electrode improves by increasing the electrochemical specific surface area. This can 
be done by using carbon nanomaterials with a porous nanostructure to accommodate iron nanoparticles 
and able to maximize the utilization of the electrode. In preparing nano-composite Fe/C materials, it is 
preferable to maximize the contact area between iron and carbon as well as the contact interface with the 
electrolyte. This can be achieved by using high surface area materials with tailored morphologies and by 
optimizing the relative contents (Fe/C). Besides, in order to avoid passivation, an appropriate 
crystallographic structure and large crystallite sizes of the iron nanoparticles are required. 
 
In the present work, iron oxide has been synthesized by two different methodologies: (i) one based on the 
Adam’s fusion method, usually employed for the production of fine noble metal oxide powders (Fig. 1) 
and (ii) another one based on a colloidal method employing oxalic acid as complexing agent. The so-
obtained iron oxides were mixed with carbon at different Fe to C ratios and tested in a half-cell system 
with a 6M KOH solution as electrolyte. 
 
Fe/C composites provided large discharge capacities, above 600 mAh g-1 Fe, being discharge maximized 
for larger crystallites sizes. The carbon content, however, also play an important role on the discharge 
capacity, due to the features of the electrode.  
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Figure 1. XRD difractrogram and TEM image for the iron oxide synthesized by the Adams method. 
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More powerful, safe, durable, green and cheap batteries are needed to fulfil the compelling requirements 
of automotive and grid applications. Most of these concerns – e.g. safety, durability and environmental 
impact – are mainly related to the use of liquid electrolytes based on volatile and flammable organic 
solvents, which also easily undergo drastic degradation processes. 1-3 Moreover, cations have lower 
mobility than the anions, which translates into limited power output. 
Many solutions have been proposed to overcome these drawbacks, including ceramics, gels 4, polymers 5 
also with ionic liquids. 6 However, the implementation of such systems is still challenging, due to bad 
scalability and high grain boundary resistance in case of ceramics, or unsatisfactory electrochemical 
stability, low mechanical strength and poor ability to hinder the dendrite growth in case of polymers or 
gels. 
Very recently, some original concepts for the design of novel electrolytes have been proposed as routes 
for the development of the future generation of batteries with improved safety, durability and transport 
properties, including: i) biomimetic electrolytes; ii) ionogels/eutectogels with improved safety 7,8; iii) 
patterned membranes obtained by 3D printing and/or photo- or stereo-lithographic processes; iv) super-
concentrated solutions 9. 
Here, we report on the electrochemical performances of an inorganic scaffold, produced by spark plasma 
sintering of nanometric ZrO2, as a novel, highly stable and safer electrolyte for Li-ion batteries. This 
system was sintered in proper conditions of T and P so to preserve a mesoporous structure with a porosity 
degree of about 40% and pores size less that 25 nm. The scaffold was soaked by different kinds of liquid 
electrolytes consisting of green and safe salt-liquid combinations. The resulting quasi-solid matrix was 
investigated by a multi-techniques approach, electrochemical and spectroscopical, in order to correlate the 
eventual liquid nano-confining effects to the electrolyte functional properties. 
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Intensive and extensive researches are underway to develop a new carbo-organonic energy storage 
material that can reveal higher energy density than conventional inorganic materials.  DMPZ (5,10-
Dihydro-5,10-dimethyl phenazine) shows an average redox potential of 3.4 V vs. Li+/Li0 and a theoretical 
capacity of 254.9 mAhg-1. DMPZ has a redox center of nitrogen for (dis)charge in its structure, which 
takes part in the electrochemical reaction. 
In this study, a composite electrode using DMPZ was prepared and its charge compensation model is 
thoroughly studied.  In order to identify the reaction mechanism of DMPZ, ex-situ analysis about the 
electrode harvested from the various (dis)charged state and in-situ analysis were carried out.  Our 
observations shows reversible redox reaction of nitrogen and its reversibility even with extended cycles.  
In-depth studies using XPS, XAS, and Raman spectroscopy will be discussed in detail. 
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Figure 1. (a) galvanostatic curve of DMPZ electrodes with corresponding change in (b) N 1s and (c) C 1s. 
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Magnesium-ion batteries represent promising candidates for post-lithium energy storage due to enhanced 
sustainability and safety on the one hand, and lower cost on the other one. However, they are still far 
away from industrial application due to the lack of appropriate Mg host materials and electrolytes, 
especially for high-voltage applications. However, hybrid batteries with a Mg-anode and an electrolyte 
containing two kinds of cations, Mg2+ and single-charged ions like Li+ or Na+, show real capability to 
replace conventional Li-ion batteries, because they benefit from the chemistry of both cation species.  
The choice of the cathode material is one of the main challenges for successful operation of hybrid 
batteries: a) the cathode should be available for one kind of cations (mostly the single-charged one) 
providing fast bulk diffusion, and b) it should operate at cell voltages compatible with the stability range 
of a hybrid electrolyte. Up-to-now, only few oxides like different polymorphs of TiO2 [1] and 
Li4Ti5O12 [2] have been studied in Mg,Li-hybrid cells. 

Here, we report on diffusion phenomena and cation insertion into one-dimensional Nb-containing 
TiNb2O7 and VNb9O25 materials as insertion-type cathodes in hybrid Mg,Li batteries with a Mg-anode. 
TiNb2O7 is already known as an electrode material for Li-ion batteries with specific capacities of about 
250 mAh/g [3] while VNb9O25 has not been studied at all in electrochemical cells. The tunnel-type crystal 
structures of both materials provide an enhanced cation diffusion. Both materials show a good cycling 
stability in Mg,Li hybrid cells between +60°C and -10°C, and specific capacities significantly higher or 
comparable to the Li4Ti5O12 reference electrode material. The crystallinity is preserved upon cycling in 
the whole temperature range for both compounds.  

Room-temperature operando synchrotron powder diffraction studies of both materials revealed 
significant structural changes including the formation of a solid solution and a second phase upon cell 
discharging (cation insertion), which are, however, completely reversible and vanish upon subsequent cell 
charging (cation removal). Detailed comparison of electrochemical responses upon galvanostatic cycling 
in pure Li and hybrid Mg,Li-cells with TiNb2O7 and VNb9O25 showed their complete identity with only a 
voltage shift of about 0.7 V between the redox pairs Li+/Li and Mg2+/Mg. Evolution of the chemical 
diffusion coefficients in Mg,Li-hybrid cells, calculated from GITT measurements, in dependence on the 
amount of inserted cations is in the line with phase transformations occurring in Li-only cells. Therefore, 
TiNb2O7 and VNb9O25 do not support Mg-intercalation, thus representing ideal selective electrode 
materials for only Li-insertion in hybrid Mg,Li batteries.  

To conclude, we explored the applicability of Nb-containing complex oxides with one-dimensional 
crystal structures for hybrid rechargeable Mg,Li-batteries in a broad temperature range. However, further 
studies are necessary to evaluate materials and electrolytes suitable for operation towards higher voltages. 
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Different Mo-containing oxides like MoO2 [1], Li2MoO3 [2] and VOMoO4 [3] are intensively studied 
nowadays as anode materials for Li-ion batteries due to high lithium storage capacity, high coulombic 
efficiency and low cost. Upon first reaction with Li at low cell potentials, the initial crystal structure of 
these Mo compounds usually deteriorates and, therefore, has little influence on the electrochemical 
performance in the following cycles. This behavior is the reason why detailed studies of materials from a 
structural point of view upon first reduction process are usually not performed, although very interesting 
unconventional structural and electronic states may occur before complete amorphization/deterioration of 
the structure.  
The case of α-VOMoO4, crystallizing in a quasi-2D layered structure with layers formed by corner-
sharing VO5 square pyramids and MoO4 tetrahedra, is particularly interesting. First, such a structure is 
especially favorable for alkali metal cation migration. According to our detailed structural considerations, 
two Li-ions per formula unit may be inserted into the structure without causing strain. Second, the charge 
compensation at a small degree of lithiation can occur through the reduction of both V- and Mo- cations, 
which may improve the stability of the resulting intercalate phases. Interestingly, the charge transfer from 
V4+ to Mo6+ in VOMoO4 seems to occur already in the non-lithiated phase at low temperatures (below 
100 K), which is accompanied by a pronounced structural distortion while preserving the overall 
symmetry [4]. Although extended lithiation (up to 10.3 mol Li per mol VOMoO4) causes amorphisation 
of the material, a middle stage of lithiation seems to include the formation of a crystalline Li4MoO5 phase 
and other undefined phases as based on ex situ X-ray diffraction [3]. 
Our DFT calculations showed two possible scenarios for the electronic structure of the hypothetical 
LiVOMoO4 composition in comparison to the initial VOMoO4: i) a reduction of V(V) to V(IV), which is 
accompanied by the disappearance of a short V=O bond (so-called “vanadyl-ion”, present in the pristine 
structure), and the formation of regular VO6-octahedra, and ii) a reduction of Mo(VI) to Mo(V), which 
leads to significant structural strains.   

In our experimental studies, we followed the evolution of crystal and electronic structures of VOMoO4 
during Li and Na insertion/extraction using in situ synchrotron powder diffraction and ex situ XPS 
measurements. Upon insertion of more than one lithium ion per formula unit, the formation of a “normal” 
V-O bond was detected in the diffraction data. This transformation is reversible. According to XPS 
studies, both V and Mo are reduced upon lithiation. At low degree of lithiation, x(Li) < 0.2, charge 
compensation occurs via the reduction of V, while further Li-insertion leads to the reduction of Mo. The 
evolution of cell parameters in the first discharging cycle and the subsequent charge-discharge cycling are 
different, reflecting an irreversibility of the first discharging process. We suppose that Mo-reduction 
during Li-insertion is only partially reversible under further Li-extraction. 
Upon sodium insertion, VOMoO4 showed pronounced amorphization.  

Our findings demonstrate that electrochemical Li insertion into α-VOMoO4 leads to formation of the 
material with a new crystal structure not available through a conventional solid-state synthesis. Detailed 
studies of its magnetic properties are in progress. Moreover, partial irreversibility in reduction/oxidation 
of Mo upon pronounced material lithiation seems to initialize structural deterioration. 
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In January 2017, Samsung announced the reason why the Note 7 explodes and losses of more than 5 
billion US dollar. According to their explanations, it was caused by the internal short circuit problem in 
the lithium ion battery. Currently, there is no effectively solution for eliminating the internal short circuit 
problem owing to the sudden accident.    
In this research, a new technology has been developed, which can be used to terminate the thermal 
runaway and promise the safety performance of lithium ion battery[1]. Nickel rich layer-type cathode 
NMC622 (LiNi0.6Mn0.2Co0.2) is employed and combined with this safety electrode additive for 
investigation. In terms of the results, Fig. 1 (a) and Fig. 1(b) shows that the electrode additive 
significantly generate a fine protect layer on the electrode surface after 50 Cycle at 60℃  and 
improvement the major working element Ni oxidation phenomenon during 0.2C-rate charging in 
NMC622 cathode system. The protect layer present a good electrochemical property and easily make its 
special structure getting complete on cathode surface. Thus this technology can not only increased the 
power density in electrochemical test, but also indicating the Li+ diffusion pathway is well established on 
the electrode’s surface, guarantee to provide high thermal stability on electrochemical reaction in MMC 
cathode system. 
 
 
   

 
Figure 1 (left)The morphology of cathode electrode with safety additive after 50 Cycling @60℃.  
(right) The in-situ X-ray absorption spectroscopy (XAS) observation result of samples with and without 
safety additive 
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In this paper, nano MoO3-coated spinel LiNi0.5Mn1.5O4 cathode materials are successfully prepared 

by the solid-state reaction and wet precipitation method. The effect of MoO3 coating on the physical and 
electrochemical properties were examined by X-ray diffraction (XRD), micro-Raman spectroscopy 
(micro-Raman), scanning electron microscopy (SEM), transmission electron microscopy (TEM), X-ray 
photoelectron spectroscopy (XPS), cyclic voltammetry (CV), electrochemical impedance spectroscopy 
(EIS), C-rate and cycling tests. The results show that MoO3 coating can greatly enhance the discharge 
capacity, rate capability and cycling stability of the LiNi0.5Mn1.5O4 without degrading the spinel structure. 
In all samples tested, it was found that the sample containing 1 wt.% of MoO3 presents the optimum 
electrochemical performance. It delivers large discharge capacity of ca. 130.0 mAh g-1 at 0.1 C rate with 
the corresponding capacity retention of 94.9% after 100 cycles. In addition, the cathode material presents 
a superior high discharge capacity of 130.8 mAh g-1 and 124.2 mAh g-1 at 1 C rate and 10 C rate, 
respectively. More importantly, the enhancement of electrochemical performance is related to the fact that 
the oxide coating layer effectively diminishes the side reactions, occurred at interface of the 5 V 
LiNi0.5Mn1.5O4 cathode and the electrolyte. 
 
Keywords: lithium-ion batteries, spinel LiNi0.5Mn1.5O4, 5V cathode materials, MoO3-coated, high rate 

performances. 
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9LiFePO4·Li3V2(PO4)3 composite cathode materials were prepared by a sol-gel method. The 

composite cathode material was synthesized by using sucrose, ascorbic acid, oxalic acid and V2O5 as raw 
materials, and sintered in a reducing gas (5% H2 / 95% Ar) to obtain a composite cathode material. The 
composite cathode material is composed of the olivine LiFePO4 and monoclinic Li3V2(PO4)3 two domain 
phases The coin cell  was assembled by CR2032 type to test the electrochemical performance. In addition, 
a high-voltage additive, this (trimethylsilyl) borate (donated as TMSB), was used to improve the electro 
chemicals performance of the composite cathode material. The long-term cycling electro chemical 
characteristics of pure Li3V2(PO4)3 material and 9LiFePO4·Li3V2(PO4)3 composite cathode materials were 
studied in this work. From the XRD results indicate that most of the iron and vanadium elements in the 
raw materials tend to form independent LiFePO4 and Li3V2(PO4)3 domain phases, respectively. The 
1wt.% TMSB additive can greatly improve the performance of Li3V2(PO4)3 and 9LiFePO4·Li3V2(PO4)3 
composite materials. The results indicate that the initial discharge capacity was achieved ca. 185 and 139 
mAh g-1, respectively, at 0.1C in 3 ~ 4.8V and 2.4~4.3V ranges. In addition, the results also show 
excellent rate-capability performance at 0.2-5C rates. Based on our preliminary testing results, we found 
that 9LiFePO4·Li3V2(PO4)3 composite materials can be a good candidate for the high-rate Li-ion battery 
application. 
 
Keywords: Lithium ion battery, Composite cathode material, TMSB additive, Lithium vanadium 

phosphate, A sol–gel method 
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Abstract 
This research is focus on preparing the PVA/Melamine denoted as PVAM nanofiber membrane by 

electrospinning and apply to lithium-ion battery. Normally, we use PE as separator, but its absorption of 
electrolyte, thermal stability need to be further improved and it’s not environment-friendly. So, we use 
electrospinning method to fabricate the PVA composite membrane to improve its thermal stability and 
porosity, and Melamine resin used as a flame retardant. Systematical investigations including morphology 
characterization, porosity measurement, electrolyte contact angle testing, electrolyte uptake/retention 
examination, and thermal shrinkage testing were carried out. The electrochemical performance of the 
composite membranes was tested by assembling half cells (2032 type coin cells) with Li/LTO (lithium 
titanium oxide) electrodes. Electrochemical tests of the cells were conducted over the voltage range of 
1.0–2.5V at a current density from 0.1C to 10C. The results of characterization properties demonstrated 
that PVAM separator possesses several notable advantages, such as porosity, thermal shrinkage, 
electrolyte uptake, and ionic conductivity, etc. The discharge capacities of LTO batteries with a PE 
separator at 0.1, 0.2, 0.5, 1, 3, 5, and 10 C were determined to be 163, 162, 159, 151, 137, 126, and 106 
mAh g−1, respectively. By contrast, the LTO battery with the PVAM membrane was achieved the 
discharge capacities of 159, 161, 158, 156, 147, 140, and 126 mAh g−1 at 0.1, 0.2, 0.5, 1, 3, 5, and 10 C, 
respectively. The cycling performance for LTO batteries with PVAM membrane and PE separator were 
conducted at 1C/1C rate for 300 cycles and 1C/10C rate for 500 cycles. It was found that the charge 
retention of batteries with PVAM achieved around 99.41% and 94.97% at 1C/1C and 1C/10C rates, 
respectively. It was found that the charge retention ratio of batteries with PE was around 92.01% and 
48.88% at 1C/1C and 1C/10C rates, respectively. In conclusion, the PVAM nanofiber electrolyte 
membrane showed higher porosity, good thermal shrinkage, and environment-friendly. It might be a 
potential separator for Lithium-ion battery applications. 

 
Keywords: Separator, Lithium-ion battery, Electrospinning, Polyvinyl alcohol-melamine resin, Lithium 

titanium oxide 
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Looking beyond the current "take, make and dispose” extractive industrial model, the circular economy is 
restorative and regenerative by design. Relying on system-wide innovation, it aims to redefine products 
and services to design waste out, while minimising negative impacts. Food industry, paper industry and 
agriculture produce by-products and waste that currently are not properly exploited in both environmental 
and economic terms. In order to reduce and/or recycle and re-evaluate such waste, new processes can be 
envisaged and developed that may ensure an innovative use of these materials (waste), outside the same 
product sector. For example, you can think of processes based on new approaches, which harness this 
waste through the development of reuse and recycling chains in the energy sector. Indeed, one of the 
possible strategies concerns the preparation of electrodes and electrolytes to be implemented in 
electrochemical devices (solar cells, batteries, supercapacitors) made from the abovementioned waste, 
after appropriate functionalization and/or treatment [1]. 
Reversible cycling of lithium/sodium metal anodes with an organic electrolyte often results in non-
uniform passive film formation onto the electrode surface. This effect often causes growth of metal 
dendrites, which detrimentally affect cell performance and safety upon long-term charge/discharge 
cycling. Advantageously, electrochemical intercalation of lithium/sodium ions into various carbonaceous 
materials can solve these issues. In this work, we report our very recent results about the synthesis of 
carbonaceous electrodes from the shells of different bio-derived waste materials. We show how the 
carbonisation temperature influences the structural-morphological features of the resulting materials and 
their electrochemical behaviour in terms of lithium or sodium ion reversible storage. In particular, high-
temperature carbonization (~2000 °C) of compactly packed cellulose egg cells in the rigid hazelnut shell 
leads to a highly graphitic dense carbon material with low specific surface area, which is particularly 
advantageous in Li-ion cells due to limited SEI formation, thus lower initial capacity loss. Conversely, 
hard carbon materials produced by low-temperature pyrolysis (~800 °C) possessed clear turbostratic 
structure with large amorphous domains alternated to sufficiently separated micro graphene-like sheets in 
the semigraphitic domains to act as an ideal anode material for Na-ion cells. A peculiar combined 
pyrolysis-CVD procedure is also exploited to convert the fumes produced during heating into carbon 
nanostructures, which grow onto the surface of the carbonised materials, thus greatly reducing the overall 
amount of disposable fraction. Excellent reversible capacities were obtained in both Li- and Na-based lab-
scale cells along with very stable cycling at ambient temperature. An almost ideal capacity retention is 
observed even after 500 reversible charge/discharge cycles. Furthermore, all of the carbonaceous 
materials developed show a remarkable rate performance with ~99% retention after cycling at high 
current rates of up to 5C. 
 
[1] M. Wahid, Y. Gawli, D. Puthusseri, A. Kumar, M.V. Shelke, and S. Ogale, ACS Omega 2 (2017) 
3601-3609. 
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Lithium ion batteries (LIBs) have dominated the portable power source market in the past decade. 
Graphite, with a theoretical specific capacity of 372 mAh g-1, is usually adopted as anode in LIBs owing 
to its overall merits such as low cost, high abundance and green chemistry, but low density1. Thus, the 
volumetric energy of present LIBs needs to be further improved for large-scale applications such as 
electric vehicles (EV) and plug-in hybrid electric vehicles (PHEV). In this regard, alloying materials are 
extensively researched as anodes for LIBs owing to their theoretically high specific and, especially, 
volumetric capacity2.  
 
Among the alloying anode materials, aluminum has been not heavily investigated in the 20 years 
compared with silicon, germanium, et al. anodes3. Indeed, this is rather surprising considering its low 
cost, abundance (richest metal element in the earth’s crust) and high gravimetric and volumetric 
capacities (993 mAh g-1 and 1411 Ah L-1 based on LiAl). To achieve a better understanding of the Al 
operation as LIB anode, we have comprehensively investigated the phase transitions, bulk conductivity 
and surface chemistry of this Li-alloying metal at different lithiation-delithiation stages via in situ XRD, 
in situ impedance and ex situ XPS measurements.  
 
Our results clearly shows that, in addition to the volumetric expansion occurring upon lithiation of the 
micro-sized Al particles, the formation of an unusual non-conductive over-lithiated phase (Li1+xAl) is 
detected, which continuously accumulates upon lithiation-delithiation. This results in the deactivation of 
the cell step by step. In addition, the short term cycling test utilizing a variety of electrolytes demonstrated 
that imide based ionic liquid electrolytes are effective to construct a conductive solid electrolyte 
interphase (SEI), which alleviates the accumulation of non-conductive Li1+xAl phase in the bulk. The 
herein unveiled failure mechanism of Al anode, together with the discovered beneficial role of bisimide-
based electrolytes, represents a considerable step forward to unleash the full potential of aluminum 
alloying anodes in LIBs.  
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Electrospinning has lately attracted attention as a powerful and versatile technique to produce efficient, 
specifically tailored and high-added value anodes for lithium ion batteries (LIBs) and sodium ion batteries 
(SIBs)1. Carbon electrospun nanofibers (CNFs) provide faster intercalation kinetics, with respect to 
commonly employed powder material, thanks to the high surface-volume ratio and shorter diffusion paths 
for ions and electrons transport. They offer a large number of lithium insertion sites and the charge-
transfer resistance at the electrolyte/active material interface is therefore reduced2–4. Here we suggest a 
simple double-step procedure to obtain high-capacity electrospun carbon nanofibers anodes and to 
enhance their electrochemical performances with the insertion of red phosphorous in the matrix. Red 
phosphorous has been indeed considered as one of the most promising anode material for LIBs and SIBs 
alternative to the C-based ones5, but its widespread and easy application has been prevented due to its low 
conductivity and large volume expansion during cycling, leading to low cyclability and poor rate 
performances. We propose a simple drop-casting method to confine micro- and nanosized amorphous red 
phosphorous within the carbon mat, thus obtaining an highly efficient, self-standing, binder- and 
collector-free anode. The reversible specific capacity and the rate capability of the obtained composite 
anode have been significantly improved, with respect to the electrospun carbon mat alone. The 
outstanding electrochemical performances for both LIBs and SIBs can be accounted to the synergic action 
of high-capacity red phosphorous clusters with the fast transport properties of the carbon fiber mat, acting 
also as an accommodation-volume matrix for the phosphorous expansion during charging/discharging. 
 

 
Figure 1 Pictorial representation of the “phosphorous decoration” process on the electrospun fibres. 
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In this study, silicon/crumple graphene oxide/carbon (denoted as Si/CGO/C) composite anode 

materials were prepared by a solid-state method. Crumple GO was prepend by a spray dry method. The 
characteristic properties of Si/CGO/C (Si:CGO:C=1:2:0.6 in wt%) composite materials were examined by 
XRD, SEM, and EA. The as-prepared Si/CGO/C composite materials in 1M LiPF6 + EC/DEC electrolyte 
(EC:DEC=1:1) and 1M LiPF6 + FEC/DMC electrolyte ( FEC:DMC=1:4) were examined by using 
CR2032 coin half-cell to examine their electrochemical properties. The experimental results show that 
Si/CGO/C composite materials in EC+DEC electrolyte system delivers the initial discharge capacity of 
747.21 mAh g-1 at 0.2 A g-1, and columbic efficiency is about 71.72%. In contrast, it delivers the initial 
discharge capacity of 579.81 mAh g-1 at 0.2 A g-1, the columbic efficiency is about 63.51% in FEC+DMC 
electrolyte system. In addition, we also compare the high-rate performance Si/CGO/C anode in those two 
EC+DEC and FEC+DMC electrolyte system. It was found that the discharge capacities were around 
139.80 mAh g-1 and 434.03 mAh g-1 at 0.4 A g-1 in 1M LiPF6 EC+DEC and FEC+DMC electrolyte 
system for 300 cycling , respectively. Moreover, we also discovered that the capacity retentions were 
18.36% and 64.92% in 1M LiPF6 in EC+DEC and FEC+DMC, respectively, after 300 cycles. It was 
proved that the FEC+DMC system is more effective in improving long-term cycling performance than the 
EC+DEC system. 

 
Keywords: Silicon/crumple graphene oxide/carbon, Solid-state method, Anode material, Electrolyte, 
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Silicon is one of the most promising anode materials for lithium-ion and post lithium-ion batteries:  it 

is the second abundant element on the earth crust and shows a high theoretical capacity of 4200 mAh/g 
based on the fully alloyed form of Li4.4 Si [1]. However the semiconducting nature of silicon restricts its 
use as anode material. In addition, its large volume change during cycling, more than 300%, causes a 
serious pulverization of electrode and loss of electrical contact between Si and the current collector which 
leads to rapid capacity decay during cycling[2]. This contribution reports the results of silicon based 
anode (Si@CNS) obtained by embedding silicon nanoparticles in pyrolised cyclodextrin based 
nanosponges (CNS). 

The silicon nanoparticles are homogeneously dispersed in the electrode and deposited with an 
innovative and well reproducible method. The capacity of this electrode is high even at  high C-rates (1C 
and 2C) (Fig.1). The electrodes are stable for hundreds of cycles. The promising results obtained and 
simple and low cost synthesis, make this an interesting new method to obtain an anode alternative to 
graphite which can be easily scalable at industry level. 

 
Figure.1-Charge/Discharge capacity of a cell with Si@CNS as anodic active material. The capacity 

values are referred to the Si mass. 
 
 

[1]. H. Wu, Y. Cui, Nano Today. 10 (2012) 414-429. 
[2]. M. Ashuri, Q. He Nanoscale. 8 (2016) 74-103 
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Lithium-ion batteries continue to be at the forefront of next-generation battery research because of their 

remarkable energy storage capacities and continually decreasing production costs. Historically, the anode and 
cathode materials have attracted most of the attention of the scientific community, while the separator has been often 
considered of less importance. Although the separator, which is placed between the anode and the cathode of the 
battery, is not involved in electrochemical reactions, its structure and properties play critical roles in the cell 
performance. The primary role of the separator is to allow lithium ions to transport through a liquid electrolyte from 
anode to cathode when in use and limit diffusion otherwise. However, recent news articles in the popular press have 
highlighted safety concerns regarding these batteries, which can spontaneously combust due to the flammability of 
liquid electrolytes at elevated temperatures.  

A promising route to combat such safety concerns is to use more thermally stable polymer gel electrolytes 
(PGEs). Polymer gel electrolytes are a growing area of materials research because of their negligible volatility and 
decreased hazard risk compared to traditional liquid electrolytes that contain toxic compounds and, in some cases, 
become flammable at elevated temperatures. In the case of PGEs, liquid electrolytes are embedded in a polymer 
matrix, which effectively entrains the liquid while allowing it to remain functionally active, thereby presenting a 
methodology by which to design safe, effective next-generation battery components. 

While there are a variety of polymers capable of serving as the polymer matrix, sulfonated block ionomers 
(SBIs), commercially manufactured by Kraton Polymers as Nexar®, constitute a particularly interesting set of 
materials that fall into the general category of polymers known as thermoplastic elastomers (TPEs), which tend to be 
mechanically robust. The chemical structure of this material, which is a poly[tert-butyl styrene-b-(ethylene-alt-
propylene)-b-(styrene-co-styrenesulfonate)-b-(ethylene-alt-propylene)-b-tert-butyl styrene] pentablock ionomer, is 
displayed in Figure 1. As with most block copolymers and derivatives thereof, a microphase-separated nanostructure 
allows for, in the case of SBIs, selective incorporation of polar electrolytes within the sulfonated regions of the 
polymer1,2. Selective swelling of the sulfonated midblock provides a continuous nanoscale pathway by which ions 
can transport,3 while maintaining structural integrity due to the elastomeric network, which is not possible with 
traditional (co)polymer electrolytes.  

In this work, we report a systematic investigation on the effect of electrolyte chemistry and composition on 
battery performance, as well as on the effect of electrolytes on the morphology and thermomechanical properties of 
the SBIs. The SBI films have been prepared by dissolving the copolymer in tetrahydrofuran (THF) and a mixture of 
1:1 wt% ethylene carbonate/dimethyl carbonate at varying 
concentrations. We investigated the effect of varying the 
concentrations of EC/DMC and LiClO4 in the NEXAR/THF 
solution. Cryo-scanning electron microscopy, transmission 
electron microscopy and small-angle X-ray scattering were 
performed to understand the morphology of the PGEs. 
Relevant rheological and mechanical properties were also 
analyzed. Ionic conductivity, interfacial resistance, 
charge/discharge curves, capacity retention at different C-
rates and at different cycle numbers will likewise be reported. 
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Figure 1. The chemical structure of the SBI proposed 
for this study.  
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Lithium-ion batteries (LIBs) have been preferentially adopted in battery-operated vehicles due to their 
high energy densities relative to other commercially available secondary batteries. However, the growing 
energy demands of electric transportation applications exist beyond the capabilities of state-of-the-art 
graphite anode-based LIBs. To overcome the lithium storage barriers of current lithium-ion batteries, it is 
imperative that conventional low energy density graphite anodes be replaced with other higher capacity 
anode materials. Silicon is a promising alternative anode material due to its huge energy densities; 
however, its lithium-concentration-dependent high volume changes can induce severely adverse effects 
that lead to drastic degradations in capacity during cycling. The dealloying of Si–metal alloys has recently 
been suggested as a scalable approach to produce high performance porous Si anode materials. Herein, a 
microstructure controlled porous Si is developed by the dealloying in conjunction with alkaline chemical 
etching. The resulting unique porous structure enables enhancement in lithium storage properties when 
the Si-based material is applied not only as a single active material but also in a graphite blended 
electrode. 
 
 

 
Scheme. Schematic illustration of a synthetic route toward porous Si. 
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   A single particle measurement is known as a characterization method of electrode material [1]. In a 
conventional single particle measurement, electrical contact between a microelectrode and an electrode 
particle is made while observing with an optical microscope. Although the conventional single particle 
measurement can be electrochemically performed under an optical microscope by contacting the single 
active material particle with a Pt microfilament, the applicability of this technique is limited with respect 
to the size and shape of particles. Recently, we overcame the problem by using “a particle-current 
collector integrated microelectrode”, in which the single active material particle was directly-bonded on 
the tip of the microelectrode [2]. Later, new measurement systems were constructed using the integrated 
microelectrode embedded in a three-electrode flange cell and a constant temperature bath in order to 
evaluate the electrochemical properties of a 10Pm-sized Li4Ti5O12 (LTO) single particle, composed of 
submicron LTO aggregates, at various temperatures [3]. We found the extraordinary good rate capability 
of LTO, however, it was unclear whether its good characteristics are essential properties of LTO or 
whether it depends on its morphology. In this study, we evaluated anode properties of several aggregated 
LTO powders with different particle morphology by using particle-current collector integrated 
microelectrodes, in order to clarify the morphological effect of LTO. 
 
   We used commercially-available 10Pm-sized aggregated LTO powders with different particle 
morphology (ENERMIGHT○,R, Ishihara Sangyo), i.e. different primary particle size and specific surface 
area.  Particle-current collector integrated microelectrodes were prepared as follows using a focused ion 
beam process unit (FIB): After attaching a tungsten probe coated with fluorinated resin to a manipulator 
in the FIB, the tip of the probe was cut off to expose the inner conductive probe. An ionic beam of 
platinum was positioned and deposited on contact between the top of the cut probe and a single LTO 
particle. The particle - current collector integrated microelectrode as the working electrode was assembled 
in a three-electrode flange cell with Li metals as the counter and reference electrodes. The electrolyte 
employed was 1mol/L Li(TFSI)/EC+PC (1:1 in vol.). Electrochemical measurements of the LTO single 
particle were carried out at 10 ℃ -30 ℃. 
 
   Primary particle size and specific surface area of LTO powders tested in this study were in the range of 
50-500 nm and 3-11 m2/g, respectively, based on SEM observation and BET surface area analysis. From 
the results of the CV rate measurement, it was confirmed that the peak current value was increased with 
decreasing the primary particle diameter and the overpotential was decreased with increasing the specific 
surface area. Moreover, the charge / discharge rate measurement revealed that the LTO powder with 
smaller primary particle diameter and larger specific surface area showed much better rate capability. The 
effect of pore size distribution of aggregated LTO powders will be discussed in the meeting. 
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While significant research efforts have focused on the negative and positive electrode materials in 
rechargeable Lithium-ion (Li-ion) batteries, battery separators have only recently received more 
consideration from the scientific community. The separator plays a critical role in Li-ion batteries by 
preventing physical contact between the positive and negative electrodes while permitting efficient ionic 
transport across the separator. There are four major types of separators: microporous polymeric 
membranes, nonwoven polymeric mats, gel-polymer electrolytes and composite membranes. Relative to 
the more conventional microporous membrane separators, nonwovens have the advantage of low cost, 
low mass and high porosity; in addition, the fibrous mat provides good structural cohesion due to its 
intertwined fibers. Although most polymers used to make nonwoven battery separators have resulted in 
lower cell performance (lower ionic conductivity and higher resistance) than conventional microporous 
separators, polyvinylidene difluoride (PVDF) shows promising results because of its stability and affinity 
for electrolytes commonly employed in Li-ion cells. The best manner to produce nonwoven PVDF would 
employ a melt-blowing process, which is a well-developed, high-volume production technology. To be 
melt-blowable, polymer resins must have high melt-flow rates but commercial PVDF resins did not 
possess this property until recently. Nevertheless, researchers have successfully electrospun PVDF from 
solution with the goal of exploring this promising polymer as a nonwoven battery separator. 
 
We investigated the fundamental properties and characteristics of a novel melt-blowable PVDF (from 
Arkema) with the objective of elucidating its structure-property-process relationships and studying its 
performance as separator in Li-ion batteries. High-quality melt-blown PVDF has successfully been 
produced and consolidated through thermal bonding. Electrolyte uptake was as high as 200%, part of 
which is embodied in the swollen fibers. The fiber diameter and the porosity increase, and the uptake is 
generally lower than at low throughputs, because of the lower surface area between the fibers and the 
electrolyte. Small fiber diameter provides higher surface area and higher electrolyte uptake. The highest 
ionic conductivity was ~ 0.6 mS/cm, the upper oxidation limit was 4 V and the interfacial resistance was 
relatively low. In this work, we will report on the physical, chemical, and electrochemical properties of 
nonwoven PVDF relevant to its use as a battery separator.  
 

 
Fig.1 SEM (Left) and MicroCT (Right) images of melt-blown PVDF 
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In recent years, higher energy density for lithium-ion batteries is required and positive electrode 
materials replacing LiCoO2 has been many studied. The LiNi1-X-YCoXAlYO2 (NCA) mainly composed of 
nickel element has high capacity per weight over 190mAh/g as compared with LiCoO2 (120-150 mAh/g). 
The NCA is synthesized by a lithium compound such as LiOH・H2O and a nickel-cobalt-aluminum 
hydroxide, but an unreacted lithium compound remains in the material. The aluminum foil as the current 
collector is corroded by using the NCA slurry containing residual alkaline components. Silicon-based 
materials that are alloyed with lithium are attracting attention as a negative electrode material with a 
higher capacity than the graphite. However, since the Silicon material has a large volume change in the 
charge-discharge process, there was a problem that the cycle performance decreased in adhesion between 
the current collector foil and the active material 1). In order to solve the problems for the NCA 
(manufactured by Nihon Kagaku Sangyo Co., Ltd.) and silicon-based materials, we used the iron-based 
current collector foil. 

An insulating layer forms on the aluminum foil surface by using the NCA slurry, showing the low 
adhesion between the active material and the current collector. We focused on the stainless steel foil as a 
current collector of NCA electrode. As the results of AC impedance measurement, the resistance value of 
the stainless steel foil did not change before and after applying NCA slurry, but that of the aluminum foil 
increased. This indicates that the stainless steel foil has the high resistant to a strongly alkaline slurry.  

There was a problem that the shape of the copper foil was deformed by using a silicon material having 
a large volume change. We will explain nickel-plated steel foil having the higher mechanical properties 
than copper foil. The graphite containing SiO (manufactured by Osaka Titanium technologies Co., Ltd.) 
electrode used the nickel-plated steel foil was cycled while maintaining the initial high capacity over 400 
mAh/g, and the capacity retention ratio at the 50th cycle with respect to the 1st cycle was 98%. After the 
cycling test, no deformation of the electrode used the nickel-plated steel foil, no peeling of the active 
material layer was observed. 

Figure 1 shows the rate performance in the range of 0.2-2C-rate for the 1Ah-class NCA 
cathode/graphite containing SiO anode cell. The discharge capacity for the cell was 1167 mAh/g at 
0.2 CA and 987 mAh/g at 2.0 CA, respectively. Figure 2 shows the cycling stability at the 0.2C-rate for 
the cells. The capacity retention ratio after 20 cycles was 100 % for the cell, thus showing a high 
cycling stability by using the improved NCA cathode and graphite containing SiO anode. 
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Figure 1 Discharge curves in the range of 0.2-
2C-rate of the NCA cathode/graphite containing 
SiO anode cell. 

 
 
 
 
 
 
 
 
 
 
 
Figure 2 Cycling stability at the 0.2C-rate for 
the NCA cathode/graphite containing SiO 
anode cell  
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Renewable energy sources such as solar and wind now form a significant contribution to the electricity 
grid. However, both solar and wind energy are intermittent sources and do not respond to changes in 
electricity demand. To further increase the impact of these intermittent sources of energy, it is imperative 
to include grid-scale energy storage into the electricity grid. Vanadium Redox Flow Batteries provide the 
possibility of decoupling energy capacity and power density, allowing for easy scalability and the 
prospect of large-scale energy storage opportunities [1].  
 
Porous carbon felt materials have been found to be most suitable as electrode materials for Vanadium 
Redox Flow Batteries (VRFBs) [2]. These porous materials provide the surface area for the electrolytes 
on both the positive and negative half cells to react and participate in the energy exchange. In the battery 
setup, the carbon felt materials are compressed to obtain higher performance from the battery. Davies and 
Tummino [3] demonstrated that the porosity of the electrodes decreases with increase in compression 
pressure, while the contact resistance and the felt resistance also decrease, resulting in a significant 
increase in performance. They also demonstrated that the pumping pressure required to maintain flow 
through the electrodes increased with increase in compression.  
 
In this work, the carbon felt electrodes are evaluated for their transport properties (diffusivity, 
permeability, pressure drop required for maintaining flow, among others) while under five set levels of 
compression. An open source pore network modeling tool, OpenPNM [4] has been used to investigate the 
transport properties of the porous felt materials while under compression. Figure 1 shows the invasion 
pattern of the electrolyte into one porous electrode at zero compression.  
 

 
Figure 1: Invasion of liquid into the felt electrode, simulated using OpenPNM. Arrow shows direction of 
flow.  
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State-of-the-art lithium ion batteries are often based on active materials containing heavy transition metals 
like cobalt or nickel which possess high cost and are highly toxic as well as mined and fabricated under 
ethical questionable conditions. On the route towards a “greener” and more sustainable lithium ion 
technology, organic and hybrid inorganic/organic active materials received increasing attention in the last 
years.[1] One promising material class are metal-organic frameworks (MOFs). Due to their high porosity 
and surface area as well as their flexible and controllable structure MOFs have obtained increasing 
attraction over the last decades for different potential applications. More recently, this promising class of 
materials has also been investigated for energy storage devices as electrode active material. [2]  
 
MOFs consist of inorganic metal-oxo clusters (called secondary building unit, SBU in short) coordinated 
to multivalent rigid organic molecules (often referred as “linker”) forming a crystalline porous structure 
with well-defined pore size tailorable by the length of the linker molecules. Their hybrid character leads 
to a high flexibility accessible for reversible insertion and removal of guest molecules. Furthermore, 
multivalent metal ions in the SBU as well as organic linker molecules can act as redox-active sites, 
leading to a promising active material. [3] Moreover, their large pore size makes MOFs especially 
interesting for reversible anion insertion in the dual-ion battery concept. [4] 

 
In the present work, we synthesized various porphyrin-based MOFs with different coordinated metals, 
which were successfully applied as an energy storage material in a lithium metal cell. Based on the 
natural linker, a porphyrin derivate, a non-toxic and environmentally friendly active material was 
achieved and characterized with respect to the structural and surface properties. Constant current cycling 
and cyclic voltammetry studies reveal a high redox activity. Using suitable methods like, e.g., X-ray 
diffraction (XRD) techniques, the redox reaction behavior of the metal-organic framework and the 
structural properties of the MOFs were investigated upon charge/discharge operation.  
 
 
References: 
 
[1] D. Larcher; J.-M. Tarascon; Towards greener and more sustainable batteries for electrical energy 
storage. Nature Chemistry 2015; 7; 19-29 
[2] Wang, L.; Han, Y.; Feng, X.; Zhou, J.; Qi, P.; Wang, B., Metal–organic frameworks for energy 
storage: Batteries and supercapacitors. Coordination Chemistry Reviews 2016, 307, 361-381 
[3] D'Alessandro, D. M., Exploiting redox activity in metal-organic frameworks: concepts, trends and 
perspectives. Chemical Communications 2016, 52, 8957-8971. 
[4] Aubrey, M. L.; Long, J. R., A Dual−Ion Battery Cathode via Oxidative Insertion of Anions in a 
Metal–Organic Framework. Journal of the American Chemical Society 2015, 137 (42), 13594-13602. 
 
 
 
 
 
 
 
 
 
 



Facile fabrication of additive-free high-energy tin-oxide anodes for 
lithium-ion batteries 

 
C. Heubner1,*, T. Liebmann2, K. Voigt2, M. Weiser2, B. Matthey2, N. Junker1, C. Lämmel2, M. 

Schneider2, A. Michaelis1,2 
1 TU Dresden, Institute of Materials Science 

01062 Dresden, Germany 
2 Fraunhofer IKTS Dresden 

Winterbergstr. 28, 1277 Dresden, Germany 
 

christian.heubner@ikts.fraunhofer.de 
 

Although tin and tin oxides have been considered to be very promising anode materials for future high-
energy lithium-ion batteries due to high theoretical capacity (e.g. Sn ~ 1000 mAh g-1) and low cost, the 
development of commercial anodes falls short of expectations due to several challenging issues related to 
a massive volume expansion during operation. Nanostructured electrodes are capable to accommodate the 
volume expansion but typically suffer from cumbersome synthesis routes and associated problems 
regarding scalability and cost efficiency, preventing their commercialization.  
Herein, we demonstrate a facile, easily scalable and highly cost-efficient route to fabricate high-energy 
additive-free tin-oxide anodes for lithium-ion batteries. First, Sn is electrochemically deposited on a 
suitable substrate, e.g. Cu as a typical current collector material. Thereby, the thickness and the 
morphology of the deposited Sn layer can be adjusted by the choice of the current-voltage regime and the 
application of electrolyte additives. Afterwards, the Sn-layer is converted into tin oxide by electrolytic 
oxidation in an acidic electrolyte. As prepared electrodes can be used directly as anode in LIBs without 
any further treatment. The electrodes prepared this way exhibit outstanding performance in terms of 
gravimetric and volumetric capacity as well as cycle life and rate capability, making them eminently 
suitable for future high-energy lithium-ion batteries. The excellent performance results from the large 
surface area, the short Li diffusion pathways and the mechanical integrity (flexibility) as well as the 
redundancy of binder and conductive additives in the tin-oxide nanostructures formed by the electrolytic 
oxidation process. Moreover, the proposed fabrication route is potentially very cost-effective (materials 
and production costs), environmentally benign (no toxic or environmentally harmful components), and 
easily scalable to high-volume manufacturing. 
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Fig. 1: top) schematic illustration of the electrode fabrication route, left) cyclic voltammograms at different 
cycles, right) cycle life test at the 1.0 C rate. 
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The development of next-generation batteries is of crucial importance to boost new global energy 
policies. In this context, redox flow batteries (RFBs) play a key role thanks to their modular design that 
enables energy and power decoupling. RFBs also allow an efficient use of renewable energy sources. 
However, commercial aqueous RFBs display an energy density that is five times lower than that of the 
best lithium-ion batteries (LIBs) available on the market. One of the approach to increase energy and 
power of RFBs is to develop non-aqueous RFBs featuring semi-solid anolyte and/or catholyte, even based 
on powders typically used in LIBs.  
The most critical aspects of the development of semi-solid LIBs are here discussed. In particular, a study 
on the stability of different current collectors in new generation of organic electrolytes, like the 
superconcentrated ones, and the formulation of high conductivity slurries also based on lithium titanate 
(Li4Ti5O12) is reported. The study demonstrates that the electrochemical performance of the anodic half-
cell depends on the mutual effect of all the half cell components. Indeed, the nature of active material, 
conductive additive and electrolyte impacts on the electronic percolating network, and then on the 
cycleability of the flowable electrodes. 
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These days, the demand for portable electronic devices such as cell phone, pad, notebook, and wearable 
devices is on the rise. Due to resource depletion and environmental regulations, many car manufacturers 
are producing electric vehicles. These reasons are naturally driving up the demand for batteries with high 
energy density as well. Accordingly, many researchers have tried to improve the energy density of 
batteries. Among them, lithium-ion batteries (LIBs) which can meet the needs of high energy densities 
serve as prospective next generation secondary batteries. In LIBs, the commercial anode is graphite with a 
theoretical capacity of 372 mAh g-1. However, its capacity is not enough to meet the requirement of users 
for wide application with high energy density batteries. Hence, a lot of alternative anode materials are 
being studied upon recently. Among those, tin dioxide (SnO2) is a prospective material with high 
theoretical capacity (782 mAh g-1) which is more than twice that of the graphite anode. Low operating 
potential, simple synthesis, lower cost, and nonpoisonous nature make it more attractive as an anode 
material. However, the issues of SnO2 anode material offer severe challenges in terms of 
commercialization. The cycling process of SnO2 anode material during which it reacts with a lot of 
lithium ions results in huge volume expansion including crack and insulation of SnO2 particles. These 
phenomena lead to severe capacity fading during electrochemical cycling [1]. 
In present work, the porous carbon nanofibers/SnO2 nanoparticles (PCN@SnO2) were prepared to 
alleviate mentioned issues. The nanoparticles are less prone to the crack formation than bulk particles. 
The porous carbon nanofibers help to endure the volume expansion of SnO2 particles, act as a buffer, and 
offer the electron pathway. Thus the possibility of crack formation is reduced considerably via fabrication 
of the PCN@SnO2. Additionally, less cracks can result in the formation of a uniform solid electrolyte 
interface (SEI) for containing side reactions. It prevents increasing the surface impedance [2]. The 
PCN@SnO2 can be considered as prospective anode material in next generation LIBs with improvements. 
 

 
Figure. TEM images of PCN@SnO2. 
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The very high theoretical capacity of the environment-friendly, abundant and low-cost  Si  (3800mAh/g) , 
more than 10 times that of graphite, makes it a potential candidate as the negative electrode for Li-ion 
batteries[1]. However Si suffers from huge volume changes (300%) on alloying and dealloying with Li  
leading to electrode disruption. In the past years, the application of nanostructured Si materials [2,3] has 
been shown to be an effective way to avoid the mechanical degradation of the electrode. In this paper we 
present the synthesis of silicon nanowires grown by CVD using Cu as the catalyser  on a higly porous 3D-
like carbon paper substrate which allows to achieve remarkable loadings of active material (2-5mg/cm2) 
and consequently  high charge densities [4]. The electrochemical properties of such electrodes are also 
presented. 
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Lithium sulfur (Li-S) batteries with the high theoretical capacity (1675 mAh g-1) and high energy density 
(2600 Wh kg-1) has become an attractive candidate for next generation power sources. The natural 
abundance of sulfur and environmental favorability are also substantial advantages. However, the issues 
of Li-S batteries with the insulating nature of sulfur, dissolved lithium polysulfide intermediates, and 
electrode volume expansion during the lithiation and de-lithiation processes resulting in low utilization of 
the active material, poor cycle stability, and safety problems have hindered commercialization [1]. In 
order to solve these problems, modification of the commercial separator and various porosities of carbon 
matrices have been utilized to enhance the capacity retention and lifetime of Li-S batteries. Therefore, a 
PVDF-HFP based gel polymer electrolyte (GPE) and carbon/sulfur composite cathode material were 
designed for long-life Li-S polymer battery. The GPE also can provide a better compatibility with 
electrode and offer high conductivity, which can maintain a stable reversible reaction and excellent 
electrochemical performances. In addition, the potential safety issues of Li-S batteries can be solved by 
employing GPE avoiding internal short-circuiting and minimizing the electrolyte leakage [2]. Moreover, 
the porous carbon as carbon matrix was used to encapsulate the elemental sulfur. The porous structure of 
carbon matrix not only can improve the wettability, accessibility, and absorption of electrolyte to facilitate 
rapid ion transfer in the cell, but also can confine the lithium polysulfides due to the limited space. 
Therefore, an unprecedented electrochemical behavior with high specific capacity and good cycling 
stability can be obtained for the Li-S polymer battery. 
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Sustainability in energy production and storage is becoming increasingly important. Accordingly, in the 
battery sector, too, there must be a change from rare to natural abundant and ecologically acceptable 
materials. Since decades scientists attempt to circumvent the lithium’s resource problem by searching for 
alternative active metal ions. A cost-effective alternative to lithium is the use of sodium (Na) as a carrier 
ion in the rechargeable batteries. We present a water soluble monosubstituted anthraquinone derivative, 
sulfonated 9,10-anthraquinone (SAQ), as a positive electrode material for Na ion batteries and compare 
its battery performance with thermally evaporated anthraquinone (AQ). SAQ shows a discharge capacity 
of ~ 24 Ah mol-1 in the 2nd cycle (Figure 1 (a)), while AQ shows a remarkably high discharge capacity of 
~ 48 Ah mol-1. Both materials demonstrate good cycling stability over 115 charge / discharge cycles in a 
Na-containing electrolyte. Since these organic materials have the great advantage of being processed from 
solution they may offer a cost-effective, abundant and environmentally benign anode material for 
rechargeable Na ion batteries. In addition to cyclic voltammetry and galvanic cycling, AQ and AQS films 
have also been studied with electrochemical impedance spectroscopy. From the impedance measurements 
at different potentials the Warburg coefficient was determined and the diffusion (D) of Na ions in the 
organic films was calculated.[1] Since it is known that D variation depends on the applied methods and the 
sample morphology, a qualitative analysis could be made despite the difficulty of comparison between 
absolute D values of SAQ on Cp electrodes. According to this, figure 1 (b) reveals a clear correlation 
between D and the recorded current densities upon CV measurements. The diffusion shows a strong 
potential-dependent behaviour during the reduction and increases with decreasing potential up to the first 
reduction peak of SAQ (2.0 V). The D decreases significantly during the reduction of the carbonyl groups 
and increases once more after the sodiation at potentials below 1.7 V. Similar to D the charge transfer 
resistance Rct correlates to the recorded current densities during reduction with smaller Rct values near the 
reduction peak potentials of SAQ. The Na ion storage leads to a diffusion decrease of the ions in the 
organic film, similar to the Li ion intercalation in graphite electrodes.[2] 

 
Figure 1. (a) Galvanostatic cycling of SAQ on carbon paper with different applied constant currents of 5 
µA (black line), 70 µA (blue line) and 210 µA (orange line). (b) Diffusion coefficient D (black square) in 
comparison with a CV scan (red line) at 6 mV s-1 of SAQ during the reduction. 
 
REFERENCES 
[1] Bard, A. J.; Faulkner, L. R. Electrochemical Methods - Fundamentals and Applications; 1993 
[2] Levi, M. D.; Aurbach, D. J. Electroanal. Chem. 1997, 421 (1–2), 79–88. 



Study on Capacity Fading Mechanism of TiS4 Positive Electrode 
 

Kentaro Kuratania, Atsushi Sakudab, Tomonari Takeuchia, Hikari Sakebea, Hironori Kobayashia 
aNational Institute of Advanced Industrial Science and Technology (AIST), 1-8-31, Midorigaoka, Ikeda, 

Osaka 563-8577, Japan 
bOasaka Prefecture University, 1-1 Gakuen-cho, Nakaku, Sakai, Osaka 599-8531, Japan 

e-mail address: k-kuratani@aist.go.jp 
 

Sulfur (S) has attracted much attention as a positive electrode active material due to its high 
theoretical capacity (1672 mAh g-1).  On the other hand, sulfur includes some problems such as the 
dissolution of lithium polysulfide (Li2Sx) into the electrolyte during charging and discharging.  We have 
considered metal polysulfide is one of candidate materials for next generation lithium secondary batteries 
and reported novel metal polysulfides such as Li8FeS5 [1], Li2TiS3, Li3NbS4 [2, 3] and amorphous TiS4 
[4].  These materials can not only exhibit high capacity (over 600 mAh g-1) but also suppress the 
dissolution of polysulfide by the formation of metal-sulfur bonds.  The improvement of the cycle 
properties is, however, significant challenge to be solved for the practical use of metal polysulfides. 

In this study, the capacity fading mechanism of TiS4 was investigated by using charge-discharge 
measurement, X-ray absorption fine structure (XAFS) measurement, X-ray photo spectroscopy (XPS), 
and Raman spectroscopy. 

We investigated the temperature dependence of charge-discharge properties of TiS4 under three 
different temperatures (10 oC, 30 oC, 60 oC).  The capacity fading caused by the film formation on the 
electrode and the dissolution of the redox species is, in general, accelerated as increasing the charge-
discharge temperature.  On the contrary, there were no significant differences in cycle properties under 
above three temperatures.  From this result, we consider the film formation and the dissolution of the 
redox species are not main reasons for the capacity fading of TiS4.   

The cycle properties of TiS4 improved by increasing the concentration of the electrolyte from 
1.0 mol L-1 to 3.5 mol L-1.  In the electrodes charged and discharged under 1.0 mol L-1 electrolyte, XAFS 
spectra of S K-edge unveiled the local structure of S which existed around the surface of the TiS4 was 
different with the one existed in the bulk of TiS4.  On the other hand, such a structural change of S did not 
observed from the in S K-edge spectra for the electrodes charged and discharged under 3.5 mol L-1.  This 
results imply that the reversibility of S is different between 3.5 mol L-1 and 1.0 mol L-1.  More detailed 
capacity fading mechanism will be discussed in the presentation. 
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MePTCDI (N,N'-Dimethyl-3,4,9,10-Perylentetracarboxylicdiimide) is a n-type organic semiconductor 
and has been previously studied for electrochemical photovoltaic cells[1]. In this work it is investigated as 
a cheap, environmental-friendly anode material for organic Na-ion batteries. For evaluating the material 
performance, a half-cell, using sodium metal as counter- and reference electrode and 1M NaFSI (in 
EC:DMC 1:1) as electrolyte, is used. The MePTCDI is evaporated on carbon paper as substrate material 
with different layer thicknesses ranging from 10 nm to 260 nm. With this approach it is possible to 
determine the dependence in capacity and cycle stability on the film thickness of the active material. To 
further evaluate the performance of the material, a multiple-technique approach, including cyclic 
voltammetry, galvanostatic cycling and electrochemical impedance spectroscopy, is used. 
Electrochemical measurements are combined with ex-situ ermersion FTIR and Raman measurements 
before and after battery testing to evaluate any chemical changes of the material. PTCDI is expected to 
demonstrate a four electron redox reaction. It may be capable of storing four sodium ions (Figure 1 a), 
having a theoretical capacity of 256 mAhg-1. The cyclic voltammogram of a 260 nm thick layer of PTCDI 
(Figure 1 b) shows peaks at 2.25 V, 2.47 V (A,A’), 2.22 V , 2.42 V (B,B’), 2.00 V, 2.24 V (C,C’) and 
1.70 V, 1.99 V (D,D’) which are assigned to the aforementioned four electron redox reactions of the 
molecule. The additional peaks at 1.34 V and 1.50 V (E, E’) are observed in all measurements and can be 
attributed to the reaction of the carbon paper substrate with the electrolyte. Interestingly, for the similar 
molecule PTCDA (Perylenetetracarboxylicdianhydride), Luo et. al. found an extremely high capacity up 
to 1017 mAhg-1 after deep discharge to 0.01 V vs Na/Na+[2]. It is our aim to investigate if these high 
specific capacities are achievable for MePTCDI. Overall, preliminary measurements show promising 
properties for using MePTCDI as an anode material for sodium-ion batteries. 
 
 

 
 
Figure 1: a) Schematic redox reactions of PTCDI b) Cyclic Voltammogram of PTCDI with a layer 
thickness of 260 nm and a scan rate of 20 mV s-1. 
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Lithium ion batteries (LIBs) with higher energy density and better cycling performances have become a 
necessity on account of the increasing energy demands with the fast development of portable electronic 
devices. The development of lithium-ion batteries based on intercalation based lithium metal oxides have 
reached its limit due to the enormous research and development during the past two decades. Thus it is 
inevitable to find alternative electrochemically active materials with higher energy density to cater to the 
needs of the next generation electronic devices. There has been a growing research interest in the 
conversion based transition metal sulfides as both anode and cathode materials recently as they can store 
more than one lithium ion per transition metal1. Iron Sulfide monochalcogenide (FeS), with a high 
theoretical capacity of 609 mAh/g, is attractive as a candidate for high energy density lithium ion storage. 
Moreover, the natural abundance, lower cost, and environmental friendliness makes it more favorable. 
However, the FeS based electrodes possess low degree of reversibility as a result of limited conductivity, 
volume expansion (up to 200%) and associated pulverization leading to the isolation and subsequent loss 
of active material. Additionally, the formation of polysulfide intermediates during cycling process 
accentuates the capacity fading2. 
 

The present work elucidates a simple and facile strategy to synthesize FeS/graphitic carbon 
(FeS/GC) composite derived from the waste of raw biomass (sawdust) in an ecofriendly and sustainable 
way. The FeS nanoparticles incorporated in graphitic carbon can improve the conductivity and facilitate 
rapid electron transport. Meanwhile the graphitic carbon derived from biomass can effectively trap the 
polysulfide intermediates and accommodate the volume changes encountered by FeS during cycling 
process. The electrochemical performances reveal that the FeS/GC is able to deliver superior discharge 
capacities of 505 mAh/g at 1 C after 100 cycles and 370 mAh/g at 5 C rate even after 500 cycles of 
lithiation and delithiation. 
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The lithium-sulfur system is one of the potential energy storage technologies of the next generation due to 
the high theoretical specific capacity (1672 mAh/g), abundance and nontoxicity of sulfur [1]. However, 
there are still challenges yet to be overcome, one of which is the ‘polysulfide shuttle’ [1]. In order to 
address this issue, several modifications of the separators have been proposed. For example, longer cycle 
life, higher Coulombic efficiency and higher specific capacities have been reported with metal oxide 
coatings [2] and conductive interlayers [3,4] on the separators. Performance improvements in one or more 
of these properties have been ascribed to a suppression of polysulfide transport across the separator, even 
though this has not always been correlated with the difference in electrochemistry. 
 
In this work, the Intermittent Current Interruption (ICI) method [5] is applied to monitor the evolution of 
internal resistance of Li-S cells with different separators during repeated charge and discharge. Cells with 
different separators exhibit significant differences in resistance as a function of state-of-charge in the 
initial cycles, as shown in the figure.  Complemented by self-discharge tests and impedance spectroscopy 
at selected states of charge, the roles of the interlayers in the system can be further interpreted 
electrochemically. This work aims to associate the electrochemical properties of the interlayers to their 
corresponding microstructural counterparts, which can in turn facilitate further development of the 
interlayer materials. 

 

 
Figure: Internal resistance of cells vs specific charge for Li-S cells with different separators (Zero charge 
indicates the fully charged state.) for the 2nd, 5th and 10th cycles at C/10 rate.  
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   Li metal has very large capacity (about 2000 mAh cm-3), and its standard electrode potential is -3.045 
V. These features are very attractive as a anode material for next-generation batteries. However, Li metal 
forms dendrites easily during repeating charging and discharging. The dendrite growth induces large 
irreversible capacity and short circuit phenomenon in the worst case. In order to restrict the dendrite 
growth in battery cell, it is indispensable to understand the mechanism of Li dendrite growth.  
   In this study, an ultra-micro-electrode (UME) was utilized as a model system for fundamental study of 
morphological variation of the electrodeposited Li metal. In general, coin cell is very popular for 
electrochemical evaluation of electrode active materials. It is very useful from the viewpoint of battery 
application. However, it is not suitable for the fundamental study of electrodeposition of Li metal because 
the electrodeposited Li metal is non-uniform on the large scale electrode (mm ~ cm scale). For example, 
the morphology on the center of the electrode is sometimes different from that of edge of the electrode. 
The UME used in this study is 10 Pm diameter. When the UME is used as the substrate for the 
electrodeposition of Li metal, whole of the electrode is able to be observed by SEM with high 
magnification. It makes possible to analyze the morphological variation of Li electrodeposits 
quantitatively. Furthermore, another advantage of UME is that ionic mass transfer phenomenon is under 
quasi spherical diffusion mode. Figure 1(a) shows the SEM image of the electrodeposited Li metal from 1 
M LiPF6-EC:DEC(=1:1) electrolyte. Applied current density was 2 mA cm-2, and the applied capacity 
was 2 mAh cm-2. The image demonstrates the Li metal can form very uniform and smooth 
electrodeposited Li film. It means the Li+ ionic mass transfer rate is very effective for the morphological 
variation. Contrastively, Figure 1(b) shows the typical dendrite precursor of Li metal in case of 1 M 
LiPF6-PC electrolyte. The morphological difference indicates the electrolyte composition is also very 
strong factor for the dendrite growth of Li metal. Different electrolyte will induce the difference SEI layer 
on the electrodeposited Li metal. The SEI layer affects the Li+ supply to the electrode surface. In this 
presentation, the relationship between the morphological variation and electrolyte composition (Li salt, 
solvent, concentration) will be discussed.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. SEM images of electrodeposited Li metal onto UME. Applied current density was 2 mA cm-2, 
the applied capacity was 2 mAh cm-2. (a) Li electrodeposit from 1M LiPF6-EC:DEC(=1:1), (b) from 1M 
LiPF6-PC.  
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With increasing demand for high energy storage applications, Metal-air battery systems (Li-air, Mg-air etc.,) 
were considered as an alternative for current Li-Ion battery owing to its much higher theoretical specific energy 
[1]. Unfortunately, this system (Li-O2) has its own shortcomings that made it a distant practical reality. The most 
prominent one is the instability of electrolyte against both Li-anode and the reaction intermediates generated at 
the cathode side (LiO2

*). Recent reports suggest the use of DMSO as solvent, which shows significant stability 
against LiO2

* reaction intermediate [2][5]. To address the electrolyte degradation issue against Li-metal, use of 
super concentrated electrolytes has been proposed [3].  
 
In a Li-O2 cell, oxygen transport properties at the cathode define the kinetics of oxygen reduction and evolution 
reactions (ORR and OER). These properties include oxygen availability (solubility) in the electrolyte and its 
diffusivity. Moreover, the LiO2 solubility and diffusivity also plays a key role in determining the total discharge 
capacity of the cell. With improved LiO2

*
 solubility, the reaction mechanism shift towards solution mediated 

where a disproportionation reaction takes place[4]. In high concentrated electrolytes, the solubility of generated 
LiO2

* is limited owing to minimal availability of free DMSO molecules. This leads to surface passivation by the 
layers of discharged product and early cell death. Use of super concentrated electrolytes can be advantageous on 
Li-anode side, but the limitations in oxygen and superoxide solubility and diffusivity restricts its use in practical 
Li-O2battery. So an optimum concentration has to be defined which provides good Li-stability and decent 
oxygen transport properties. 
 
For choosing a suitable electrolyte concentration, three different electrolytes based on the LiTFSI-DMSO couple 
and with salt concentration of 1M, 2M, and 3M were investigated. The characterization of the electrolytes 
included the assessment of solubility and diffusivity of oxygen as well as superoxide. From the test results, the 
2M solution provides good oxygen solubility but providing mediocre O2-diffusivity, LiO2

* solubility and its 
diffusivity. Whereas for 1M solution, having a decent O2 solubility excels in LiO2

*
 solubility along with fast 

diffusion of both O2 and LiO2
*. In case of 3M solution, the solubility and diffusion properties were very poor. 

Moreover, with increase in salt concentration, an increase of ORR/OER overpotentials and a reduction in 
discharge capacity for the Li-O2 cells is observed. The influence of the electrolyte concentration on the 
morphology of the discharge products of full Li-O2 cells has been investigated with SEM. Finally, the influence 
of the redox mediator 2,5-di- tert-butyl-1,4-benzoquinone (DBBQ) on the discharge cell performance has been 
evaluated/investigated.   
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Nowadays Li-ion batteries (LiBs) are the most promising energy storage systems for a sustainable mobile 
transport. LiBs already present high specific energy and energy density; nevertheless they still require 
further improvements in order to meet the energy and cost requirements for the next generation of electric 
vehicles. In order to achieve this targets, standard graphite-based anodes can be replaced with mixtures of 
carbon (e.g. amorphous carbon or graphite) and high-capacity materials such as silicon. The cycling 
stability and the energy of these anodes have been significantly improved in the last years; however the 
large initial irreversible losses related to the formation of the Solid Electrolyte Interface (SEI) remains 
one of the main challenges for the practical application. This initial irreversible process leads to a 
significant loss of capacity and thus energy in full Li-Ion cells, where the total amount of lithium is 
limited and entirely contained in the cathode material. 
In a previous publication, we presented a method for overcoming the problems related to the initial 
irreversible capacity (IC) of Si/C anodes by using LiNi0.5Mn1.5O4/Li1.3Ni0.5Mn1.5O4 blend cathodes.1 
During the first cycle in full cell, the extra lithium present in the lithium-rich phase Li1.3Ni0.5Mn1.5O4 
provides the IC required and then, all the cathode material remains active as LiNi0.5Mn1.5O4 for the 
following cycles (Figure). 
LiNi0.5Mn1.5O4 is not the only promising high-energy cathode material for the next generation of Li-Ion 
batteries. Different kind of NMC and their blends with other cathode materials have been strongly 
investigated and even applied in commercial cells during the last years. In particular, blending different 
cathode materials allow combining and balancing different properties of the different active materials 
(e.g. energy, safety, rate capability) in one cathode.2,3 If one of the cathode materials used for a blend (e.g. 
LiMn2O4) has been chemically lithiated in order to obtain the corresponding Li-rich phase (e.g. 
Li1+xMn2O4), it is possible to obtain blend cathodes capable of compensating the IC of full cells. This 
approach is a further development of the method previously reported for LiNi0.5Mn1.5O4 cathodes and 
allows obtaining a large number of different blend cathodes with different properties but all suitable for 
application with high-energy anode materials such as Si and Si-compounds. 
 

 
Figure: Schematic representation of: (a) SiC|LNi0.5Mn1.5O4 cell (no IC compensation) and for (b) 
SiC|LiNi0.5Mn1.5O4/Li1.3Ni0.5Mn1.5O4 cell (IC compensation). 
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Lithium-oxygen or metal-oxygen batteries in general are currently one of the most promising post 
lithium-ion technologies due to their theoretically high specific energy and the environmentally friendly 
use of oxygen [1]. The generally accepted mechanism of the oxygen reduction in non-aqueous metal-
oxygen batteries comprises an initial reduction step, in which oxygen is reduced to superoxide, followed 
by either a second reduction step (direct pathway) or a homogeneous disproportionation (indirect 
pathway) eventually leading to the corresponding peroxide, which is usually an insulator[2]. Furthermore, 
a direct reduction without the intermediate formation of superoxide on gold in the presence of Li+ has 
recently been shown [3, 4]. While the latter inevitably leads to the formation of a thin surface film, the 
homogenous disproportionation leads to the formation of toroid structures resulting in higher discharge 
capacities as compared to amorphous films [5]. As the competition between direct and indirect pathway 
depends on both, the rates where superoxide is further reduced and transported into the electrolyte, this 
work aims at shedding light on the different ORR kinetics among alkali cations by investigating the 
transport kinetics in terms of the superoxide diffusion coefficient. The diffusion coefficient was 
determined via the rotating ring-disc electrode by determining the time between the generation of 
superoxide at the disc electrode and the detection at the ring. The results showed that the superoxide 
diffusion coefficient correlates with the charge density of the cation present in the electrolyte, with high 
charge densities leading to low diffusion coefficient. This is in agreement with the finding of ion-pair 
formation[6]. A further outcome is the finding of a small nucleation barrier on platinum electrodes via 
chronoamperometry, which has previously only been observed on gold [7, 8].  
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Mg-ion batteries are considered as promising alternatives to lithium ion technologies due to their safety, 
low cost and high theoretical specific capacity. At the present time, research is mainly focused on finding 
suitable cathode and anode materials as well as electrolyte formulations. A proper combination of the cell 
components would allow Mg cations to be reversibly intercalated into the crystal structure of the active 
cathode material without modifying the lattice, thus achieving good kinetics and higher ionic 
conductivities.  
 
In the last ten years, phosphate compounds have been investigated as promising cathode materials due to 
their poly-anionic structure, excellent thermal stability and good intercalation/de-intercalation 
performance. In the present work doped magnesium phosphates ((Mg0.5M0.5)3(PO4)2, M = Ni, Fe, Mn and 
Co) have been synthesized and characterized in order to assess their suitability as new cathode materials 
for Mg rechargeable batteries. Two different preparation methods were applied: solid-state and co-
precipitation. Furthermore, the influence of different transition metals has been studied by structural 
(XRD) and thermal analysis (TG-DTA).   
 
 
Keywords: Magnesium-ion battery; cathode; magnesium phosphates. 
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Na3V2(PO4)2F3 with a three-dimensional framework structure is a promising cathode material for the 
sodium–ion batteries. It exhibits the desirable long-term cycleability, rate capability and structural 
stability, which provides a facile cation and anion substitution. Despite the advantages, the polyanion-
based cathode materials usually exhibit lower electric conductivity regarding the oxide-based materials. 
For instance, ionic conductivity of Na3V2(PO4)2F3 is σion = 1.2·10-7 S·cm-1 and electronic conductivity is 
σelectr < 2·10-11 S·cm-1 [1]. There are several approaches to improve electric conductivity of the cathode 
materials such as doping, nanosizing, and surface modification. The present work is focused on the study 
of the effect of the isovalent doping on the electric conductivity and electrochemical performance of 
Na3V2(PO4)2F3. 
 
Several metal ions Li+, Al+3, Fe+3, La+3 with different electronic configuration (s-, p-, d-) and ionic radius 
were chosen for the doping of Na3V2(PO4)2F3 in alkaline-metal and transition-metal sublattices to obtain 
Na3-yLiyV2(PO4)2F3 (0≤y≤0.6) and Na3V2-xMx(PO4)2F3 (0≤x≤0.05) compositions. All the compositions 
were prepared by the solid-state synthesis using the preliminary mechanical activation in a high-energy 
AGO-2 planetary mill, and the subsequent annealing in an Ar flow. Composition, crystal structure, 
morphology, and electrochemical properties of the as-prepared materials were analyzed by EDX, XRD 
with the Rietveld refinement using the TOPAS software, SEM, HRTEM, EIS, and galvanostatic cycling. 
 
It was shown that the degree of the Na+/Li+ substitution in Na3-yLiyV2(PO4)2F3 during the solid-state 
synthesis does not exceed 2 mol.% in contrast to the chemical and electrochemical Na+/Li+ ion exchange 
of about 16 mol.% [2]. After the Li+ insertion, the main phase preserves the crystal structure of the 
pristine material - Na3V2(PO4)2F3 with the P42/mnm S.G. The process is accompanied by the formation of 
the different impurity phases such as V2O3, LiF, etc. The introduction of Li+ in the structure of 
Na3V2(PO4)2F3 results in the considerable enhancement of its electric conductivity and high-rate 
capability.  
 
The products of the V3+ substitution by Al3+ and Fe3+ in Na3V2-xMx(PO4)2F3 also preserve the P42/mnm 
S.G. When M = Al3+, the lattice parameters become smaller than those of Na3V2(PO4)2F3 and when M= 
Fe+3, they do not noticeably change, which corresponds to the difference between ionic radius of 
vanadium and the corresponding doping metal. The highest degree of the V3+ substitution was observed 
for Fe3+ - 2.5 mol.%. Unfortunately, such modification does not lead to enhancement of conductivity and 
electrochemical properties of Na3V2-xMx(PO4)2F3. In the case of the La3+ doping, the unchanged positions 
of the XRD reflexes evidence that the substitution was not realized at all. The presence of the crystalline 
LaPO4 admixture was established, which leads to the changing of the stoichiometry of the targeted 
product. Indeed, the formation of the Na-containing impurity phase – Na3VF6 with very low electric 
resistivity of 1.1·10-18 Ω·cm and metal-like behaviour [3] was observed, which is responsible for the 
increase in electric conductivity by two orders of magnitude and significant enhancement of high-rate 
capability of the as-obtained composite material compared to pure Na3V2(PO4)2F3.    
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The introduction of lithium in the development of energy storage system components allowed to reach 
high volumetric and gravimentric energy density, improved performances and extended employment of 
lithium based batteries. Recently, technological research has focused on highly stable cathode materials, 
like spinel type or olivine type structure, with high working voltage and large capacities; these parameters 
result in raised energy density and good resistance at high rates. However high working voltage cathodes 
require appropriate electrolytes with great electrochemical stability at high potentials to prevent their 
oxidation and side effects that could affect performances of the device1. Typical examples of solvents 
with high conductivity bearing high potentials are carbonates and sulfones, due to their high oxidation 
potential around 5 V. 
Here we propose a study on suitable liquid and polymeric electrolytes for a commercial LiNi0,5Mn1,5O4 
spinel cathode in the disordered phase Fd3m with a theoretical specific capacity of 146,5 mAhg-1. For the 
development of high performance electrolytes we used Lithium bis(oxalato)borate (LiBOB) as lithium 
salt coupled with LiPF6 in different molar ratios. The presence of LiBOB greatly enhances the stability of 
the anodic solid-electrolyte interface (SEI) but has positive effects even on the cathodic counterpart, 
limiting the dissolution of transition metal ions that form the solid-state structures. Moreover, LiBOB 
limits LiPF6 degradation and protects the carbonates from PF5 catalyzed decomposition, resulting in long 
life and higher stability of the device2. Different alkyl carbonate solvent mixtures have been employed for 
the promotion of lithium salts dissociation and mobility, resulting in high ionic conductivity values. 
To further improve safety and versatility of the battery, we have developed polymer electrolytes based on  
polyvinylidene fluoride (PVdF). Dry and flexible inert membranes are first obtained and then swelled in 
liquid electrolytes, to finally achieve gel-type polymer electrolyte separator3. 
 
 
1. Hu, M., Pang, X., Zhou, Z. (2013). Recent progress in high-voltage lithium ion batteries, 237, 229–242. 
2. Pieczonka, N. P. W., Yang, L., Balogh, M. P., Powell, B. R., Chemelewski, K., Manthiram, A., 
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In the recent years, large-scale and high-energy storage systems are becoming extremely important to 
realize the load leveling of intermittent renewable energy sources, such as wind and solar, into the grid. 
Secondary (rechargeable) sodium-based batteries represent the most promising technology in this respect, 
because of their high-energy density, low-cost, simple design, and easiness in maintenance. However, 
standard batteries use liquid electrolytes as ion transport media; these are based on toxic and volatile 
organic carbonate solvents, and their flammability clearly raises safety concerns. The most striking 
solution at present is to switch on all solid-state designs exploiting polymer materials, films, ceramics, 
etc. [1] 
Here, we offer an overview of our recent developments on innovative polymer electrolytes for sodium-ion 
batteries. In our Labs, we develop different kind of polymer electrolytes by means of different techniques, 
including simple solvent casting [2] and UV-induced photopolymerization (UV-curing) [3,4], being 
simple, low-cost and easily scalable to an industrial level. All samples were thoroughly characterized in 
the physico-chemical and electrochemical viewpoint. They exhibited excellent ionic conductivity and 
wide electrochemical stability window, which ensure safe operation even at ambient conditions. 
Electrochemical performances in lab-scale devices were evaluated by means of cyclic voltammetry and 
galvanostatic charge/discharge cycling exploiting different electrode materials (prepared by water-based 
procedures exploiting green carboxymethylcellulose as binder). 

 
Figure 1 Digital photograph of a UV-crosslinked methacrylic-based polymer electrolyte membrane. 

Research and development on Na-ion polymer batteries for moderate temperature application is at an 
early stage, only lab-scale cells were demonstrated so far. Nevertheless, with the appropriate choice and 
optimisation of electrode/electrolyte materials, and successful combination thereof, the intriguing 
characteristics of the newly developed polymer electrolytes here presented postulates the possibility of 
their effective implementation in safe, durable and high energy density secondary Na-based solid-state 
devices conceived for green-grid storage and operating at ambient and/or sub-ambient temperatures.  
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Among various energy storage devices, Li-ion batteries are the most popular type because of their high 

volume and gravimetric energy densities. However, the present energy densities of Li-ion batteries based 
on intercalation materials cannot meet the requirement of long-distance transport (i.e.,>300 km). 
Moreover, the use of flammable liquid electrolytes in Li-ion batteries raises potential safety concerns, 
especially for large batteries in electric vehicles (EVs) and Energy storage system (ESS) applications. 
Therefore, solid-state lithium batteries with solid state electrolytes are highly desired due to several 
advantages, including higher energy density, longer cycle life, and better safety, and so on, compared 
with the traditional Li-ion batteries 

In the presented work, we report here the development of quasi-solid state Lithium Batteries with high 
safety using polymer-ceramic composite electrolyte. These polymer–ceramic composite electrolyte of 
PVDF-HFP(30)-Al2O3 (70)- EC/PC(30X) as plasticizer has high ion conductivity, a nonflammable 
matrix, and strong electrolyte-locking ability. Quasi Solid Electrolytes(QSE) were prepared using solvent-
casting technique, with different amounts of EC/PC. 

The prepared QSE membranes were subjected to electrochemical analysis. Ionic conductivity and 
interfacial resistance between lithium electrode and QSE were studied by electrochemical impedance 
spectroscopy performed in symmetrical cells with blocking electrodes and lithium electrodes, 
respectively. To further investigate the electrical properties of the lithium battery, By combining a NCM 
cathode, optimal CPE, and a Li metal anode, quasi-solid state lithium ion batteries are first assembled in 
CR2032 cone type cells. Which exhibit clear discharge-charge voltage plateaus at various rates with 
highly stable performance at room temperature. Furthermore, we have a maximum discharge specific 
capacity of 160 and 149mAh/g at 0.1, 0.5C EC/PC 300wt% in coin cell at room temperature. And good 
capacity retention was achieved after 100cycles and great rate performance was obtained. 
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Recently, solid electrolyte studies have been conducted to replace existing flammable organic liquid 
electrolytes due to explosion of batteries such as electronic devices and electric vehicles. All-solid-state 
batteries using solid electrolytes are required to improve ionic conductivity and to control the interfacial 
characteristics between the electrodes and the electrolyte. 
In this study, the performances of the battery were evaluated by the combination of the polymer and the 
inorganic ion conductor and the addition of the oligomer. Poly (ethylene oxide) (PEO), which transports 
lithium ions and has a low glass transition temperature and is highly flexible, was used. As the inorganic 
ion conductor, garnet-type Li7La3Zr2O12(LLZO) with high ionic conductivity and electrochemical 
stability was used. 
The electrochemical characterization of PEO / LLZO solid electrolytes confirmed that the ratio of PEO / 
LLZO = 30/70 (wt%) was optimized for electrochemical stability and ionic conductivity. To improve the 
interfacial control and ionic conductivity of PEO / LLZO electrolyte, a hybrid solid electrolyte was 
prepared according to the contents of polyethylene glycol dimethyl ether (PEGDME). The ionic 
conductivity and electrochemical properties of the hybrid solid electrolyte were evaluated. The 
(PEO/LLZO)-5wt%PEGDME electrolyte exhibits 2.8 × 10-4 S/cm and a high oxidative stability of 4.6 V 
(vs. Li+/ Li) at 60°C. All-solid-state batteries were fabricated by using LiNi0.6Co0.2Mn0.2O2 (NCM622) as 
the cathode and Li-metal as the anode for evaluating the performance of the hybrid solid electrolyte. As a 
result of the performance evaluation of all-solid-state batteries using organic/inorganic hybrid electrolyte 
according to PEGDME contents, all-solid-state batteries using a (PEO/LLZO)-5wt%PEGDME electrolyte 
were confirmed that a specific capacity of 165 mAh/g at 0.1C and 133 mAh/g at 0.5C was realized and  
exhibited excellent cycle stability at 60°C. 
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In spite of the recent outburst in metal-ion battery research, the mechanisms of ion (de)intercalation 
reactions are still poorly understood. Experimental determination of the intercalation mechanisms is 
generally complicated by the large number of factors, which affect the reaction rate (material 
composition, the nature of the intercalating cation, solvent/cation interactions, surface layer structure, 
etc). In order to facilitate this task, one should vary the reaction conditions in a controllable way, which 
would allow for the elucidation of the nature of the slowest, rate-limiting step. In this case, the data on the 
rates of faster processes are typically lost, but the information on the slowest step kinetics allows for the 
unempirical reaction rate control, which is generally of interest for practical application of intercalation 
systems. Accurate electrochemical characterization of the intercalation reactions’ kinetics can be used to 
decipher complex pathways of the intercalating processes. 
 
In previous studies of our group, kinetic, thermodynamic and diffusional rate control regimes were 
addressed for lithium-ion intercalation reactions into oxide hosts [1, 2]. In this study, we focus on the 
description of kinetic patterns for the intercalation reactions of phase transformation materials [3]. In this 
case, the following reaction steps can be assumed: ion transfer across the electrolyte/material interphase, 
ion diffusion in the material, nucleation of a new phase and propagation of the phase boundary through 
the volume of a particle. Based on the electrochemical data, we demonstrate that under the conditions of 
fast charge transfer and fast diffusion processes slow nucleation of a new phase determines the reaction 
rate. In this study, we adopt a model approach to describe the electrochemical behavior of materials under 
slow nucleation conditions, which is based on the classical concept of critical nucleus in a multi-particle 
system. Intercalation of lithium-ion into vanadium pentoxide and lithium iron phosphate materials were 
chosen as model reactions to check the self-consistency of the applied approach. For the latter material, 
the effect of solvent nature on the nucleation rate was also explored. 
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Lithium titanium oxide (Li4Ti5O12, LTO) is an attractive anode material for the development of safe, next-
generation lithium-ion batteries (LIBs). It is an effective alternative to graphite anode thanks to its good 
rate capability at high C-rates, fast lithium intercalation and high cycling stability. LIBs featuring LTO 
anode are inherently safer owing to the LTO's operating potential of 1.55 V vs. Li+/Li where the 
commonly used organic-based electrolytes are thermodynamically stable. However, the high operating 
potential and the lower specific capacity than graphite (175 mAh g-1 vs. 372 mAh g-1) lead to a decrease 
in battery energy density with respect to that achieved using graphite anode. Combining LTO with high-
voltage cathodes, such as LiNi0.5Mn1.5O4 (LNMO), should allow LIBs with high specific energy.[1,2,3] 

Inter alia, LTO is a zero-strain material that does not suffer from volume change upon Li+ insertion/de-
insertion, thus enabling high-power capability batteries suitable for grid stabilization and electrically 
driven roll-on/roll–off ferries. However, the use of LTO anode arises a big concern, i.e. the gassing due to 
the H2 evolution during cycling and even during storage, leading to severe swelling and safety issues.[4,5,6]  
For this reason, the use of water-soluble sodium alginate (SA) binder is a great challenge and glyme-
based electrolyte is here proposed as effective strategy to develop LTO composite electrodes featuring 
excellent cycling stability.  
The electrochemical and post-mortem characterization along with combined electrochemical-pressure 
measurements are carried out in order to evaluate the impact of binder and electrolyte upon long-term 
cycling. The results are discussed and compared with those obtained with LTO electrodes operating in 
conventional electrolyte 1M LiPF6-ethylene carbonate : dimethyl carbonate, also featuring polyvinylidene 
difluoride binder, i.e. the most commonly used binder in commercial LIBs.  
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 All-solid-state batteries have received great attention as a next generation power source due to its 
safe characteristics with non-flammable solid electrolyte. A lithium superionic conductor, Li10GeP2S12 
is key to the development of all-solid-state battery due to its high ion conductivity of 12 mS/cm which 
is comparable to current organic liquid electrolyte. However, ion conductivity of the sheet-type 
composite electrode including binder is crucial to achieve good cell performance. The pore control 
between active material and solid electrolyte particles is key issue in order to enhance contact area 
inside a sheet. Here, ionic liquid Py14TFSI ionic liquid was using as filler in order to enhance contact 
area. Ionic liquid was coated on Li10GeP2S12 powder using wet process and then sheet type of ionic 
liquid embedded cathode was prepared by conventional casting process using Dr-blade method. The 
chemical and thermal stability were secured for IL embedded cathode, and it exhibits an improved 
reversible capacity of 168 mAh g-1 and C-rate performance. On the basis of these results, adding ionic 
liquid as filler is proposed as a visible pore control method for the enhancement of the electrochemical 
performance of all-solid-state battery. The detailed results will be discussed at the meeting. 

 
 

 
 

Fig. 1. C-rate dependence of all-solid-state battery (NCM/LGPS/Li-In) using different type of 
electrode: a) pellet type, b) pristine composite, and c) IL embedded composite 
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The electrical conversion and storage of solar energy is a crucial world target in the long-term scenario. 
Therefore, the use and integration of photovoltaic (PV) technologies into different electrochemical 
processes such as water splitting and CO2 reduction have been strongly developed in the last years.1 
Following this approach, the direct coupling of PV to electrochemical storage systems as batteries, in 
order to directly convert and store the solar energy in a single device is an ideal alternative.2 Among 
several other configurations, the application of this concept to redox flow batteries has attracted attention 
considering their advantages, including decoupling of energy and power and large-scale development.  
The selection of the redox pair used into the reported studies has been deeply dependent on the photo-
active system. Therefore, many studies focused on metal oxides such as TiO2

 3 and/or on PV tandem 
configurations, for instance, CdS/DSSC,4 have been applied to organic redox pairs and/or to vanadium 
redox flow batteries (VRFB) reaching limited state of charge (SoC).  
In this work, we report the adaptation and integration of thin film photovoltaics to VRFB in a single 
device. Copper Indium Gallium Selenide (CIGS) modules have been adapted by the interconnection of 
CIGS commercial cells deposited on flexible metallic substrates. This way, three and four cell modules 
leading to different open circuit voltages (OCV) and i-V performances were integrated in VRFB with 
modified carbon felt (CF) electrodes. Two kinds of batteries were evaluated: one by initially using VO2+ 
in both compartments, in order to decrease the overall voltage requirement, and other, with V3+/VO2+ in 
the negative and positive sides, respectively.       

 
Figure 1. i-V and P-V curves (left) for modules with 4 and 3 CIGS cells. Unbiased photocharge and 
discharge curves (right) of the VRFB (V3+/VO2+) with the 4-cell CIGS under 100 mW·cm-2 illumination. 
 
A very close dependence between the VRFB cell potential and the photocurrent of the photovoltaic 
system has been observed, ultimately influencing the overall capacity of the battery. In particular, there is 
a clear difference between using 3 or 4 CIGS cells, due to the different operation points as seen in the i-V 
curve. Therefore, it is obvious that optimization of the photovoltaics is necessary before its integration. 
Ultimately, the four cell module has provided enough photovoltage for carrying out the unbiased photo-
assisted charge of the battery up to SoC’s close to 100%, with acceptable charge time. 
 
This work was supported by the European Regional Development Funds (ERDF, FEDER) and by 
MINECO project WINCOST (ENE2016-80788-C5-5-R). 
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As the transportation industry moves towards increasing use of electrical vehicles, new and improved and 
more efficient battery systems need to be developed. The complete transition to electrical vehicles is for 
example inhibited by poor capacity and inadequate techniques for monitoring and understanding harmful 
chemical processes taking place in the battery systems. Today, information about the batteries state of 
charge and state of health is mainly evaluated by the temperature, current and voltage from the battery. 
Although readily obtained, these parameters are often insufficient tools since they do not give detailed 
information of what is happening in the battery during cycling.  

The fabrication of nanoscale metallic structures which interact with light has lately received 
increasing attention in different fields of science such as photonic circuitry, metamaterials and 
biomedicine (1,2). Metallic nanostructures support optical charge carrier resonance, referred to as 
localized surface plasmon resonance (LSPR)(3). Sensors based on the LSPR phenomenon are generally 
manufactured on a chip with noble metal nanoparticles deposited on a substrate such as glass. By 
designing the sensor as an optical fibre instead, it has the potential to be implemented in batteries as a 
direct, on-board in-situ technique for measuring the state of charge and state of health as well as other 
parameters related to battery health and operation. This might help to protect the battery pack in case of 
unexpected failure or if set limits are exceeded leading to harmful use of the batteries. It also offers the 
possibility to analyse cells separately, which could lead to a more efficient use of the batteries if one cell 
needs replacement instead of the whole battery pack. 

The research presented in this contribution will be focused towards understanding and developing 
new tools for diagnostics in lithium ion batteries and to understand the electrochemical processes that 
takes place in novel materials used for energy storage. The 
objective is to determine what type of information can be 
obtained from lithium ion batteries using nanoplasmonics as 
a diagnostic tool. Nanoplasmonic sensors for use in batteries 
are being developed in a collaboration between Insplorion 
AB and Uppsala University. The cells have both been in the 
form of a glass chip configuration as well as optical fibres. 
Figure 1 shows the LSPR peak shift for a LiFePO4-lithium 
half-cell using indium tin oxide (ITO) coated glass as sensor 
for the cathode during charge and discharge. 
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Abstract: In this present work we have designed a unique structure by developing small Ag nanoparticles 
decorated carbon shell on submicron Fe3O4 particles. It has been one of the central issues to develop new 
strategies to improve the cycle and rate performance of Fe3O4 based lithium-ion battery anodes. The 
carbon coating acts as a mechanical buffer to accommodate the tremendous volume changes of Fe3O4 
during cycling which in turn provides cyclic stability to the electrode. The Fe3O4@C@Ag composites 
exhibits superior rate performance compared to the bare Fe3O4@C samples. It is found that small silver 
nanoparticles mainly increase charge carrier mobility in the Fe3O4@C@Ag composites. The tiny amount 
of small silver nanoparticles contributes to the improved cyclic stability compared to that of Fe3O4 anodes. 
 

 
HR-TEM images of Fe3O4@C@Ag                         

FESEM images of Fe3O4@C@Ag composites 
 
Results and Discussion  

The encapsulation of Fe3O4 nanoparticles with a carbon layer and deposition of small Ag nanoparticles 
over them significantly improved rate capability of the Fe3O4 based anode electrode through enhancement 
of the buffering effect and electron transportation within the electrode. It is plausible to assume that the 
carbon layer can act as a barrier to prevent Fe3O4 nanoparticles from aggregating, which can lead to the 
retention of the characteristics of Fe3O4 during charge–discharge cycling. In comparison with intrinsic 
Fe3O4 nanoparticles (896 mAh/g, the reversible capacity of Fe3O4@C@Ag in the first cycle was low (721 
mAhg−1 at 0.5Ag-1), but good cycling stability was observed. The work provides way to improve the 
electrochemical performance of the Fe3O4-based lithium-ion battery anode with tiny amount of silver 
nanoparticles. 
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The three-dimensional battery architecture is a promising concept for increasing the power capability, 
while producing high capacity per battery footprint. Most of the thin-film electrode materials used in 
current commercial variations of thin-film batteries are deposited in vacuum chambers by RF and DC 
magnetron sputtering, and by thermal or chemical evaporation. However, these methods are inapplicable 
for the fabrication of high-aspect-ratio, complex-shape 3D electrodes and electrolytes. We have recently 
presented the feasibility study of the preparation of all the thin-film active-material layers of the 
microbattery by simple and inexpensive electrophoretic-deposition routes [1].  
In the current research, the focus has been made on the determination of the effects of solvents, polymers 
and charging agents in the electrolytic bath, voltage and deposition protocol (AC, continuous or pulse 
DC) with the aim of obtaining highly adhesive, compact pristine and composite LTO films. The samples 
were investigated by scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy 
(EDX), XPS and TOFSIMS. These methods confirmed the presence of a polymer binder and its 
homogeneous lateral distribution in the composite EPD-LTO anode. With the advantage of thin films, 
which conformally follow all the contours of the 3D-substrate and are composed of nanosize lithium 
titanate and quasi-solid electrolyte, our 3D microbatteries enable the maintenance of high reversible 
specific capacity, long cycle life, and intrinsic safety of microbattery. 
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Chemical and electrochemical processes at electrode/electrolyte interface play a key role in performance 
and stability of Li-ion batteries. 
 
In the present work, the evolution upon cycling of the passivation layer formed between a ZnFe2O4/C 
anode and a standard LiPF6/EC/DMC electrolyte is monitored, by using both advanced electrochemical 
methods, such as GITT (galvanostatic intermittent titration technique) and EIS (electrochemical 
impedance spectroscopy), and ex-situ synchrotron radiation methods, such as XAS (X-ray absorption 
spectroscopy) and XPS (X-ray photoelectron spectroscopy), which allow different sampling depths and 
profiling of the passivation layer. 
 
The evolution of SEI chemistry during its formation and growth is characterized, evidencing subsequent 
steps which result in regions with different, characteristic chemistries. In addition, a partial reversibility of 
the interfacial processes, contributing to useful electrode capacity, is evidenced. 
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Figure 1. Evolution of EIS and XAS (total electron yield at Li K-edge) responses of ZnFe2O4/electrolyte interface. 
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Lithium metal is the anode of choice for cell with high energy density due to its high theoretical specific 
capacity and the lowest electrochemical potential (-3V vs SHE) [1]. The use of lithium as the anode 
material may be enabled by exploiting electrolytes of relevant safety, such as those based on polymer or 
solid state configurations. Among them, end-capped glymes based on (-OCH2CH2-)n groups demonstrated 
favorable properties, such as low flammability and satisfactory ionic conductivity, as well as suitable 
electrochemical stability window [1]. Furthermore, the addition of film forming agents may allow efficient 
behavior and low polarization of the lithium cell [2]. 
 
Accordingly, we report herein a glyme electrolyte designed as a safe electrolyte for an efficient lithium 
metal battery using an olivine based LiFePO4 cathode. The viscous end-capped glyme solvent has an 
excellent thermal stability, and actually a low flammability. The electrochemical impedance spectroscopy 
study of the electrolyte demonstrates a Li+ transference number of 0.65, a conductivity of the order of 10-2 
S cm-1 (Figure 1), and a high interphase stability with the lithium metal. Linear sweep voltammetry 
indicates an electrochemical stability window extending up to 4.3 V vs. Li/Li+. Furthermore, promising 
electrochemical performances in terms of reversibility, cycling stability and low charge-discharge 
polarization are observed using the lithium iron phosphate (LFP) cathode (Figure 2).  
 
Hence, the electrolyte is considered a promising candidate for applications in safe, high performance 
lithium metal battery. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 1 Temperature dependence of the ionic conductivity.                     Figure 2 Voltage profiles of lithium cell. 
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Tremendous efforts have been devoted to rechargeable Li-O2 batteries due to their extremely high 
theoretical specific energy densities (~3500 Wh kg-1), which can meet the requirements for next 
generation electric vehicles.1 However, the sluggish kinetics of oxygen evolution reaction (OER) lead to 
numerous challenges that need to be dealt with before their practical application, including large 
overpotentials, low rate capacity and short cycle life.2 Although, various catalysts have been extensively 
investigated to decrease the overpotentials, such as carbon materials,3 noble metals/oxides,4 transition 
metal oxides5 and so on, the role of these catalysts in OER process remains unclear. Many researchers 
have detected an off-substoichiometric Li2-xO2 intermediate during charging process by TEM, Raman, X-
ray diffraction and other techniques, which means that the decomposition of Li2O2 will proceed a two-
step oxidation: 1) Li2O2 – e- → LiO2 + Li + (initial delithiation); 2) LiO2 – e- → O2 + Li+ (O2 evolution). 
Therefore, to design a hybrid catalyst with such a synergistic effect is desirable for the OER process. This 
study investigated the effects of initial delithiation process and O2 evolution step for OER process by 
employing catalysts with high lithium storage capacity and high-efficiency oxygen evolution catalysts, 
respectively. Hybrid cathodes composed of different functional catalysts were constructed to explored the 
synergetic catalysis of OER in Li-O2 batteries. Interestingly, the OER overpotential of batteries with α-
MnO2/RuO2 cathodes was greatly reduced. By combining UV-vis measurements and periodic density 
functional theory (DFT) calculations, we proposed that α-MnO2/RuO2 hybrid could promote both the 
initial delithiation process and O2 evolution step during charge. With this synergetic catalysis, the charge 
overpotential of Li-O2 batteries with α-MnO2/RuO2 cathode was significantly decreased. 
 

 
Figure 1. Synergetic catalytic mechanism of oxygen evolution reaction. 
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Introduction 
Ionic liquids (IL) are one of the promising electrolyte for Li–air battery, because of 

its favorable solubility of organic and inorganic compounds, high ionic conductivity, 
hard volatility, high thermal stability, incombustibility, etc.  However, oxygen reduction 
reaction (ORR) mechanism in ILs have been enough clarified.  Therefore, in this study, 
we studied on ORR in various phosphonium based ILs1) with electrochemical ultra-
micro electrode technique. 
Experimental 

The ILs (PXXXY-Z [X = 2, 4, Y = 1, 8, Z = TFSA]) were dehydrated by heating and 
stirring at 120oC for 24 hours in vacuum atmosphere.  Cyclic voltammetry (CV) and 
chrono amperometry (CA) were carried out in three-electrode system cell.  A micro 
carbon fiber electrode (Φ = 33 μm) was used as a working electrode.  A counter 
electrode was platinum (Pt) wire, and reference electrode was 0.1M CF3SO3Ag in 
C8H11F6N3O4S2 EMI-TFSA.  Activation energies of oxygen diffusion coefficient were 
estimated from CA with Arrhenius equation.  
Results and Discussion 

Fig. 1 shows CVs in phosphonium and ammonium cation based ILs.  Two or three 
ORR plateau peaks were observed in each ILs.  The plateau peaks indicate the diffusion 
limiting current when diffusion layer is enough grown and its thickness is constant.  
Hence, ORR proceed in two or three steps in phosphonium-based ILs.  Fig. 2 shows 
CAs.  We calculated diffusion coefficient and solubility of oxygen from the CAs.  The 
diffusion coefficients are decrease with increasing the X and Y as followings, P2228-
TFSA > P4441-TFSA > P4448-TFSA.  In contrast, the solubilities of oxygen are increase 
with increasing the X and Y as followings, P4448-TFSA > P4441-TFSA > P2228-TFSA. 

 
 
 
 
 
 
 
 
 
 
 
 
 

Reference 
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Fig. 1 CVs for oxygen reduction in various 
ionic liquids at 25 oC: (a)N4441, (b) P4448, 
(c)P2228, (d)P4441-TFSA. 

Fig. 2 CAs of O2/O2
- in phosphonium based ionic 

liquids at 25 oC, and Cottrell relationship between 
current and t-1/2. 
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Thin film lithium or lithium ion batteries have received a lot of attention due to their potential application 
as backup power source in smart cards, battery-assisted RFID tags, wireless sensor networks, real-time 
clock back-up batteries, and multiple healthcare applications, including hearing aids, automated insulin 
pumps and wearable health monitoring systems [1]. Amorphous or glassy materials often have superior 
ionic conductivities over corresponding crystalline materials because they can form over a wide range of 
compositions, have isotropic properties, and do not have grain boundaries. LiPON (lithium phosphorus 
oxynitride), an amorphous solid state electrolyte for lithium ion batteries, has received broad attention 
since its discovery by Bates et al. in 1992 [2]. This is mainly due to its high ionic conductivity and its 
chemical stability versus metallic lithium. Up to now, it is regarded to be one of the most prominent 
electrolytes for application in all solid state thin film lithium ion batteries.  

However, LiPON thin film has a lower growth rate in nitrogen gas atmosphere and its ionic conductivity 
was decreased exposed to atmospheric humidity [3]. In this work, we report on the preparation and 
characterization of LiPSiO thin films deposited on Ti/Si substrates by RF sputtering. The crystalline 
quality and surface morphology of LiPSiO thin films were studied by X-ray diffraction (Rint2200 V, 
Rigaku) with graphite monochromatized CuKα radiation and SEM, respectively. Complex impedances 
spectra of thin films were measured by using a frequency response analyzer (Solatron, 1252A) in 
conjunction with a potentiostat (Solatron, SI 1287) and applying an AC voltage of 10 mV amplitude over 
the frequency ranging from 0.1 Hz to 100 kHz. Furthermore, thin film batteries are fabricated and the 
charge-discharge measurements were performed using a charge–discharge measuring instrument (ACD-
01, Asuka) at the applied current of 100 μA and in the voltage window of 3.0~0.5 V. 

 
 

 
 

 Fig. 1a Nyquist plot representation of impedance obtained from LiPSO thin film sputtered at 80 W at 
various temperatures. Fig. 1b Temperature dependence of ion conductivities of LiPSO thin films 
deposited at various RF-powers. Fig. 1c Cycle characteristics of a thin film battery based LiPSO thin 
films sputtered at 80 W. The maximium discharge capacity of about 15.0 μAh/cm2 is obtained and 
coulombic efficient is over 95 % after 5 cycle. 
 
 
References:  
[1] S. Priya and D. J. Inman: Energy Harvesting Technologies (Springer, 2009). 
[2] J.B. Bates, N.J. Dudney, G.R. Gruzalski, R.A. Zuhr, A. Choudhury, C.F. Luck, J.D. Robertson, J. 

Power Sources,  43–44, 103 (1993). 
[3] C.S. Nimisha, G. Mohan Rao N. Munichandraiah, Gomathi Natarajan, David C. Cameron: Solid State 

Ionics, 185 ,  47((2011). 



Effect of multi-additives on the smooth and flat electrodeposition of 
metallic Li studied by EQCM measurements 

 
Akihiro Sakurai,1 Kazuhiro Fukami,1,* Atsushi Kitada,1 Kuniaki Murase,1 Takamitsu Tsujimoto,2 
Akihiro Nishii,2 Toshimitsu Nagao,2 Jun-ichi Katayama,2 Takashi Matsunami,2 Kuniaki Otsuka2 

1Department of Materials Science and Engineering, Kyoto University, Kyoto 606-8501, Japan 
2Okuno Chemical Industries Co. Ltd., Osaka 538-0044, Japan 

*fukami.kazuhiro.2u@kyoto-u.ac.jp 
 

Metallic lithium (Li) is expected one of the promising anode materials for next-generation rechargeable 
batteries. For the utilization of metallic Li as anode, suppression of dendritic growth during the charging, 
i.e. during electrodeposition of metallic Li, must be achieved in order to avoid the short circuit of the cell. 
Many trials of the suppression using additives have been reported so far. Of these, we pay attention to 
utilization of multi-additives. Utilization of multi-additives is general in aqueous solutions to obtain a 
smooth and flat surface of metal. On the other hand, the number of studies on multi-additives in 
electrodeposition of metallic Li is still limited. This is because of the lack of the knowledge for additives 
in non-aqueous electrodeposition. In the present paper, effects of multi-additives in electrodeposition of 
metallic Li in tetraglyme (G4) with LiTf2N are studied.  
 
We utilized a Li deposition bath consisting of LiTf2N and G4 (TOP TEENA LI, Okuno Chemical 
Industries Co. Ltd.). In the deposition bath, following four organics were dissolved as additives; saccharin 
and 2-butyne-1,4-diol that are known as additives for Ni deposition, and 2-naphthol and diacetone 
acrylamide that are also known as additives for Sn deposition. Electrochemical measurements were 
carried out using a three-electrode setup with using metallic Li plates as the reference and the counter 
electrodes. The working electrode was a metallic Ni plate. To evaluate the smoothness and flatness of the 
metallic Li film, electrodeposition of metallic Li was carried out at an applied potential of –1.0 V vs. 
Li+/Li for 5 min. EQCM measurements were carried out using an Ni coated QCM electrode. QCM signals 
were corrected in order to eliminate the effect of solvent viscosity [1].  
 
We first tried to evaluate the smoothness and flatness of the metallic Li film deposited at the constant 
potential. Without adding the organics mentioned above, the surface of the deposit showed a dark gray 
due to the microscopic dendritic growth of metallic Li. When adding the organics, the surface of the 
deposit was drastically changed. The deposit showed a blue with a very smooth and flat surface. SEM 
observation indicated that no dendrites of metallic Li grew on the substrate. In general, EQCM is difficult 
to measure in Li deposition because dendritic growth of metallic Li results in non-negligible amount of 
dead-lithium [2,3]. On the other hand, the smooth and flat surface obtained in the present study is 
promising for reliable measurements of EQCM.  
 
In order to understand the roles of the organic additives, EQCM measurements were carried out in 
parallel with the cyclic voltammogram. We derived the mass change rate (dw/dt) from the QCM signal 
and compared the dw/dt vs. potential curves with the corresponding cyclic voltammograms. Cathodic 
current due to the deposition of metallic Li was observed at a potential below 0 V vs. Li+/Li. The cathodic 
current linearly increased against the cathodic overpotential. The linear correlation was observed when 
one of the additives was used or when the bath contains no additives. Thus, from the electrochemical 
measurements, it was quite difficult to distinguish the effect of additives. On the other hand, QCM signals 
gave clear differences with the four additives. Under the increase in cathodic current density, an 
overshoot in the dw/dt signal at a high cathodic overpotential was detected. This result indicates that the 
Li deposition rate is limited at high over potentials. In the present paper, we study the mechanism of the 
overshoot of dw/dt, i.e. the deposition rate of metallic Li, in detail. 
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 Quite higher theoretical specific capacity of lithium (3860 mA h g-1) and its most negative 
reduction potential (-3.04 V vs. SHE) make lithium one of the most ideal anode materials of the next 
generation lithium-based batteries. On the lithium anode surface, however, it is well-known that the 
dendrite, which further leads to poor performance and short circuit, forms. In addition, solid electrolyte 
interphase (SEI), generated by decomposition of electrolytes and/or solvents, also accumulates on the 
anode surface during an anode reaction. An ideal SEI layer is expected to be higher and lower conductive 
for lithium ion and electron, respectively, and it is flexible and have a relatively uniform flat surface with 
an appropriate thickness, in order to avoid dendrite formation [1]. 
 During the electrochemical reaction, on the other hand, electrochemical quartz crystal 
microbalance (EQCM) method gives us information not only of mass change ('m) on the electrode 
surface, but also resonance change ('R), which shows surface area change ('A) of the electrode [2,3] 
and/or density and biscosity change ('U and 'K, respectively), [4,5] at the electrode/electrolyte solution 
interface. Using this method, therefore, we can know not only dendrite formation from 'A but also 
quantatative lithium deposition/dissolution process from 'm. Thus, in this study, cyclic voltammetry 
(CV) with EQCM was measured to study the electrodeposition and dissolution process of lithium 
utilizing 1 M solutions of LiPF6, LiTFSI, and LiFSI in tetraglyme (G4) [6]. Additional pre-potential 
cycling leads to the accumulation of a "pre-SEI" layer over the native SEI layer and gives us the better 
performance for lithium deposition/dissolution in all the electrolyte solutions. Especially, in 1 M LiTFSI 
and LiFSI solutions, only lithium deposition and dissolution were ideally observed without any other SEI 
formation. 
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A simple and practicable process for reclaiming the valuable materials from the spent lithium manganese 
dioxide (Li-MnO2) primary batteries to prepare LiMn2O4 electrode material is presented. After the 
dismantling of battery, the steel shell, aluminum current collector, tab, separator, and sealing materials are 
directly recycled from the dismantled substances through transient decompression, washing, magnetic 
separation, filtrating, and sieving operation, respectively. The content of Li and Mn elements in positive 
powder are accurately measured by ICP-AES. Then add lithium oxalate or manganese dioxide to the 
positive powder. Suitable amount should be added according to chemical formula (LiMn2O4). 
Afterwards, spinel LiMn2O4 is prepared by solid-state method with these compounds. The structure and 
electrochemical properties of as-prepared spinel LiMn2O4 are characterized by X-ray diffraction, 
scanning electron microscope and battery-testing unit. The results showed that the prepared LiMn2O4 are 
spinel phase and good crystalline, the particles of that are small and distribution uniformity. The second 
charge and discharge capacities are 113.4 and 102.3 mAh•g-1, respectively. The capacity still maintained 
90 % after 100 cycles at 25 ◦C. It is considered that the approach outlined is eco-friendly and is available 
for Li-MnO2 battery or battery materials manufacturers to recycle the waste batteries. The method is 
feasible for the reclaiming of scrapped Li-ion battery by extension. 
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Figure (1) XRD; (2) SEM; (3) Galvanostatic charge-discharge curves of the LiMn2O4; (4) Galvanostatic 
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Introduction  

The secondary batteries are required more safety and higher performance for electric vehicles (EVs) to 
equipped to convenient human driving technology (i.e. IOT, electric sensing technology and devices etc.).  
Lithium Ion secondary Battery (LIB) is mainly used for cellar phones and portable devices for its large 
capacity and light weight.  Therefore LIB is one of the promising batteries for EVs, while it used carbonate 
solvents as electrolytes and have a possibility of ignition due to short circuit or thermal runaway.  Hence, 
we focused on low viscosity phosphonium Ionic Liquids (ILs) as an electrolyte in LIBs for its 
incombustibility, hard volatility, wide potential window and high ion conductivity.1, 2)  In this study, we 
evaluated low viscosity phosphonium ILs as electrolytes in LIB. 
Experimental  

The ILs (PXXXY-Z [X = 2, 4, Y = 1 ,5, 8, Z = TFSA, FSA]) were dehydrated by heating and stirring for 
24 hours at 120 oC in the vacuum atmosphere.  Li salts (LiTFSA, LiFSA) were dissolved in dehydrated 
ILs at 1 molar in Ar atmosphere.  Cyclic voltammetry was carried out in the sealed type three electrodes 
cell. Li metal sheets were used as the working, counter and reference electrodes, respectively. the sealed 
type stainless two electrodes coin cell was used in battery tests.  LiCoO2 assembly positive electrode, and 
Li metal or carbon assembly negative electrode was used in half and full cell battery test, and the potential 
range between 2.5V and 4.2V in CC mode.  All electrochemical measurements were carried out 
at 30 oC. 
Results 
  Fig.1 shows charge-discharge cycles on the phosphonium ILs electrolytes during half cell tests.  P2225 
IL was highest discharge capacity and it decrees with the higher viscosity in TFSA anion consisting 
electrolyte, while P2225-FSA electrolyte has much higher capacitance than P2225-TFSA.  Fig. 2 and 3 
show charge-discaharge cycles on 1 M LiTFSA in P2228-TFSA and P2228-TFSA + EC (10 : 1 v/v%).  
The EC additive electrolyte has a good charge-discharge performance and higher capacity than neat IL 
electrolyte.  This would be ascribed to improving the electrolyte viscosity and/or the SEI film formation 
on the negative electrode surface originated form the decomposition of EC.3, 4)   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Reference 
1) K.Tsunasima, et al., Electrochem. Solid-state. Lett., 12(3), A54- A57, (2009). 
2) X. Lin, et al., Chem Sci., 6, 6601- 6606, (2015). 
3) M. Yamagata, et al., Electrochem. Soc., 153, E5 , (2006) . 
4) Y. Kayayama, et al., GS Yuasa Technical report, 5, 1, (2008) . 

0 20 40 60 80 100 120 140
2.5

3.0

3.5

4.0

 

 

V
ol

ta
ge

 / 
V

Specific capacity / mAh g-1

 1st      3rd      5th     10th

0 20 40 60 80 100 120 140
2.5

3.0

3.5

4.0

 
 

V
ol

ta
ge

 / 
V

Specific capacity / mAh g-1

 1st      3rd      5th     10th

0 20 40 60 80 100 120 140
2.5

3.0

3.5

4.0

 

 

V
ol

ta
ge

 / 
V

Specific capacity / mAh g-1

 P2225-FSA            P2225-TFSA
 P2228-TFSA          P4441-TFSA

Fig. 1 The charge-discaharge 2nd 
cycles in 1M LiFSA in P2225-FSA 
and 1 M LiTFSA in P2225-TFSA, 
P2228-TFSA and P4441-TFSA at 
1/20 C rate. 

Fig. 2 The charge-discaharge 
cycles in 1M LiTFSA in P2228-
TFSA at 1/20 C rate. 

Fig. 3 The charge-discaharge cycles 
on 1 M LiTFSA in P2228-TFSA + 
EC (10 : 1 v/v%) at 1/20 C rate. 
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Graphite carbon (C) is widely used as anode material in almost all Lithium (Li)-ion batteries. Li ions 
are relatively easily absorbed into layer structure of C, forming LiCx intercalation compounds between LiC6 
and C. However, in spite of the fact that they are simple binary compounds, the structures especially for 
compounds between LiC12 and C have been left unclarified for a long time. They have been considered to 
have layer stacking structures without exception; this strongly suggests that they are very likely to form 
modulated structures. We performed precise X-ray and neutron diffraction experiments on many LiCx 
crystals from LiC6 to C to examine their structures from various angles based on these structural models. 

 LiCx specimens for structural investigation are generally prepared by the electrochemical charge – 
discharge process. However, specimens yielded by this method are too small, especially to perform neutron 
diffraction measurements. We therefore prepared specimens for the neutron and X-ray powder diffraction 
measurements by a mechanical alloying method.  The x-ray measurements were carried out by the Debye-
Scherrer method by using Rigaku SmartLab X-ray diffractometer equipped with 0.7107Å   (MoKα) 
multilayer mirror monochromated source and D/tex Ultra one-dimensional silicon strip detector [1]. 
Neutron powder diffraction data were obtained using a time-of-flight powder diffractometer (BL09 
beamline, SPICA) at the Japan Proton Accelerator Research Complex (J-PARC) [2]. The crystal structures 
were examined and refined using the Rietveld method with JANA2006 program [3]. 

Our structural investigation revealed that, as Li ions are extracted from LiC6, the structure of LiC12 
emerges in addition to that of LiC6 and both the structures coexist between the LiC6 and LiC12 phases. These 
two structures belong to the space group P6/mmm. However, as Li concentration decreases smaller than 
LiC12, the atomic arrangement of LiCx begins to continuously change depending on x and LiCx (x>12) 
compounds crystallize into respective single modulated structures. The LiCx structures from LiC12 to C 
should be viewed as commensurately or incommensurately modulated four-dimensional structures 
characterized by modulation vectors 𝒒 = 𝛾 ∙ 𝒄∗  [3], where γ allows any real number from 3/2 to 7/4 in 
response to the Li concentration. These modulated structures are assumed to belong to the space group 
𝑃6𝑚2(00𝛾). In the a-b plane of LiCx, Li atoms are not located at all the holes of the graphene honeycomb 
lattices in the structures of LiC6 and LiC12; they occupy specific lattice sites, forming a √3 × √3 ordered 
atomic arrangement [4]. However, as soon as Li concentration is smaller than LiC12, Li atoms randomly 
occupy at all the honeycomb lattice holes at an occupation rate of 33.3% (at x=12). 

This work received the support of the Research and Development Innovative for Scientific Innovation 
of New Generation Battery (RISING2) project of the New Energy and Industrial Technology Development 
Organization (NEDO), Japan. 
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 The Mg rechargeable battery has been paid attention as the next generation battery due to the 
abundant resource and significantly high capacity of Mg metal (3837 mAh/cm3). However, the cathode 
material that can repeat charge and discharge in Mg rechargeable battery was limited to chevrel phase of 
Mg6S8 to deliver only about 80 mAh/g. We have focused on the Li1.2Mn0.54Ni0.13Co0.13O2, which is a 
positive electrode material of the high capacity and can be applied as the cathode material capable of 
inserting Mg ions1). However, there is no knowledge about redox potential without overpotential derived 
from anode. The purpose of this study was to evaluate the cathode property of delithiated 
LixMn0.54Ni0.13Co0.13O2-δ with reference electrode, to analyze the crystal structure and valence state 
changes after Mg insertion. Since the Li1.2Mn0.54Ni0.13Co0.13O2 exhibited relatively low reversibility, we 
also focused on the layered rock-salt type LiNi0.5Mn0.5O2. The cathode property of delithiated 
LixNi0.5Mn0.5O2 has not been reported as the Mg cathode. We also performed the chemically delithiation 
for LiNi0.5Mn0.5O2 to evaluate the electrochemical property and to reveal the crystal structure after 
discharge. 
 Li1.2Mn0.54Ni0.13Co0.13O2 and LiNi0.5Mn0.5O2 were synthesized by conventional method and 
delithiated by using NO2BF4

1). The products were characterized by XRD and ICP-AES. The titration 
technique was applied for LixMn0.54Ni0.13Co0.13O2-δ to evaluate the oxidation states of transition metals. 
The electrochemical measurements in the Mg cell with Ag reference were subjected to a charge-discharge 
cycle test. The XAFS and synchrotron XRD measurements were performed on the delithiated 
LixMn0.54Ni0.13Co0.13O2-δ and LixNi0.5Mn0.5O2 powders and 
their magnesiated electrodes. 
 Chemically delithiated LixMn0.54Ni0.13Co0.13O2-δ (x 
= 0.13 and x = 0.29) and LixNi0.5Mn0.5O2 (x =0.29 and x = 
0.44) were successfully synthesized. The results of the 
Rietveld analysis revealed the partially phase conversion 
from the monoclinic (C2/m) to the trigonal (R-3m) for 
LixMn0.54Ni0.13Co0.13O2-δ (x = 0.13 and x = 0.29) whereas 
the LixNi0.5Mn0.5O2 (x =0.29 and x = 0.44) retained the 
crystal structure with R-3m. From discharging test, the 
discharge capacity was over 400 mAh/g for 
Li0.13Mn0.54Ni0.13Co0.13O2-δ (Fig. 1) which corresponded to 
Mg = 0.59 apfu insertion. However, the reversibility was 
not confirmed after 2nd cycle. On the other hand, the 
Li0.29Ni0.5Mn0.5O2 showed relatively high reversibility of 
about 180 mAh/g for 5 cycles (Fig. 1). The synchrotron 
XRD measurements were performed and analyzed by 
Rietveld method to refine their structural parameters. The 
expansion in the lattice volume after Mg insertion indicated 
the increase of ionic radius of Mn, Ni and Co due to the 
reduction accompanied by Mg insertion in the both samples, 
which was also revealed by XAFS. Therefore, the 
discharge mechanism was explained by the reduction of 
transition metals and the intercalation of Mg into the 
interlayer of LixMn0.54Ni0.13Co0.13O2-δ and LixNi0.5Mn0.5O2. 
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(ALCA-SPRING) of Japan Science and Technology Agency. 
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Fig. 1 (a) Discharge/charge curves of 
Li0.13Mn0.54Ni0.13Co0.13O2-δ and (b) cycle 
property of Li0.29Ni0.5Mn0.5O2. 
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The use of lithium-ion secondary cells has been growing globally, and a large number of cells are 

powered at wide-range temperature. According to this, there have been several reports incidents which 
concern battery safety. Some cases are related to an overheating of the lithium-ion cells. Thermal 
runaway occurs when the exothermic reactions go out of control, thus the self-heating rate of the cell 
exceeds the point that begins to generate more heat than that can be dissipated. Understanding the 
behavior of lithium-ion cells during thermal runaway is critical to evaluate the safety of these energy 
storage devices under outstanding conditions. In this work we analyze the thermal runaway behavior of 
18650-type lithium-ion cells after charge/discharge cycle at 80°C. The thermal behavior of the cell is 
analyzed using an accelerating rate calorimeter (ARC). 

Non-degraded commercially available 18650-type lithium-ion secondary cells were used. The 
nominal capacity of the cells was 2550 mAh, anode and cathode materials are graphite and LiCoO2 + 
additives, respectively. In order to degrade the cells, charge/discharge cycle was conducted at 80°C for a 
week. The cells were tested inside an ARC (Model 2000, Columbia Scientific Industries) to record 
exothermic and thermal runaway reactions under adiabatic conditions. Before the set of the cell inside the 
ARC, the state of charge (SOC) was normalized at 0, 25, 50, 75, 100%. This SOC is denoted in N-SOC. 
The cells were charged/discharged using a battery tester (KIKUSUI, PFX2011). In this study, the thermal 
runaway is defined over 1°C/min as of exothermic rate. 

Figure 1 shows the exothermic rate of the cell before and after the charge/discharge cycle between 
75-100% SOC at N-SOC = 0, 25, 50, 75 and 100%. Comparing the before and after charge/discharge 
cycle in the case of N-SOC = 50, 75 and 100%, the thermal runaway of before cycled charge/discharge 
cells occurred at lower temperature. However, in the case of N-SOC = 0 and 25%, the thermal runaway of 
after cycled charge/discharge cells occurred at lower temperature. It is found that the starting temperature 
of thermal runaway depends on not only with and without cycled charge/discharge but also N-SOC.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  1 Exothermic rate versus cell temperature of before (left) and after (right) charge/discharge cycle 
test between SOC = 75 and 100% at 80°C for a week. N-SOC means normalized SOC before the ARC 
test. 
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Lithium-ion batteries are attracting much attention as the power source for many portable electronic 

devices, hybrid electric vehicles, electric vehicles and stationary energy storage systems.  Batteries for 
these applications require a significant high specific energy capacity and power density.  Significant 
efforts have been made to improve their energy density and power density.  As alternative cathode 
materials to the conventional cathode material, sulfur is attracting significant attention because of its high 
specific capacity.  In the Li-sulfur battery, polysulfide ions are dissolved in the electrolyte solution and 
the shuttle phenomenon occurs, causing poor rechargeability. 

Recently, our group developed a rubber-based sulfur cathode material with the thienoacene structure.  
The rubber-based sulfur cathode has a high capacity of more than 500 mAh/g and provide a stable cycle 
performance over a wide temperature range (Fig. 1).  Furthermore, the 1Ah class cell using the rubber-
based sulfur cathode shows an outstanding safety performance, in which no thermal runaway was 
observed during the nail penetration test. 

The Li pre-doping process of the cathode or anode is generally needed before assembling the full-cell 
to utilize the sulfur material as the cathode due to no lithium in the sulfur material.  Our group also 
developed the Li pre-doping technique for the rubber-based sulfur/graphite cell.  The cell composed of 
the perforated electrodes of rubber-based sulfur cathode and graphite anode, and Li metal foil, in which 
the pre-doping of lithium to the graphite anodes was conducted in the cell via external shorting between 
anodes and Li metal.  The 5 Ah-class laminated-type pouch cell was successfully developed via the Li 
pre-doping technique (Fig. 2). 

This presentation provides the performance of the cell consisting of the rubber-based sulfur cathode 
and the Li pre-doping technique using perforated electrodes for the practical use. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  The temperature performance of the 
cells composed of the rubber-based sulfur 
cathode and SiO anode. 

Figure 2.  The charge-discharge curves of 
the 5 Ah-class laminated-type cell 
consisting of the perforated electrodes of 
rubber-based sulfur cathode and graphite 
anode.  The Li pre-doping to the anode was 
conducted. 
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Elemental sulfur is one of the attractive positive electrode materials because of its high theoretical 
capacity (1672 mAh⋅g-1). However, there are several severe problems such as dissolution of lithium 
polysulfide (Li2Sn, n>2) into organic electrolytes and low electronic and ionic conductivity of sulfur, 
which cause the low cycle life and energy efficiency. To resolve these problems, we have proposed 
utilizing the transition-metal polysulfides as a positive electrode material of Li-S batteries.1-3 Among 
several candidates, VS4 is the promising material because of its high theoretical capacity (1197 mAh⋅g-1). 
Recently, we have examined the electrochemical properties of VS4 and analyzed its discharge/charge 
mechanism using X-ray absorption and X-ray total scattering measurements, and found the formation of a 
low crystalline phase, similar to crystalline VS4, at first cycle and the discharge/charge reactions proceed 
reversibly in the following cycles.4 For further improvement of electrochemical performance, the 
synthesis of low-crystalline VS4, appeared after the first cycle, would be one of the effective methods; 
low-crystalline (or amorphous) metal polysulfides often showed superior electrochemical performances1-3. 
 
In this work, we employed mechanical milling (MM) process at room temperature to prepare low 
crystalline VS4 (hereafter denoted as MM-VS4) and evaluated its electrochemical property. Crystalline 
VS4, prepared with heat treatment at 400˚C under vacuum sealing in a glass tube, was used as precursor. 
 
The broadening of XRD peaks in the MM-VS4 were observed compared to that in crystalline VS4 
indicating that crystallinity of VS4 lowed via the present mechanical milling process. The electrochemical 
property of these materials was evaluated with carbonate-based electrolyte and Li metal anode at C/20 in 
the voltage range of 1.0 – 3.0 V.  The cell with MM-VS4 sample showed a high discharge capacity of ca. 
950 mAh⋅g-1, which was similar to that of the crystalline VS4. The columbic efficiency at the first cycle 
was 86%, which was significantly improved compared with the crystalline VS4 cell (77%), resulting in 
the improved capacity retention during prolonged cycling. Pair distribution function (PDF) analysis 
obtained from X-ray total scattering data, revealed that the g(r) of MM-VS4 at initial stage was similar to 
that of the low-crystalline VS4 appeared after the first cycle. This is suggestive that the MM process gave 
rise to the preparation of “first cycled VS4” which would contribute to the improved columbic efficiency 
at the first cycle, as well as the improved cycle capability. 
 
The detailed discharge/charge mechanism for the MM-VS4 is currently investigating. We would expect 
the lowered crystallinity of metal polysulfides improves the electrochemical performance and is a key 
factor to design metal polysulfide electrode materials with high energy density.  
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We report the irreversible degradation mechanism of lithium-ion 
secondary cell at low temperature. After charge/discharge tests at 
5°C, we conducted differential capacity (dQ/dV) analysis and AC 
impedance measurements. As a result, the capacity of the cell was 
remarkably degraded by the charge/discharge cycling. It is 
considered that the stage structure of the graphitized carbon used in 
the anode changed to cause the irreversible capacity degradation. 

The lithium-ion secondary cell is reported to degrade by a 
repeated charge/discharge operation in a low temperature 
environment[1]. In the near future, the lithium-ion secondary cell 
will be used under various temperature conditions. When we take 
this into account, investigations of the degradation mechanism will 
be needed. To understand the temperature-dependent capacity 
change, the dQ/dV-V curve[2] and AC impedance analysis can be 
powerful tools. The purpose of this study is to measure a dQ/dV-V 
curve, and conduct AC impedance measurement to elucidate the 
deterioration of a LiCoO2-based 18650 type lithium ion cell at 5°C. 

Figure 1 shows cycle number dependence of the discharge 
capacity of the cell. After the 50 cycle operation, the discharge 
capacity measured at 25°C is plotted in the figure. It is seen that (i) 
the discharge capacity decreases with an increase in the cycle 
number, and that (ii) the decreased capacity is not recovered after the 
temperature is risen to 25°C. To investigate the irreversible 
phenomenon, dQ/dV-V curves were measured and shown in Fig. 2. 
According to the previous reports[3,4], A and B are originated in the 
crystal structure change of LiCoO2, and the four peaks of a, b, c, d 
reflect the change of graphite stage structure. In Fig. 2, under the 
charging at 5°C, a large overpotential is recognized at a, b1, b2, which 
correspond to the structural change of the anode. The same type of 
dQ/dV-V curve is observed at the 51st cycle at 25°C. This indicates 
that the anode reaction is irreversibly changed to decrease the 
capacity. AC impedance analysis supports the irreversible capacity 
degradation. 
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Fig. 1 Discharge capacity of 
lithium-ion secondary cell 
measured at 5 and 25°C. 

Fig. 2 Differential capacity vs. 
voltage recorded during 
charge/discharge cycling at a 
rate of 0.05C at 5 and 25°C. 
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 Low-level doping of electrode materials is known to be a common and simple method that can be used to 
improve electrode performance. However, multi-element doping compositions have generally been 
confined to the empirical intuition of researchers via trial-and-error. Here we propose a more systematic 
approach to designing multi-element doping compositions for electrode materials via a non-dominated 
sorting genetic algorithm (NSGA-II)-based computation. LiMnPO4 was selected to demonstrate our 
strategy not only because of its promising features such as a high operating voltage, comparable capacity, 
and structural stability, but also because it is known for insufficient electrochemical performance with 
poor reversibility and rate capability. In this study, a NSGA-II was employed to determine the optimum 
multi-element doping composition at the Mn site of olivine-structured LiMnPO4 through six consecutive 
generations, each of which contained 25 dopant sets that finally led to the pinpointing of two potential 
candidates for a multi-element doped LiMnPO4. The applicability of this strategy could be expanded to 
the discovery of a number of advanced electrode materials that would be useful in the field of battery 
research. 
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A precise determination of the complex 3D morphology of Li-ion battery electrodes and their evolution 
upon cycling is essential for optimizing their formulation and processing. This is especially critical for Si-
based negative electrodes, which suffer from large volume changes upon cycling, inducing a loss of 
electronic connectivity and an instability of the solid electrolyte interphase (SEI). Additionally, studying 
the formation and vanishing of the crystalline Li15Si4 phase upon cycling, which is well known to accentuate 
the morphological degradation of the electrode, is highly relevant 
 
In this study, we present a coupled in situ synchrotron based X-ray tomography and diffraction experiment 
applied to a flexible Si/C paper anode. The set up implemented on the Psiché beamline (SOLEIL 
synchrotron) allowed reaching 3 min total acquisition time per scan for both image acquisition of a volume 
of 943 x 943 x 208 µm3 with a voxel size of 0.65 µm, and diffraction pattern acquisition. The morphological 
and crystalline evolution of the electrode was monitored during the 1st and 10th cycle, in order to study the 
aging phenomenon. Key morphological parameters such as the dimensional changes, volume fraction, size 
distribution and connectivity of the solid phase, electrolyte phase and pore network of the electrode and 
also the evolution of the crystalline structure of the active material are quantified at different stages of the 
cycling. 
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Multiwalled carbon nanotubes (MWCNTs) are studied for the first time as the anode in lithium-ion 
batteries using LiCoO2, Li[Ni1/3Co1/3Mn1/3]O2, and LiFe1/4Mn1/2Co1/4PO4 cathodes (Figure 1). The anode 
material has a partially graphitic structure and nanotube morphology, which ensure stable cycling, 
Coulombic efficiency exceeding 99% as well as remarkable rate-capability in lithium half-cell, and 
suggest the compatibility for full-cell application. The performance of each lithium-ion array appears 
strongly related to the different structural, morphological and electrochemical features of the positive 
electrodes. The study in full-cell of the MWCNTs anode, to date mostly investigated in lithium half-cell, 
is therefore performed under various conditions. The MWCNTs/Li[Ni1/3Co1/3Mn1/3]O2 combination 
reveals promising behavior in terms of cycling stability, reversible capacity and Coulombic efficiency, 
which well demonstrates the potential suitability of MWCNTs as anodes in lithium-ion cell.1 
 
 

 
Figure 1. Schematic of morphological and electrochemical properties of the lithium-ion batteries 
combining MWCNTs anode with LiCoO2, Li[Ni1/3Co1/3Mn1/3]O2 and LiFe1/4Mn1/2Co1/4PO4 cathodes.1 
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Electrochemical energy storage devices are playing a vital role in today’s life,  as they 
are applied to power a wide variety of applications ranging  from portable electrical and 
electronic devices up to electric vehicles and stationary battery storage for renewables. 
Among the energy storage systems that are available on the market, Lithium-ion 
batteries (LIBs) are most widespread. However, the demand for higher energy density 
and reduction in cost remain, requiring a consistent R&D effort [1]. 
 
Consequently, two main measures have been adopted to improve the battery 
performance: developing new materials and optimizing cell design. In this work, a 
model-based approach is adopted by developing a numerical framework that couples the 
state of the art pseudo-2D model [2], which allows for the simulation of the battery 
performance, with global gradient-free optimization algorithms that provide a mean to 
maximize the energy density of the cell at optimal design of morphological parameters 
of the electrodes, i.e. thickness of  and porosity of the active material. The results 
indicate that a significant improvement in the energy density is achieved when the 
morphological parameters are optimally designed using the implemented numerical 
framework, and that high energy density cell can be obtained using thick electrodes and 
low porosity of the cell at lower C rates. 
 
The presented numerical framework can be used at early design stage to obtain batteries 
optimised for a certain purpose. It provides a cost effective way by reducing the number 
of conducted trial-and-error experiments, which often lead to sub-optimal design of the 
cell. Additionally, the incorporation of physics-based model gives the ability to gain 
insight into the internal behavior associated with an optimal design of the battery. 
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Fig 1. (A) Cyclic voltammogramms of NaxHCM (black) and NaInHCF (red) electrodes in 8 M NaClO4, 
respectively. (B) Half-charged potentials of different PBA electrodes as a function of the empirical radii 
of N-coordinated transition metals. 
 
A vision to achieve a zero carbon society has driven huge investments and rapid developments of clean 
and sustainable energy sources and, at the same time, strict regulations on the usage of conventional 
systems based on fossil fuels. To scale up renewable power sources and to improve their reliability in 
terms of energy provision, the installation of effective energy storage systems (ESSs) with renewable 
power sources is necessary to mitigate the intermittency of energy production from renewable sources. 
Due to the abundance of Na and the use of safe electrolytes, aqueous Na-ion batteries have attracted 
significant attention as promising ESSs in large-scale applications. 
Open frameworks such as Prussian blue analogs (PBAs) have drawn significant attraction as promising 
electrode materials for aqueous Na-ion batteries due to their long cycle life and high rate capability and 
high safety.[1,2] Recently, we have demonstrated multiple PBA-based cathode materials and an anode 
material with excellent performances. The battery performances of the cathode materials vary depending 
on the composition and the electrolytes used. Interestingly, the “half-charged potentials (E1/2)” of PBA 
electrodes appear to have a correlation with the empirical radii of N-coordinated transition metals (Ni, Co, 
Cu, Cr, V and In) as shown in Figure 1A.[3,4,5,6] Among investigated PBAs, sodium indium 
hexacyanoferrate (NaInHCF) exhibits very high potential (E1/2 = 1.09V vs SSC) and high capacity 75 
mAhg-1 with extremely high cycling stability (ca. 80% capacity retention after 16,000 cycles). The anode 
material sodium manganese hexacyanomanganate (NaxMnHCM) displays the lowest electrode potential 
(E1/2 = ca. -0.93 vs SSC) for aqueous Na-ion batteries, with the best of our knowledge, and high specific 
capacity of ca. 85 mAhg-1 with high round trip efficiency (99.6%) over 3000 cycles.[7] Optimized aqueous 
Na-ion batteries utilizing state of the art PBAs as electrodes, e.g., NaxMnHCM and NaInHCF (see Figure 
1B), are expected to exhibit very high voltage up to 2.8 V with high coulombic efficiency and long cycle 
life. 
[1] C. D. Wessells, R. A. Huggins and Y. Cui, Nat. Commun., 2011, 2, 550. 
[2] M. Pasta, C. D. Wessells, R. A. Huggins and Y. Cui, Nat. Commun., 2012, 3, 1149. 
[3] J. Yun, J. Pfisterer, A. S. Bandarenka, Energy Environ. Sci., 2016, 9, 955. 
[4] B. Paulitsch, J. Yun, A. S. Bandarenka, ACS Appl. Mater. Interfaces, 2017, 9, 8107 
[5] R. Bors, J. Yun, P. Marzak, J. Fichtner, D. Scieszka, A. S. Bandarenka, in preparation 
[6] P. Scheibenbogen, J. Yun, P. Marzak, C. Sohr, A. S. Bandarenka, in preparation 
[7] J. Yun, F. A. Schiegg, Y. Liang, D. Scieszka, B. Garlyyev, A. Kwiatkowski, T. Wagner, A. S. 
Bandarenka, ACS Appl. Energy Mater., 2018, 1, 123. 



Modeling the performance of Li-ion and Na-ion batteries 
 

Simon Schneider, Petr Novák, Erik J. Berg 
Electrochemistry Laboratory, Paul Scherrer Institute 

CH-5232 Villigen, Switzerland 
simon.schneider@psi.ch 

 
Li-ion batteries (LIBs) are currently the most advanced technology for many energy storage applications 
because of their high energy density and reliable performance. Due to lower projected cost and 
environmental impact, Na-ion batteries (NIBs) are considered a suitable technology to eventually 
complement LIBs.[1][2] Whereas it remains an open question whether NIBs will be able to compete with 
LIBs in terms of specific energy, they could be more suitable for applications that require high specific 
power. This is due to the fact that Na+ has a smaller solvation shell than Li+, which favours faster reaction 
kinetics at the electrode/electrolyte interface and faster diffusion in the electrolyte.[3][4] In this study, we 
employed a pseudo-two-dimensional (P2D) electrochemical battery model [5] to simulate discharge 
profiles of a LIB (LiNi1/3Mn1/3Co1/3O2 vs graphite) and a NIB (NaNi1/3Mn1/3Co1/3O2 vs hard carbon) for 
different discharge rates. Ragone plots were obtained from the calculated discharge profiles using the 
relationships for specific energy (Es) and average specific power (Ps) shown below. J, w, and V(t) 
respectively denote current density, battery cell weight, and discharge voltage. 

 
Fig. 1 shows that the LIB displays higher specific energy at low power-to-energy (P/E) ratios, i.e. at low 
discharge rates. At increased P/E, the predicted NIB performance approaches the one of the LIB and at 
P/E ≈ 25 both batteries show similar specific energies achievable at high power. The presented work 
provides a critical assessment of key parameters governing the performance of LIB and NIB cells. 

 

 
Figure 1: Ragone plot for typical high power cell design LIB and 
NIB obtained with the P2D model. The porosity of anode and 
cathode was set to 40% and the anode thickness to 60 μm. 
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Development of new battery technologies based on multivalent metal anodes (e.g. Mg, Ca, Al) appears as 
an especially appealing post-lithium technology, as these rely on abundant, inexpensive and non-toxic 
metals and could potentially increase energy densities by a 2- or 3-fold.[1] Amongst them, Mg batteries 
have received the greatest attention, with proof of concept being given as early as 2000. However, 
commercialization remains elusive due to diverse fundamental bottlenecks. The recent reports on the 
feasibility of Ca plating and stripping  [2] paved the way to quest for cathode materials that could be used 
to achieve proof of concept of a full Ca battery. Besides the exploration of new materials, revisiting 
traditional layered intercalation hosts appears as the first logical step to gain further insight into the 
fundamentals of divalent ion intercalation.[3] 
 
 The case of V2O5 is especially intriguing.  Despite the expected low multivalent ion mobility into oxide 
hosts, it seems at first sight well established that it does intercalate both Ca2+ and Mg2+ ions, but the 
interpretation of some observed trends deserves further attention. On one hand, addition of water as 
shielding molecule to magnesium-based electrolytes was suggested to promote intercalation of Mg2+ ions 
but alternative effects of water or hydronium ions have not been unambiguously elucidated. On the other 
hand, determination of the intercalated AxV2O5 crystal structure remains unclear. The aim of this work is 
to further study the controversial aspects related to the intercalation of Mg2+ and Ca2+ into V2O5 and to 
perform additional experiments aiming at achieving a direct evidence of the formation of inserted AxV2O5 
(A=Ca, Mg) phases.  In order to explore untrodden paths, AV2O5 (A=Ca, Mg) were also prepared using 
solid state chemistry routes, and electrochemical and chemical oxidation of such phases were also 
attempted. [4]   
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SnO2@C/graphene ternary composite material was prepared via a double layer modified strategy of 
carbon layer and graphene sheets. The composite is characterized by X-ray diffraction, Fourier-transform 
infrared spectroscopy, Raman spectroscopy, scanning electron microscope, transmission electron 
microscopy and high resolution transmission electron microscopy. The size, dispersity and coating layer 
of SnO2@C were uniform. The SnO2@C/graphene had a typical porous structure. The electrochemical 
performances of SnO2@C/graphene were better than those of carbon spheres/graphene, SnO2@C and 
SnO2/graphene according to the results of comparative experiments. The first lithium insertion and 
lithium extraction capacities of SnO2@C/graphene were 2210 and 1285 mAh·g-1 at a current density of 
1000 mA·g-1, respectively. The coulombic efficiency was 58.60%. The reversible specific capacity of 
SnO2@C/graphene anode was 955 mAh·g-1 after 300 cycles. SnO2@C/graphene anode had excellent rate 
performance. The reversible specific capacity still maintained an average of 394 mAh·g-1 even at the high 
current density of 5 A·g-1.The synergistic mechanism between SnO2@C and graphene was investigated 
with cyclic voltammetry and electrochemical impedance spectroscopy. 
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Preparing high-energy Si-based anodes, often requires the adoption of ad-hoc nanostructures, which are 
frequently plagued by complex and energy-consuming preparation procedures[1]. 
 
This work reports a simple and low-impact preparation of environmentally friendly 5-nm average sized 
Anatase-TiO2 nanoparticles, used as efficient buffering filler for Si-nanoparticle based alloying anodes for 
Li-ion batteries (Si@TiO2) [2]. Consistently with the preparation procedure, electrode processing was 
performed focusing on a lower environmental impact with respect to the industry standard (PVdF – NMP 
system), employing high molecular weight PolyAcrylic Acid (PAA) as alternative binder [3] and ethanol 
as solvent. 
 
Both structural and morphological characterization have been accomplished by means of Electron 
Microscopy (both Scanning and Transmission) and X-ray Diffraction. Electrochemical galvanostatic 
cycling experiments highlighted very good reversible specific capacities, up to 1000 mAhg-1, and, at the 
same time, testing the rate capabilities of the system, with specific currents ranging from 500 mAg-1 to 
2000 mAg-1, a low cell polarization was evidenced with the increasing cycling rate. Ex-situ SEM 
electrode analysis after 100 cycles at 500 mAg-1 specific current showed a remarkable electrode integrity. 
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Understanding different aging processes and mechanisms affecting the lifetime and safety of lithium ion 
batteries is crucial for extending their applicability in e.g. hybrid and electric vehicles.  Use of on-line mass 
spectrometry (MS) simultaneously with electrochemical battery cycling can give insight to these processes 
and has provoked increasing interest during past years [1-4]. 

Here, a custom designed versatile electrochemical cell with connection to MS is used to study aging-related 
gas evolution at laboratory-scale lithium ion batteries. The cell design allows studies of different battery 
chemistries, where all components, the electrodes, separator and electrolyte, can conveniently be varied. 
Materials chosen for this work are LiNi1/3Mn1/3Co1/3O2 (NMC) as cathode, graphite as anode and LP40 as 
electrolyte. Alongside the full cell measurements, metallic lithium reference electrode can be used for 
separate studies of cathodic and anodic reactions.  

The goal is to assign performance loss of the battery to specific reactions such as decomposition of 
electrolyte, formation of the SEI (solid electrolyte interphase) and other side reactions by detecting and 
quantifying the gaseous products upon different cell conditions. Main emphasis of the present work is in 
elucidating capacity loss related to fast-charging, elevated temperature and state of charge or voltage 
window.  

Furthermore, possibility to use in-situ MS to study the aging and related gas evolution of large commercial 
lithium ion batteries is developed. The aging of large batteries can be inhomogeneous [5, 6] and therefore 
it is important to also measure the gas evaluation from large cells and compare these to small laboratory-
scale cells aged at more defined conditions.  Our overall aim is to further develop the in-situ MS cell for 
longer-term aging experiments relevant for vehicle applications.  
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Graphene is currently one of the most studied materials on the planet and it has attracted a strong interest 
in recent years [1-3]. It is emerging as one of the most promising nanomaterials nowadays in a wide 
variety of applications [4], significantly in energy storage [5-7] and in electronic applications. The use of 
electroactive nanoparticles like graphene as dispersed conducting agents can bring interesting advantages 
in the electrolyte of metal-air batteries as this material can ensure a high conductivity and area even at 
very low concentration, contrary to other carbons that are difficult to disperse in aqueous electrolytes due 
to their inert graphitized surface, e.g. carbon blacks such as Super P. Herein, a high quality graphene has 
been produced by electrochemical exfoliation using various aqueous alkaline media. The influence of 
electrochemical exfoliated graphene on the electrolyte of metal-air half-cells has been studied by carrying 
out cyclic voltammetry and impedance tests showing a significant effect of graphene on the 
electrochemical processes. The mechanisms to understand these effects have also been discussed. 
Moreover, half-cell electrodes and graphene suspensions have been characterized using microscopy 
techniques. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figures 1 and 2. Setup and cyclic voltammetry for Zn (left) and O2 (right) half-cells. 
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The preparation, the complete structural and electrochemical characterization of a Silicon/Vanadium 
Pentoxide nanosheets [1] composite (Si@V2O5), as anode material for Li-ion batteries, are here reported.  
This approach, aimed at mitigating the morphological instability issues commonly plaguing Si-based 
anodes, consists in wrapping silicon nanoparticles in V2O5 nanosheets prepared by a simple and direct 
reaction between H2O2 and crystalline V2O5 (c-V2O5) [2]. Then, electrode processing involves the use of 
the alternative binder Polyacrylic Acid (PAA) and ethanol as solvent. The electrolyte formulation has 
been optimized as well, by employing Vinylene Carbonate (VC) additive, in order to maximize cycling 
stability and performance. Preliminary results report specific capacities of 932 mAh g-1 and 759 mAh g-1 
after 50 cycles at 500 mA g-1 and 1000 mA g-1, respectively. The Si@V2O5 electrode also shows 
remarkable rate capability performances. 
 

 
 

Figure 1. Morphological characterization of the composite: a) SEM micrograph of Si@V2O5; b) TEM 
micrograph of Si@V2O5. 
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Natural abundance of elemental sulfur in the Earth’s crust make Li-S technology as an attractive low cost 
alternative to Li-ion batteries. Some of setbacks in Li-S technology include: (i) a low degree of sulfur 
utilization, (ii) quick capacity fading during cycling, (iii) relatively poor rate capability and (iv) a low 
Coulombic efficiency [1-2]. These limitations mainly arise because of the low conductivity of S8 (5 × 
10−18 S cm−1), the solubility of polysulfide intermediates, shuttling of dissolved polysulfides, and a 
general lack of morphological restoration of the sulfur-containing host material during long term cycling 
[2].  In this work, we demonstrate integration of multiple design strategies to form a cost effective and 
sustainable sulfur-containing electrode of carbon and Magnéli phase TinO2n-1, that offers exceptional long 
life and good rate performance with high S loading for Li-S batteries. Electrically conductive Magnéli 
phase nanoparticle-loaded carbon matrices (TinO2n-1@C/S) were synthesized by simple heat treatment of 
the mixture of TiO2 nanotubes and polyvinyl alcohol (PVA) in inert environment. The approach also 
suppresses the sintering and grain growth in TinO2n-1 nanoparticles ensuring high surface area for LiPS 
docking that mitigates shuttling effect for high capacity Li/S batteries. Sulfur is introduced into the carbon 
matrix by a simple thermal infusion process, allowing a high areal sulfur loading (>2.3 mg cm-2) with 
effective LiPS adsorption. The cells were efficiently charged and discharged for 1000 cycles up to 1 C, 
even for low E/S ratio. This study also demonstrates how physical entrapment of porous carbon in 
addition to the chemical binding capability of several Magnéli phase oxides contribute synergistically to 
realize long cycle life Li-S batteries. 

 

Figure 1. TEM images of (a) TiO2 NTs, (b) TinO2n-1@C matrices and (c) TinO2n-1@C/S composites. 
HRTEM images of (d) TiO2 NTs, (e) TinO2n-1@C matrices and (f) TinO2n-1@C/S composites. SAED 
patterns of (h) TiO2 NTs, (i) TinO2n-1@C matrices and (j) TinO2n-1@C/S composites acquired from the 
areas shown the inset images. The scale bar in the inset corresponds to 50 nm. (Blue corresponds to 
rutile TiO2, green corresponds to Ti9O17 and red corresponds to elemental S). 
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Several types of redox flow batteries were developed for the use of an electrolyte based on copper. 
Among these systems, all-copper RFB needs to stabilize the Cu(I) oxidation state to have the Cu(I)/Cu 
redox couple at the negative side and the Cu(II)/Cu(I) at the positive electrode. For that purpose, the 
choice of the complexing ligands has a key importance. Cu(I) is known to be particularly stable in 
acetonitrile and, consecutively, different flow cells were tested with Cu(CH3CN)4

− complexes as 
electroactive species [1]–[4]. Another interesting property of acetonitrile-copper mixture is explained by 
Parker et al.; after leaching of  Cu ores in an acetonitrile solution, its distillation from the mixture leads to 
the Cu(I) disproportion into Cu and Cu(II) [5]. By considering that heat can induce a redox reaction with 
Cu(I), an new and attractive way to store energy can be applied. Either the Cu RFB can store electricity as 
a usual RFB, either the Cu RFB stores heat through the thermal regeneration of Cu and Cu(II) and 
converts heat in electricity. The proof of concept for this heat-to-power Cu battery has been described by 
Peljo et al.[2].  
Here the thermodynamics and the electrochemistry of the Cu(I) system is studied for a better 
understanding of the different phenomena occurring during the battery cycling. A non-aqueous electrolyte 
is chosen to avoid any destabilization of the Cu(I) by water and the working fluid is propylene carbonate. 
This compound with a temperature of vaporization of 242°C allows the disproportion of Cu(I) by 
acetonitrile distillation and keeps the Cu and Cu(II) species in solution. Propylene carbonate is also 
known for its relatively high molecular dipole moment and dielectric constant. Electrochemical analysis 
of Cu-ACN-PC mixtures shows that the Cu(I) diffusion coefficient at the electrode is slower for solution 
containing higher concentration of PC. The main explanation for this effect can be assigned to the 
increase of viscosity in solution. Another effect of the PC is the increase of the energy activation for the 
Cu(I) oxidation at the electrode surface. 
If the heat conversion is considered, the system becomes limited by thermodynamics and by the Carnot 
efficiency. From differential scanning calorimetry, the enthalpy of vaporization for the ACN and PC has 
been determined at repesctively 32.4 and 54.0 kJ mol-1. [Cu(CH3CN)4]BF4 enthaply of decomposition 
occurs around 160°C and corresponds to 107 kJ mol-1. The heat capacity of Cu-ACN-PC systems increase 
with higher concentration of Cu(I) and PC. All this thermodynamics data show that to induce the 
destabilization of Cu(I), the temperature that needs to be applied is higher than the simple temperature of 
vaporization of the ACN. 
As a conclusion, this Cu RFB could be very interesting to store heat with temperatures between 120-
160°C, which are usually already considered as waste heat. The efficiency of the heat-to-power 
conversion is estimated between 10 and 27% depending on the electrolyte composition. Also the choice 
of the PC concentration will imply to consider different potentials of the cell (from 1.0 to 1.35 V) and 
activation energies during the electron transfer. 
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Modeling is an important and critical point of lithium-ion batteries (LIB) research. One of the main 

challenges for the management of LIB is to increase their energy storage capabilities and lifetimes. To 
achieve this goal, an accurate battery model is essential [1-2]. Performance of batteries depends on many 
parameters, such as charge and discharge current, temperature, active material, particles size, active 
material volume fraction, electrodes reaction rate, separator or electrode thickness. All this parameters 
need to be measured in order to correctly parametrize electrochemical models. These models will be 
responsible of managing the operational window of the cells accurately on a real time platform. With a 
proper parametrization of battery models the operational capacity can be improved, Solid-Electrolyte 
Interphase (SEI) layer growth controlled or Li+ platting avoided. 

In this work a protocol to obtain parameters of a commercial lithium iron phosphate/graphite (LFP/C) 
battery that will be used in our model has been defined and optimized [3] (Fig. 1). 

In this work, a parametrization of LFP/C commercial cylindrical battery of dimensions 40 mm (D) x 
87 mm (H), with operating voltage between 2.8 V and 3.8 V, and capacity of 11 Ah cell was performed.. 
An evaluation of particle size and SEI size was studied by microstructural Scanning and Transmission 
Electron Microscopes (SEM and TEM) (Fig. 2) and crystallographic X-Ray diffraction (XRD) analyses. 
Electrode composition was determined by elemental analysis via energy-dispersive X-ray spectroscopy 
(EDS) and inductively coupled plasma-atomic emission spectrometry (ICP). The lithium diffusion 
coefficient was calculated using coulometric titration techniques (PITT and GITT). Furthermore, the 
electrochemical performances and electronic conductivity of the harvested electrodes were determined by 
electrochemical tests in half-cell configuration. Mercury porosimetry was used for the determination of 
the surface area and the pore size of the electrodes and separator. Nuclear magnetic resonance 
spectroscopy (NMR) and Gas chromatography–mass spectrometry (GC/MS) were used to estimate the 
electrolyte composition. 
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Fig. 1 Schematic of the model. Fig.2 SEM image of the cross 
section of the anode. 
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We report on the scalable synthesis and characterization of novel architecture three-dimensional high-

capacity amorphous Silicon Nanostructures (SiNSs)-based anodes, with focus on studying their 

electrochemical degradation mechanisms. By using our novel, low cost and high mass loading 

chemical vapor deposition (CVD) procedure we synthesized anodes that have shown stable cycle life 

for up to hundreds of cycles and provided capacities of up to 5.5mAh/cm2, very low irreversible 

capacity and good compatibility with commercial cathodes such as NCA and LFP. Notably, it was 

found that the growth of the continuous solid electrolyte interphase (SEI) layer thickness, and its 

concomitant increase in resistivity, represents the major reason for the observed capacity loss of the 

SiNSs-based anodes. Since, according to our previous studies, artificial SEI layer may stabilize the SEI 

formation and growth, thin uniform coatings of Al2O3 was applied directly on the SiNS by a process of 

atomic layer deposition (ALD). The performance of alumina ALD coated SiNSs-based anodes is 

presented.   Our data reveals that NSs-based anodes of novel architecture are expected to meet the 

requirements of lithium-ion batteries for both portable and electric-vehicle applications. 
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To prepare a battery, two redox couples with sufficient potential difference is required. In a typical 
battery, this potential difference is due to the difference in chemical potentials of the redox couples. But it 
is also possible to construct a battery by utilizing a Galvani potential difference between two phases. To 
demonstrate this, a battery consisting of two organic phases containing the same redox couple separated 
by an aqueous phase was constructed. Electron transfer to/from a redox couple dissolved in the organic 
phase induces a concomitant ion transfer across both liquid-liquid interfaces, in effect showing a battery 
where the charge is stored in transferring a salt from aqueous phase into an organic phase [1]. Upon 
charge, the cation of the aqueous phase transfers into one of the organic phases while anion is transferred 
into the other organic phase. A cell voltage of 0.8 V is demonstrated by utilizing LiClO4 as the 
transferring salt from water into trifluorotoluene. The cycling of the battery takes place with good 
Coulobic efficiency close to 100% and energy efficiencies up to 80%, but the cycling stability is limited 
due to the cell construction [1]. 
 

 
 
Fig. 1. The operation principle of the ion transfer battery upon discharge, with examples of charge-
discharge cycles on the right. 
 
In this poster we will describe our recent advances in increasing the cell voltage by changing the redox 
couples, and designing a biphasic flow battery to minimize the Ohmic losses and improving the stability 
of the system. 
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Energy storage devices may be electrically connected in parallel in order to increase the total capacity and meet 
requirements for power and energy. A hybrid energy storage system consists of multiple energy storage elements such 
as batteries and supercapacitors. This hybrid system takes advantages of one element while hiding its weaknesses by 
the help of the second one. The nature of a parallel connection means that the voltage over each cell is the same and 
the applied current is equal to the sum of the individual cell currents. 
In symmetric combination, current is assumed to be equally distributed over the parallel-connected cells. However, 
the variations in internal impedance of the cells results in slight changes in the current distribution among the cells. 
Differences in current can change the state of charge (SOC), temperature and degradation rate of each cell, which 
means that the parallel-connected cells will have different SOC despite being at the same terminal voltage and could 
degrade at different rates[1]. For these reasons, there is a need for a modeling method that understand the behavior of 
the current distribution, predict the dynamic current response and state the degradation capacity of the parallel-
connected cells. This asymmetry is further exacerbated when the two cells are different like the case of a battery and 
a supercapacitor. 
The modelling studies and the investigation of the current distribution behavior in parallel-connected batteries have 
been limited by few studies in the literature. Yet the recent increasing needs of large portable applications of electric 
energy storage, which involve parallel connections, requires more effort in understanding and modeling these systems. 
However, there is a prerequisite for defining a precise measurement set-up for the experimental measurement of the 
slight changes in the impedance and the current in these systems.  In this work, first we well demonstrate a well-
defined measurement set-up that can precisely measure the current distribution among the parallel-connected systems. 
The measurement set-up consists of Hall Effect current transducers with negligible impedance. Second, we will use 
the Zero-Free-Parameter modeling approach presented by Ozdemir et al.[2], to predict the voltage behavior of the 
parallel-connected systems for various hybrid energy storage systems.  
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Flexibility in power grid operation will become of paramount importance as the percentage of power 
generation by intermittent and difficult-to-predict energy sources, like solar and wind power, grows. 
Storage is an attractive technology to achieve flexibility. It maximizes generation utilization without 
affecting when and how consumers use electrical power [1]. Due to the low cost, environment-
friendliness and wide availability of the active materials, the zinc/air redox flow battery is a promising 
candidate for stationary energy storage [2]. The reversible air electrode in one half-cell reaction 
supersedes storage volume for the positive active material, leading to an increased energy density of the 
system. In order to predict the available energy of the battery and to prevent the formation of zinc 
dendrites or side reactions, like hydrogen evolution, the state of charge (SOC) has to be known. 
 
We present a study of SOC-determination for the zinc/air redox flow battery. It is possible to determine 
the SOC from the zincate concentration of the negative electrolyte. The rest potential of the zinc 
electrode, electrolyte conductivity, electrolyte density, electrolyte refractive index and the limiting current 
of zinc electrodeposition were investigated in a range of zincate concentrations and for several 
temperatures in NaOH- and KOH-electrolytes. Electrolyte density and electrolyte conductivity (Figure 1) 
correlated linearly with the zincate concentration. For the rest potential a linear correlation with the 
logarithm of the zincate concentration was found. Each of these parameters or combinations of them 
allow for an easy determination of the state of charge of zinc/air redox flow batteries. 

Figure 1: Electric conductivity σ at 60 °C of a 7 M NaOH electrolyte with 2.4 g L−1 LP additive as a 
function of zincate concentration c(Zn). 
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Recently, lithium-ion batteries (LIBs) are more importantly emerging by huge application areas of 
electric vehicles and energy storage system. Due to urgent requirements for LIB, such as higher capacity, 
longer cycle life, enhanced rate-capability, and improved safety, conventional LiCoO2 and graphite are 
started to replace with the carefully designed electrode materials such as Ni-rich layered cathodes and Si-
based anodes, respectively, showing higher electrochemical performance. In a cathode side, for instance, 
LiNi0.5Co0.2Mn0.3O2 (NCM523) and LiNi0.8Co0.1Mn0.1O2 (NCM811) can be considered as the mostly 
promising the Ni-rich layered cathode materials. However, these cathode materials may be suffered from 
poor cycling stability and low storage performance at elevated temperatures due to their reactions with 
electrolyte components. The addition of various electrolyte additives has been proposed as an efficient 
way of overcoming the side reactions. 

Since using as a rate-capability enhancer with vinylene carbonate in graphite half-cells [1], lithium 
difluorophosphate (LiPO2F2) has also been utilized to improve low-temperature performance of 
NCM523/graphite cells [2], cycle stability of LiCoO2/Li half-cell [3], synergy of cycleability and lithium 
plating reduction in NCM111/graphite full-cells [4], and stable formation of interfacial layer between 
electrolyte and LiNi0.5Co0.25Mn0.25O2 [5]. In this study, the electrochemical performance of two full-cells 
consisting of NCM523/graphite and NCM811/graphite are examined in a base electrolyte: 1.0 M LiPF6 
dissolved in the mixture of ethylene carbonate:diethyl carbonate (7:3 v/v) + vinylene carbonate (2 wt.%) 
+ 1,3-propane sultone (1 wt.%). Particularly investigated are the addition effects of combined components 
of ethylene sulfate (C2H4O4S) and LiPO2F2 as a salt-like additive on the particular electrochemical 
properties such as resistance reduction pattern measured by DC-IR technique during cycling at 0.3 C-rate 
over 300 times and discharge capacity retention after storage for 4 weeks at 45oC. In addition, such 
addition effects on the cycle performance and capacity retention ratio during cycling at 1.0 C-rate are also 
performed for the NCM full-cells charged up to different cut-off voltages (4.3V and 4.5V) to discuss the 
stable charging condition that show maximum electrochemical energy density. Cycle performance of 
NCM523/graphite full-cell charging up to different voltages is shown in Fig.1 as an example, which will 
be discussed in detail in the presentation. 
 
[1] K.-E. Kim et al., Electrochem. Commun. 61 (2015) 121-124. 
[2] B. Yang et al., Electrochim. Acta 221 (2016) 107-114. 
[3] G. Yang et al., RSC Adv. 7 (2017) 26052-26059. 
[4] Q.Q. Liu et al., Electrochim. Acta 263 (2018) 237-248. 
[5] W. Zhao et al., J. Power Sources 380 (2018) 149-157. 

 
Fig.1. Cycle performance of NCM523/graphite cells with and without LiPO2F2+ethylene sulfate, 
measured by charging up to different cut-off voltages and discharging at 1.0 C-rate. 
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Ionic liquids have shown good promise as lithium-air electrolytes. They are stable in the 

electrochemical window of discharge and charge and show good stability toward reduced oxygen 

intermediates. Study of the superoxide intermediate formed on discharge is necessary to determine 

whether a favoured, solution-based mechanism of lithium peroxide formation is occurring, or 

whether a passivating film of lithium peroxide is forming on discharge.1 This study will examine the 

effects of the identity of the cation and anion that make up the ionic liquid on the nature of the 

superoxide radical using in situ SERS at gold SSV substrates,2 which provide a robust electrode 

surface. 

 

The figure below shows preliminary results for triethylsulfonium bis(trifluoromethanesulfonyl)imide 

at a gold SSV electrode, a system previously studied by Radjenovic et al.3 who used an 

electrochemically roughened gold surface.  These results indicate a solution-stable superoxide that 

interacts strongly with the cation. The interaction weakens as the potential is stepped to more 

negative values evidenced by a proportional increase in νO-O with a decrease in νS-O of approximately 

4 cm-1, νO-O and νS-O recover as the direction of potential steps is reversed. 
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Figure 1 – Raman spectra for the νO-O region for oxygenated TESTFSI. The potential is stepped by 0.250 V in a negative direction from 0.0 v to -

2.75 V before stepping back in a positive direction. Each potential is held for 30 s and acquisitions of 10 s x 3 are taken for each potential step. 

Acquisitions are taken on a 633 nm laser with a 50 x objective lens. The graphs show the variation of the νO-O and νS-O bands with potential. 
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Nanoparticles of the 14 group elements, in particular of Ge and Si, are considered as a promising 
replacement of graphite in the anodes of modern Lithium-ion batteries able to significantly increase their 
energy capacity [1]. Despite higher limiting capacity of silicon, germanium has the advantages associated 
with its 100 times greater electric conductivity and 400 times higher Li-ion diffusivity. Almost all known 
methods of electrodeposition of the germanium nanoparticles are based on the use of its halides [2], 
usually germanium chloride, – a highly toxic and chemically labile compound. The environmental and 
economical concerns strongly stimulate the development of halogen-free methods of conversion of GeO2 
to Ge [3] and of the closely related issue of the replacement of germanium halides with new substrates-
sources for the electrodeposition of germanium nanoparticles. 
 
 
 

 
 
 

 
Figure 1. The concept of the method, the scheme of the synthesis  

and SEM image of thus obtained germanium nanoparticles 
 
We proposed a simple and convenient method of electrochemical precipitation of Ge nanoparticles from 
the solution of germanium citrate in propylene glycol. This substance is avaliable, completely non-toxic 
and highly stable and it can be obtained from the GeO2 and the water solution of the citric acid. The 
electrolysis requires very simple conditions (galvanostatic mode, an undivided cell) and can be easily 
scaled up.  
 
This work was carried out with the financial support of Russian Science Foundation (RSF Grant 17-73-
20281).  
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2. K. Nadarajah, A.F. Khan, N.A. Rahim, Recent Patents on Nanotechnology, 2016, 10, 26 
3. M. Glavinovic, M. Krause, L. Yang, J.A. McLeod, L. Liu, K.M. Baines, T. Friscic, J.-P. Lumb, Science 
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Lithium-sulfur (Li-S) battery is an attractive candidate for electric vehicles, portable 

electronic devices and grid-scale energy storage systems due to its high theoretical 
energy density (2600 Wh kg-1), low cost, environmental friendliness and natural 
abundance of sulfur.  Despite of these advantages, Li-S battery still has two main 
hurdles for its commercialization.  One is capacity decay due to the dissolution and 
migration of lithium polysulfides formed during cycling. The other is low sulfur 
utilization, especially when sulfur loading level increases.  To solve these problems, 
many researchers encapsulated active sulfur physically using conductive materials such 
as carbon and conducting polymers. However, the physical encapsulation of 
polysulfides was not sufficient for suppressing capacity degradation in the Li-S battery, 
indicating the necessity of additional confinement by employing chemical interaction. 
In this study, we report on hydroxyl-functionalized carbon nanotubes (CNTOH) as 
polysulfide adsorbent as well as carbon substrate in the sulfur cathode.  Hydroxyl 
groups on CNTOH exhibited a strong chemical interaction with polysulfides and 
confined polysulfides effectively in the cathode.  CNTOH-sulfur composite cathode was 
prepared by physical compression method for high sulfur loading.  Detailed surface 
modification process, characterization and electrochemical performance of Li-S cell 
using CNTOH will be presented. 
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Sodium-ion batteries (SIBs) are now attracting more and more attentions for large-scale energy storage 
applications because of the high abundance and low cost of Na resources [1]. As an important component 
of SIBs, cathode materials play a pivotal role in determining the cost, safety, specific energy, cycling life, 
and specific power of SIBs [2]. P2-type Na-based layered oxides are considered as the most promising 
cathode materials for SIB due to the good cycling stability and low Na+ diffusion barrier. However, they 
still suffer from insufficient capacities. The structures and properties of electrode materials are highly 
dependent on synthetic method. Here, P2-Na0.67Mn0.67Ni0.22Co0.07O2 (NaMNC) microspheres and 
microplates are synthesized via co-precipitation  and stirring solvothermal methods, respectively (Figure 
1a and 1b). When used as cathodes for SIBs, NaMNC microplates exhibit better electrochemical 
performance. They achieved outstanding discharge capacity (138.1 mAh g-1 at 0.2 C), and cyclability 
(117.1 mAh g-1 after 60 cycles at 0.2 C) (Figure 1c and 1d). The results demonstrate that stirring 
solvothermal method is an advanced synthesis method for preparing high performance Na-based layered 
cathode material. 
 

 
Figure 1 SEM images of the NaNCM (a) microspheres, and (b) microplates. (c, d) Initial 
charge/discharge curves and cycling performance of the NaNCM samples at 0.2 C rate within voltage 
range of 2.0-4.3 V, 1 C=120 mA g-1. 
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Currently, enormous efforts have been focused on the fabrication of flexible power storage due to their 
potential applications in wearable electronics such as Internet of Things (IoT), medical implants, RFID 
tags, smart cards, sensors etc. [1] Carbon nanotubes (CNTs), an allotrope of graphite,  are also capable of 
accommodating Li-ions. Due to its remarkable properties such as Li-ion storage capability, excellent 
mechanical property and high electronic conductivity, CNTs fabrics have been considered as anode material 
for Li-ion batteries. Indeed, CNTs electrodes exhibit significantly higher reversible charge-discharge 
capacity than the intercalated graphite [2]. To fabricate an all-solid-state Li-ion microbatteries, solid 
electrolytes such as polymer electrolyte has drawn lots of attention in order to facilitate the miniaturization 
of microelectronic devices and to avoid the leakage risks. More recently, our group has reported the 
electrochemical deposition of p-sulfonated poly (allyl phenyl ether) (SPAPE) electrolyte into TiO2 
nanotubes with an excellent cycling performance [3].  
In this work, we carried out the electropolymerization of the SPAPE electrolyte into CNTs fabrics through 
cyclic voltammetry (CV) technique. Fig. 1a and b show the SEM images obtained from top surfaces of the 
CNTs fabrics before and after electropolymerization for 10 cycles CV. The pristine CNTs electrode appears 
as a web of disoriented continuous curved nanotubes. After electropolymerization, it is clearly apparent 
that the polymer filled the void area from the bottom of the CNTs fabrics. Therefore, the void area between 
nanotubes are not clear due to the polymer filling. The SPAPE-coated CNTs gives higher discharge capacity 
compared to pristine CNTs at multi C-rates (1C to 12C). These results show that bottom-up 
electropolymerization has a great benefits to enhance the electrochemical performance.  
 
 
 
 

 
 
 
 
 
 
 
 
Fig. 1 SEM images of CNTs fabrics before electropolymerization (a) and after electropolymerization for 
10 cycles CV (b). 
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Lithium-ion batteries have been dominant power sources for variety of devices such as smartphones, 
electric vehicles and drones due to their high energy density and long lifespan.  However, the use of 
highly flammable liquid electrolytes causes safety problems, and this has become a significant concern.  
In this regard, the development of non-flammable and reliable electrolyte systems is an essential part for 
implementation of lithium batteries with enhanced safety.  As one of the solutions, solid-state electrolytes 
can improve battery safety, since they are less flammable and can suppress lithium dendrite that causes 
short circuit. Although solid-state electrolytes have been actively studied so far, there are critical 
drawbacks such as low ionic conductivity and poor interfacial contacts with electrode materials.  In this 
study, thermoplastic polyurethane (TPU)-based polymer electrolyte has been chosen as a solid electrolyte 
since it has high ionic conductivity, outstanding physical property and wide electrochemical stability.   
Polyurethane-based polymer electrolytes were prepared in the form of thin flexible film, and their 
electrochemical properties were investigated. The polyurethane-based solid electrolyte and composite 
cathode were applied to the solid-state lithium batteries and their electrochemical performance was 
evaluated.  
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Abstract 

Anion exchange membranes (AEMs) are considered some of the most promising electrolytes for use 
in the vanadium redox flow battery (VRFB) [1]. To realize high-performance for VRFBs, AEMs that 
exhibit excellent stability and long-term durability are required [2].  

Herein, a series of ether-free poly(p-phenylene)s containing a quaternary ammonium group or 
imidazolium group were synthesized via Ni(0)-catalyzed coupling polymerization, benzylic bromination, 
and in situ amination, successively. The synthesized ionomers consisting of poly(p-phenylene) with 
different functional groups were investigated for chemical and dimensional stability and for VRFB 
performance. The water content and swelling behavior of the developed AEMs remained stable at room 
temperature. Furthermore, the small-angle X-ray scattering profiles indicated phase-separated 
morphological characteristics of the synthesized AEMs, even with a random copolymer. Among the 
synthesized membranes, the QPPP-2 membrane, with an ion exchange capacity of 2.1 meq/g, exhibited 
outstanding ion conductivity. The vanadium ion permeation of the QPPP-2 membrane (2.12 × 10-9 
cm2/min) was drastically lower than that of Nafion 115 (2.88 × 10-6 cm2/min). The VRFB single cell 
assembled with QPPP-2 exhibited outstanding cyclic efficiencies during 100 cycles at 80 mA/cm2 and 
exhibited a Coulombic efficiency of 99%, voltage efficiency of 87%, and energy efficiency of 86% at 80 
mA/cm2. 
 

 
Figure 1. Synthesis of ether-free poly(p-phenylene)-based anion exchange materials 
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With the urgent need for developing high energy density batteries, such as Li–air and Li–S batteries, the 
use of Li metal anodes has attracted significant attentions in recent years[1]. It is a common consensus that 
solid electrolyte interphase (SEI) film formed on the surface of Li plays important role in the 
electrochemical behavior of Li anodes in the Li-based batteries[2]. Hence, understanding the properties of 
the SEI film on Li anodes, especially the microstructure and mechanical properties, is important to 
enhance the performances of Li-based batteries. Because of the high spatial resolution and high sensitivity 
in force detection, atomic force microscopy (AFM) is an effective technique to monitor the topography 
and properties of SEI film[3,4]. However, subject to the complexity of the Li surfaces, only a few works 
have involved in the detection the Li/electrolyte interface, and the actual properties of SEI film on Li 
surfaces has not been well followed and studied. 
 
Herein, we establish a procedure to quantitatively analysis the mechanical properties of SEI film on Li 
anode surfaces by force curves measurements and correlate with its structures and electrochemical 
performances of Li anodes. Li anodes prepared by traditional soaking-based method that passively forms 
a SEI film (soaked SEI), and Li anodes created by an electrochemical polishing method that forms an 
alternating inorganic-rich (I) and organic-rich (O)/mixed multi-layered SEI film (polished SEI)[5] are 
selected as candidate samples for investigation. By analyzing and comparing the features of force curves 
of different samples, together with detailed XPS profile measurements, the mechanical properties of SEI 
on the soaked sample and the samples polished with different condition are intuitively distinguished. For 
the soaked sample, the SEI film has a rather stiff structure (apparent Young’s modulus 10.5 ± 5.7 GPa), 
with scattered thickness (22 ± 10 nm). Li anodes with such SEI film show poor mechanical properties and 
limited cycling life. While for the polished samples, the SEIs show characteristics of soft-stiff (O-I) or 
stiff-soft-stiff (I-O-I) structures, meaning a mechanical property with coupled elasticity and rigidity.  Such 
SEIs have sharp distribution of thickness (21 ± 3 nm for I-O-I SEI) and apparent Young’s modulus (3.5 ± 
0.9 GPa for for I-O-I SEI) and endow the Li anodes significantly enhanced cycling stability. Over 500 
stable cycles with 10% Li DOD at 10 mA cm–2 can be achieved. Our work demonstrates a methodology 
to intuitively judge the structure and mechanical property of the SEIs and thus the electrochemical 
performances of Li anodes, which can serve as a general guidance for the rational design of SEIs for Li as 
well Na and K anodes. 
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 The unceasing demands for hybrid, plug-in hybrid, and electric vehicle applications have 
stimulated numerous crucial studies accessible to innovative lithium-ion batteries (LIBs) with 
superior electrochemical performance. To cope with a series of issues, a number of studies have 
been done to explore alternative anode materials. One of the approaches to replace carbon-based 
materials is to use transition metal oxides (TMOs. TM = Mn, Fe, Co, Ni, Cu, and Zn), because of 
their abundance, high theoretical capacity, and eco-friendliness. The cobalt ferrite (CoFe2O4) as 
ternary transition metal oxide (TTMO) with mixed-valence transition metal of Co2+ and Fe3+ oxides 
display outstanding electrochemical activities due to its complex chemical composition, flexible 
structure, interfacial effects and synergistic effects of multiple metal species. However, similar to 
other ternary transition spinel ferrite, the CoFe2O4 composite is faced with the severe problems such 
as rapid capacity decay, and poor capacity retention. The graphene is a very effective material for 
energy storage devices as a conductive additive to give rise to facile electrochemical reaction. In 
particular, few-layered graphene leads to a high reversible capacity and excellent retention by 
effectively alleviating capacity fading. Moreover, an optimal addition of graphene enhances the 
contact area between electrode and electrolyte, induces the electrolyte access to active materials, and 
reduces the volume change without pulverization of active materials during cycling. 
 To enhance electrochemical performance, the triple-shelled CoFe2O4 microspheres encapsulated in 
rGO (CoFO@rGO) were synthesized by hydrothermal method of the composite solution containing 
cobalt, iron ion, sucrose in EG aqueous solution, followed by heat treatment, and encapsulation 
process of CoFO into the graphene with the assistant of silane coupling agent. The CoFO@rGO 
composite offers a better electrochemical performance with outstanding electrochemical stability 
caused by facile electron transfer, mass transfer, and structural integrity.  
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Bifunctional catalysts for the oxygen evolution reaction (OER) and the oxygen reduction reaction (ORR)  
are essential for the development of reliable air electrodes for metal-air batteries, especially for the 
environmentally beneficial secondary zinc-air battery. These catalysts are mostly based on low-cost 
transition metal oxides. It has been shown that the spinel NiCo2O4 provides very good bifunctional 
behaviour [1]. Various manganese oxides have been studied as effective electrocatalysts for ORR in 
alkaline batteries and fuel cells [2]. Doping of manganese dioxide with perovskite co-catalyst (e.g. 
LaNiO3 or LaCoO3) is described as a very promising approach in the literature [3]. In our study, we have 
combined manganese dioxide with the spinel NiCo2O4 to investigate the synergetic effect on the 
bifunctional electrocatalytic activity.    
 
The manganese dioxide catalyst was synthesised via thermal treatment (700°C) of electrolytic manganese 
dioxide (EMD) to produce Mn2O3, followed by acid digestion with sulfuric acid (6 M) to generate α-
MnO2 [4]. The acid concentration and the temperature are the determining factors for the resulting phase 
of the manganese dioxide [5]. Two different samples of α-MnO2 were prepared starting with various 
amount of Mn2O3 precursor in sulfuric acid. For the synthesis of  NiCo2O4, nickel and cobalt nitrates 
(ratio 1:2) were used as precursors that were coprecipitated with sodium hydroxide and subsequently 
calcined (375°C) [6]. The catalyst powders were analysed by XRD, SEM/EDX and BET measurements.      
 
The electrochemical studies of the mixed catalysts were conducted by cyclic voltammetry (CV) and 
rotating disc electrode (RDE) experiments in a conventional three-electrode cell in alkaline electrolyte 
(0.1 and 8 M KOH). The working electrode was a glassy carbon electrode coated with the catalyst 
suspension that was mixed with carbon powder (Vulcan XC-72) and stabilized by a final Nafion film. 
Platinum grid and a Hg/HgO electrode were used as counter and reference electrode, respectively. The 
CV and the OER measurements were carried out in nitrogen saturated electrolyte. For the ORR 
measurements, the electrolyte was saturated with oxygen.      
 
In the CVs of the mixed catalysts anodic and cathodic peaks of the spinel NiCo2O4 (Ni and Co) and of 
manganese dioxide (Mn (III/IV)) were observed. The cathodic peaks are more distinct in highly 
concentrated KOH. The OER measurements performed considerably better in 8 M KOH in comparison to 
0.1 M KOH. Due to the addition of spinel NiCo2O4, the OER overpotential of manganese dioxide in 8 M 
KOH decreased about 50 mV. In lower KOH concentration, the catalysts attained much higher limiting 
current density for the ORR as the oxygen solubility in diluted electrolyte is enhanced. The effect of 
precursor amount, concentration of electrolyte as well as catalyst ratio on the bifunctional activity of the 
mixed catalysts will be presented. 
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Lithium ion batteries (LIBs) are considered to be a promising power source for electric vehicles (EVs) 
due to their high-energy and high-power densities. In order to meet the rigorous standards of EV 
applications, commercial LIBs require higher energy densities than are currently available.[1] Therefore, 
recent research has focused on the development of layered transition metal oxides with a high Ni content 
(≥ 80%) as this allows for double redox reactions of Ni2+/Ni4+ to occur, achieving a high reversible 
capacity of more than 190 mAh g-1.[2] While increasing the Ni content effectively improves the 
reversible capacity of layered transition metal oxides, challenges remain regarding structural and thermal 
instabilities, particularly at the surface.[3] These layered transition metal oxides therefore suffer from 
undesirable side reactions accompanied by a significant capacity loss during cycles.[4] To overcome 
these limitations, we developed an amorphous Li-Zr-O coating layer on the surface of a high-Ni layered 
transition metal oxide (LiNi0.8Co0.1Mn0.1O2) via a simple wet process. A non-stoichiometric Li-Zr-O 
compound can be successfully formed on the surface of LiNi0.8Co0.1Mn0.1O2 particles at a low 
temperature of 400oC. The formation of an amorphous Li-Zr-O layer is beneficial in minimizing 
undesirable side reactions associated with residual Li at the surface and, by extension, improving the 
cycle performance and rate-capability of LiNi0.8Co0.1Mn0.1O2. This work provides new insight to the 
development of reliable high-capacity cathode materials for advanced LIBs. 
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LiNiO2 is not commercialized because of its irreversibility and insufficient safety. However, its high 
capacity (>200 mAhg-1) is very attracting performance among layered cathode materials. Recently 
Tabuchi reported new LiNiO2 by thermal decomposition route from LiNiO2-Li2NiO3 solid solution1). The 
defect content of Ni in 3b site was defined by Rietveld refinement. The content of Li was quantified by 
ICP, and found the nominal composition was Li0.997Ni0.96O2. The voltage profiles of prepared Ni-defected 
LiNiO2 showed smooth slope during charge and discharge. Then, we applied electrochemical calorimetry 
to understand Ni-defected LiNiO2 reaction during charge and discharge. The prepared LiNiO2 exhibited 
>200 mAhg-1 reversible capacity at the 1st cycle with 87 % capacity retention after 80 cycles2). The 
obtained reversible capacity is higher than those commercially available cathode materials such as 
LiNi0.8Co0.15Al0.05O2 (NCA) or LiNi0.5Co0.2Mn0.3O2 (NCM523) as shown in Figure 1. The heat flow of Ni-
defected LiNiO2 suggested the suppression of Li+ ordering in the host structure. The Jahn-Teller 
distortion was also suppressed by the defect formation in the structure. These characters leads the 
improvement of reversibility. These performances call for a reassessment of the bad image of LiNiO2. 
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Li-rich layered oxides (LLOs) are attractive cathode active materials of Li ion battery for electric 
vehicles (EVs) which can exhibit a huge discharge capacity of more than 250 mAh/g [1]. Meanwhile, the 
degradation of voltage decay and capacity drop during charge-discharge cycling are still important 
problems for practical use. Therefore, the deteriorated crystal structures were observed in detail, and it 
has been reported the structure change from a layered rock-salt type to spinel-like or rock-salt type with 
accompanying transition metal (TM) ions migration from TM layer to Li layer after many charge-
discharge cycles. [2, 3]. However, the degradation mechanism, particularly the structural change process, 
of LLO cathode active materials during charge-discharge cycling has been still unclear. In order to 
elucidate the degradation mechanism, we investigated the relationship between the crystal structure 
change of 0.5Li2MnO3-0.5LiNi1/3Co1/3Mn1/3O2, focusing on TM ions migration, and the electrochemical 
properties in this study. The crystal structure was analyzed by Soft X-ray absorption spectroscopy (S-
XAS) and X-ray diffraction spectroscopy (XDS). As a result, the S-XAS analysis showed that the valence 
of all TM ions on surface of active materials changes to divalent after charge-discharge cycles. And the 
XDS analysis revealed that TM ions (Mn and Ni) migrate from TM layer to Li layer and accumulate in Li 
layer during charge-discharge cycles. Moreover, we have reported so far the migration of TM ions 
reversibility occurs between TM and Li layers during charge-discharge cycle [4]. From these results, it is 
considered that the rock-salt type of Metal-O phase with divalent TM ions is formed on the surface of the 
active materials by TM ions accumulation in Li layer during charge-discharge cycles, which can lower 
the activity of lithiation/delithiation and result in the voltage decay and capacity drop. In this presentation, 
we will also report that the examination of our supposed degradation mechanism by first-principles 
calculations.  
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The demand for the increase in energy density of lithium batteries is ever-increasing. The incorporation 

of anions with high electronegativity into the crystal lattice is an effective strategy to enhance the 
electrode potential for battery applications.[1] Our group has also reported a new lithium-excess 
molybdenum oxyfluoride, Li1.33Mo0.67O1.33F0.67, which delivers a reversible capacity of ca. 330 mAh g-1 
based on two-electron redox of Mo ions.[2] Nevertheless, Li1.33Mo0.67O1.33F0.67 loses approximately 70% 
of a reversible capacity after 30 cycles at 10 mA g-1. Such insufficient reversibility for battery 
applications is anticipated to originate from high solubility of the Mo oxyfluoride in electrolyte. 
Therefore, improvement of electrode reversibility is expected by metal substitution with non-soluble 
species, like Nb5+ and Ti4+. Indeed, much better cyclability was reported for the pure oxide system, Li-
Nb(Ti)-Mo-O system.[3] 
 In this study, we systematically examine the factors affecting electrode performance through the 
substitution of Ti4+ for Li+ and Mo3+ in Li1.33Mo0.67O1.33F0.67. We have succeeded in synthesis of a 
titanium-substituted oxyfluoride, Li1.40Ti0.14Mo0.47O1.34F0.66, which has a theoretical capacity of ca. 400 
mAh g-1 based on Mo3+/Mo6+ redox as shown in Figure 1a. The sample was prepared by 
mechanochemical route with a ZrO2 container and balls. An X-ray diffraction pattern of 
Li1.40Ti0.14Mo0.47O1.34F0.66 is assigned to an anion/cation disordered rocksalt structure with low 
crystallinity. Li1.40Ti0.14Mo0.47O1.34F0.66 delivers a large reversible capacity of ca. 320 mAh g-1 as a 
positive electrode material in Li cells. Moreover, capacity retention of Li1.40Ti0.14Mo0.47O1.34F0.66 in Li 
cells is much improved compared with non-substituted sample at 10 mA g-1 for continuous 30 cycles as 
shown in Figure 1b. 

From these results, we discuss the advantages of oxyfluoride materials with multi-electron redox 
reactions as positive electrode materials for rechargeable lithium batteries.  
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Figure 1. (a) XRD patterns of Li1.33Mo0.67O1.33F0.67 and Li1.40Ti0.14Mo0.47O1.34F0.66, (b) comparison of 
capacity retention as positive electrode materials in Li cells at a rate of 10 mA g-1. 
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Sodium-ion batteries (SIBs) have attracted a great deal of interest in recent years for large-scale stationary 
energy storage in the applications of renewable energy and smart grid because of the natural abundance 
and low cost of Na resources [1]. The performance of SIBs is largely dependent on the electrochemical 
properties of the cathode materials, thus it is of great importance to develop high performance cathode 
materials. Sodium-based layered oxides with a O3-type layered framework are regarded as a promising 
cathode for SIBs due to their high capacity and energy density [2]. However, they suffer from poor cycle 
stability and low diffusion coefficient, which seriously limit their practical applications. Structure control 
has been demonstrated as an effective way to enhance the electrochemical performance of electrode 
materials [3]. Here, we successfully prepared a series of 1D structured O3-type layered oxides including 
NaNi0.6Co0.2Mn0.2O2 (NaNCM) microbars, microrods, and microwires as cathodes of SIBs (Figure 1a-1c). 
Figure 1d shows the electrochemical performance of the different NaNCM samples at rates from 0.1 C to 
2 C. At all rates, the NaNCM microbars perform better than other samples. At rates of 0.1 C and 2 C, the 
discharge capacities for the microbars can reach 149.2 and 69 mAh g-1, respectively. For NaNCM 
microrods and microwires, the discharge capacities at 0.1 C are 139.6 and 114.1 mAh g-1, respectively. 
The super performance of NaNCM microbars might be related to its short and robust bar-shaped 
structure, which can provide a short distance and stable framework for Na+ intercalation/deintercalation. 
 

 
Figure 1 SEM images of the NaNCM (a) microbars, (b) microrods, and (c) microwires. (d) 
Electrochemical performance of the NaNCM samples at different C-rates, voltage window is 1.5−4.1 V, 1 
C is equal to 150 mA g-1. 
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1. Introduction 
  Magnesium secondary battery is expected as a next generation battery due to high energy density of Mg 
ion. Recently, cathode materials of magnesium secondary battery have been investigated and explored 
which of suitable structure and combination of transition metal.  In our laboratory, synthesis and battery 
property of spinel MgCo2O4 and MgCo2-xMnxO4 (x=0.1-0.5) in pristine and charge/discharge process has 
been investigated using both experimental and calculation method.1) It is expected the normal spinel 
becomes most stable structure from first principle calculation. On the other hands, it is found that Mg and 
Co atoms occupied on 8a and 16d site from Rietveld analysis of synchrotron X-ray diffraction.  That is, 
the Mg and Co cation mixing spinel is observed from experiment. The purpose of present study was to 
evaluate the Mg insertion mechanism in first discharge process for a spinel system magnesium cathode 
material of MgCo2-xMnxO4 (x=0,0.5) using the first principle calculation and clarified the stable structure 
during discharge process. 
2. Calculation method 
 The stable structure of MgCo2O4 and MgCo1.5Mn0.5O4 in discharge process is calculated by GGA+U on 
VASP code.  Structural relaxation is performed by conjugate gradient method.  Cut-off energy is 550 eV. 
U parameter of Co and Mn atom is 6.0 and 5.0 eV, respectively.   
3. Results and Discussion 
 In discharge process, it has already reported that Mg inserted into vacant 16c site in spinel and spinel 
structure change as rocksalt structure yet.2) From our study, it is found that Mg inserted into the vacant 
16c site of spinel and Mg on 8a site near inserted Mg move to another vacant 16c site. It becomes 
unstable when Mg atoms on 16c site and 8a site is too close. So, Mg atom on 8a site move to another 16c 
site. The structural relaxation for both normal spinel and Mg/Co cation mixing spinel into several Mg 
atoms is performed, respectively. It is found that normal spinel become unstable and Mg/Co cation 
mixing spinel become stable with increasing Mg atoms. For investigation to the relationship between 
stability and structural change, the ratio of Mg atoms hopping from 8a site to 16c site is approximately 
defined as “rocksalt  type” and calculated this “rocksalt type” of both normal spinel and Mg/Co cation 
mixing spinel into several Mg after relaxed, respectively. It is cleared that the “rocksalt type” of normal 
spinel which becomes unstable with Mg insertion is lower and still be forming spinel than that of Mg/Co 
cation mixing spinel. Therefore, the Mg/Co cation mixing spinel become more stable when Mg insertion 
process and that might be observed in synthetic process. On the other hands, calculated average voltage of 
normal spinel is higher than that of Mg/Co cation mixing spinel.  Then, it is necessary to obtain the stable 
normal spinel for obtaining the higher voltage. When structural relaxation calculation is performed for 
normal spinel structure of MgCo1.5Mn0.5O4, Mn substitution system into Mg atoms, Mg atoms on 8a site 
of Mn substitution close to vacant 16c site more than in MgCo2O4, no substitution system. The 
relationship between the amount of Mg insertion and the ratio of rocksalt and spinel in normal spinel of 
MgCo2O4 and MgCo1.5Mn0.5O4 are shown in Fig. 1. “Rocksalt type” of Mn substitution is larger than that 
of no substitution.  It is found that 
normal spinel in Mn substitution become 
more stable than in no substitution. 
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Fig. 1. Relationship between the amount of Mg insertion and the 
ratio of rocksalt and spinel in a)MgCo2O4 and b) MgCo1.5Mn0.5O4. 
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In 1994, aqueous lithium-ion batteries using nonflammable water as electrolyte was reported for 
the first time, and attention has been paid from the viewpoint of safety.[1]  However, the conventional 
aqueous electrolyte solution has a narrow potential window and improvement in energy density has been 
required. In recent years, it has been reported that highly concentrated LiTFSA (TFSA; bis 
(trifluoromethyl-sulfonyl) amide) aqueous solution has a wider potential window than that of 
conventional aqueous electrolyte solutions Concentrated aqueous electrolyte is attracting attention for 
lithium-ion batteries with high safety. [2, 3] 

In this study, we report electrochemical properties of Mo-oxide based electrode materials as 
negative electrode materials for aqueous batteries. LixNb2/7Mo3/7O2 delivers 280 mA h g-1 of a reversible 
capacity in organic solvent electrolyte in the voltage range of 1.0 – 4.0 V,[4] and potentially used as 
negative electrode materials for aqueous lithium-ion batteries. Charge/discharge curves of full cells, 
consisting of spinel type manganese oxide (Li1.05Mn1.95O4) as a positive electrode and the molybdenum 
oxide (LixNb2/7Mo3/7O2) as a negative electrode, are shown in Figure 1. These full cells were assembled 
with different ratios for loading (thickness) of positive/negative electrodes. Reversible capacities in 
Figure 1 are plotted based on the total weight of positive/negative electrodes. When the ratio of positive 
electrode is small (0.85:1 in m/m) is the cell capacity is limited to 50 mA h g-1 (90 mA h g-1 for the 
negative electrode). The cell capacity increases into 65 mA h g-1 (150 mA h g-1 for the negative electrode) 
when the mass ratio is changed (1.5:1 in m/m). It is noted that Coulombic efficiency is low for an initial 
few cycles, suggesting the passivation of surface for Mo oxides during cycling.. 
 From these result, we will discuss the possibility of Mo oxides as potential negative electrode 
materials for aqueous lithium-ion batteries.  
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Fig. 1. Charge/discharge curves of full cells consisting of Li1.05Mn1.95O4 and LixNb2/7Mo3/7O2 with 21 mol 
kg-1 LiTFSA/H2O used as electrolyte solution. The active material ratios of the positive electrode and the 
negative electrode were (a) 0.85:1 and (b) 1.5:1 in m/m. 
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Introduction 
Owing to their highest energy density compared to other commercially available energy storage devices, 
rechargeable lithium-ion batteries (LIBs) are indispensable device in modern society. In addition to the 
daily applications, LIBs are also expected to be used for cutting-edge fields such as deep-see, space, and 
other planets. In order to extend the application filed of LIBs, understanding of electrochemical behavior 
of LIBs at extreme environments is required. Here, we report Li-ion storage properties of graphite and 
LiCoO2 electrodes under extremely high pressure condition up to 100 MPa. According to our knowledge, 
this is the first report of LIB operation at ultra high pressure condition. 
 
Experimental 
Specially designed two-electrode cell was used in this study. The cell was immersed in an insulating 
silicone-oil (pressure medium) and hydrostatic pressure generated by a hand-pump was applied through a 
free-piston. Galvanostatic charge-discharge tests, galvanostatic intermittent titration measurements 
(GITT), and electrochemical impedance spectroscopy (EIS) were performed. In the measurements, a 
natural flake graphite coated on Cu foil (Graphite : poly-vinylidene difluoride (PVdF) = 9 : 1 in weight 
ratio), and LiCoO2 coated on Al foil (LiCoO2 : carbon black : PVdF = 6 : 3 : 1 in weight ratio) were used 
as anode and cathode, respectively. A mixture of ethylene carbonate (EC) and diethyl carbonate (DEC) 
solution (EC : DEC = 1 : 1 in volume ratio) containing LiClO4 (1 mol L-1) was used as the electrolyte. A 
glass-fiber filter was used as separator. All test cells were constructed in high-purity Ar-filled glovebox. 
 
Results and Discussion 
Figure 1 shows typical charge-discharge curves of the graphite-Li half-cell after solid-electrolyte-
interphase (SEI) formation. Clear plateaux come from staging intercalation reactions of graphite were 
observed even at 93 MPa. We found that the plateau voltages in the charge/discharge process were 
changed with pressure. We found that this behavior can be explained by the volume changes of electrode 
materials accompanied by intercalation/extraction reaction of Li-ions. In order to discuss the pressure-
dependent phenomena from a kinetic viewpoint, we performed EIS measurements and evaluated energy 
barrier of the reaction. Figure 2 shows Arrhenius plots for the de-solvation process on liquid-
electrolyte/SEI interphase measured at 0.1 MPa and 95 MPa. As shown in the graph, activation energy 
was increased with pressure. This result would be explained by the changes of solvation energy of Li-
ions. Detailed discussion will be performed on the conference. 
 

 
Fig. 1 Charge-discharge curves of graphite-lithium 
half-cell operated at (left) 1 atm and (right) 93 MPa.  

Fig. 2 Temperature dependences of conductivity of 
liquid-electrolyte/SEI interphase measured at 25°C. 



Liquid Phase Synthesis of Li2S-P2S5 Solid Electrolytes and Application 
in All-Solid-State Batteries  

 
Marcela Calpaa, Nataly Carolina Rosero-Navarrob, Akira Miurab and Kiyoharu Tadanagab 

a Graduate School of Chemical Sciences and Engineering, Hokkaido University  
b Division of Applied Chemistry, Faculty of Engineering, Hokkaido University 

Hokkaido University, Faculty of Engineering, Kita 13 Nishi8, Kita-ku, Sapporo 060-8628, Japan 
mcalpa@eis.hokudai.ac.jp 

 
Sulfide-based solid electrolytes are promising for all-solid-state batteries because of their high ionic 
conductivity and good mechanical properties. A sulfide electrolyte with high ionic conductivity and a 
small particle size is desirable to improve the charge transfer and to obtain a large interfacial contact area 
between electrolyte and active material. Recently, the synthesis of sulfide solid electrolytes by a liquid-
phase process using an organic solvent has been reported. By this process, smaller particle size, in the 
nanometer range, can be obtained. However, reaction times from 24 h to more than 3 days are required. 
Here, we report an efficient synthesis of sulfide solid electrolytes in the Li2S–P2S5 system by a simple 
procedure involving a liquid phase process under ultrasonic irradiation. Li2S and P2S5 in the stoichiometry 
compositions (70:30, 71:29, 72:28, 73:27, 74:26 and 75:25 mol%) were mixed in anhydrous acetonitrile. 
Each mixture was ultrasonicated at 60°C for 30 min using an ultrasonic bath. A drying process at 180°C 
was applied for 3 h under vacuum to remove the solvent and obtain solid powders. Subsequently, the 
powders were heat treated at 220°C or 250°C for 1 h to promote the crystallization. All-solid-state 
batteries were constructed using the synthesized solid electrolyte 74Li2S·26P2S5 in the cathode composite. 
The heat treatment at 220 °C was found to be an adequate temperature to promote crystallization of the 
high ionic conductive Li7P3S11 phase. The local structure was found to be formed by P2S7

4−, PS4
3− and 

P2S6
4− units. Although the Li7P3S11 phase was identified in all compositions, the distribution of the PxSy 

units was different for each composition. Higher temperatures for heat treatment such as 250 °C lead to a 
higher formation of P2S6

4− units in the local structure of the sulfide electrolytes. A small particle size of 
around 500 nm was observed in the synthesized solid electrolytes. The different compositions or the 
different heat treatment temperatures do not significantly affect the powder morphology. Figure 1a shows 
the impedance spectra of the pelletized xLi2S·(100-x)P2S5 sulfide electrolytes. The high ionic 
conductivity of 1 x 10-3 S cm-1 at 22 °C was obtained in the solid electrolyte 74Li2S·26P2S5 after the heat 
treatment at 220 °C. Figure 1b shows the initial discharge curve of the all-solid-state battery with the 
relatively high weight ratio 81:19 of active material (NCM) against solid electrolyte (74Li2S·26P2S5) in 
the cathode composite. An initial discharge capacity of 130 mAhg-1 was observed, indicating that the 
synthesized solid electrolyte assists the formation of an ionic conduction path in the cathode composite. 

 
Figure 1. a) Impedance spectra of the sulfide electrolytes xLi2S·(100-x)P2S5 in compositions with 

70≤x≤75 mol% and b) Initial discharge curve of the all-solid-state cell. 
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Lithium sulfide (Li2S) is one of the promising positive electrode materials for the next-generation lithium 
ion rechargeable batteries because of its high theoretical capacity of 1167 mAh/g. However, Li2S is 
electronically and ionically resistive, giving rise to relatively low electrochemical performance during the 
cycles. Among the several attempts that have been made to enhance the conductivities, we successfully 
prepared a Fe-containing Li2S-based positive electrode material Li8FeS5, which gave an excellent 
discharge capacity of ca. 730 mAh/g [1]. The structural changes of Li8FeS5 after the charge–discharge 
cycles were investigated based on X-ray scattering and X-ray absorpotion spectroscopy techniques [2]. In 
the present study, we further report the structural changes and Li ion dynamics properties of Li8FeS5 
electrode during the charge–discharge cycle by using operando and ex-situ NMR spectroscopy. XPS 
measurements were also performed to investigate the changes in electronic state of S and Fe ions. 

A powder mixture of Li2S and FeS (molar ratio of 4 : 1) was sintered by the spark-plasma-sintering 
(SPS) method and then mechanically milled with acetylene black to yield a Li8FeS5-carbon composite 
active material. Coin-type cells were assembled with Li foil as a counter electrode and 1M LiPF6 
electrolyte solution (EC : DMC = 1 : 1 in volume ratio) for the electrochemical measurements. The 
electrochemical measurements were galvanostatically performed with a current density of 46.7 mA/g and 
a potential winfow of 1.0–2.6 V vs. Li/Li+. The cells were disassembled in the Ar-filled glovebox for ex-
situ 7Li MAS NMR measurements. The ex-situ and operando 7Li NMR measurements were performed at 
14.1 T (DD2-600, Agilent Technologies). Spin-lattice relaxation times (T1) were acquired with the 
saturation-recovery technique at the temperature range from –40 °C to 60 °C. S 2p and Fe 2p core level 
XPS spectra were obtained with the monochromated Al KD radiation on PHI5000 VersaProbe II 
(ULVAC-PHI). 

Operando 7Li NMR measurement indicated that the 7Li signal of Li8FeS5 reversibly decreased and 
increased in intensity with a continuous peak shift during the Li extraction and insertion processes, 
respectively. High-resolution 7Li MAS spectra showed the different Li environments between the states 
of charge and discharge at similar Li contents, suggesting that the delithiation and lithiation processes 
were different from each other. Also, it was confirmed that the charge compensation was mainly achieved 
by S at the potential range of 1.5–2.6 V and by Fe at the range of 1.0–1.5 V, respectively. The activation 
energy Ea for the local flip motions of Li ions in the pristine material was estimated to be ca. 0.35 eV 
from the 7Li spin-lattice (T1) relaxation analysis. It was almost constant during the charge–discharge 
process. This suggests that the local structural rearrangements induced by the charge compensation by S 
(involving the formation of S-S bond) during the delithiation hardly affect the local Li motions in 
LixFeS5.  
 
This work was supported by the Research and Development Initiative for Scientific Innovation of New 
Generation Batteries 2 (RISING2) project from the New Energy and Industrial Technology Development 
Organization (NEDO), Japan. 
 
References:  
[1] T. Takeuchi, H. Kageyama, K. Nakanishi, M. Ogawa, T. Ohta, A. Sakuda, H. Sakaebe, H. 

Kobayashi, Z. Ogumi, J. Electrochem. Soc. 162 (2015) A1745–1750.  
[2] T. Takeuchi, H. Kageyama, K. Nakanishi, M. Ogawa, T. Kawaguchi, K. Ohara, K. Fukuda, A. 

Sakuda, T. Ohta, T. Fukunaga, H. Sakaebe, H. Kobayashi, E. Matsubara, PRiME 2016 Conference 
Proceedings, #154. 



Highly Reversible Na Plating and Stripping Electrochemistry Realized 
by a Sodiophilic Layer 

 
Shuai Tang, Xia-Guang Zhang, Xue-Yin Wang, Yu Gu, Wei-Wei Wang, Zhi Qiu, Jia-Wei Yan,  Ming-

Sen Zheng, Quan-Feng Dong, Bing-Wei Mao 
State Key Laboratory of Physical Chemistry of Solid Surfaces and Department of Chemistry, College of 

Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005 (China) 
 422, South Siming Road, Siming District, Xiamen, Fujian Province, China. 

bwmao@xmu.edu.cn, mszheng@xmu.edu.cn 
 
 

Sodium metal batteries utilizing the sodium metal anode are very important candidates for next 
generation large-scale and high specific capacity energy storage and conversion systems, because of the 
earth abundance and low cost of sodium metal. However, the sodium metal anode suffers from the high 
reactivity with electrolytes, low cycling Coulombic efficiencies and even dendrites growth problems. 
Lately, “lithiophilic” materials [1, 2] that have strong bindings with Li are introduced as the substrates for 
Li plating/stripping to improve the Li plating/stripping electrochemistry. But no studies have been carried 
out on the effects of binding energies of the substrates with Na on its plating/stripping electrochemistry. 
Herein, we report a facile method to improve the Na plating and stripping Coulombic efficiency by 
sputtering a sodiophilic Au layer on the Cu current collector (Cu@Au)[3]. The binding energies of Na 
with Au and Cu are calculated and Au has a much bigger binding energy with Na compared to Cu. When 
Na is plated on Cu@Au, the nucleation over-potential is greatly relieved and thus Na nucleation sites are 
substantially increased due to the low nucleation barrier. Therefore the formed Na deposit on Cu@Au can 
be dense and smooth, which naturally ensures a high Coulombic efficiency. The cycling of Na on 
Cu@Au can be stable for 300 cycles with an average Coulombic efficiency of 99.8% with 2 mAcm-2 at 1 
mAhcm-2. In contrast, Na is difficult to directly nucleate on bare Cu because of its weak binding with Cu, 
which results in non-uniform Na deposit with entrapped voids. Eventually, the deposited Na cannot be 
fully stripped on Cu and the Na cycling on Cu shows a low Coulombic efficiency.  
 
Acknowledgements: This work was supported by the MOST projects (2015CB251102, 2012CB932902) 
and the NSFC projects (21621091).  
 
Reference 
 
[1] D.C. Lin, Y.Y. Liu, Z. Liang, H.W. Lee, J. Sun, H.T. Wang, K. Yan, J. Xie, Y. Cui, Nature Nanotech. 
11 (2016) 626. 
[2] R. Zhang, X.-R. Chen, X. Chen, X.-B. Cheng, X.-Q. Zhang, C. Yan, Q. Zhang, Angew. Chem. Int. 
Ed. 56 (2017) 7764-7768. 
[3] S. Tang, Z. Qiu, X.-Y. Wang, Y. Gu, X.-G. Zhang, W.-W. Wang, J.-W. Yan, M.-S. Zheng, Q.-F. 
Dong, B.-W. Mao, Nano Energy. https://doi.org/10.1016/j.nanoen.2018.03.039. 
 
 



Evaluation of Ionic-pathway in Cathode Layer with Different 
Electrode Density by Electrochemical Impedance Spectroscopy using 

Equivalent Circuit with Transmission Line Model 
 

Hiroki Nara1, Daikichi Mukoyama1, Keisuke Sekiya2, Ryo Shimizu3, Toshiyuki Momma1,2,3, and Tetsuya 
Osaka1 

1Research Organization for Nano & Life Innovation, Waseda University 
 2School of Advanced Science and Engineering, Waseda University, 

 3Graduate School of Advanced Science and Engineering, Waseda University 
1513 Waseda-tsurumaki-cho, Shinjuku-ku Tokyo 162-0041, Japan,  

2,33-4-1 Okubo, Shinjuku-ku Tokyo 169-8555, Japan 
h-nara@aoni.waseda.jp, osakatets@waseda.jp 

 
Lithium-ion battery (LIB) has widely applied from portable electronic devises to electric vehicles 

(EVs) and stationary energy storages. For the EV application, the LIB is required to have a high-power 
operation. The high-power property of LIBs depends on their internal resistance which is composed of the 
charge transfer resistances of active materials, electrolyte resistance between the cathode and the anode, 
and electronic and ionic resistances in the electrode, and so on. The charge transfer resistances and the 
electrolyte resistance mainly depend on the materials. On the other hand, the electronic and ionic migration 
resistances in the electrode mainly depend on the structure of electrodes, such as porosity and tortuosity. 
Here, we have investigated energy devises which have 3D structured electrode (polymer electrolyte fuel 
cells1,2 and LIBs3,4) by means of electrochemical impedance spectroscopy (EIS). In this paper, the ionic 
migration resistance in a cathode, of which the electrode density is different, is evaluated by EIS using an 
equivalent circuit with a transmission line model. 

For the precise measurement of impedance, a removal of the impedance response of the counter 
electrode, a perfect facing of the electrode (cathode or anode) sheets each other and an optimized pressure 
are essential. To satisfy the requirements, a cathode symmetric cell, in which a removable counter electrode 
is inserted between the cathode sheets for the cathode activation, was assembled. Using the cathode 
symmetric cell, LiCoO2 cathodes with different electrode density which are prepared by pressing cathode 
sheets with same thickness were evaluated by EIS. The impedance fitting was carried out by using the 
equivalent circuit, in which counting elements of wiring, contact interlayer resistance between current 
collector and electrode layer, charge transfer resistance, ion migration in the electrode, and diffusion in 
active materials. The fitting was successfully done with the error less than 1% for each frequency. 
Additionally, the values of activation energy calculated from Arrhenius plots were accord with values 
previously reported. Among the results of the fitting, the ionic resistance normalized by a volume is shown 
in Fig. 1. The results indicated that the increase of the cathode density, that is the reduction of the thickness 
of the cathode by press, affect to the ionic resistance. The ionic resistance is proportional to the tortuosity 
and inversely proportional to the porosity with a condition that the active surface area is constant against 
the variation of the cathode density. Here, the porosity of the electrode can easily be estimated by a 
calculation or be measured by mercury intrusion 
technique. Therefore, the EIS using the transmission line 
model can easily evaluate the structural change in the 
electrode, such as tortuosity. 
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Fig. 1. Normalized ionic resistance in the 
cathode with different electrode density. 
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Lithium ion batteries (Li-ion batteries) are one of the most attractive energy storage devices due 
to its high gravimetric and volumetric energy. However, the trend of batteries has been moved to other 
metal-ion batteries for example sodium and potassium ion batteries because of their reasonable cost and 
abundant resources. In this work, we have upgraded the cheap and abundant petroleum coke for uses as 
the anode material of metal-ion batteries. Note, the petroleum coke does generally contain contaminations 
resulting. Herein, petroleum coke was firstly carbonized using high temperature (1000oC) in the nitrogen 
atmosphere to get rid of the improper organic impurities. Consequently, the as-carbonized petroleum coke 
was further purified and functionalized by the organic functional groups using a modified Hummer’s 
method and/or a reflux condenser process in nitric acid. The as-upgraded petroleum cokes using the facile 
and scalable processes can be used as the effective anode materials in Na- and K-ion batteries providing 
higher performance than the conventional anode of Li-ion battery. Besides, the standard heterogeneous 
rate constant and diffusion coefficient of Na+ and K+ ions in the as-upgraded petroleum coke were also 
investigated by using a rotating disk electrode measurement and galvanostatic intermittent titration 
technique, respectively. 
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In the last time, the growing demand for energy has led to the search for new technologies for 

the storage of energy. Electrochemical batteries have been seen as a good option, where the most known 
are the type Metal-ion batteries (MIBs), based on the electrochemical intercalation of the ions and being 
recognized as a promising alternative1. The choice of cathode materials significantly affects the 
performance and cost of a M-ion battery. Therefore, is necessary to use inexpensive cathode materials 
could reduce the overall cost of MIBs and expand their application for energy storage2. From this point of 
view, transition metal polycyanometometalates (MPCMs) could be considered as promising candidates. 
They possess an open framework where an intercalation process of ions presents in the electrolyte can 
occur. In this last process, a redox change of the central metal atom should happen simultaneously. 
Therefore, such compounds can be used as ionic host structures in the design of cathodes for M-ion 
batteries. 

In this work, the experimental variables for the synthesis of MPCMs (KCu[Fe(CN)6], 
KZn[Fe(CN)6], K2Cu[Mo(CN)8] or K2Zn[Mo(CN)8]) by chemical procedures (hydro/solvothermal) were 
optimized by chemometric approach allowing the adjustment of the microstructure and the parameters of 
the crystalline structure to improve the performance of these materials in the subsequent use as cathodes 
in M-ion batteries (M1 = Li+, Zn2+, Al3+). The synthesis reaction (hydrothermal and solvothermal) were 
carried out in a Teflon-lined stainless steel autoclave and heated. After the reaction, the autoclave was 
cooled to room temperature, and the resultant solid was washed with water and ethanol three times and 
dried to 70°C. The variables for the experimental design in the synthesis process were the precursor 
concentrations, temperature and reaction time. The MPCMs obtained were characterized by XRD, SEM, 
EDX and electrochemical measurements such as cyclic voltammetry (electrochemical insertion of metal 
ion (Li+, Zn2+, Al3+) and charge/discharge curves were performed for obtaining the response variables.   

Finally, a statistic relationship between synthesis parameters and the responses was obtained. 
With these results is possible to find the significance of the synthesis variables and their influence over 
the reactions studied. 
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Lithium ion batteries are becoming a key device in automobile racing power unit. Those batteries are 
required high power and higher reliability in 60 °C or more ambient temperature. We provide high 
performance lithium ion batteries based on our own technologies of hybrid vehicles. Our 2Ah prototype 
pouch cell demonstrates that the specific energy density is 112 Wh/kg and the specific power density is 
15380 W/kg at 60 °C. In this work, we examine aging behavior of cells, containing LiNi1/3Co1/3Mn1/3O2 
positive and amorphous carbon coated natural graphite anode. The baseline electrolyte is 1.0M LiFSI + 
0.2M LiPF6 EC/EMC=3:7. The cycle test profile is generated from the driving data on the racing course. 
We employ lithium difluoro (oxalato) borate (LiDFOB) and/or lithium difluorophosphate (LiPO2F2) as 
Li-salt additive materials (Table 1) which are well-known to improve the cycle life performance at high 
temperature and modify the interfacial stability on the electrodes [1, 2, 3]. Fig.1 shows cycleability on 
DCIR at 60°C. We perform X-ray photoelectron spectroscopy (XPS) to investigate SEI film on cathode 
and anode as post-mortem analysis. The decline of phosphorus compounds implies that SEI film formed 
by LiDFOB and/or LiPO2F2 suppress the electrochemical decomposition of LiPF6 (Table 2). We will 
focus on the function of each Li-salt additive and the SEI film components. 
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Sample Electrolyte Electrolyte additives 
BASE 1.0M LiFSI + 0.2M LiPF6 

EC/EMC=3:7 

No additives 
A 0.5wt% LiDFOB 
B 0.5wt% LiDFOB + 0.5wt LiPO2F2 

Sample Atomic% P-F, POx, PFxOy 
Cathode Anode 

BASE 4.5 5.0 
A 3.3 3.2 
B 2.5 2.9 
B pristine 0.1 <0.1 

Figure.1 DC impedance ratio during 
the aging process 

Table.2 XPS analysis (P2p) Atomic % 

Table.1 Sample list 
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Metal-air batteries have been proposed as one of the promising post Li-ion technologies due to their high 
theoretical specific energy.[1,2]  The electro-catalysts for oxygen reduction reaction (ORR) on air-cathode 
have a decisive impact on metal-air batteries and fuel cells.[2,3] Much effort has been invested in finding a 
cost effective electro-catalyst, enabling a decrease in the ORR over-potential and enhancing the power 
source device discharge performance.[2,3]  

Among the non-precious ORR electro-catalysts, there are the metal oxides (MnO2, NiO + Li2O, and 
Co2O3), and carbonaceous materials (activated carbon). Manganese-oxides (MnOx) are particularly 
interesting electro-catalysts candidates due to their rich oxidation states, chemical compositions and their 
crystal structures.[3,4] Moreover, the air-cathodes are usually based on carbon embedded with catalyst to 
form Carbon/Manganese-Oxides composite materials.  

Metal-air batteries performance is significantly influenced by the air-cathode, which depends directly on 
its surface chemistry.[4,5] In order to explore the surface chemistry of the Carbon/Manganese-Oxides 
composite cathode, we employed in-situ electrochemical surface stress (ESS) measurements during the 
ORR in basic electrolyte.  

The in-situ ESS responses were measured and evaluated by comparing three types of thin-film air-
cathodes; polycrystal-MnOx, Carbon and Carbon/Poly-MnOx composite electrode. While the 
electrochemical results are in good agreement with those reported in literature, the stress results showed 
an enhanced compressive stress for the Carbon/Poly-MnOx composite electrode compared to the other 
electrodes during ORR reaction.  

Based on this study, we are able to extend our understanding of the ORR mechanism on Carbon-MnOx 
composite as air-cathode for metal-air batteries. 
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Lithium-ion batteries (LIBs) are widely utilized as power sources in many electric/electronic products 
such as cellular phones, digital cameras, portable computers, as well as electric vehicles (EVs) and hybrid 
electric vehicles (HEVs). To meet the ever-expanding needs for lithium-ion battery industry, it is highly 
desirable to explore new electrode materials with higher power density and satisfied lifetime cycles. TiO2 
material is considered as a promising potential anode candidate to replace conventional graphite 
electrodes for improving the safety of LIBs, because of its satisfied thermal stability and, more 
importantly, the relatively high working potential (1.7 V vs. Li/Li+) that eliminates dendrite lithium 
electrodeposition during charge/discharge process. Moreover, Sn-based materials possess higher 
capacities than conventional C-based LIB anode materials but usually deliver poor cyclic performance.  
 
In this study, a novel TiO2-TiO-TiN@Sn(O2) composite film was fabricated on pure Ti sheets by a hybrid 
anodization in one or two steps in acidic solutions containing Sn ions with different valences. As a 
reference, an anodic nanoporous TiO2-TiO-TiN composite film was also formed in nitric- and/or sulfuric-
based aqueous electrolytes. The microstructures, chemical composition, and crystalline structure of the 
anodized specimens before and after annealed were investigated FE-SEM (EDS), TEM (FIB), XRD, 
XPS, and GD-OES. Moreover, the cyclic voltammetric behaviors and charge-discharge performances of 
various nanostructured composite films on Ti foils were investigated as binder-free anode materials for Li 
ion secondary batteries.  
 
As shown in Fig.1a, anodization in a NO3

--based solution produced a flower-like TiO2-TiO-TiN 
composite film with parallel pores and nano-laminated structure. Fig.1b-c showed representative TiO2-
TiO-TiN@SnO2 composite films that formed by a hybrid anodization, with SnO2 filled in the pores and 
the crevice of the anodic titania film. The XPS analysis disclosed that tin existed as a mixture of SnO and 
SnO2. Moreover, the TiO2-TiO-TiN@SnO2 composite film exhibited an enhanced specific capacity of 
1060 PAh cm-2 Pm-1 at a rate of 10 PA cm-2 which is higher than that of anodic TiO2-TiO-TiN films. The 
detail results will be reported on meeting. 
 

 
 
Fig.1 (a, b) FE-SEM and (c) BSE images of (a) nanoporous anodic TiO2-TiN film formed in 
nitric-based aqueous electrolyte, and (b, c) TiO2-TiN@SnO2 composite film formed by hybrid 
anodization in nitric-based solution containing tin ions.  
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Lithium-ion batteries (LIBs) have been widely used as power sources in various mobile electronic 
products such as smart phones, portable computers, and recently, extended to electric vehicles (EVs). 
This requires exploring new electrode materials with higher power density and satisfied lifetime cycles. 
Commercial LIB comprises LiCoO2 cathode with maximum capacity of 140 mAh g−1. V2O5 has been 
widely investigated because of its theoretical capacity of ~400m Ah g−1. V2O5 also has the advantages of 
low cost and abundant sources on the earth crust. However, problems, such as severe capacity fading and 
poor rate capability, prevent its use in commercial LIBs. 
 
In this study, we proposed a novel V-Mn-Ni-O composite film that formed on Al foils by a hybrid 
electrodeposition in ethanol-water bath containing VOSO4、Ni2+ and Mn2+ ions as sulfate or chloride, 
with and without LiCl. Before electrodeposition, an electro-etching pretreatment was used to enhance the 
adhesion between the Al substrate and the electrodeposits. The microstructures, chemical composition, 
and crystalline structure of the anodized specimens before and after annealed were investigated FE-SEM 
(EDS), TEM (FIB), XRD, XPS, and GD-OES. Moreover, the cyclic voltammetric behaviors and charge-
discharge performances of various nanostructured composite films on Al foils were investigated as 
binder-free cathode materials for Li ion secondary batteries.  
 
As shown in Fig.1a, electro-etching in a Cl−-contained solution produced a rough surface on Al foil, with 
numerous pits from several to tens of micrometers. Fig.1b-c show that uniform V-Mn-Ni-O composite 
films were obtained by electrodeposition in sulfate-based and chloride-based plating baths after heating at 
873 K for 2 h. Fig.1d gives a representative EDS analytic result of the deposited film, indicating the co-
deposition of V, Mn, and Ni oxides. The XPS analysis disclosed that V existed as a mixture of VO2 and 
V2O5, Mn as MnO and MnO2, while Ni as NiOOH and metallic Ni, respectively. Moreover, the V-Mn-
Ni-O composite films worked well as LIB cathode materials in half-cell tests.  The detail results will be 
reported on meeting. 
 

 
 
Fig.1 Surface FE-SEM images of (a) Al foil after electro-etching, (b-c) V- Mn-Ni-O composite 
films electrodeposited on Al foil in (b) sulfate-based and (c) chloride-based plating baths after 
heating at 873 K for 2 h, and (d) EDS analysis result of (c).  
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Lithium- Sulfur (Li-S) batteries are very promising due to their high theoretical specific capacity and 

charge density. Despite of the advantages, Li-S battery system has several shortcomings that restricts their 

real capacity much below the theoretical value. In the Li-S batteries, lithium polysulfides (Li2Sn) 

intermediate are formed on the porous carbon cloth cathode during discharge.  One of the major problem 

arises from the high solubility of these Li2Sn intermediate in the electrolyte, resulting in electrolyte 

contamination and reduced transport properties. These polysulfides in electrolyte, reacts further with 

lithium forming insoluble lithium polysulfides that settles down and are not available for further 

reversible reaction resulting in loss of sulfur as well as capacity.  

 

We want to overcome this “LiSn shuttle” phenomenon of Li-S battery systems. Consequently, in our 

research we focused on: 

1. Understanding the role of the sulfur concentration on the battery efficacy.  

2. Using Atomic Layer Deposition (ALD), for altering the pore entrance size of porous carbon 

cathode so as to prevent exit of Li2Sn during the reduction reaction inside the pores. This 

technique facilitates accurate and precise control over the composition and properties of the 

functional thin films and enables further evaluation and optimization of the efficacy of the 

blocker layer to prevent the degradation of the active material in order to extend battery lifetime. 

 

We think, this work will provide a deeper understanding about the mechanism of Li-S batteries and reveal 

the role of protection layers in restricting the polysulfide shuttle.    
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Zn-based batteries are a safe alternative to Li-ion due to compatibility with aqueous electrolyte. Also, 
theoretical volumetric energy density of Zn-based batteries (e.g. Zn-air) is more than twice the one of 
conventional Li-ion batteries and is ~85% of Li-sulfur batteries. However, the rechargeability of Zn 
anode is limited by passivation and dissolution. In this presentation, we will show a series of our recent 
efforts on improving the rechargeability of aqueous Zn anodes via nanoscale materials design and 
synthesis. The first example is our ZnO@TiN core/shell nanorod anode. The small diameter (<500 nm) of 
ZnO prevents passivation and allows full utilization of active materials, while the thin and conformal 
titanium nitride (TiN) coating mitigates Zn dissolution in alkaline electrolyte, mechanically maintains the 
nanostructure, and delivers electron to nanorods. As a result, the ZnO@TiN core/shell nanorod anode 
achieves superior battery performance compared with bulk Zn foil or uncoated ZnO nanorod anode. It 
delivers excellent long-term electrochemical performance (more than 7,500 cycles) as cycled under start-
stop conditions. The second example is an ion-sieving carbon nanoshell coated ZnO nanoparticle anode, 
synthesized in a scalable way. The small size of ZnO prevents passivation, while microporous carbon 
shell slows down Zn species dissolution. This new Zn anode outperforms bare ZnO nanoparticles and Zn 
foil (with 1.6 times and 6 times longer cycle life, respectively) in a coin cell configuration with limited 
electrolyte. The third example is a lasagna-like ZnO-graphene oxide composite anode, where ZnO was 
confined in the graphene oxide framework. This lasagna-Zn anode achieves a high volumetric capacity of 
890 Ah/L and capacity retention of 88% after 150 cycles. The remarkable performance achieved in coin-
type cells with limited electrolyte is attributed to the mitigation of ZnO dissolution by graphene oxide 
confinement. The nanostructure designs shown in this presentation are expected to inspire the design of 
other electrodes for post-Li-ion batteries. 
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Recently, researches on high-performance next-generation batteries have being conducted because 

of the necessity of higher safety and of more capacity than the lithium ion battery (LIB). As one of them, 
a secondary battery1) using divalent Mg2+ as a mobile ion has been studied. In addition to the higher 
energy density, it has the possibility of overcoming safety and resource savings and material toxicity 
which are problems for LIBs. Therefore to realize a magnesium secondary battery, attention in the present 
study was paid to a spinel type positive electrode material Mg(MgxVy)O4 having V as a main component 
which showed a wide mixed valence. In ththe synthesis of the materials, the Ni substitution for V and 
different mixing ratio of Mg and V were examined, and the battery characteristics were evaluated using a 
three-electrode cell. We also investigated changes in the crystal structure and the valence state of 
transition metals for unsubstituted and Ni-substituted materials and for charged and discharged electrodes 
by Rietveld analysis using X-ray diffraction and XAFS, respectively. 

The samples were synthesized using the solid state method based on the previously reported. Each 
sample was mixed at a predetermined ratio and then fired in a vacuum furnace (1000 °C, 24 h, 10-4 Pa) to 
obtain the Mg(MgxNiyVz)O4. The samples were characterized by XRD and ICP measurements. Particle 
morphology, particle size and lattice image were observed by SEM and TEM. These samples were 
performed by synchrotron X-ray diffraction (BL19B2, SPring-8). Using their data, the crystal structures 
were refined by the Rietveld method, and the electron density distribution was analyzed by the MEM. 
The valence of the transition metal element was examined by XAFS (BL14B2, SPring-8). The 
electrochemical measurements were subjected to a charge-discharge cycle test by following condition; 3.5 
~ 2 V vs. Mg/Mg2 +, 0.345 ~ -1.155V vs. Ag/Ag+, the negative electrode: AZ31, reference electrode: Ag, 
electrolytic solution: 1.0 M-Mg(N(SO2CF3)2)2/triglyme, separator: glass fiber. A Rietveld analysis was 
also performed on the electrode after charging and discharging using the synchrotron X-ray diffraction 
patterns. 

According to the powder X-ray 
diffraction of the obtained samples, all the 
peaks were attributed to the cubic (Fd-3m) 
spinel structure, and their lattice constants 
varied depending on the substitution 
amounts of Ni. In addition, it was 
confirmed by ICP-AES that the Mg/V/Ni 
ratio was roughly nominal composition. A 
Rietveld analysis also estimated the molar 
ratio of the main and sub phases. Compared 
with the Mg(Mg0.5V1.5)O4, the molar ratio 
for the MgO decreased in the 
Mg(Mg0.33V1.67)O4 to show almost single 
phase. A charge-discharge cycle test was 
carried out at 90 ° C using a three electrode 
cell. The initial discharge capacity of 
Mg(Mg0.33V1.67)O4 showed 41 mAh/g, 
whereas that of Ni-substituted Mg(Mg0.33V1.57Ni0.1)O4 delivered to the higher capacity of 120 mAh/g . 
Furthermore, the high reversibility was recognized up to 14 cycles in Mg(Mg0.33V1.57Ni0.1)O4 (Fig.1). 
From the results of the XAFS measurement of the electrodes, it is suggested that the valence state of V 
decreased after charge to show demagnesiation from the structure. Further refinement of the Rietveld 
analysis for synchrotron X-ray diffraction patterns made the fitting very well by using a structural model 
where the Mg partially occupied in 16c site.  

This study is partly supported by Advanced Low Carbon Technology-Specially Promoted Research 
for Innovative Next Generation Batteries Program (ALCA-SPRING) of Japan Science and Technology 
Agency.  
1) T. Ichitsubo, T. Adachi, S. Yagi and T. Doi, J. Mater. Chem., 21, 11764 (2011). 

Fig.1 Charge and discharge curves of 
Mg(Mg0.33V1.57Ni0.1)O4 at 90℃, 
(Electrolyte : Mg(N[SO2CF5)2]2 / triglyme,  
RE ; Ag, CE ; AZ31) 
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Tetragonal spinel ZnMn2O4 nanoparticles provide an extremely high capacity as conversion anode in 
lithium-ion batteries owing to the conversion mechanism and the nanoscaled particle size. In this work, 
layered octahedral ZnMn2O4 (space group I41/amd) is simply synthesized by a co-precipitation method 
with oxalic acid as precipitant and a subsequent calcination at 500 ˚C for 3 h in air. As anode in Li-ion 
batteries, ZnMn2O4 shows a high initial lithiation capacity of ~1400 mAh g-1 and a reversible capacity of 
~900 mAh g-1 at the specific current of 0.5 A g-1. The values are much higher than the theoretical 
capacities of 1008 and 784 mAh g-1, respectively. In situ X-ray (synchrotron) powder diffraction 
elucidates the formation of the intermediate phase LixZnMn2O4 (space group I41/amd) during the 1st 
lithiation, which converts to metallic Li-Zn alloy, Mn nanoparticles and amorphous Li2O at lower 
potential, as shown in Fig. 1.  

Note that the capacity increases to the maximum value of ~1250 mAh g-1 at the 90th cycle at the 
specific current of 0.5 A g-1. Cyclic voltammetry is carried out to reveal the evolution of the 
electrochemical redox reactions.  A pair of redox peaks (cathodic peak at 1.09 V and anodic peak at 2.16 
V) appear at the 60th cycle and become stronger up to the 90th cycle, which contribute to the capacity 
increase. It can be assigned to the further reduction and oxidation between Mn3+ and Mn2+ [1]. 
Furthermore, the pseudocapacitive energy storage becomes more dominant during long-term cycling as 
confirmed by cyclic voltammetry rate measurement. It is related to the reversible Li+ storage in the SEI 
layer [2], as depicted in Fig. 1. The phase evolution during the long-term cycling is investigated by ex situ 
X-ray (synchrotron) powder diffraction. As shown in Fig. 1, the ZnMn2O4 particles (delithiation state) 
undergo the following processes: (1) small ZnO and MnO crystallite embedded in amorphous Li2O 
(1st~20th cycle), (2) co-existence of metallic and oxide particles covered by SEI layer (20th~90th cycle), (3) 
small amorphous metallic and oxide particles covered and separated by thick SEI layer (90th~120th cycle). 
Thus, the energy storage mechanism of the ZnMn2O4 conversion anode in lithium ion batteries are deeply 
investigated. It gives a new understanding of the functional mechanism of the conversion oxide anodes 
and can be a guidance to improve the conversion electrode materials for electrochemical energy storage. 

Fig. 1 Schematic diagram of the ZnMn2O4 anode phase transition during the electrochemical cycling. 
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[2] S. Laruelle, S. Grugeon, P. Poizot, M. Dollé, L. Dupont, J.-M. Tarascon, J. Electrochem. Soc. 149 (2002) A627. 
 
Acknowledgement 

The author gratefully acknowledge the financial supports from the China Scholarship Council and the Brigitte-
Schlieben-Lange Programm, and the technical supports from Martin Etter and Jozef Bednarcik (P02.1 PETRA III, 
DESY), Liuda Mereacre (Raman and TGA) and Udo Geckle (SEM and EDS).  



Direction of R&D Investment on Secondary Batteries in South Korea 
 

Noeon Park 
Korea Institute of Science and Technology Evaluation and Planning (KISTEP)  

6F Dongwon F&B building, 60 Mabang-ro, Seocho-gu, Seoul, 06775, Republic of Korea 
ecoenv@kistep.re.kr 

 
Young Ho Byun 

Korea Institute of Science and Technology Evaluation and Planning (KISTEP)  
6F Dongwon F&B building, 60 Mabang-ro, Seocho-gu, Seoul, 06775, Republic of Korea 

yhbyun@kistep.re.kr 
 
 

The R&D investment on secondary batteries is increasing to create new business-models and to cope 
with climate change. Japan has established a long-term roadmap by 2050 by New Energy and Industrial 
Technology Development Organization (NEDO), and Germany has also supported various R&D projects 
on secondary batteries for electric vehicles as well. Korea has been conducting research and development 
(R&D) mainly on lithium-ion batteries, making it world’s top shipments. However, localization rate for 
secondary batteries is generally low due to lacks of core technology. So, strategic R&D investment is 
needed to lead the future secondary batteries market. In this study, it is conducted to understand and 
suggest the direction of R&D investment for secondary batteries in South Korea. Firstly, the statistical 
analysis was performed to understand an overview of the R&D investment of secondary batteries in terms 
of ministry, technology, and performer. It is categorized into lithium-ion battery, flow battery, Metal-air 
battery, and so on. Secondly, the network indicators like density and centrality are calculated using social 
network analysis (SNA). SNA method has popularly used to understand the relationships and interactions 
among various nodes. The database of SCI papers used in the study was constructed from Web of Science 
provided by Thomson Reuters. Thirdly, the problem of R&D investment on secondary batteries was 
investigated with a panel of experts. Based on above studies, some suggestions are provided to help direct 
R&D investment for policymaker in South Korea.  
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Silicon is one of the most promising candidate for the next generation Li-ion batteries. Silicon represents 
a feasible candidate for the next generation Li-ion batteries. The main advantages are related to high 
capacity values (≈4200 mAhg-1 for the fully lithiated alloy Li4.4Si) and low discharge potential (0,37 V vs. 
Li/Li+). Furthermore, it is abundant and non-toxic.  
Unfortunately, many issues prevent its practical application in lithium devices. Specifically, lithiation/de-
lithiation processes are associated with a large volume expansion-contraction changes (>300%) that can 
induce cracks and as consequence pulverization of the electrode, which eventually leads to rapid capacity 
fading in few cycles [1]. Reduction  of silicon particles at nanometric level or their encapsulation in a 
carbonaceous matrix are some of the commonly adopted strategies to control the volumetric changes, 
reduce the lithium diffusion length and prevent the agglomeration of silicon particles, thus improving the 
performance of the electrode in terms of both life and rate capability [2]. In this context, graphene 
represents a suitable substrate to host active nanoparticles [3] such as those of silicon, thanks to its unique 
chemical and physical properties such as high conductivity, mechanical flexibility and chemical stability 
[4,5].  
In this communication, we report the development of a silicon-graphene composite and its investigation 
in terms of structure, morphology and electrochemical performance. Again, thanks to the use of a  
mechanochemical approach, we proved a facile method, easily scalable to industrial production to prepare 
such silicon-graphene composite able to achieve promising electrochemical performance in both half and 
full cell configurations. 
A mechanochemical approach has been used to prepare the composite material. Firstly, graphene has 
been produced by a Wet jet mill (WJM) process. With the use of this technique, liquid phase exfoliation 
of graphite is promoted through the shear forces produced by the solvent triggered at high speed. The 
WJM allows a production rate of few layers graphene (FLG) of c.a. 20g per hour. The obtained FLG 
flakes have lateral size of ~600nm and ~3.2nm in thickness.  
Then, a commercial silicon nanopowder (dimension <100nm) has been incorporated into the graphene 
layer to obtain the final composite. 
Electrochemical performance in lithium cell proved that the obtained silicon-graphene composite is able 
to achieve ≈2000 mAh/g with a Coulombic efficiency of 98%. 
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Sodium iron phosphate is considered as highly promising cathode material for sodium-ion batteries. Even 
greater hopes are placed upon this material doped with foreign cations, vanadium being among them. 
Herein, we report on the performance of vanadium-doped sodium iron phosphate. Unfortunately, unlike 
LiVxFe(1–x)PO4, it is difficult (if possible) to synthesize NaVxFe(1–x)PO4 in the wide range of x via some 
direct method. That is why the initial compound in the present work was vanadium doped iron phosphate 
VxFe(1–x)PO4. The nanocomposites VxFe(1–x)PO4/C (0.1<x<0.7) were synthesized by Pechini method 
starting with NH4H2PO4, Fe(NO3)3*9H2O, V2O5 and oxalic acid. Mesoporous carbon (Corp. “NanoTTs”, 
Tambov, Russia) was used as an additional carbon sources. The precursors were heated at the temperature 
400 oC for 6 hours. According to XRD and electronic microscopy nanocomposites thus synthesized were 
amorphous and consisted from primary particles sized by 20‒30 nm.  
The electrodes under study were prepared from this material with additive of carbon black (Timcal) and 
PVDF by a slurry coating method. The current collectors were made from stainless steel mesh. The loading 
of active material was ca. 10 mg cm‒2. The electrodes were pressed at 1000 kg cm‒2 and then dried under 
vacuum at 120 oC. The electrodes were tested in three-electrode cells with Na counter and reference 
electrodes, and a 1.0 M NaClO4 solution in a 1:1 (vol.) mixture of ethylene carbonate and propylene 
carbonate. Cycling testing was performed using a computer-aided charge-discharge system (Buster, 
Russia). The tests were performed under the galvanostatic mode at rates from C/20 to 2 C. 
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Fig. 1. Galvanostatic charge and discharge curves for 
nanocomposite V0.2Fe0.8PO4/C (1) and for an electrode 
with plain mesoporous carbon (2) at 15 mA/g. 

Fig. 1 shows typical charge-discharge curves 
for nanocomposite V0.2Fe0.8PO4/C with carbon 
content 20% taken at current 15 mA/g (ca. 
C/10). The discharge capacity amounts to 284 
mAh/g at discharge to potential 1.5 V and 151 
mAh at discharge to 2.0 V. Such high value of 
discharge capacity is not an artefact but caused 
by noticeable contribution of mesoporous 
carbon. (Curves 2 in Fig. 1) It is worth noting 
that this contribution relates to reversible 
sodium intercalation into mesoporous carbon, 
rather than with irreversible electrolyte 
reduction. Similar behavior of mesoporous 
carbon is documented in [1].  
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Lithium titanate Li4Ti5O12 is considered as highly promising anode material for lithium-ion batteries due to 
its unique properties, including near zero volume change during cycling and flat charge/discharge curves 
provided by a two-phase mechanism. The operating potential of such electrodes lies about 1.5 V (Li/Li+), 
i.e. beyond reduction potentials of traditional electrolytes. In the modern literature there is a lot of papers 
on properties of lithium titanate, but works devoted to temperature effects are few and far between. Herein, 
we report on the performance of lithium-titanate-based electrodes in the wide temperature range. 
The electrodes under study were prepared from commercial single-phase Li4Ti5O12 powder (Gelon LIB 
Co., Ltd.) with specific surface area of 1‒2 m2 g‒1 with additive of carbon black (Timcal) and PVDF by a 
slurry coating method. The current collectors were made from stainless steel mesh. The loading of active 
material was ca. 7 mg cm‒2. The electrodes were pressed at 1000 kg cm‒2 and then dried under vacuum at 
120 oC. The electrodes were tested in three-electrode cells with Li counter and reference electrodes, and a 
1.0 M LiPF6 solution in a 1:1:1 (vol.) mixture of ethylene carbonate, dimethyl carbonate and diethyl 
carbonate as an electrolyte. Cycling testing was performed using a computer-aided charge-discharge system 
(Buster, Russia). The tests were performed under the galvanostatic mode at a rate from C/8 to 1.2 C. 
Galvanostatic charge and discharge curves taken at room temperature and low current (C/8) contain almost 
horizontal linear sections corresponding to two-phase transformation Li4Ti5O12 +3 Li+ + 3 e ↔ Li7Ti5O12, 
and terminal rounded parts, corresponding to solid solutions. Current increase, as well as temperature 
decrease (i.e. movement from equilibrium conditions) result in notable alteration of galvanostatic curves. 
The linear parts are shortened and become sloping, and overall capacity diminishes.    
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Fig. 1. Temperature dependence of 
anodic (blue circles) and cathodic 
(red squares) capacities. 

Fig. 1 shows the temperature dependence of charge and discharge 
capacities, registered at 1.2 C. In the temperature range from ‒15 
to +18 oC the dependence obeys the Arrhenius low, at higher 
temperatures the capacity is temperature-independent. The nature 
of such behavior has been discussed in [1].  
At galvanostatic conditions at low temperatures the diffusion 
layer thickness at the end of process (i.e. at the transition time τ) 
becomes less than the size of material particles. τ depends on 
diffusion coefficient D by the equation τ = πn2F2Dc2/4i2 (here c is 
the concentration of diffusing species, i is the current density). 
Thus, the transient time, and, consequently, the capacity must be 
proportional to the diffusion coefficient of lithium. In this case the 

temperature dependence of the capacitance is determined by the temperature dependence of the diffusion 
coefficient, and the slope of the straight line in Fig. 1 determines the activation energy of diffusion. The 
activation energy of lithium diffusion in Li4Ti5O12 and in Li7Ti5O12 happened to be the same and equal to 
34.9 kJ / mol. 
The decrease in temperature contributes to the formation of 
nonequilibrium single-phase systems. Fig. 2 shows how the 
extension of the two-phase regions (the ratio of the capacity 
corresponding to the linear section of the cathode galvanostatic 
curves to the whole cathode capacity) varies with the 
temperature change. 
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Fig. 2. The temperature effect on relative 
extension of two-phase regions 
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Energy storage technologies like lithium-oxygen batteries are fundamental to the establishment of 
renewable energies and electric vehicles. These batteries have been an object of research since the 1980s 
because of their theoretical high energy density. Several attempts have been made to overcome 
application problems at different parts of the battery. The charging step of lithium-oxygen batteries, i.e. 
the oxidation of lithium peroxide represents one of the greatest challenges.[1] Due to the low electrical and 
ionic conductivity of the lithium peroxide, the main discharge product at the gas diffusion electrode 
(GDE), high voltages are needed for this charging step. Furthermore, this reaction can only take place at 
the three-phase boundary between the electrolyte, the GDE and the peroxide leading to low C-rates. 
 
A solution for this problem is the use of suitable redox mediators transporting electrons from the peroxide 
through the electrolyte towards the bare parts of the GDE.[2] The properties of interest for the redox 
mediator include the kinetics of the peroxide oxidation, the solubility and the diffusion coefficient in the 
electrolyte. In addition, the molecules have to be stable in both oxidation states and should not react with 
other parts of the cell.  
 
The needed values can all be determined by scanning 
electrochemical microscopy (SECM) in the feedback mode.[3] 
Therefore, lithium peroxide was pressed under argon atmosphere 
into a depression of an inert glass substrate, the electrolyte, 
containing defined concentrations of the reduced mediator form, was 
added and a platinum microelectrode (ME) was slowly approached 
from above. The ME as working electrode in a three-electrode setup 
was hold at a potential at which a diffusion-controlled oxidation of 
the mediator takes place, leading to a concentration depending 
current. When the ME approaches the substrate surface, the oxidized 
mediator form reacts with solid lithium peroxide leading to oxygen, 
lithium ions and the reduced mediator form. Depending on the 
kinetics, the current at the ME changes and rate constants can be 
determined by curve fitting.   
 
The determined mediator properties provide a rationale for selection 
of mediators to improve the performance of lithium-oxygen 
batteries.             
 
 
 
References 
[1] P. Schwager, D. Fenske, G. Wittstock, J. Electroanal. Chem. 2015, 740, 82. 
[2] Y. Chen, S. A. Freunberger, Z. Peng, O. Fontaine, P. G. Bruce, Nat. Chem. 2013, 5, 489. 
[3] G. Wittstock, M. Burchardt, S. E. Pust, Y. Shen, C. Zhao, Angew. Chem., Int. Ed. Engl. 2007, 46, 

1584. 
 
 
 
 



EIS Study of Degradation Mechanism of Sodium-Titanate-Based 
Electrodes of Sodium-ion Batteries 

 
T.L. Kulovaa, A.M. Skundina, A.A. Chekannikovb, A.A. Kuz’minaa 

aFrumkin Institute of Physical Chemistry and Electrochemistry of the RAS, 
119071, 31 Leninskii prospect, build. 4. Moscow, Russia 

bSkolkovo Institute of Science and Technology, 143026, 3 Nobel Street, Moscow, Russia  
e-mail address: tkulova@mail.ru 

 
One of the main challenges in sodium-ion batteries developing consists in their limited cycle-life. 
Therefore, disclosure of mechanism of their degradation is of great importance. In the present work an 
electrochemical impedance spectroscopy was used for elucidation of degradation features of certain 
electrodes.  
Sodium titanate Na2Ti3O7 was synthesized via solid-state method from anhydrous Na2CO3 and mesoporous 
titanium oxide. The mixture of initial substances was ball-milled for 10 h, and then was sintered at 1073 K 
for 5 h.  
The electrodes under study were prepared by a slurry coating method. The active mass contained 80% 
Na2Ti3O7, 10% carbon black (Timcal) and 10% PVDF. The current collectors were made from stainless 
steel mesh. The loading of active material was ca. 10 mg cm‒2. The electrodes were pressed at 1000 kg cm‒

2 and then dried under vacuum at 120 oC. The electrodes were tested in three-electrode cells with Na counter 
and reference electrodes, and a 1.0 M NaClO4 solution in a 1:1 (vol.) mixture of ethylene carbonate and 
propylene carbonate as an electrolyte. Cycling testing was performed using a computer-aided charge-
discharge system (Buster, Russia) under the galvanostatic mode at a rate from C/8 to 2 C. EIS study was 
carried out at 10 mV vs. Na/Na+ with using of impedancemeter 2B-1. 
The analysis of impedance spectra taken at various potentials and at various cycles gave a possibility to 
create the equivalent circuit shown in Fig. 1. Here R0 is the electrolyte resistance, R1 and C1 are resistance 
and capacitance of the passive film (SEI), W1 is diffusion impedance of SEI, R2 and C2 are charge transfer 
resistance and double layer capacity, W3 is Warburg impedance related to sodium diffusion in titanate, C3 
corresponds to intercalation capacity.  
 

 

 
 

Fig. 1. An equivalent circuit proposed 
 

0,0 0,5 1,0 1,5 2,0
0

50

100

150

200

250

R
1, O

hm

log [Cycle]  
Fig. 2. Change of SEI resistance at cycling 

 
The elements R0 and especially R1 were found to notably increase upon cycling (Fig. 2) that testifies 
increase in SEI total volume and decrease of the electrolyte volume in pores of the active layer. It is growth 
of SEI that is the main reason of the electrode degradation at cycling. 
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Abstract 
The utilization of the renewables in the grid in large extent depends on the availability of low cost 
electrical energy storage. Amongst many different technologies such as batteries, pump hydro, 
compressed air, thermal, and future energy efficient hydrogen energy storage, redox flow batteries 
(RFBs) show the lowest cost potential. Their price will further decrease in the following years due to 
large scale production, improved engineering and reduced use of high cost materials. Very recently all-
organic and semi-organic aqueous flow batteries appeared as a low-cost alternative to present technology 
and there is much research and development in this area now. One of the important characteristics of 
RFBs is power density, which is limited by the cell potential, stack size, electrode area, associated current 
and cell resistance. To achieve high power densities, the electrochemical cell needs to be optimized to 
have low resistance and high current densities, by design. In addition, high power densities are achieved 
with high cell potential and the correct choice of electrolytes: e.g. when high negative and high positive 
redox potential materials are used on the negative and positive side of battery, respectively. 
Another technique to boost cell potential in RFBs is using pH differential concept. This technique takes 
advantage of the potential boost obtained by either increasing the pH on the negative side or decreasing 
the pH on the positive side. In this work we advance the use of a quinone-bromide pH differential redox 
flow battery. Indeed the acidic quinone-bromide redox flow battery, which is one of the most stable and 
efficient chemistries demonstrated, suffers from the low cell potential of 0.86 V. The pH differential 
battery configuration is based on using bromine operated at pH ~ 2 on the positive side and 
anthraquinone-2,7-disulfonate disodium (Na2AQDS) operated at pH ~ 8 on the negative side[1]. 
Na2AQDS undergoes very fast one step two-electron process, and its electrochemical potential is highly 
pH dependent: at pH=0 and 8 is 0.2 VNHE and -0.2VNHE, respectively. This opens a possibility of tuning 
the battery voltage. Therefore, shifting the pH environment of the battery from acidic to near-neutral on 
the negative side (pH differential configuration) enhances the cell voltage up to 1.3 V as a result of the 
pH-dependent redox properties of the Na2AQDS. In the present work we discuss the performances and 
optimization of battery in terms of electrode and solid electrolyte (membrane) thicknesses and electrolyte 
flow rate and concentration. The optimized cell delivers a maximum peak galvanic power density of 0.45 
W/cm2, which is 22% higher than power density of acidic quinone-bromide and 75% of vanadium redox 
flow battery. In addition, we demonstrate stable battery cycling over 100 cycles using the optimized cell 
with only 0.025% capacity loss per cycle, a stable pH difference and a current efficiency above 99.6%. 
pH tuning in organic-based redox flow batteries are thus demonstrated to be a viable strategy for 
increasing the cell potential.   
Keywords: Anthraquinone-2,7-disulfonate disodium, Redox flow batteries, pH differential technique, 
Peak galvanic power density, Cell potential 
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Magnesium-ion batteries (MIBs) are one of the post-lithium-ion battery (LIB) chemistries being 
developed in the recent years due to its lower safety hazard, potential low cost, and high capacity.1,2 
However, MIB commercialization is hindered due to unresolved problems on electrode/electrolyte 
compatibility and performance. Vanadium bronze materials (MxV4O10) are potential cathode material for 
MIBs because of their good ionic and electronic conductivity. Among these materials, ammonium 
tetravanadate (NH4V4O10) has been evaluated as cathode material for LIB and sodium-ion battery 
(SIB).3,4 In this work, we demonstrate the NH4V4O10 operation as MIB cathode material showing high 
capacity. The hydrothermal method adapted from Sarkar and co-workers3 yielded single-phase formation 
with nanobelt structure. The half-cell showed average discharge voltage of ~2.31 V (vs. Mg/Mg2+) with 
initial discharge and charge capacities at 0.2 C-rate are 174.8 mAh g-1 and 204.6 mAh g-1, respectively 
using 0.5 M Mg(ClO4)2 in dry acetonitrile as electrolyte. The magnesiation/demagnesiation process was 
verified by elemental analysis, ex-situ XRD and ex-situ XPS. To the best of our knowledge, this is the 
first material that demonstrated highest capacity using conventional organic dry electrolyte above 2 V (vs. 
Mg/Mg2+). 

 
 

Figure 1. Galvanostatic discharge-charge curve of NH4V4O10 at 0.2 C-rate using 0.5 M Mg(ClO4) in dry 
acetonitrile. Inset: Crystal structure of ammonium tetravanadate (NH4V4O10) 
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Here we discuss the effect of the incorporation of Cr(III) as dopant in the spinel lattice of the NiCo2O4 
cubic phase on the electro-catalytic activity of this material in Li-O2 electrochemical cells. To this aim, 
we synthesized highly porous carbon-free self-standing electrodes constituted by nanostructured undoped 
(NC@Ni) and Cr-doped NiCo2O4 (NCCr@Ni) grown on open nickel mesh. These materials were 
preliminary characterized by X-ray diffraction, field emission scanning electron microscopy coupled with 
energy dispersive spectroscopy and transmission electron microscopy as shown in the figure 1. 

 
Figure 1. Comparison between (a) the diffraction patterns and morphologies by SEM (b,e) and TEM (c,f) 
of the NC@Ni and NCCr@Ni samples; (d) EDS map of the Cr-Ka emission of the area highlighted in (e); 
insets in (c,f) are TEM (1M X) magnifications and corresponding FFT simulated diffraction patterns. In 
the figure (a) the (hkl) indexes correspond to the reflections of a cubic inverse spinel lattice whereas the 
diffraction peaks of other phases are labelled explicitly (i.e. Ni and NiO). 
 
The bonding properties of the unodped and Cr-doped spinel phases have been analysied by X-ray 
photoelectron spectroscopy in order to highlight the redox state of the transition metals and their relative 
amount on the surface. 
The performance in Li-O2 cells of the undoped and Cr-doped NiCo2O4 electrodes were tested in 
galvanostatic cycling using a LiTFSI 1m in tetraethylene glycol dimethyl ether electrolyte without the 
incorporation of any carbon conductive agent. Cr(III) doping discloses a remarkable enhancement of 
more than 300% of the discharge capacity at J = 0.1 mA cm-2. Moreover, the Cr-doped NiCo2O4 material 
is capable to give reversible limited capacity ORR/OER for 52 and 45 cycles at 0.2 mA cm-2/0.1 mAh cm-

2 and 0.1 mA cm-2/0.2 mAh cm-2, respectively, without oxygen flow in static Ar/O2 overpressures 
(pO2=1bar). Pseudo-Tafel data derived by galvanostatic titrations highlight the beneficial effect of Cr(III) 
doping on the electrode kinetics both for ORR and OER. 
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R. Yazami1 reports on the thermodynamics of lithium ion battery. The understanding on heat 
generation of battery during charge and discharge and on heat dissipation is very important to 
maintain within appropriate temperature range2-4. Especially, it is highly important in the case of the 
battery of large capacity. 

We studied the entropy of a lithium ion battery (100 Ah) under isothermal and adiabatic condition. 
Entropy behavior driven from isothermal condition was some similar to the report of Vuorilehto3 to get 
the mild positive entropy of S.O.C. range of 75~100%. Entropy driven from adiabatic condition had 
fairly different behavior for S.O.C. range of 60~100% to be -10~-20 J.mol-1.K-1 (10~60℃).  

Entropy behavior of lithium ion battery will be presented in some details. 
 

 
Fig. (a) Temperature and voltage behavior under the adiabatic charge-discharge condition, (b) specific 
entropy of lithium ion battery with state of charge.    
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Conventional batteries that employ liquid electrolytes often risk spontaneous ignition upon 
malfunction. One possible solution to overcome these safety concerns is to replace the highly flammable, 
volatile organic electrolyte with a non-flammable solid electrolyte within an all-solid-state battery. 
However, before all-solid-state batteries can be realized as a safer alternative to conventional batteries, 
several additional parameters of their performance must first be understood, controlled, and optimized to 
offer comparable power densities, capacities, and rates.  
A more robust understanding of the ion conduction mechanism in solid electrolytes can help in developing 
electrolytes with higher conductivities. To better understand the conduction mechanism and the factors that 
lead to faster Li-ion diffusion in solid electrolytes, we used variable temperature 7Li-relaxometry to study 
the dynamics in the Li3PO4-Li4SiO4 solid electrolyte system and compared it to results from diffraction, 
impedance, and molecular dynamics calculations.[1] Here, we find that the 1:1 composition with the greatest 
disorder has the fastest jump rates, which is apparent by the minimum in the T1 data at the lowest 
temperature for all studied materials (see Figure). This coincides with the highest conductivity, even though 
the activation energy was relatively similar for all materials in the range of our study.  
Recently, we have explored PFG-NMR to understand the role of dopants in Garnet type solid electrolytes 
on long range Li ion diffusion.[2] This can be combined with information about the local structure from high 
resolution MAS-NMR spectroscopy and calculations to gain deeper insights into the structure-property 
relationship for this class of solid electrolytes. 

 

Figure: Temperature dependent 7Li spin-lattice relaxation times in Li3+xP1-xSixO4 (x = 0.25, 0.5 and 0.75). 
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Due to increasing requirements on Li-ion Batteries performance, the development of new materials and 
the improvement of well-established materials represent a main research target. 
Although materials such as Si are supposed to be promising alternative to carbonaceous anodes, graphite 
still represents the preferential choice as anode active material for the current LIBs technology. Natural 
and artificial graphite were with around 90% the most used anode active material in LIBs technology in 
2016.[1] In the communication of the European commission to the Parliament in 2017, natural graphite 
has been named as one of the critical resources for the EU.[2] Therefore, it is of crucial importance to 
improve the quality of the used graphite to get better performance in LIBs and thereby reducing the 
amount of required active material. 
Despite the already achieved improvements, enhancing of the fast-charging performance of LIBs is still a 
challenge, especially for automotive applications. One of the main limiting factors in terms of charging 
rate is the low rate capability of the graphite active material. Graphite characteristics in terms of 
morphology, surface area, density and particle size strongly influence the electrode properties and the 
electrochemical behavior, including irreversible and reversible specific capacity, cycling life and high-
rate capability. Therefore, an optimization of the graphite active material is required to obtain increased 
LIBs performance. 
One approach to reach this goal is to modify the material morphology by mechanical treatment in a so-
called spheroidization process.[3] During this treatment, natural graphite flakes are shaped into nearly 
spherical particles [4] leading to reduced irreversible capacity loss within the first cycles and higher 
reversible capacity.[5] For the spheroidization process, different machine types such as a high speed 
rotational dry impact mill[4] or a ball mill[5] can be used. Beside natural graphite flakes, also artificial 
graphite can be used as raw material in these processes to improve its performance in LIBs. 
In this work, different graphite raw materials are studied to get a better understanding on the influence of 
the spheroidization processes on the resulting physical and electrochemical properties. The 
characterization of the obtained graphite samples (e.g. particle size distribution, BET surface area and 
density) will be reported and the impact on the electrochemical behavior, including fast-charge 
performance, will be discussed. 
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High specific energy, low toxicity and simple recycling procedures are the main attractions of aqueous 
rechargeable metal-air batteries such as Fe-air and Zn-air. [1] However, the cycle life and power density of 
rechargeable metal-air batteries is limited by the slow kinetics of the bifunctional air electrode, which 
continuously reduces oxygen on discharge and evolves oxygen during charge. The search for improved 
bifunctional catalysts is ongoing, as most catalysts do not show sufficient activity for both reactions. [2] 
Adding a a mixed Ni-/Fe hexacyanoferrate Ni5Fe[Fe(CN)6]4 to an air electrode with nanostructured 
palladium on carbon greatly improves the oxygen evolution overpotential and performance at high-
current density. [3] This catalytic behavior of hexacyanoferrates (Ni-/Fe HCF) had not been previously 
reported, although it has been known for some time that crystalline Ni-,Fe oxides are good catalysts for 
the oxygen evolution reaction. [4–6] Ni-/Fe hexacyanoferrate is a very attractive material as a catalyst since 
it can be synthesised as a crystalline material in bulk quantities using a very simple and low cost 
procedure at room temperature. Also, a perovskite, LSFCO (La0.6Sr0.4Fe0.8Co0.2O3) is promising 
bifunctional catalyst that is a lower-cost replacement to precious metals.[7,8] 

 
In this work, three nanostructured air electrode catalysts:; LSFCO, Ni-/Fe HCF and Pd were studied in-
situ on a porous carbon gas-diffusion electrode. The effect of catalyst loading, layer thickness and current 
density on the performance of the electrodes was studied in order to optimize the air electrodes for use in 
rechargeable metal-air batteries. The catalysts were also studied on rotating disk electrodes to ascertain 
their catalytic contributions to the oxygen reduction and oxygen evolution reactions. 

(a) (b)  
 
Figure 1. (a) schematic diagram of iron-air battery, (b) charge/discharge profiles of carbon-based air 
electrodes with different catalysts. 
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Despite the limit of low specific energy, lead-acid batteries still play an important role in certain 
applications due to their high output power, robustness, low cost, ease of production and recycling [1]. 
However, the traditional pyrometallurgical methods for the recovery of exhausted lead materials need a 
high-energy consumption and produce large amounts of slag with a residual fraction of lead compounds.  
In this context, we applied an innovative recycling process, patented by STC s.r.l. [2]. The method 
involved steps of desulphurization, calcination, leaching, precipitation, filtration and a final thermal 
treatment to obtain pure lead oxides. Recovered materials, characterized in terms of morphology, 
composition (SEM-EDS) and phase identification (XRD analysis), consisted mostly of E-PbO. 
Materials prepared with different procedure parameters were tested as Positive Active Mass (PAM). The 
best performing STC material – henceforth STC oxide - showed properties similar to those of the 
industrial (ball-mill) SIA leady oxide. Laboratory samples of pure and mixed materials (STC70 indicates 
e.g. a blend of 70% wt STC and 30% wt SIA oxides; similar for the other codes) were submitted to partial 
cycling. All samples showed good cycling durability (110-130 cycles, Fig. 2a). 
A large batch (10 tons) of STC oxide was prepared in an industrial plant and blended with SIA leady 
oxide in different ratios to make PAM batches for 1000 new batteries. The capacity evolution during deep 
cycling (Fig. 2b) showed for pure and blended STC materials some initial reluctance to activation in 
comparison with pure SIA oxide, but then comparable or even better performances. The durability to 
prolonged partial cycling was similar to that of the laboratory samples in Fig. 2a (110-130 cycles). 
Hence, the proposed recycling method produces valuable battery materials, competitive with traditional 
leady oxides. In comparison with technologies based on pyrometallurgy, the new approach offers lower 
energy use (down to 50%), lower consumption of reagents and production of scraps, less hazardous 
operations, and favors the manufacture/recovery cycle in small to medium plants. 

    
Figure 1 (left): top, SEM images of recycled STC lead oxide; bottom, SIA leady oxide.  
Figure 2 (right): a) prolonged partial cycling; b) specific capacity of batteries upon deep cycling. 
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Li-S- (Lithium-Sulfur-) battery systems provide very high theoretical specific energy (2600 Wh/kg) [1] and 
volumetric energy density (2800 Wh/l) [2]. Hence, Li-S batteries are one of the key technologies for both the 
upcoming electromobility and stationary applications. Furthermore, the Li-S battery system is potentially cheap and 
environmentally benign [3]. However, the technical implementation suffers from cycling stability, low charge and 
discharge rates and incomplete understanding of the complex polysulfide reaction mechanism. 
 
The aim of this work is to develop an effective electrocatalyst for the polysulfide reactions, so that the electrode 
kinetics of the sulfur half-cell will be improved. Accordingly, the overvoltage will be decreased and the efficiency of 
the cell will be increased. An enhanced electroactive surface additionally improves the charge and discharge rates. To 
reach this goal, functionalized electrocatalytic coatings are investigated to accelerate the kinetics of the polysulfide 
reactions. Additionally, a current collector coating should be developed. Here, a high electrical conductivity and low 
electrokinetics must be achieved. When no reaction takes place, the current collector is chemically stable and no 
corrosion occurs. The goal is a functional separation of the electrocatalytic and the current collecting materials. 
 
In order to determine a suitable electrocatalyst, apparent exchange current densities of a variety of materials have 
been evaluated in a polysulfide containing electrolyte by potentiodynamic measurements and a Butler-Volmer fit 
including diffusion limitation. The surface structure change of the samples has been examined before and after the 
measurements by Scanning Electron Microscopy (SEM) and/or X-Ray Diffraction (XRD) after the potentiodynamic 
measurements in order to evaluate their stability in the electrochemical window in contact with the polysulfide 
electrolyte. 
 
Our work shows that cobalt is a promising material with good electrocatalytic properties for the polysulfide reactions 
and good electrochemical stability in the system. An electrodeposited Co layer shows similar apparent exchange 
current densities.  
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The utilization of Mg2+-insertion-type anodes permits the selection of diverse electrolytes and cathode 
counterparts, enabling the operation of Mg-ion batteries, which is a way out of Mg metal batteries that 
suffer from the reaction irreversibility due to the formation of surface blocking layer. Recently, we have 
first reported Mg2Sn as a high-capacity anode, which is a high theoretical capacity (641 mAhg-1) 
magnesium source, and its room temperature operation in both half- and full-cells. The low working 
voltage plateau (~0.2V versus Mg/Mg2+) of Mg2Sn anode is advantageous for obtaining a high cell 
voltage in the full-cell with an Mg-free cathode. Challenges to overcome initial reaction irreversibility 
however remain. In this presentation, we report the improvement of cycling performance of Mg2Sn anode 
in Mg-ion cells by optimizing an activation condition, and a basic understanding the initial interfacial 
reaction behavior and its correlation to cycling performance. 
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Batteries in micro-hybrid electric vehicles operate in partial state of charge and experience short charge 
and discharge pulses with high currents during regenerative braking (High-Rate Partial-State-of-Charge, 
HRPSoC duty). Research efforts in the past few years have demonstrated the benefits of carbon materials 
as additives to the negative plates of lead-acid batteries (LABs) providing higher levels of charge 
acceptance and delaying lead sulfate accumulation on the surface of the negative plates. At the same time, 
however, other properties such as high rate discharge and accelerated hydrogen evolution reaction (HER) 
leading to increased water loss may be negatively affected by carbon addition. Several different 
approaches are proposed in the literature to suppress the hydrogen evolution reaction on lead and lead-
carbon electrodes. One example is addition of different metal oxides, organic substances and metal ions 
with high HER overvoltage to the negative active mass (NAM) formulation or to the electrolyte. The 
influence of seventeen residual elements in lead on hydrogen- and/or oxygen-gassing rates of LABs has 
been investigated [1]. Only Bi, Cd, Sn and Zn are considered as “beneficial elements” for lead-acid 
batteries. Addition of ZnO and ZnSO4 to NAM is proposed in order to improve the HRPSoC performance 
and to control the HER [2].  
The goal of the present study is to evaluate the effect of crystal morphology of ZnO powder samples with 
different crystallite size as additives to NAM aimed to improve the HRPSoC cycling performance of 
LABs and suppress the HER.  
The studied ZnO samples are synthesized by ultrasound assisted precipitation (UAP) and by a sucrose-
assisted solution combustion method (SASC). The latter method was applied to prepare ZnO samples 
doped with Al or Mg ions. The thus synthetized materials are evaluated by means of powder X-ray 
diffraction (XRD) and transmission electron microscopy (TEM) techniques. The XRD analysis confirms 
that materials obtained by the different methods have similar average crystallite size of about 30–40 nm. 
The TEM images demonstrate that the samples obtained by the UAP method have spindle-like 
morphology, while those obtained by the SASC method comprise almost spherical particles.  
Small-sized laboratory lead-acid cells with one negative and two positive plates per cell are assembled 
and set to capacity, cycle life and hydrogen evolution tests. The nominal capacity of cells is 115 mAh. 
The tested ZnO samples are added during negative paste mixing in concentration of 0.05% versus the 
leady oxide. All negative paste formulations contain also 0.5% PBX51 carbon black (1400 m2/g) (Cabot 
Corp. product). The thus prepared paste is applied to small-sized PbCaSn grids and these are subjected to 
standard curing and formation processes. For comparison, reference cells without ZnO additives are 
tested as well. 
The impact of the studied ZnO additives on the discharge capacity of the negative plates is estimated at 
C/20 discharge current rate. The preliminary results show that ZnO additives to NAM do not have 
negative impact on cell discharge capacity. The effect of addition of ZnO in the negative plate on the 
cycle life of lead-acid cells is evaluated under simulated high-rate partial state-of-charge (HRPSoC) 
cycling conditions [3]. The negative plate potential is measured during the cycling test. The control cell 
(without carbon additive) completes only 600 micro-cycles. Addition of ZnO (SASC) to NAM leads to 
considerable improvement in cycle life, more than 3800 micro-cycles. In contrast, the reference cell with 
0.5% PBX51 but no ZnO in NAM completes about 3000 micro-cycles, against about 2900 for the cell 
containing also ZnO (UAP) additive and about 3500 micro-cycles completed by the cells with ZnO 
(SASC), doped with Al+ or Mg+, in NAM. In general, addition of ZnO (SASC), comprising spherical 
particles of 50-60 nm average size, to NAM produce 15-25% improvement in cell cycle life in the 
HRPSoC duty. 
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The production and use of lead-acid batteries (LAB) continues to grow due to new applications such as 
energy storage for renewables, remote telecommunications, micro-hybrid electric vehicles, emergency 
power supply for computers, lighting and security systems. A wide range of inorganic and organic 
materials are used as additives to the electrolyte or/and to the negative and positive electrodes of lead-acid 
cells in order to improve their conductivity, enhance battery capacity and cycle life, reduce hydrogen and 
oxygen evolution reactions on the negative and positive electrodes, reduce electrode corrosion, etc. The 
major factors contributing to the decline in capacity of the positive plates during charge/discharge cycling 
are progressive decrease of the electrical contact between the PbO2 particles of the positive active mass 
and the grid, and formation of a layer of PbSO4 crystals on the electrode surface that isolates a fraction of 
the active mass thus reducing its utilization. During charge of a lead-acid battery, the positive grid is 
oxidized and a boundary layer forms between the grid and the active mass.  
The focus of present study is to elucidate the basic effects of sodium dodecyl sulfate (SDS), 
cetyltrimethylammonium bromide (CTAB) and sodium tripolyphosphate (STPP) as electrolyte additives 
on the electrochemical reactions proceeding on a lead electrode immersed in 4.5 M H2SO4 solution by 
applying linear sweep voltammetry (LSV) measurements in the PbSO4/PbO2 potential region. The lead 
electrodes are manufactured from pure Pb(99.99%) or Pb-1.8Sb alloy. The studied concentrations of the 
surfactants in the electrolyte are 0.12% SDS, 0.024% C19 or 1.2% STPP, respectively. The morphology 
of the PbO2 crystals formed on the surface of the electrodes is examined by scanning electron 
microscopy. For comparison, experiments with blank electrolyte solution with no additives are also 
performed.  
It has been established that STPP molecules are adsorbed on the surface of the electrode and the recorded 
voltammograms show that it almost completely inhibits the oxidation reaction of PbSO4 to PbO2, thus 
confirming previous studies on the influence of phosphoric acid as electrolyte additive in LAB [1-3]. The 
presence of STPP in electrolyte also shifts the oxygen evolution potential towards more positive values. 
The obtained SEM images demonstrate that addition of SDS or CTAB to the electrolyte causes formation 
of smaller PbO2 particles, closer interconnected in agglomerates, as compared to the PbO2 formed in the 
test cell with blank electrolyte.  
The influence of the above mentioned surfactant concentrations added in the electrolyte on the 
electrochemical performance of laboratory test lead-acid cells is investigated, too. Two types of alloys are 
used for the positive grids: Pb-1.8Sb and Pb-0.06Ca-1.25Sn alloys. 2.0V, 4.0Ah (nominal capacity) 
flooded cells are assembled with 2 positive and 3 negative plates per cell, and filled with 1.28 g.cm-3 
H2SO4 solution. The surfactants are added to the cell electrolyte after complete formation of both the 
positive and negative electrodes. Control cells without surfactant additive are also assembled. The cells 
doped with SDS or C19 have initial C20 capacity similar to that of the control cells without surfactant. 
The cell with STPP additive has lower initial capacity but all cells exceed the nominal 4.0 Ah capacity. 
The cells are subjected to 17.5% DOD cycling test for start-stop lead-acid batteries. The cell voltage is 
measured during the cycling test. The control cells exhibit similar cycle life: 898 cycles for the cell with 
positive PbSbSe-grids and 917 cycles for the cell with positive PbCaSn-grids, respectively. The results 
for cells with PbSbSe-grids with SDS or C19 additives evidence a significant improvement in cycle life, 
reaching a total of 1085 cycles, i.e. ~20% improvement. Furthermore, the cycle life of the STPP doped 
cell is 1988 cycles, which is a dramatic ~2x improvement vs. the control cell. The tests with cells with 
positive PbCaSn-grids are in progress. 
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Li metal has been considered as the ultimate anodic material for high-density electrochemical 
energy storage technology, not only because of its extreme high specific capacity (3860 mAh g-1) and the 
lowest redox potential, but also because it enables battery chemistries with lithium free cathode materials, 
such as Li-S, and Li-O2 batteries. However, the practical application of Li metal anodes is still prohibited 
due to (1) repeated growth of Li dendrites and formation of detached “dead” Li in charging/discharging 
cycles; and (2) reaction of Li metal with electrolyte. These undesirable anodic processes result in low CE 
and hence short cycle life, as well as safety threats related with dendrite caused internal shorting and 
thermal runaway. 

This talk presents a facial and scalable preparation of a lithium-carbon composite for high 
performance Li anodes. It will be demonstrated that molten Li metal can be easily impregnated into the 
porous particles composed of carbon nanotubes (CNTs) to form a Li-CNT composite. When used as 
anodic materials, the Li-CNT composite not only shows high specific capacity (2000 mAh g-1) and low 
lithium dissolution/deposition potential, but also shows significantly suppressed dendrite formation, high 
CE and stable cycle life. When paired the Li-CNT with a commercial LiFePO4 (LFP) cathode, a CE of 
around 90.1% can be achieved, which is much higher than the value (75.4%) obtained from a lithium foil 
anode. [1] 

Upon further optimization, a dual-carbon host matrix composed of CNT and acetylene 
black(AB), Li-CNT-AB, is found to absorb more Li and shows even lower over potential than Li-CNT. 
The lithiophilic AB particles not only helps to utilize the pore space of the sphere thus increasing the 
lithium content of the composite, but also acts as a lithium deposition promoter during battery cycling 
because AB has lower lithium nucleation barrier. As a result, the Li-CNT-AB composite exhibits a 
specific capacity as high as 2800 mAh g-1 and a life span of ~700 cycles can be achieved when it was 
cycled with a commercial LFP cathode at 1C (0.7 mA cm-2) in an ether-based electrolyte with cathode 
capacity to anode capacity at 1:8, corresponding to a high Coulombic efficiency (CE) of ~98.7%. 
Furthermore, it was observed that there is no lithium dendrite formation and negligible volume change on 
the Li-CNT-AB during electrochemical cycling. [2] 

Furthermore, the chemical stability and processibility of these Li-C composite materials have 
been improved [3]. In short, these materials are highly promising for pushing practical application of Li 
metal anodes.  
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Schematic illustration of the preparation of Li-CNT composite 
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High ionic conductivity, suitable mechanical strength, flexibility, inflammability, chemical and 

electrochemical stability is the main requirements for high performance polymer electrolyte[1]. The well-
known PEO polymer electrolytes can be obtained with good mechanical properties, however the low 
ionic conductivity as well as the poor compatibility with electrodes restricted their commercialization.  
One efficient method to solve those is to make hybrid polymer crosslinking networks with ionic 
conductors [2], meanwhile which inflammability can be controlled by grafting EO side chains onto 
inorganic cores [3].  

The phosphoester compounds are well-known fire-retardant which may improve the thermal 
resistance for safety and high electrochemical stability for lithium battery [4]. In this study hyperbranched 
ionic conductors and crosslinkers were prepared by introducing oligomeric EO chain arms onto phosphate 
backbones. Firstly, serials of hyperbranched polyphosphoesters were synthesized by SCROP (self 
condensing ring-open polymerization), and then novel fire-retarding intrinsic polymer electrolyte 
membranes were prepared by in-situ polymerization from a precursor solution containing phosphate 
crosslinker, polyphosphoester ion conductor, lithium salt and thermal initiator. Free-standing films were 
obtained with good mechanical stability. The morphology study of nanoporous network structures of the 
hybrid polymer membranes were showed in scheme 1.  

Due to the hybrid network structure can prevent crystallization, the ionic conductivity was achieved 
with great enhancement with above 10-4S/cm, which maybe  thus enhance the ionic conductivity even at 
low temperature. In particular, the methacrylate functional group attached in the crosslinker established 
3D network structure whereas the EO chains attached improved the compatibility with the 
polyphosphoester. Moreover, this nanoporous electrolyte membrane can be used directly between the 
cathode and anode without separator, which significantly eliminate the cost for lithium batteries’ 
fabrication. Further studies of electrochemical properties such as cyclic voltammetry and 
chronopotentiometry were investigated to figure out the contribution of ionic conductors to the 
improvements of electrochemical properties of this HPE system. All above is to prove this promising 
electrolyte system for the application for lithium battery. 

   
 

Figure 1. Schematic and Morphology of nanoporous network structure of hybrid polymer membrane 
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Anatase TiO2 has attracted special attention as anode material for lithium ion batteries due to its excellent 
structural stability and high working voltage, but the poor rate ability limits its commercial application. 
[1-3] Herein, we design and prepare a self-assembled TiO2-graphene electrode material with 3D network 
by one-step hydrothermal method. These nano-scale TiO2 are in-situ grown on the functional groups of 
GO, so that TiO2 is uniformly dispersed on the surface of graphene, which is also beneficial to prevent the 
formation of large size TiO2. TiO2-graphene shows an excellent rate capability. Even at 100C, a capacity 
of 108 mAh/g(Li0.32TiO2) is obtained. Moreover, an outstanding cycle performance is also observed. At a 
rate of 10C, a capacity of 117 mAh/g(Li0.35TiO2) is remained after 1 000 cycles, corresponding to a high 
capacity retention of 86%. Such fast intercalation/extraction properties of lithium ions are attributed to the 
TiO2 with nanosized and graphene with excellent conductivity and specific surface area. 
 

 
Fig. 1(a) Rate capability performance of the TiO2-GA; Fig. 1(b) Long cycle performance of TiO2-GA 
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LiMnO2 with an orthorhombic zigzag-type layered structure has been studied as potential 
positive electrode materials. Major drawbacks of LiMnO2 as electrode materials are found in slow 
electrode kinetics probably associated with cycle-induced phase transitions and the formation of 
nanodomains.[nanodomains.[1] Observed reversible capacity is generally limited to be less than 200 mAh 
g-1, which is far from a theoretical capacity of  286 mAh g-1. Recently, as a non-layered system, cation-
disordered rocksalt-type oxides, Li1.2Mn0.4Ti0.4O2, have been proposed as high-capacity positive electrode 
materials,[2] and this sample with Mn3+ does not convert into spinel-like phase. In this study, to examine 
the reversibility limit of LiMnO2, cation-disordered LiMnO2 is synthesized from zigzag layered LiMnO2 
by mechanical milling, and electrode performance and phase evolution processes are compared with 
zigzag layered LiMnO2. 
 X-ray diffraction patterns of LiMnO2 before and after mechanical milling are shown in Figure 1. 
To improve the electrode performance, the milled sample was further mixed with acetylene black 
(denoted as ''carbon composite''). Well defined diffraction patterns are found for as-prepared LiMnO2 
with the zigzag layered structure. These diffraction patterns are completely lost after mechanical milling, 
and cation-disordered rocksalt-type LiMnO2 with low crystallinity is formed. Electrochemical properties 
of LiMnO2 with different crystal structures (zigzag layered and cation disordered) are compared in Figure 
2. Rocksalt-type LiMnO2 delivers a large reversible capacity of 260 mA h g-1, which reaches >90% of the 
theoretical capacity. From the results, we discuss the factors affecting electrochemical properties and 
phase evolution during charge/discharge processes for LiMnO2. 
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Fig. 1. XRD patterns of LiMnO2; before and after 
mechanical milling. The milled sample was further 
mixed with AB to improve electrode properties. 

Fig. 2. Charge/discharge curves of LiMnO2 with 
different crystal structures. 
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 High-capacity positive electrode materials are needed to further increase energy density of 
rechargeable Li batteries. Recently, Li-enriched materials, Li2MnO3-based system, classified as the 
cation-ordered rocksalt-type structure, have been extensively studied. However, pure Li2MnO3 shows 
insufficient electrode performance associated with unstable and irreversible oxygen redox chemistry.[1] 
To understand the origin of instability of oxygen (anionic) redox, in this study, Li2RuO3,[2] which is 
isostructural with Li2MnO3, is revisited as a model positive material for the anionic redox. Since Ru as a 
4d transition-metal ion is possibly stable even at high oxidation states, and stabilization of anionic redox 
is, therefore, anticipated. Li2RuO3 was prepared by conventional solid-state calcination from a mixture of 
RuO2 and Li2CO3. X-ray diffraction study reveals that the samples synthesized with different conditions 
are indexed to a monoclinic unit cell. Particle sizes are adjustable by controlling temperature and oxygen 
partial pressure as shown in Fig. 1. Excellent capacity retention for both Li2RuO3 samples is evidenced. 
Rate capability of the samples in Li cells is compared in Fig. 2. Excellent rate capability is noted even for 
dense and large Li2RuO3 particles synthesized in air. Li2RuO3 has the highest volumetric/gravimetric 
energy density with excellent capacity retention even at elevated temperatures. 
 From these experimental facts together with the results of theoretical DFT studies, we will 
discuss the origin of stabilization/destabilization mechanisms of anionic redox reaction, and its 
application for lithium battery applications. 

 

Fig. 1. XRD patterns and SEM images of Li2RuO3 
synthesized with different conditions. 

Fig. 2. Rate-capability of Li2RuO3 with different 
particle sizes. 
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Growing concerns about energy security and reduced reliance on fossil fuels are driving to renewable, 
carbon-neutral energy sources such as wind and solar, but their intermittent nature requires scalable 
energy storage to buffer the impact on the power grid for gigawatt level deployment [1]. Redox flow 
batteries (RFBs) are a particularly promising technology for large-scale energy storage installations due 
to flexible and highly scalable design. RFBs energy is stored in liquid electrolytes contained in separate 
reservoirs and power is generated by their electrochemical reactions at the cell stack, making energy 
storage totally decoupled from power output. However, the capability of RFBs is limited by the low 
energy density, [2], for instance, in aqueous RFBs viable energy capacities are nearly 25-40 Wh/L, 
limiting active species concentration from 1 to 3 M [3]. To bypass energy density restraint, [4] we 
advanced a new approach on aqueous RFBs, consisting of utilizing solid-phase materials (herein 
‘boosters’) as primary charge storage media and placing them in the electrolyte reservoirs (Figure 1).  
Our approach is presently used to develop safe aqueous RFB installations, in which water soluble 
nontoxic redox mediators and high energy dense solid ‘boosters’ are combined. To this purpose, we are 
working on either Li+ intercalation materials (i.e. LiFe0.5Mn0.5PO4, LiMnO2, and LiFePO4) as charge 
storage ‘boosters’, characterized by an average theoretical specific capacity of 150 mAh g-1 or K+/ Na+ 
intercalation complexes (i.e. CuHCNFe, NiHCNFe) having an average theoretical specific capacity of 60 
mAh g-1  

  
Figure 1 a) Schematic figure of the half-side of a mediated-flow battery: a soluble redox mediator cycles from the reservoir to the 
cell-stack where it electrochemically reacts at the electrode surface and then it flows back to the tank where a solid-phase ‘booster’ 
is stationary placed. In the storage tank, the mediator and the ‘booster’ interact and consequently the charge is reversibly transferred 
from the mediator to the ‘booster‘. During this reaction the redox mediator is again reduced, and thus it returns to the cell stack for 
subsequent charging. In this way the redox mediator shuttles the charge between the flow cell and the ‘booster’ contained in the 
tank. This process can continue until the ‘booster’ is completely saturated by charge. b) Blue line cyclic voltammetry of a redox 
mediator (2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid or ABTS) and in red line cyclic voltammetry of a ‘booster’ 
(LiMnO2 or LMO), judiciously paired by their respective standard electrochemical potentials.  
 
[1] M. Zhou, Q. Huang, T.N.P. Truong, J. Ghilane, Y.G. Zhu, C. Jia, R. Yan, L. Fan, H. 

Randriamahazaka, Q. Wang, Nernstian-Potential-Driven Redox-Targeting Reactions of Battery 
Materials, Chem. 3 (2017) 1036–1049. 

[2] C.R. Dennison, H. Vrubel, V. Amstutz, P. Peljo, K.E. Toghill, H.H. Girault, Redox Flow 
Batteries, Hydrogen and Distributed Storage, Chim. Int. J. Chem. 69 (2015) 753–758. 

[3] A.N. Colli, P. Peljo, H.H. Girault, High energy density MnO 4−/MnO 4 2− redox couple for 
alkaline redox flow batteries, Chem. Commun. 52 (2016) 14039–14042. 

[4] E. Zanzola, C.R. Dennison, A. Battistel, P. Peljo, H. Vrubel, V. Amstutz, H.H. Girault, Redox 
Solid Energy Boosters for Flow Batteries: Polyaniline as a Case Study, Electrochim. Acta. 
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Olivine LiCoPO4 is a promising candidate as the cathode material for high-voltage lithium-ion batteries 
(LIBs) due to its high redox potential of 4.8 V vs. Li/Li+ and a theoretical capacity of 167 mA h g-1.1 
However, use of LiCoPO4 as a cathode in practical applications has been hindered by its unsatisfactory 
cycle stability and rate capability, which could be attributed to its low electronic conductivity, poor Li+ 
ionic conductivity, and limited stability of electrolytes at high potential. It is thus important to develop a 
simple, time and energy saving, easy to control and industrially scalable synthesis method to prepare 
LiCoPO4 with high specific capacity, good cycle stability and rate capability. Surface modification (e.g. 
carbon coating),2,3 ion doping, size reduction and morphology control have been widely employed to 
promote the electronic and ionic conductivity of LiCoPO4. 
 
A facile solvothermal synthesis to prepare olivine-structrued LiCoPO4 as high-voltage cathodes in LIBs 
has been developed, using 1:6 (v/v) water/diethylene glycol as co-solvent, followed by thermal treatment 
under Ar, air, 5%H2+N2 or NH3.1 The diethylene glycol plays an important role in tailoring the particle 
size of LiCoPO4. The LiCoPO4 prepared after heating in Ar presents particle size of 200-300 nm, and 
exhibits high initial discharge capacity of 147 mA h g-1 at 0.1 C with capacity retention of 70% after 40 
cycles. This could be attributed to the enhanced electronic conductivity of LiCoPO4 fired under Ar. Also, 
decreasing the particle size of LiCoPO4 to nanoscale reduces the length of Li-ion migration paths, and 
facilitates easier Li-ion transfer. Furthermore, the specific capacity and cycle stability of carbon, TiN and 
RuO2 coated LiCoPO4 were examined. 
 

 
 
Fig. 1 The specific capacity versus cycle number and SEM image (inset) of LiCoPO4 heating under Ar, 
air, H2+N2 or NH3, assembled in Li half cells under galvanostatic cycling between 3.5 and 5 V at 0.1 C. 
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2. M. Zhang, N. Garcia-Araez, A. L. Hector and J. R. Owen, J. Mater. Chem. A, 2017, 5, 2251-2260. 
3. Y. Liu, M. Zhang, Y. Li, Y. Hu, M. Zhu, H. Jin and W. Li, Electrochim. Acta, 2015, 176, 689-693. 
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Metal nitrides have been combined with electrode materials to form structured composites with improved 
conductivity and stability.1 Sol-gel methods have been shown to be highly effective, low cost routes to 
nitride materials and are versatile in the preparation of high surface area materials.2 The advantage for 
battery material coatings is that the use of a sol-gel route could be a scalable with efficient material usage 
compared with vapour phase coating methods. Olivine LiFePO4 is a standard cathode material for 
lithium-ion batteries due to its environmental friendliness, high cycling performance and safety 
characteristics.3 
 
A new approach to produce nanocrystalline TiN coating with high conductivity on battery materials have 
been developed in this work.1 Sol-gel synthesis using tetrakis(dimethylamido)titanium(IV) and a 
propylamine or ammonia cross linking agent, followed by thermal treatment under NH3 or H2+N2, was 
found to produce TiN powders of small crystallite size (<10 nm), with good conductivity in selected 
cases. The most promising synthesis conditions were used to produce even TiN coatings on LiFePO4 
particles, and the resulting materials exhibited significantly improved electrochemical performance 
relative to uncoated LiFePO4, in terms of higher specific capacity, cycle stability and rate capability. The 
material with the optimum 10 wt.% TiN content exhibited a discharge capacity of 159 mA h g-1, that is 
~93% of the theoretical capacity, when charge/discharge rates of 0.1 C were applied.1 The results 
demonstrate the suitability of this new route to produce TiN coatings, which could also be applied to high 
voltage materials or for materials to be operated at high temperatures, where corrosion or degradation of 
other coating materials (e.g. carbon) would be problematic. 
 

 
 
Fig. 1 The specific capacity versus cycle number and TEM image (inset) of TiN-coated LiFePO4 
assembled in Li half cells under galvanostatic cycling between 2.5 and 4.5 V at 0.1 C.1 
 
 
 
1. M. Zhang, N. Garcia-Araez, A. L. Hector and J. R. Owen, J. Mater. Chem. A, 2017, 5, 2251-2260. 
2. A. L. Hector, Coord. Chem. Rev., 2016, 323, 120-137. 
3. Y. Liu, M. Zhang, Y. Li, Y. Hu, M. Zhu, H. Jin and W. Li, Electrochim. Acta, 2015, 176, 689-693. 
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   ABSTRACT: In the past decades, lithium-ion batteries (LIBs) have become the primary energy sources 

for portable electronic devices because of their high capacity, long cycle life and high safety factor. The 

layered LiCoO2 (LCO) materials has been widely used as commercial cathode materials of small LIBs for 

consumer electronics. However, the deliverance of no more than 150 mAh·g-1 at discharge for LCO material 

fails to meet demand for LIBs of high voltage transportation and stationary energy storage. The nickel-rich 

layered oxide materials has been selected as promising cathode materials for the next generation lithium ion 

batteries because of their large capacity and comparably high operating voltage. However, at high voltage 

(beyond 4.30 V vs Li/Li+), the members of this family are all suffering from a rapid capacity decay, which 

was commonly concerned with crystal lattice distortion and related cation disordering. In this work, the quasi-

spherical Ni-rich layered LiNi0.6Co0.2Mn0.2O2 (QS-NMC622) materials was prepared through the carbonate 

co-precipitation method. A coupled measurement, which is a combination of Potentiostatic Intermittent 

Titration Technique (PITT) and in-situ X-ray diffraction (XRD) was deployed to simultaneously capture the 

structural changes and lithium ion diffusion coefficient of QS-NMC622 material during the first cycle. With 

aid of in-situ XRD patterns and High-resolution transmission electron microscope (HR-TEM) images, a 

defective spinel framework with  Fd3m space group was detected along with a rapid decreasing lattice-

parameter c and lattice distortion at deep delithiated state, which causes poor kinetics related to lithium ion 

mobility. The new-born framework seems to transform and remain as full spinel structure in the parent phase 

to the end of charge/discharge with high voltage, which could deteriorate both the surface and body structure 

stability during the subsequent cycles. This established coupled in-situ measurement could be applied to 

simultaneously investigate the structure transformation and kinetics of cathode materials during the 

charge/discharge. 
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The use of high capacity electrode materials such as Sn and P based on alloying and dealloying 
reactions with Na is very effective for improving energy density of batteries. However, their application 
brings on electrical isolation such as detachment of the electrode mixture layer from a current collector, 
causing rapid capacity fading. We previously found that Cu electrochemically grows in sheet form by 
electroplating in a CuSO4-based aqueous solution with polyacrylic acid (PAA).1−3 In the present study, 
optimized the sheet thickness by controlling PAA concentration and current density during Cu 
electroplating, and applied the roughened Cu substrate as a current collector of a Sn negative electrode for 
Na-ion batteries to upgrade cycling performance.  

The working electrode was formed on the substrate by using a slurry composed of 70 wt.% Sn 
powder (diameter: 70–500 nm, EMJapan Co., Ltd.), 15 wt.% acetylene black (AB; Denka Co., Ltd.), 10 
wt.% carboxymethyl cellulose (CMC, Mw = 90000; Sigma-Aldrich), and 5 wt.% styrene butadiene 
rubber (SBR; JSR Corporation). Methanol (150 μL) was used as a dispersant of the Sn powder. The 
electrode thickness was adjusted by a doctor blade to 10 μm in dry conditions, and the mass loading of 
the Sn active material powder was approximately 0.7−1.1 mg cm−2. 

Figure 1 displays surface and cross-sectional FE-SEM images of roughened Cu substrates in 
which PAA concentration was set to 1.0×10−5, 5.0×10−5, and 1.0×10−4 M. As for 1.0×10−4 M PAA, Cu 
grew as a sheet on the substrate to a height of about 3 μm, and sheets formed the space capable of 
accommodating an active material layer. In 
fact, after slurry casting, it was confirmed 
that the Cu sheets extended to inside the 
active material layer, like a support pillar.  

Figure 2 shows charge−discharge 
curves of roughened-Cu/Sn and flat-Cu/Sn 
electrodes operated at the potential range of 
0.005−0.650 V (vs. Na/Na+) in 1 M 
NaPF6/EC:DEC with 5 vol.% FEC. 
Although the initial reversible capacities of 
flat-Cu/Sn and roughened-Cu/Sn electrodes 
were comparable, the developed Cu 
substrate (1.0×10−4 M PAA) delivered a 
noticeable increase in the reversible 
capacity by 210 mA h g−1 from the first to 
the second cycle, whereas the flat-Cu 
remained the increase by 100 mA h g−1. In 
addition, the roughened-Cu substrate 
suppressed the detachment of the active 
material layer to maintain a high capacity 
of 685 mA h g−1 with good capacity 
retention of more than 90% by the anchor 
effect. These results demonstrate that the 
roughened-Cu substrate prepared in the 
present work is a promising candidate as a 
current collector for rechargeable batteries.  
 
1) S. Arai et al., ECS Electrochem. Lett., 3 (5) (2014) D7. 
2) M. Shimizu, S. Arai et al., J. Appl. Electrochem., 47 (2017) 727. 
3) M. Shimizu, S. Arai et al., J. Phys. Chem. C, 121 (2017) 27285. 

Fig. 2 Charge−discharge (Na-insertion/extraction) 
profiles of Sn electrodes using flat-Cu and roughened-
Cu substrates.  

Fig. 1 Surface and cross-sectional FE-SEM images of 
roughened Cu current collectors prepared by an 
electroplating method using PAA with various 
concentration. 
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The market of lithium-ion battery (LiB) has been steadily expanding in mobile electronic devices due 

to its reasonable price and high energy density. Because of recent global environmental issues and 
fluctuated oil prices, the potential use of LiB in larger power sources such as electric vehicle (EV)s and 
energy storage systems has been drawing more attention1-2. The current performance of LiBs, however, 
needs further enhancement to meet the standards for EVs with regard to energy density, safety, and cycle 
life. As an effort to enhance the energy density of LiB, Ni rich lithium transition metal oxides have been 
tested for promising candidate of cathode material3-4. The high specific energy density (>200mAh/g) must 
be beneficial for the driving distance of an EV on single charge, but poses a serious problem on interfacial 
stability between cathode surface and electrolyte. As a result, significant capacity fading has been 
observed with LiB using Ni rich lithium transition metal oxides, which prevents its market penetration as 
a candidate of high energy density cathode materials5-7. 

 
In this study, we found that cathode (LiNi0.88Co0.08Mn0.04O2) surface modification – phase 

transformation from a layered structure to a cubic phase – exerted a significant influence on battery 
performance. Such cubic phase hindered ionic and electronic conductivity of cathode particles. The cubic 
phase thickness was increased dramatically by increasing the charging voltage of the cell, which was 
observed depth profiles of Electron Energy Loss Spectroscopy (EELS) for the cathode material surface 
after 300 cycles. 
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Non-aqueous magnesium rechargeable batteries have been attracted as alternative battery systems with 
high energy density. One of the greatest challenge for practical magnesium battery systems is the 
selection of electrolyte which is chemically stable and promotes reversible magnesium deposition without 
overpotential from passivation layer of magnesium surface. Several non-aqueous electrolytes containing 
magnesium halide, such as alkylmagnesium halides in tetrahydrofuran (Grignard reagents), have been 
proposed for this purpose because of their effectiveness as media for magnesium electrode reaction. 
However, these electrolytes often suffer from their own difficulties such as low stability, low solubility of 
halide salts in ether solvent at room temperature. The authors have prepared a novel magnesium halide 
complex with substituted phenoxyimine ligand as alternative magnesium halide for electrolyte purpose. 
The resulted complex is stable even under atmospheric air and moisture, and can promote magnesium 
deposition – dissolution without overpotential, although the Coulombic efficiency for the reaction is as 
low as 30% even after activation cycles at 333K[1]. In the present study, the composition and structure of 
the magnesium halide complex has been modified to have both efficient magnesium deposition – 
dissolution cycle and chemical/ electrochemical stability. The solution structure of the modified 
electrolyte has also been investigated. 
A series of phenoxyimine ligand has been synthesized from by condensation with salicyl aldehyde and 
corresponding diamineamine derivatives. A ligand molecule in phenol formMethyl group in 
methylmagnesium halide (chloride or bromide) can be exchanged to methyl in methylmagnesium halide 
(chloride or bromide)phenoxy group of the phenoxyimine ligand only by mixing. Although the rigorous 
composition and structure in the solution is not clear because of Schlenk equilibrium, the product forms 
multiple magnesium halide ions in the solid state, the most important structure is that the imino group is 
methylated by Grignard reagent to form ionic pair of amidomagnesium anion and magnesium halide 
cation. Hereinafter the complex with dimethylamine-substituted ligand is denoted as L1MgX. A 
prescribed concentration of L1MgX has been dissolved in triglyme (G3) with Mg(TFSA)2 as the total 
concentration of magnesium is 1.5 mol dm-3. The magnesium deposition – dissolution has been conducted 
via cyclic voltammetry using Au//Ag/Ag+//Mg sealed cell, under the scan rate of 5 mV s-1. 
 The cyclic voltammograms for magnesium deposition – dissolution in the mixed salt solution of 0.5 mol 
dm-3 (a) L1MgCl and (b) L1MgBr with 1.0 mol dm-3 Mg(TFSA)2 are shown in Fig. 1. Both 
voltammograms show a redox currents around -2 V vs. Ag/Ag+ without significant overpotential, 
although the oxidation current in the L1MgCl –containing electrolyte is somewhat multiple. The 
Coulombic efficiency in the L1MgCl- and the L1MgBr-containing electrolyte is ca. 47% and 30%, 
respectively. It is clear that L1MgCl complex provides more significant effect on the reversibility of 
magnesium deposition compared with LiMgBr without heating experience. In addition, the increase of the 
content of L1MgCl further improves the reversibility of magnesium deposition, although the increase of 
L1MgBr rather reduces the Coulombic efficiency. The halogen species affect the equilibrium structure of 
ion association, thus the actual 
content of active magnesium-
halide species is different by the 
halogen species. Such difference in 
ion association for these solutions 
has been observed by 1H-NMR and 
Raman spectroscopy. The addition 
of AlCl3 further improves the 
Coulombic efficiency of 
magnesium deposition in the 
electrolyte containing 0.5 mol dm-3 
L1MgCl to 81%. The test cell 
performance, and the influence of 
molecular structure of ligand will 

Fig. 1. Cyclic voltammograms of magnesium deposition in 
Mg(TFSA)2/G3 electrolytes containing prepared complex. 



also be discussed. 
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In future energy scenarios an even larger share of energy from renewable and thus only intermittently 
available sources will be implemented. This necessitates reliable energy storage solutions in order to 
stabilize the electrical grid. One option for storing excess wind and solar energy in a flexible way are 
redox-flow batteries. These systems offer the advantage that energy and power density can be scaled 
independently of each other at low maintenance cost and with only negligible self-discharge. In the all-
vanadium redox flow technology (VRFB) the four oxidation states of vanadium are utilized with the 
additional advantage that cross-over of cations through the membrane does not lead to severe drawbacks. 
 
Carbon felts are common electrodes on the negative (V2+/3+) and positive (V4+/5+) side, that are placed on 
both sides of the membrane and compressed in order to ensure good electronic conductivity at low 
pressure drop, when either anolyte or catholyte flow through. Despite otherwise favorable properties, 
these felts still have poor electrochemical activity, which limits the power density of the battery. Various 
treatments, such as electrochemical oxidation, acid treatment and thermal treatment have been reported to 
enhance the battery’s performance, however, the obtained improvement is limited and the electrodes still 
suffer from degradation. In previous work, we could demonstrate that the electrode not only degrades 
when subjected to cycling stress [1], but also already when in contact with the highly corrosive electrolyte 
[2]. Electrochemical impedance spectroscopy (EIS) showed a significant performance loss with time, in 
particular for the negative electrode. Scanning electron micrographs (SEM) have indicated a severe 
corrugation of the carbon fiber surfaces. One plausible reason is the occurrence of the parasitic hydrogen 
evolution reaction (HER) and its competition with the V2+/3+ reaction. 
 
Here, we will present strategies to alleviate degradation phenomena at the negative side, e.g. by materials 
design or operation conditions. The temperature-dependent HER will be studied in a model 3-electrode 
configuration as well as in a battery set-up. Decoration of commercial carbon felts with Nd2O3 particles 
seemed beneficial to maintain the felt’s activity [3]. Moreover, the fabrication of nanostructured carbon 
felts by electrospinning of different polymer solutions and the samples’ detailed structural and 
electrochemical characterization will be shown.   
 
[1] I. Derr, M. Bruns, J. Langner, A. Fetyan, J. Melke, C. Roth, J. Power Sources, 2016, 325, 351-359. 
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Currently, commercialized Li-ion batteries include carbonate-based liquid electrolyte, which have a risk 
of explosion. When the batteries are exposed to high temperature environment because of mechanical, 
thermal, or electrical abuse, the liquid electrolyte causes a fire or explosion. This safety concern has 
promoted the development of various solid electrolyte materials such as polymers, inorganics or ceramics 
and solid electrolyte for the fabrication of all-solid-state-batteries that have no risk of explosion. However, 
solid-state-batteries suffer from poor cycling performance compared to liquid electrolyte systems, due to 
inferior ionic conductivity in general, poor interfacial contact between electrode and solid electrolyte, the 
occurrence of side reactions at the interface, and large interfacial resistances resulting from the presence 
of grain boundaries between the particles of solid electrolyte material. Herein, we report the improvement 
and preliminary charge-discharge cycle test results of solid polymer electrolyte (SPE)-based all-solid-
state-batteries, Li/SPE/NCM811, that are fabricated with high-nickel cathode of LiNi0.8Co0.1Mn0.1O2, 
(NCM811), and the studies of performance improvement by stabilizing the cathode-SPE interface using 
functional additive. 
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The magnesium–sulfur batteries are attractive as future energy storage devices due to abundancy of 
electroactive components, its sustainability and high energy density. The interest in Mg-S system has 
gained momentum in the last few years. However there are still a lot of open questions about the system 
and its operation.  
 
In presented work the investigation of Mg-S mechanism was performed, using operando X-ray 
absorption near-edge spectroscopy and resonant inelastic X-ray scattering. Employing an electrolyte with 
a simple combination of Mg(TFSI)2 and MgCl2 salts dissolved in a mixture of tetraglyme and dioxolane, 
the battery exhibits two distinct plateaus, at approximately 1.4 V and 1.2 V vs. Mg/Mg2+. During high-
voltage plateau sulfur is dissolved and long-chain polysulfides are formed. During second, low-voltage 
plateau, long-chain polysulfides are further reduced and finally the MgS is formed as the end product. 
Differences between synthesized and electrochemically prepared MgS were also evaluated using 25Mg 
solid-state NMR.1  
 
However, some reports show distinctively different cycling characteristics when using 
tris(hexafluoroisopropyl) borate based electrolytes, exhibiting single discharge plateau at approximately 
1.1 V vs Mg/Mg2+, achieving more than 1000 mAh/g of capacity and low overpotentials.2,3 It has to be 
noted, that in these cases Cu current collector has been used. Comparison with Al current collector shows 
inferior performance of the latter and indicates the impact current collectors can have in the system.  
 
Therefore, we also investigated the influence of different current collectors, employing different 
characterization techniques, including SEM, EDX and synchrotron measurements. Presented results 
demonstrate that research in the field of Mg-S batteries would definitely benefit from standardization of 
different aspects of the system, such as current collectors, as shown here.  
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Aqueous Na-ion batteries (NaBs) are believed to be a promising energy storage solution for stationary 
applications. The higher abundance of sodium compared to lithium leads to lower production costs. The 
replacement of the typical organic electrolyte by aqueous electrolyte enables a further improvement of the 
battery safety.[1] With the development of water-in-salt electrolyte enabling the use of aqueous 
electrolyte in an extended potential range, suitable electrode materials need to be investigated to fit in this 
“new” electrolyte stability potential window.[2]  
Manganese carbonophosphates are a promising class of cathode materials with high theoretical specific 
charge of 190 mAh/g.[3] The variant Sidorenkite Na3MnPO4CO3 (NMPC) showed a promising 
electrochemical performance when tested as cathode material for Na-ion batteries in organic-based 
electrolytes with a discharge specific charge of 125 mAh/g.[4]  
As those materials are stable in aqueous environment [3], the present study is focused on the synthesis, 
structural characterization and electrochemical characterization of Na3MnxCox-1PO4CO3 (NMCPC) 
materials as cathode for water-in-salt NaBs. The partial substitution of Mn by Co was proposed to reduce 
the irreversible charge loss of 0.7 Na in NMPC during the first charge. Figure 1a shows the X-ray 
diffraction patterns of NMPC and a NMCPC where the shifts of the peaks at 48.97° and 33.53° confirm 
the formation of the doped phase. The cycling behavior of the cathode materials was tested in water-in-
salt full cells with a 10 m NaFSI electrolyte, NaTi2(PO4)3 (NTP) as counter electrode and a potential 
limitation of 1.9 V vs. NTP. This setup allowed stable cycling for NMPC with a specific charge of 
100 mAh/g at the 1st cycle (Figure 1b).  
We will assess the electrochemical performance of the both synthesized compounds using water-in-salt 
electrolyte. The evolution of the transition metal oxidation state will be followed by XANES and the 
structural changes will be evaluated by operando X-ray diffraction. Additional information on the 
stability of the formed phases during cycling will be given by GITT measurements and post mortem 
SEM.  
 

 
Figure 1: a) XRD patterns of NMPC and NMCPC b) First three cycles of NMPC in 10 m NaFSI 
electrolyte with NTP as counter electrode. 
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Custom printed secondary battery cells have market potential in two main fields – 
highly customized personal electronic devices, and small scale battery production. 
While many different technologies may be utilized to produce a printed battery, Drop-
on-Demand dispensing has the advantage of being highly customizable, notably with 
the ability to produce both very thin and thick batteries. 
We report the cathode and anode printing protocols for patterned electrodes and various 
lithium-ion battery cell designs, and demonstrate their electrochemical properties. Our 
electrode inks are aqueous, with obvious environmental and processing benefits. 
We chose to study lithium iron phosphate (LFP) cathode due to its excellent 
electrochemical performance. Our printed LFP cathodes exhibit close to theoretical 
capacity value, high rate capability and long cycle life. We successfully printed various 
types of anode active materials, including graphite and silicon-based anodes. The 
printing protocols and the properties of several lithium-ion batteries, of customizable 
geometry, including a polymeric separator layer, will be presented. 
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Ni-rich layered LiNixCoyMn(1-x-y)O2 (x≥0.8) has been considered as promising candidate cathodes in 

next-generation Li-ion batterries, due to their large specific capacity, high rate capability and low cost. 
However, Ni-rich materials suffer from severe capacity fading, especially, when cycled at high 
temperatures due to the formation of highly reactive Ni4+ at a charge state. Ni4+ has strong oxidizing 
property and the reaction between Ni4+ and the electrolyte will be accompanied by gas evolution, which 
causes severe swelling of the cell. Moreover, the formation LiOH and Li2CO3 on the surface is prone 
because of residual lithium on the surface, which is remained dut to an excess of lithium to creat a well 
ordered layered phase. The reaction with electroytes negatively impact the cycling performance by 
decomposing electrolytes. Therefore, it is necessary to improve the structure and interfacial stability, and 
many studies have indicated coating and doping approach. The coating for NCM materials is often used 
with stable metal oxides such as ZrO2, Al2O3, TiO2, SiO2 and Li2ZrO, and the commonly used dopant 
elements are Al, Mg, Ti, Zr and Fe. 
 In this work, a facile way was adopted for carbon coating on the NCM811 powder by using super P black 
(SPB). The carbon coating with an optimal thickness is very useful to increase the conductivity and 
reduce the particle size, resulting in enhancement in electrochemical performance. The fabrication and 
electrochemical behavior of carbon coated NCM811 will be demonstrated. 
 Carbon coated LiNi0.8Co0.1Mn0.1O2 (NCM811) was synthesized using a simple one-step calcination 
process which is easy and low cost method. The XRD patterns of pristine NCM811 and carbon coated 
NCM811 after calcination were indexed to α-NaFeO2 structures with an R-3m space group. The splitting 
of the (006)/(102) and (108)/(110) peaks indicates a well-ordered layered structure in the pristine and 
carbon coated NCM811. The state of carbon layer was not observed by FESEM images and XRD patterns, 
except for the EDS mapping. The improved electrochemical performances of the carbon-coated materials 
will be presented on the conference. 
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The separator is essential to the safety and electrochemical performance of the battery since it prevents physical contact 
between the cathode and the anode and provides the required ionic conductivity via the electrolyte residing in the pores of 
separator.[1]  The perfect separator would be made from an inexpensive insulating material with optimal porosity and pore 
size distribution, excellent mechanical properties, good electrolyte wettability and high thermal stability.[2] In this regard, 
nanocellulose has been considered a promising separator material owing to its abundance in nature, hydrophilicity, 
mechanical flexibility, good thermal stability and excellent film-forming properties.  

Our team have made considerable efforts in the field of nanocellulose and nanocellulose based composite paper since 
2008.[3] In 2014 we started to investigate the use of nanocellulose membranes as battery separators. We have demonstrated 
that advanced separators with increased thermal stabilities, electrolyte wettability and controllable pore size distribution 
readily can be prepared from inexpensive nanocellulose and that the use of such separators yields much improved Li-ion 
battery and Li-metal battery performances. [4-7]  

This presentation will divulge results of our recent research concerning the possibility of using nanocellulose fibers in the 
manufacturing of multifunctional separators for batteries with value-added functionalities, i.e. redox-active separators and 
Li-dendrite suppressing separators.  
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Atomic Layer Deposition (ALD) enables creating uniform, conformal thin films with precise thickness 
control at the monolayer level. The solid surface is exposed to the precursors; each of which adsorbs with 
the chemically reactive site's surface. The precursors are introduced onto the substrate simultaneously and 
are separated via inert gas purges to ensure avoiding interactions of supporting solvents with substrates. In 
addition, the deposition temperature is lowered in comparison to the chemical vapor deposition (CVD). 

We propose taking existing, well-characterized ALD processes and combining them to create a 
multicomponent process. This multicomponent process enables achieving accurate and precise control over 
the composition and the properties of the layered thin films. 

We have developed a process for depositing thin films of lithium vanadium phosphate (LixPVO4). This was 
accomplished by using the processes used for trimethyl phosphate (TMP), vanadium oxytriisopropoxide 
(VTOP) and lithium tretbutoxide (LiOtBu). The thin film characterized using both microscopic and 
spectroscopic tools such as Rutherford Backscattering Spectrometry (RBS), XPS, HR-TEM.  

Our research goal is to use this state-of-the-art technique for artificial SEI (ASEI) fabrications directly on 
electrochemically active surfaces while mitigating the degradation of the active materials. 
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Sodium-ion rechargeable batteries (SIBs) have attracted great attention as promising next-generation 
rechargeable batteries, especially for large-scale energy storage systems (ESS), owing to the natural 
abundance of Na resources and the similarities in their chemical structure and reaction mechanism to 
commercial lithium-ion batteries (LIBs). Thus, enormous efforts have been made to improve the 
electrochemical performance of SIBs through the development of novel cathode materials. 
According to the previous literatures, P2-type layered cathode materials for SIBs have suffered from their 
low initial coulombic efficiency, which inevitably requires the pre-sodiation of carbon anode materials 
under full cell systems. In this regard, we focused on how to increase their initial charge capacity with 
sacrificial salts in the level of electrode fabrication. Actually, the suppression of irreversible capacity of 
P2-type layered cathode materials are challenging without specific electrode design. 
Thus, in the present study, we suggest new electrode fabrication process with sacrificial salts (i.e. NaN3) 
to reduce the high initial irreversible capacity of P2-type layered cathode materials for SIBs. 
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Ni-rich lithium transition metal oxide (LiNi0.8Co0.1Mn0.1O2, NCM811) has been investigated extensively 
for high energy density Li-ion batteries for pure electric vehicles, due to its high specific capacity and low 
cost in terms of commercialization1-2 However, it suffers from serious limitations due to poor thermal 
stability and rapid cycle degradation caused by unwanted reaction between the electrode and electrolytes. 

3-4 Surface coating can be used to retard the structural change caused by the phase transition from a 
layered to a cubic phase, which results in severe exothermic decomposition, thus improving the thermal 
stability. In particular, LLZO-coated cathodes exhibit improved the Li-ion diffusion across the 
cathode/electrolyte interface due to its nature as a fast lithium ionic conductor.  

Recently, our group has reported the effects of coating the lithium ionic conductor Li6.75La3Zr2Al0.25O12 
(LLZAO) on Li[Ni0.7Co0.15Mn0.15]O2 (LNCM) using a simple one-step process, in which LNCM exhibited 
significant capacity-retention degradation compared with the much better rate capability of LLZAO-
coated LNCM and EIS measurements showed that the interfacial resistance of the LLZAO-coated sample 
is lower than that of the uncoated sample.5 

In this work, we report ionic conductor-NCM811 composite cathode with enhanced electrochemical 
performances synthesized by simultaneous co-precipitation method. This is a very simple and effective 
method for homogeneous ionic conductor-NCM811 composite because of uniform precipitation from the 
precursor stage. The physical, chemical and electrochemical properties of the composite cathode material 
were investigated. 
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Lithium ion batteries (LIBs) are efficient and reliably rechargeable power sources with high energy and 
power density. Recently, the scarcity and high cost of Li has shifted the scientific effort to find alternative 
battery technologies.1–3 Sodium and potassium, as opposed to Li, being in the same alkaline metal group, 
are highly abundant and widely available, hence, sodium ion batteries (SIBs)1,2 and potassium ion batteries 
(PIB)4 have arisen as promising candidates. A plethora of experimental and computational studies have 
reported on cathode and electrolyte materials for SIBs, but studies on anode materials are more scarce. 1,2 
Hard carbon materials3,5-7, with both ordered graphitic and disordered non-graphitic structures, are widely 
used for SIBs, and have also been adopted for PIBs.4–6 Due to the complex structure of hard carbons, there 
is a limited understanding in the mechanisms of the Na and K storage and intercalation/de-intercalation. 
First principle modelling can help reveal the working mechanisms in batteries. Previous computational 
work has often been limited to pristine graphene and graphite, which cannot resemble what is really 
happening in hard carbons.  
 
Here, we use density functional theory (DFT) to gain an understanding of Na and K adsorption onto 
graphene, and incorporation into the graphitic structure, in comparison to Li. Graphene and the graphitic 
structure were modelled using van der Waals corrected DFT, after a comprehensive functional screening. 
From our calculations, adsorption of a single Na+ ion on pristine graphene adsorbs above the void in C6, the 
so-called hole site. The adsorption of Li and K are >0.4 eV energetically more favorable than Na adsorption, 
with charge transfer between the metal ion and graphene surface varying across the metals. We have then 
investigated the intercalation energy, cell voltage, and charge transfer of Na, Li, and K in AB stacking 
graphene (both pristine and defective) layers, as a function of interlayer distance, as a first proxy to 
disordered carbon. This gives direct insight into why Na intercalation is less favorable in graphite than Li 
and K intercalation.  
  
A critical performance limitation of SIBs, and a factor influencing the reversibility of these batteries, have 
been identified in the anode/electrolyte interphase, with organic solvents and electrolyte salt reacting with 
anode materials to form a solid electrolyte interphase (SEI) layer.4,7 DFT simulations are also performed 
on the defective graphitic layers making up the ‘bulk’ hard carbon regime and the interface between the 
electrolyte and anode. To approximate the interface, a number of different functional groups in the hard 
carbon materials (such as C=O, COOH, OH and NH2), are modelled, with a few commonly used 
electrolytes (such as NaPF6 in ethylene carbonate and dimethyl ether). Metal ion adsorption and 
intercalation into the carbon structure, are simulated, with the presence of carbon functional groups and 
electrolytes, to bring insight into their influence on Li/Na/K ion storage and intercalation. Building on this, 
a step in the future is to study the solid-electrolyte interphase formation, and its influence on the battery 
cell voltage.  
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 Development of a safer electrolyte has become a key issue for realizing larger sizes of lithium-ion 
batteries (LIBs) for energy storage and transportation uses.  Flame-retardant additives and/or ionic liquids 
are considered to be effective components that form safer electrolyte solutions. However, those systems 
still have risks coming from electrolyte leakage due to their liquid states.  Solidification of the electrolyte 
is one of the effective ways to improve the safety of the battery system.   In order to ensure sufficient 
ionic conductivity, a number of polymeric gel electrolyte systems have so far been proposed.  We have 
investigated in this paper a novel polymeric gel electrolyte based on a network polymer having tri-
functional glycerol ester for lithium-ion batteries. 
 A triply branched monomer possessing a terminal olefin unit was synthesized from glycerol 
ethoxylate (Mn~1,000) and 10-undecenoly chloride (3 eq.) (Fig. 1 (a)).  The electrolyte consisting of 1 M 
LiPF6/ethylene carbonate (EC)/dimethyl carbonate (DMC) (1:1 by vol.) was added to a mixture of 3,6-
dioxa-1,8-octanedithiol (Fig.1 (b)) and the triply branched monomer with a smaller amount of 
benzophenone sensitizer (1:1:0.05 by molar ratio).  The resulting mixed solution was applied to a glass 
plate, and was broaden.  Finally, the monomer-coated quartz plate was exposed to UV irradiation to get a 
gel film.      

A transparent polymeric gel electrolyte was obtained as a self-standing film.  The ionic conductivity 
of the gel electrolyte was measure by an AC method and found to be 4.7 and 6.9 mS cm-1 (at 297 K) for 
the films containing 85 and 90 wt% of electrolyte solution, respectively.  The application to the graphite 
(KS-6) negative electrode was investigated for the gel electrolyte by cyclic voltammetry (CV).  The 
current response corresponding to insertion/desertion of Li+ to/from graphite negative electrode was 
observed by using gel electrolyte. The current was higher than that of poly(vinylidene-difluoride) 
(PVdF)-based polymeric  gel electrolyte established in our previous work [1]. 
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Fig. 1  Chemical structure of triply branched monomer (a), and
3,6-Dioxa-1,8-octanedithiol (b).  
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Abstract 
 
Self-organized TiO2 nanotubes are explored as effective anode materials for lithium (micro) batteries due 
to their unique properties such as the vertical alignment in an ordered porous nanostructure and the high 
surface area. Such properties with the perfect contact between the oxide films and the substrate, utilized as 
a current collector, facilitate an enhanced and cycling stable lithium storage capacity. On top of that, the 
high structural stability of TiO2 originates from the low volume expansion of less than 4% upon cycling, 
without Li dendrite formation or electrolyte decomposition and turns them into stable and safe anode 
materials in lithium ion batteries [1]. However, the reversible capacity obtained by TiO2 NTs still needs to 
be increased to meet practical application requirements. Combining TiO2 with other transition metal oxides, 
which have high lithium storage ability, is a vital route to increase the specific capacity of TiO2 NTs [2-5]. 
Herein, the successful fabrication of mixed Ti-Fe-O NTs by a single potentiostatic anodization of a Ti-Fe 
alloy is reported. Structure, composition and morphology of the grown mixed oxide tubes were 
investigated. The electrochemical performance of the NTs was evaluated vs. Li/Li+ without binder or 
conductive additives. The effect of the annealing temperature on the crystallinity and the Li-ion storage 
properties was investigated. The Ti-Fe-O NT electrodes demonstrated an initial discharge capacity of 291 
mAh g-1 at a current rate of 1C. The electrodes showed a reversible capacity of 155 mAh g-1 after 50 
charging/discharging cycles with a Coulombic efficiency close to 100 % and without decomposition of the 
tubular structure. It was found that the ternary nanotube arrays exhibit higher specific capacity than the 
pure TiO2 nanotube arrays (105 mAh g-1) fabricated under identical synthesis conditions. The noticed 
increase of the capacity of Ti-Fe-O NT arrays is attributed to the contribution of iron oxide in addition to 
the present defects in ternary nanotubes already enhancing the diffusion of Li+ ions through providing short 
pathways for lithium storage.  
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LiNi1/3Co1/3Mn1/3O2 cathodes work well for high power application like power tools and hybrid vehicles. 
We tried to make the cells of high power density for automobile race based on this chemistry. The 
prototype 2Ah-class pouch cell is constructed by LiNi1/3Co1/3Mn1/3O2 cathode and amorphous coated 
natural graphite anode. 0.2M LiPF6 + 1.0M LiFSI /EC:EMC = 3:7+0.5wt% LiDFOB + 0.5wt% LiPO2F2 
is used as the electrolyte. The electrochemical properties are demonstrated from 40 to 90°C. The pouch 
cell shows the specific energy density is 112 Wh/kg and the specific power density is 15380 W/kg at 
60 °C.  This pouch cell shows discharge power of 1035 W and charge power of 960 W after 10 seconds 
from 3.7 V at 60℃.  The cycle test profile is generated from the driving data on the racing course. The 
profile is consisted of 1584steps/0.1sec per 1 cycle. And it includes 144C as maximum discharge current 
rate, 122C as charge current rate and the route mean square average current rate is 49.5 C. The ambient 
temperature is 60°C and the maximum temperature of the cell reaches 67.2°C during cycle test. The 
capacity retention is 96% and the DC impedance ratio is 102.5% after 2650 cycles. LiPO2F2 [1] and 1,3-
propene sultone (PRS) [2] are well-known additives to modify the interfacial stability on the electrodes. 
We will share the electrochemical performances. The results of differential voltage analysis (dV/dQ) 
imply these additives work well to suppress the deterioration of graphite anode. We will focus on the 
effect of additive to electrochemical performances and mechanism of enhanced cycleability. 

 
 
 
Table additive 
Sample LiPO2F2 PRS 
A 0.5wt% - 
B 0.75wt% - 
C 0.5wt% 0.5wt% 
Base electrolyte:0.2MLiPF6+1.0MLiFSI/EC+EMC=3:7+0.5wt%LiDFOB 
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(2018) 149-157 
[2] J. Xia, L. Ma, J.R. Dahn, J. Power Sources 287 (2015) 377-385 
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Batteries are one of the most attractive energy storage technologies to be integrated with renewable energy 
generation1. Lithium ion batteries (LIBs) have dominated the global market for electronic vehicles and 
devices2 because of their long cycle lives, large specific capacity and high operating voltage3. However 
lithium is a limited resource which is unevenly distributed4 around the world and this results in a relatively 
high cost. Sodium ion batteries (NIBs) are a potentially cheaper alternative5 for LIBs due to the larger 
abundance of sodium (6th most abundant element on Earth) but these batteries are likely to be used in 
applications where energy density plays a less important role such as large-scale grid systems. 
Manganese-based layered cathode materials6 are attractive for NIBs because of their high specific energy, 
low cost and minimal toxicity7. However, the parent P2 NaxMnO2 shows multiple phase transitions during 
electrochemical cycling predominantly associated to the structural strain caused by Jahn-Teller active Mn3+ 
and this in turn affects the stability of the material in a battery6. Researchers have attempted to overcome 
the multiple phase transitions observed during cycling by substituting transition metals for Mn8, 9. 
With an understandable know-how of how structural transitions effect the electrochemical performance of 
a battery, better electrode materials that are suitable for the reversible insertion/extraction of a large amount 
Na+ during charge/discharge cycling can be developed. Here, we report the structural evolution of the 
recently synthesized P2 phases of Na0.7Li0.1Mn0.9O2 and Na2/3Cu1/3Mn2/3O2, using high-resolution in situ 
synchrotron XRD experiments and directly compare the evolution to the parent P2 Na0.7MnO2. P2 
Na0.7MnO2 adopts a P63/mmc symmetry with an orthorhombic Cmcm distortion and exhibits many phase 
transitions during cycling which is confirmed by the evolution of the reflections and phases. Substitution 
of the Mn site, as in Na0.7Li0.1Mn0.9O2 and Na2/3Cu1/3Mn2/3O2, stabilizes the P63/mmc symmetry. Sodiation 
and desodiation for the substituted materials show solid solution reaction, shown by the gradual change in 
the 2T positions of the reflections except near the discharged state, where new phases appear. Based on the 
number of possible phase transitions observed in each electrode, the most structurally sound material for 
long term applications (best capacity retention) would be the P2 Na2/3Cu1/3Mn2/3O2 electrode. 
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To address our high energy needs, the combination of renewable energy generation and energy storage 
technologies are becoming more and more important. Batteries are one of the most attractive energy 
storage technologies to be integrated with renewable energy generation1. Sodium-ion batteries (NIBs) are 
candidates for alternative energy storage2 technologies in smart electrical grids. They are popular due to 
the large supply of sodium, low cost and relatively high redox potential (ENa+/Na = -2.71 V versus SHE), 
only 0.3 V lower than Li+/Li. With the appropriate combination of electrode elements, NIBs can be 
potentially cheaper than lithium-ion batteries (LIBs) and easier to synthesize.  
A manganese-rich layered positive electrode would be an inexpensive option, and various combinations3 
have been investigated for NIBs. The parent P2 NaxMnO2 shows multiple phase transitions during 
electrochemical cycling predominantly associated to the structural strain caused by Jahn-Teller active 
Mn3+ and this in turn affects the longevity of the electrode in a battery3. The doping of magnesium, which 
is also an earth abundant and cheap element4, onto the Mn site in P2-type manganese-rich layered 
electrodes has been shown to minimize the multiple phase transitions observed during cycling. 
While previous work targeted the transition metal site and substituted Mn3+/4+ with Mg2+, here we initially 
illustrate the effect of attempted K doping in the Na0.7Mn0.8Mg0.2O2 composition. This talk will showcase 
the studies on the distribution of the dopant, electrochemical performance as a cathode for NIBs, 
electrochemical-structural evolution and current dependent structural evolution during battery cycling. 
Furthermore, the K-free and K-containing P2 Na0.7Mn0.8Mg0.2O2 are compared in terms of both structural 
evolution and electrochemical performance.  
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The lithium sulfur batteries have a much higher capacity and energy density than the 
conventional rechargeable batteries.1 However, the main drawback of the lithium sulfur 
battery is poor cyclability because the lithium polysulfide is easily dissolved into the 
electrolyte during cycling. To prevent the polysulfide dissolution, various approaches 
have been suggested, such as employment of carbon host, carbon coating and polymer 
coating. Since Nazar’s group introduced a mesoporous carbon host for sulfur 
encapsulation, this approach has demonstrated a great improvement in cyclability by 
preventing the polysulfide dissolution.2 Up to now, many types of carbon matrix have 
been developed for preparation of carbon/sulfur composites. However, most of reported 
micro-mesoporous carbon/sulfur composites have very low sulfur content because of 
small pore volume, which is not suitable for achieving a high energy density. Therefore, 
new design of mesoporous carbon with high sulfur content is required to realize a 
commercially feasible battery for practical application. 
 
In this study, we introduce a mesoporous carbon with large pore volume and bimodal 
mesopore structure (4nm and 30nm). This mesoporous carbon was first synthesized by 
employing mesocellular silica as a template. After that, this porous carbon showed 
improved hydrophobicity through acid treatment to form stronger bonding between 
carbon and sodium thiosulfate pentahydrate(sulfur precursor). Carbon/sulfur composite 
was prepared by solution chemical deposition method(sol-method).3  By sol-method, 
sulfur content of 73wt.% was loaded in mesopore channels. Also, sulfur was uniformly 
dispersed in mesopores, as confirmed by small-angle X-ray scattering. This 
carbon/sulfur composite not only can improve electronic conductivity due to 
electrochemical contact of sulfur, but also can effectively confine the polysulfide. As a 
result, the composite electrode exhibited enhanced cyclability and retained a stable 
specific capacity of 820 mAhg-1 after 50 cycles. 
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Three-dimensional (3D) porous electrodes manufactured with embroidered wires are a new electrode 
concept that can address current challenges in electrochemical energy storage systems, such as non-
uniform potential and current distributions, the trade-off between energy and power density, limitations in 
mechanical stability, and of electrical conductivity. The embroidery method allows for a high degree of 
control over electrode morphology and spatial distribution of properties (e.g. porosity, interspaces, and 
surface areas), and thus the electrode design may be customized as per requirement. The concept was 
tested on two systems: lithium-ion batteries and redox flow cells. 
 
The embroidered current collectors were employed to prepare thick LiFePO4 cathodes for Li-ion batteries 
(Fig. 1a). The batteries showed better mechanical stability and electrochemical performance than 
conventional counterparts (higher electronic conductivity, energy efficiency and power performance). 
However, the volumetric energy densities were lower. The rheological properties of water-based slurries 
influence the packing density of the electrode material in current collectors, and therefore the energy 
densities. We report the results on our investigations of the correlations between the rheological 
properties of slurries and the electrochemical performance of batteries. 
 
The porosity and pore size distribution of electrodes in redox flow cells influences the surface area, the 
resistance to electrolyte flow, and the internal resistance. Embroidered electrodes may be prepared with 
defined porosity and pore size distributions by changing the construction parameters (wire diameters, 
number density of wires per cm, and the relative arrangement of wires). We prepared embroidered 
electrodes of different designs and investigated their electrochemical performance in an all-iron aqueous 
flow cell, and the results are presented.   
 

 
Fig. 1. (a) 10x10 cm2 Embroidered aluminium current collectors for Li-ion batteries, without (left hand) 
and with LiFePO4 material (right hand). (b) Prototype of a redox flow cell with embroidered electrodes of 
2 cm diameter manufactured with stainless steel yarn. 
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As one of the most attractive large-capacity energy storage systems, vanadium redox flow batteries have 
many advantages such as a rapid response, long service life, environment-friendliness, and non-
flammability. However, the high and unstable cost of the vanadium electrolyte has hindered the broad 
market penetration of this type of battery. The price of the vanadium electrolyte can be significantly 
reduced if a cost-competitive technology for producing the electrolyte from recycled V2O5 may be used. 
Accordingly, the effects of the impurities in the recycled V2O5 on the performance of vanadium redox 
flow batteries (VRFBs) must be understood. However, there have been very few published studies on the 
effects of these electrolyte impurities. In order to establish a reliable electrolyte specification for VRFB 
developers, we analyzed the influence of a wide range of potential metal impurities or additives on the 
electrochemical activity, diffusion of vanadium ions, and battery performance of these systems. The 
investigated impurities include Li+, Na+, K+, Mg2+, Cr3+, Mn2+, Fe2+/F3+, Co2+, Ni2+, Cu2+, and Zn2+ ions. 
Most of the metal ions affected the V2+/V3+ redox reaction rather than the VO2+/VO2

+ redox reaction. 
Among the alkali metal ions, the lithium ion was found to seriously degrade the performance of the 
VRFB even at a low concentration (0.005 M). The addition of this ion resulted in an increase in the 
irreversibility of the V2+/V3+ redox reaction. Among the transition-metal ions, nickel and chromium ions 
produced the significant negative effect on the kinetics of the V2+/V3+ redox reaction. On the basis of our 
findings, we suggest detailed specifications that may be used to manage the quality of the vanadium 
electrolyte used in VRFBs (Table 1). 
 
 
Table 1. Suggested specifications for metal impurities in the VRFB electrolyte based on the results 
obtained in this study. 

Species Concentration / M Effect on vanadium reactions 
Li+ 0.005 Retarding the kinetics of the V2+/V3+ redox reaction 
Na+ - Negligible effect 
K+ 0.05 Decreasing the diffusion rate of V3+ ions 

Mg2+ - Negligible effect 

Cr3+ 0.005 Retarding the kinetics of the V2+/V3+ redox reaction and 
decreasing the diffusion rate of V3+ ions 

Mn2+ 0.02 Decreasing the diffusion rate of V3+ ions 
Fe2+/Fe3+ 0.05 Decreasing the diffusion rate of V3+ ions 

Co2+ 0.05 Decreasing the diffusion rate of V3+ ions 

Ni2+ 0.005 Retarding the kinetics of the V2+/V3+ redox reaction and  
H2 evolution 

Cu2+ 0.001 Sedimentation in the negative electrolyte 
Zn2+ 0.10 Decreasing the diffusion rate of V3+ ions 
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Galvanostatic Intermittent Titration Technique (GITT) is a powerful characterization tool for batteries 
that involves the application of a series of current pulses, each followed by a relaxation period. GITT is 
often used to evaluate the kinetics of mass transport, following the methodology proposed by Weppner 
and Huggins [1], but the assumptions involved in the analysis are often overlooked. By using a model 
system, ethyl viologen, we demonstrate conditions where the approach given by Weppner and Huggins is 
unsuitable, and we provide a simple, alternative method of analysis based on the Nernst equation [2].  
The analysis by Weppner and Huggins assumes that the current pulse produces a change in potential that 
is proportional to the change in surface concentration, 'EPULSE = k'cPULSE, and the same type of 
proportional relationship is assumed for the relaxation step: 'ERELAX = k'cRELAX. When those conditions are 
met, GITT data can be used to evaluate the diffusion coefficient of soluble species, and the results are 
consistent with voltammetric measurements. The use of GITT is advantageous because the analysis of the 
mass transport kinetics does not require prior knowledge of the concentration of the soluble species or the 
number of electrons involved in the reaction, which makes this approach particularly advantageous for the 
characterization of polysulfide species in lithium-sulfur batteries. However, the simplified analysis of 
Weppner and Huggins provides unrealistic values of the diffusion coefficient when the above mentioned 
assumptions are not met. For that reason, this work also presents a method of validation of GITT data that 
can be applied to test the reliability of diffusion coefficients obtained from GITT measurements of ion 
insertion electrodes. 
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    Practical implementation of a lithium battery or an anode-free battery with promising high capacity is 

hampered by dendrite formation and low coulombic efficiency [1,2, 3]. Most notably, these challenges stem 

from non-uniform lithium platting and unstable SEI layer formation. The fundamental study on Li plating and 

SEI formation mechanism will be reported in this presentation. Meanwhile, we reveal a homogeneous lithium 

deposition and effective dendrite suppression with engineering electrode surface and electrolytes. Surface 

coating reinforces a thin and robust SEI layer film formation via hosting lithium and regulating the inevitable 

reaction of lithium with electrolyte. The engineered electrode shows stable cycling of lithium with an average 

coulombic efficiency of ~100% over 200 cycles and low voltage hysteresis at current density of 0.5 mA cm-2. 

Moreover, we have proved the anode-free battery experimentally by integrating it with the LiFePO4 or NMC 

cathode into a full cell configuration. The new cell demonstrated stable cycling with high coulombic efficiency 

at 200th cycle with higher rate. These impressive enhanced cycle life and capacity retention results from the 

synergy of electrode modification, high electrode-electrolyte interface compatibility, and stable SEI formation. 

Our work opens up a new route to realize the anode-free lithium batteries by engineering electrode and 

electrolytes to achieve ever demanding yet safe interfacial chemistry and controlled dendrite-free formation.  
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The global energy demand from fossil fuels is unsustainable due to their increasing cost and fast 
depletion, as well as the greenhouse effect caused by the continuous consumption and application of these 
fuels. The search for cleaner energy sources is required to shift focus to the generation of energy from 
electrochemical systems, batteries and fuel cells, solar cells, and super capacitors, among others.  
We report the simple one-step microwave heating method for synthesis of a manganese oxide-graphene 
(MnO2/GR) nanocomposites with different morphologies using graphene powder, Na2SO4 and KMnO4. 
The crystal structure, morphology and composition of MnO2/GR nanocomposites were systematically 
analyzed using X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), field emission 
scanning electron microscopy (FE-SEM) and transmission electron microscopy (TEM). The 
electrochemical performances of the prepared nanocomposites were analyzed using cyclic voltammetry 
and galvanostatic charge/discharge tests and compared with those for MnO2/carbon. It was found that the 
MnO2/graphene nanocomposites show enhanced electrochemical properties, compared with those 
obtained for the MnO2/carbon nanocomposites and are a promising candidate as an electrode material for 
supercapacitors. 
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Lithium-sulfur batteries have currently attracted wide interest due to their high theoretical capacity, but 
the practical applications are being hampered by capacity decay, mainly attributed to the polysulfide 
shuttle. Here, we have designed a novel bamboo-like graphene tubes (BGTs) as the sulfur host. The BGTs 
were successfully prepared with dicyandiamide as a source of carbon and metal acetates as the source of 
transition metal nanoparticles that catalyze the formation of graphene tubes[1]. The impregnation of sulfur 
into the bamboo-like graphene tubes lead to obtaining the BGTs/S composite, which reaches up a high 
sulfur loading of 90 wt% in the composite (72 wt % in the whole cathode). This bamboo-like structure 
can allow efficient impregnation of sulfur and block diffusion of soluble polysulfides by physical 
confinement, and the incorporation of embedded FeCoNi nanoparticles and nitrogen doping can 
synergistically improve the adsorption of polysulfides, as evidenced by beaker cell tests. The BGTs/S 
composite cathode material remains a high discharge capacity of 665 mAh g-1 after 100 cycles at 1C rate. 
Compared with commercial carbon nanotubes/sulfur composites (CNTs/S), the as-prepared BGTs/S 
composite exhibit significantly improved electrochemical performances in terms of high specific 
capacity, remarkable rate capability and excellent cycling stability. 
 

 
 

Figure 1. a,b TEM images of BGTs and BGTs/S composite. c Cycling performance (black curve) and 
Coulombic efficiency (blue curve) of BGTs/S composite cathode at a current rate of 1C. 
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The redox chemistry of O2 moieties has come into the focus of much of the forefront battery research 
such as metal-O2 batteries and Li-rich layered oxides (1, 2). O2 evolution is in either case a critical yet not 
fully understood phenomenon(1, 3). For example, operation of the rechargeable metal-O2 batteries 
depends crucially on the reversible formation/decomposition of metal (su)peroxides at the cathode on 
discharge/charge. The greatest challenge facing progress arises from severe parasitic reactions that 
decompose the electrolyte as well as the porous electrode. These processes have serious consequences. So 
far these parasitic reactions have been ascribed to the reactivity of superoxide and peroxide. Yet, their 
reactivity cannot consistently explain the observed irreversible processes. Unsurprisingly, strategies to 
mitigate the irreversibilities proved only partially successful. Therefore, only better knowledge of 
parasitic reactions may allow them to be inhibited. 
  
Here we discuss our recent insights into irreversible parasitic reactions caused by the highly reactive 
singlet oxygen (1O2) during cycling of non-aqueous batteries that have so far been overlooked. They 
account for the majority of the parasitic products on discharge and nearly all on charge in metal-O2 cells 
(4-6). Moreover, singlet oxygen forms upon oxidizing Li2CO3 above 3.8 V vs Li/Li+ (7). Li2CO3 is a 
universal passivating agent in Li-ion battery cathodes and decisive in interfacial reactivity. It is also a 
common side product in Li-O2 cathodes, as well as the targeted discharge product in Li-O2/CO2 batteries. 
Our results thus strongly suggest that Li2CO3 formation, even at impurity levels, will deleteriously affect 
the stability of all Li batteries where electrodes operate beyond 3.8 V vs Li/Li+, which includes most 
currently-studied cathode chemistries. Awareness of singlet oxygen gives a rationale for future research 
towards achieving highly reversible cell operation. 
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Despite the success of Li-ion batteries the energy 
density that can be obtained using Li-ion chemistry 
is limited and therefore calls for research beyond Li-
ion technology. The Li-O2 battery with a theoretical 
specific energy of 3,500 Wh/kg has the highest 
energy density amongst any battery technology 
conceptualized thus far.1 Despite significant efforts 
current Li-O2 batteries fall far short of the promises, 
which is mainly due to the fact that Li-O2 batteries 
combine two highly challenging electrodes, the Li 
metal anode and the O2 cathode. Even after decades 
of study Li metal anodes do not deliver their 
potential cycling efficiencies in addition to 
undergoing significant dendrite growth. On the 
cathode side oxygen redox chemistry in aprotic 
solvents in presence of highly electropositive Li+ is 
not fully understood, too. On discharge O2 is 
reduced with the final product being highly 
insulating Li2O2. Major challenges during discharge 
arise because of multiple competing factors such as 
– i) solubility of O2 in the electrolyte vs stability of 
electrolyte against nucleophilic attack, ii) formation 
of reactive O2

- intermediates that attacks both 
cathode, anode and electrolyte, iii) solubility of LiO2 
intermediate vs that adsorbed on the cathode surface 
etc.2 While it is possible to obtain high discharge 
capacities (large Li2O2 particles) in high donor 
number solvents, low donor number solvents yield 
thin film like growth of Li2O2 on the cathode leading 
to only small capacities. However, high donor 
number solvents are more prone to attack by soluble 
O2

- species leading to irrevocable side reactions. The 

charging process on the other hand is complicated 
by highly insulating Li2O2 particles which not only 
leads to high overpotentials while charging but also 
simultaneously assist parasitic side reactions 
involving both the cathode and electrolyte.  

In this work we have looked deeper into some of 
these competing factors which are fundamental to 
understanding of Li-O2 battery chemistry and 
thereby its improvement. The figure below provides 
a schematic representation of a typical Li-O2 battery 
considered for our study. With an aim to improve 
solubility of oxygen, several glyme-based 
electrolytes which are known to be relatively inert to 
attack by superoxide, have been studied in detail. 
The Henry constant of O2, KHenry (see schematic), in 
these glymes provides an estimate of the ability of 
the solvent to solvate O2. We analysed the effect of 
this and other factors on the nature of the discharged 
Li2O2 particles. Soluble redox mediators provide a 
path to charge up highly insulating Li2O2 particles at 
potentials closer to theoretical Li2O2 oxidations 
potentials. Redox mediators such as TEMPO 
(2,2,6,6-Tetramethylpiperidine 1-oxyl) get oxidized 
at the cathode surface, diffuse to the Li2O2 and 
subsequently oxidize it (process demonstrated in the 
schematic).3 It has been earlier proposed that during 
oxidation of Li2O2 to O2 highly reactive singlet 
O2(1O2) is produced. Both 1O2 and O2

-, intermediates 
of the charging process are highly reactive and 
promote degradation reactions leading to unwanted 
products e.g. Li2CO3, acetates etc. (see schematic).4 
We attempt to determine the underlying mechanism 
behind these degradation reactions by probing the 
nature and the concentrations of the reactive 
intermediate species. We present results of different 
electrochemical, spectroscopic and microscopic 
techniques that help will help in the end to get one 
step closer to understanding the charge and 
discharge processes in Li-O2 cell and thereby 
provide leads towards development of more 
practical Li-O2 batteries. 
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Schematic representation of different processes and 
intermediates involved in charging and discharging a 
Li-O2 battery with redox mediators. 
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Redox flow batteries (RFB) are considered one of the most promising technologies for large scale energy 
storage, as they can be used to overcome the intermittence limitations of renewable energies. In a RFB, 
electrical energy production is supplied by two electrolytes that undergo redox reactions in two half cells. 
These latter are separated by a membrane, whose main function is to allow the proton flow, while 
preventing the crossover of the active species to avoid battery self discharge.  
Vanadium redox flow batteries (VRFB), developed in the ‘80s1, are the most mature technology.  State of 
the art membranes are commonly made of Nafion, a perfluorinated polymer bearing sulfonated pendant 
chains, which displays high ion conductivity and chemical stability. However, its low selectivity causes a 
significant drop of battery performances over time.  
To overcome this issues, various approaches have been adopted: 1) development of Nafion-based 
composite membranes containing several inorganic fillers, such as SiO2, TiO2, zeolites, graphene-oxide 
and ZrO2 nanotubes,2 2) use of hydrocarbon-based membranes such as sulfonated poly(ether ether 
ketone), have been tested2 and more recently 3) employment of polymers of intrinsic microporosity (PIM) 
as size-exclusion separators3. However, none of the above-mentioned strategies has represented an 
ultimate solution, respectively due to insufficient selectivity, poor chemical stability and high membrane 
resistance. 
In this contribution, to increase membrane selectivity, hypercrosslinked polystyrene nanoparticles (sHCP) 
have been prepared and used as fillers for the fabrication of cation-exchange composite membranes and 
size-exclusion composite separators. Nanoparticles have been synthesized through Friedel-Craft 
alkylation to obtain HCP, followed by post-functionalization to attach sulfonic groups (Figure 1). sHCP 
structure and morphology has been assessed by TGA, FT-IR, SEM and BET. 
 
 
 
 

 
 
 

 
Figure 1. Scheme of the synthesis of sulfonated hypercrosslinked polystyrene nanoparticles 

 
The prepared sHCP particles, with a diameter of about 10-30 nm, displayed ion exchange capacity (IEC) 
of 0.83 meq g-1 and high surface area, above 1000 m2g-1. 
Pristine and composite membranes of Nafion, poly(phenylene sulfide sulfone) (sPSS) and PIM-1 
containing different amounts of sHCP have been prepared by solvent casting and characterized ex-situ, 
e.g. in terms of vanadium ion permeability, IEC and proton conductivity. Subsequently, they have been 
implemented in a VRFB, where battery self-discharge, rate performances and capacity fading over 
galvanostatic cyclation have been evaluated. The results obtained so far highlighted a significant lowering 
of vanadium crossover for the composite membranes, which resulted in improved battery performances.  
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 The hydrogen-bromine redox flow battery (H2/Br2-FB) is one of the sustainable flow battery 
technologies next to the well investigated all-vanadium FB for stationary energy storage [1]. Fast and 
reversible redox kinetics of the hydrogen anode and bromine cathode for charge and discharge operation 
and high catholyte energy densities up to 250 Wh L-1 fulfill the fundamental requirements of redox flow 
battery systems[2]. The cathodic electrolyte consists in general of hydro bromic acid, bromine (Br2) and 
water – standard chemicals, abundant and cost effective. It is pumped through the cathode and stored in 
tanks outside of the converter. Minor public acceptance relating to use of  Br2 due to its toxicity and 
volatility, while acting corrosive to cell materials, need an approach to overcome these drawbacks. In our 
work we use quaternary ammonium bromides as 
bromine complexation agents (BCA) in the 
catholyte. Bromine formed during oxidation 
reaction is complexed by BCA and forms a second 
liquid, heavy phase [3], transported out of the cell 
and stored in the external catholyte tank.  This 
fused salt has a low bromine vapor pressure and 
offers a safer electrolyte. However up to 50 times 
higher viscosities and 10 times lower 
conductivities compared to  the original water 
based electrolyte are received in the fused salts. At 
the same time free, dissolved BCA+ cations adsorb 
to the used PFSA membrane and during charge 
operation fused salt is formed in the cell. Both 
result in higher ohmic cell voltages.  

To resolve this issues higher bromine 
contents in electrolyte should complex all BCA+ 

ions in the fused salt to avoid free BCA+ in the 
water based phase pumped through the cell. In our work we compare different formulations of electrolyte 
based on a catholyte of 7.7 M HBr + 1.11 M N-ethyl-N-methyl-pyridin-1-ium bromide [C2Py]Br with 0 
M Br2, 1.68 M Br2 and 2.51 M Br2 at state of charge (SOC) of 0 for the whole SOC range 0 to 100 with 
rising bromine content due to charge. Characteristic properties and their influence on cell performance in 
a H2/Br2-FB single cell (Cycling with online Raman spectroscopy for catholyte) are investigated. 

 Due to the rise of bromine content already at SOC 0, less organic [C2Py]+ cation concentrations 
were detected in the water based phase and lead to higher conductivities (700 mS cm-1 vs. 500 mS cm-1) 
of the electrolyte. At the same time a decrease of membrane conductivity at low SOCs and a reduced 
formation of fused salt in the H2/Br2-FB single cell were evaluated. Cell ageing during cycling test was 
seen for electrolytes used without any bromine content at SOC 0, due to high [C2Py]Br concentration at 
low SOC (see cycling test in fig. 1 including high overvoltages after 27 and 33 hours). The composition 
of the fused salt changes for higher bromine contents from a Br3

-/Br5
- polybromide fused salt to a Br5

-/Br7
- 

polybromide fused salt, investigated by Raman spectroscopy. Lower and constant viscosities and higher 
conductivities of 90 mS cm-1 vs. 60 mS cm-1 for the fused salt are measured. They make the fused salt 
more desirable to be pumped through the cathode during discharge mode. In Br5

- and Br7
- bromine is 

bound weaker than in Br3
-. This offers higher concentrations of bromine in the water based phase in the 

range of 1.25 M and 0.86 M Br2 compared to 0.26 M Br2 and lowers mass transport limitation effects. In 
general an addition of bromine leads to external bromine storage in a liquid phase and enhances the 
performance and usability of SOC range in our investigated H2/Br2-FB single cell. 
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Fig. 1: Charge and discharge cell performance (+/- 
50 mA cm-2) from SOC 100 to SOC 90, 80, 70 and 
60 for 7.7 M HBr/1.11 M [C2Py]Br electrolyte. 
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The development of new rechargeable battery systems employing novel chemistries is imperative to meet 
the increasing energy storage demands of emerging technologies. Magnesium-sulfur (Mg-S) is one 
promising chemistry for moving beyond lithium-ion, due to the widespread abundance of both Mg and S 
and the high theoretical energy density of the Mg-S couple. However, it is well known that similar to 
other batteries with sulfur cathodes, the Mg-S system suffers dramatic capacity fade as a result of the 
polysulfide shuttle effect.  
 
A series of model crosslinked ionomer networks are here investigated for use as cathode coatings to 
eliminate or restrict the polysulfide shuttle. The effects of dielectric constant, electrostatic interactions, 
and steric configurations on magnesium and polysulfide ion transport through the model networks are 
examined in detail. Understanding the mechanisms governing ion transport in these systems is critical for 
engineering materials that balance the need to transport magnesium but restrict polysulfide crossover. X-
ray scattering, diffusion experiments, and conductivity measurements are used in tandem to relate 
structural and transport properties of the polymer networks.   
 
Charge density and mesh size of the networks are found to strongly influence transport.  Figure 1a 
displays SAXS data for a series of networks with the same crosslinker length but varying charge density.  
The characteristic correlation distance between scatterers is found to shift with bound ion incorporation.  
When ion crossover through these networks is tested with diffusion H-cells, see Figures 1b and 1c, 
polysulfide rejection is also found to be a function of structure.  Interestingly, ionomer network 
compositions are identified which preferentially reject polysulfides while transporting specific electrolyte 
salts.  We will report for an array of networks results of ex-situ characterization on self-supported films as 
well as electrochemical characterization of Mg-S cells containing ionomer network coated cathodes.   

a.

c.

b.

 
Figure 1. Characterization of networks with varying charge density (moles tethered anion per kg of 
network): a. SAXS of networks swelled in tetrahydrofuran (THF), b. diffusion H-cell tests of polysulfide 
crossover in a THF-based Mg electrolyte, and c. UV-Vis absorbance measurements of starting polysulfide 
solution (left side of H-cell, dotted) and crossover solutions after equilibration (right side of H-cell, solid).  
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Vanadium redox-flow batteries (VRFB) are a promising and emerging technology for storing renewable 
energy. For the characterization and optimization of VRFB-systems the reliable detection of the state of 
charge (SoC) of the battery is essential. 
 
A test setup has been constructed and different in situ monitoring methods e.g. UV-Vis spectrometry and 
electrolyte density measurement have been tested and compared to ex situ methods such as inductively 
coupled plasma mass spectrometry (ICP-MS).  
 
Based on open circuit potential measurements, a simple and cost-effective monitoring method has been 
investigated concerning its applicability for continuous measurement of SoC during charging and 
discharging processes in each half cell of the battery. This method has also been tested regarding its 
ability to identify electrolyte crossover in the VRFB-system and even the changes in the direction of 
electrolyte crossover depending on the charging or discharging of the battery.  
Furthermore the state of health of the VRFB-system shall be estimated from these results [1]. 
 
 
This work has been done within the joint research projects “tubulAir” and “DegraBat”: 

 
“tubulAir±” was funded as a lighthouse project by the German Federal Ministry of Education and 
Research (BMBF) within the government’s funding initiative energy storage. 
“DegraBat” is funded by the German Federal Ministry of Economic Affairs and Energy (BMWi) within 
the government’s funding initiative energy storage. 
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A promising class for insertion active materials is represented by Prussian blue analogues (PBAs). Copper 
nitroprusside Cu[Fe(CN)5(NO)], has been investigated for its potentially interesting performances as 
cathodic active material1. Operando characterization2 has been focused mainly on the first discharge 
process, since the material clearly undergoes a deep modification during the very first insertion of Li-ions. 
A combined theoretical approach has been carried out to obtain a deeper insight into the redox 
mechanism. Both Cu and Fe are electroactive, as corroborated by operando XAFS measurements. 
Interestingly, nitrosyl ligand takes part in the first discharge process, as highlighted by a multi-technique 
approach involving ex situ depth profiling XPS, operando IR and DFT. The reduction of nitrosyl group is 
responsible for an extra-capacity during the first discharge, giving rise to a remarkable specific capacity, 
fairly above the average among PBAs, and it represents a unique case in PBA materials where a ligand is 
electrochemically active, beyond the metals’ redox centres. 

 
 
Figure 1. Strategy and main results in understanding the redox mechanism of copper nitroprusside. 
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  Sulfur is one of the abundant natural resources and has a high theoretical capacity (1672 mAh g−1), 
therefore, is expected as the promising material for the positive electrode. However, sulfur has some 
disadvantages when used as an active material such as high electric resistance and dissolution into 
electrolyte solutions which is thought to be the main factor of the deactivation of the cell [1]. In the 
previous study, we reported the synthesis of a novel sulfur-carbon composite material (SPEG) which can 
be prepared by the simple heat treatment of the mixture of sulfur and polyethylene glycol [2]. When 
SPEG was used as a cathode in a half cell with lithium metal, the cell showed the discharge capacity of 
564 mAh g−1 after 30 cycles with an average discharge voltage of 1.8 V vs Li+/Li. According to the XRD 
analysis, SPEG has no peaks assignable to crystalline sulfur and the significant peak attributed to C-S 
bond was observed by Raman spectroscopy, suggesting that sulfur is chemically fixed in carbon matrix. 
This partial molecular structure may contribute to the high performance of the SPEG electrode. In the 
present study, we report the full-cell performance of lithium-ion battery with SPEG as cathode using a 
lithiated silicon as anode. 
  As seen in the figure, the cell showed the discharge capacity of ~200 mAh g−1 after 30 cycles with an 
average discharge voltage of 1.4 V vs Li+/Li. This corresponds almost the half capacity compared with 
the first discharge capacity. The rapid deactivation was observed at the initial few cycles probably due to 
the dissolution of sulfur into electrolyte solution. To suppress the dissolution of sulfur, we examined a 
new electrolyte so called ‘solvate ionic liquid’ [3] composed of the 1:1 molar mixture of tetraglyme and 
lithium bis(trifluoromethylsulfonyl)amide; however, no significant improvement was observed. Further 
attempts were carried out to obtain better performance of the full-cell. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure. Charge/discharge profiles for the SPEG/silicon full-cell. CR2032 type cell; 303 K; 
electrolyte, 1 M LiPF6 in EC+DEC (1:1 in vol); n/p=1.8; current density, 15 mA g−1. 
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Li-S- (Lithium-Sulfur-) battery chemistry could provide not only mobile systems with very high specific gravimetric 
energy (2600 Wh/kg) [1] and volumetric energy density (2800Wh/l) [2] but also low cost stationary systems [3] due 
to the high availability of sulfur. Hence, Li-S batteries are one of the key technologies for both the upcoming 
electromobility and stationary applications. Furthermore, the Li-S battery system is environmentally benign [4]. 
However, the technical implementation suffers from cycling stability, low charge and discharge rates and incomplete 
understanding of the complex polysulfide reaction mechanism. 
 
The aim of this work is to develop a Li-S-cell with a dispersed semi-solid sulfur flow catholyte based on porous 
carrier particles filled with sulfur. The particles are percolatively contacted with a current collector. The current 
collector is designed as stirrer for the catholyte at the same time. This flow electrode makes the system more scalable 
for the stationary storage of renewable energy or off-grid solutions. 
 
Coatings for the current collector and carrier particles are developed, both with high electric conductivity and 
chemical, electrochemical and mechanical stability. The goal is a functional separation of the electrocatalytic and the 
current collecting materials. The carrier particle coating shows high electrocatalytic activity, so that the electrode 
kinetics of the sulfur half-cell will be improved. The current collector plating needs a high overvoltage for the sulfur 
reactions, as the precipitated reaction products are non-conductive and would hinder the contact between the particles 
and the current collector. 
 
In order to determine suitable coatings, apparent exchange current densities of a variety of materials have been 
measured in a polysulfide containing electrolyte by potentiodynamic measurements versus metallic lithium. A Butler-
Volmer fit including diffusion limitation was applied with the apparent exchange current density as a result. The 
surface structure change of the samples has been examined before and after the measurements by Scanning Electron 
Microscopy (SEM) and/or X-Ray Diffraction (XRD) after the potentiodynamic measurements in order to evaluate 
their stability in the electrochemical window in a polysulphide electrolyte. 
 
Our work shows that cobalt is an electrocatalytic active material for the polysulfide reactions with good 
electrochemical stability in the system. An electrodeposition of Co shows similar apparent exchange current densities 
as the cobalt foil and can be deployed on the particles. Electrochemical cycling measurements in a full pilot cell and 
operando XRD measurements of the particles show the feasibility of the planned cell design. 
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Lithium/Sulfur batteries are among the most promising candidates to follow the state-of-the-art Lithium-
ion-technology.[1,2] Our new Lithium/Sulfur semi flow battery represents a winning combination of 
classical Lithium/Sulfur and polysulfide flow accumulators[3], resulting in a higher energy density than 
polysulfide flow systems and a better active material utilization as well as cycling stability than 
Lithium/Sulfur batteries. The characteristics of the new cell design are predestined for decentralized 
energy supply applications. 
 
Core element of the new semi flow concept is the suspension-based catholyte. The active material  
– Sulfur – is bound on dispersed carrier particles, which will get in contact with the current collector in a 
statistical process by convection, e.g. stirring or flow. Functionalization with an electrolytically active 
layer of the current collector on the one hand and of the carrier particles on the other hand ameliorate 
electrode kinetics and ensure that the oxidation and reduction of the Sulfur species take place on the 
particle surface. 
 
Highly structured carrier particles with high specific surface area have been synthesized by etching of 
Aluminum alloy particles with phosphoric acid, to achieve the highest energy density. This phase 
selective etching of the AlSi10Mg-powders leads to an enhancement of the surface area from 0.2 m²/g 
(BET measurement with Krypton) for the original powder to 38.5 m²/g (Kr) for the etched one, which 
corresponds to a factor of about 200. SEM measurements as well as metallographic sections show that the 
resulting powders are highly porous even in the inner core. Subsequent functionalization with a partial 
Cobalt coating by a chemical exchange reaction – cementation – yield in the electrochemically active 
carrier particles. EDX mapping demonstrates the homogenous distribution of Cobalt across the whole 
particle surface. 
The as-prepared powders have been successfully loaded with Sulfur and electrochemically characterized 
in first laboratory battery test cells, to show the high potential of the here presented strategy for energy 
supply applications. 
 
 

   
Fig.: SEM-images of the original Aluminum alloy powder (left), the porous Aluminum alloy powder after 
phase selective etching (middle) and the subsequently Cobalt-coated etched particles (right). 
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Vanadium Redox Flow Battery (VRFB) is expected as one of the storage devices for renewable 
energy. The advantages of VRFB are (i) independent design of capacity and power, (ii) accurate 
measurement of the state of charge during operation, and so on. In contrast, the technical issue of VRFB 
is a high cost due to the high overpotentials (activation, concentration, and ohmic). Since liquid 
electrolyte (which shows high viscosity and low diffusivity) flows in the electrode, the thickness of 
boundary film is calculated as several μm. Hence, the electrode surface concentration of the active 
materials and the overpotentials should correlate to the state of boundary film, which depends on the flow 
speed. The different kinetic parameters (reaction and mass transport) at the positive electrode and the 
negative electrode should also affect the surface concentration and the overpotentials. To understand the 
distributions of the surface concentration is useful to develop new electrodes and/or flow fields. In this 
work, we try to understand kinetic phenomena of reaction and transport by using simulation model. The 
objective of this work is understanding the distribution of the surface concentration in the electrodes of 
VRFB. 

We prepared a home-made single cell with interdigitated flow field, three sheets of air-oxidized 
carbon paper (MFK, Mitsubishi Chemical Corporation) as electrodes, and Nafion 117 as a separator 
membrane. We used 1.0 M V ion in 3.0 M H2SO4 as an electrolyte, and the electrolyte flowed at 6.2 mL 
min−1 cm−2. The reaction kinetic parameter of the positive electrode and the negative electrode was 
estimated by the symmetric cell [1]. 

The 2D simulation model at steady state was 
prepared by COMSOL 4.2a. The flow dynamics, ion 
transport, and electrochemical reaction were calculated 
by Brinkman equation, Nernst-Planck equation, and 
Butler-Volmer equation with surface concentration, 
respectively. The mass transport coefficient was 
estimated by modified Schamel’s equation [2]. The data 
set of properties were obtained from the literature [3]. 

We confirmed the model reproduces current-voltage 
curves compared to the experiments (Figure 1). The 
kinetic parameters, which was obtained by the 
symmetric cell, was included in the simulation model. 

Figure 2 shows the visualized surface concentration 
of the active materials (reactant), i.e., V (II) for the 
negative electrode and V (V) for the positive electrode. 
The reactant concentration was relatively low at the 
positive electrode due to a higher reaction kinetic 
constant (reaction kinetic constant is relatively higher 
than mass transport coefficient). The reactant 
concentration significantly reduced near the membrane 
due to the slow flow speed. 

The authors appreciate the support by The Iwatani 
Naoji Foundation’s Research Grant and Iketani Science 
and Technology Foundation. 
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Figure 1 Current-voltage curves for 
experimental and simulative results. 

Figure 2 Electrode surface concentration 
of the reactants (V (II) and V(V)). 
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In a few decades, Li-based battery technologies have become the state of the art electrochemical 
energy storage device and found numerous applications, notably in portable electronics. The 
first Li-MoS2 cells, with specific energy two or three times higher than Ni/Cd or Pb/acid cells, 
were quickly withdrawn from the market because of dendrite growth at charge, which may 
cause internal shorts leading to overheating and safety hazards. As an alternative, Li-ion 
batteries, commercialized by Sony in 1991, rely on lithium insertion in carbon anodes to avoid 
the use of lithium metal, which implies a weight and volume penalty. 

In contrast with Li metal anode, electrodeposition of Mg and Ca does not seem to be 
plagued with dendrite formation. [1,2] This brings the perspective of high-energy metal anode 
based batteries without the safety concerns associated with dendrite growth. In addition, Ca and 
Mg battery technologies would benefit from the high abundance of Ca and Mg (5th and 8th 
most abundant elements on the Earth’s crust, respectively, whereas Li is the 25th), implying 
lower cost of the raw materials ($5000/ton, $100/ton and $265/ton for Li2CO3, CaCO3 and 
MgO2, respectively). These attractive features led to significant increase of the research effort 
dedicated to theses systems for the last few years. 

However, running electrochemical tests in Ca2+ or Mg2+ based electrolytes is not as 
straightforward as it is today with Li+. On one hand, the plating and stripping of Ca and Mg still 
requires specific conditions either in term of electrolyte formulation or operating temperature, 
which limits the possibility of testing new materials for these systems when a metallic counter 
electrode is used. On the other hand, it was shown that Ca and Mg metals are also poorly 
reliable reference electrodes in conventional organic battery electrolytes. [3] 

In this contribution, an electrochemical setup is presented that allows for increased 
reliability and flexibility in terms of testing conditions based on alternative reference and 
counter electrodes. These electrodes are designed in such way that they can readily be used in 
Swagelok type cells. 
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High-energy ball milling is a largely applied technology in solid-state material science, which exploits 

environmentally friend reactions promoted by high-energy transfer from balls to powder materials [1]. 
This mechanochemical process allows of overcoming the activation energy barrier for a definite reaction, 
thus obtaining high-purity powder compounds in large amounts and lower cost in comparison with other 
synthesis techniques. Here, we propose a mechanochemical, solvent-free, high-energy ball milling 
process as innovative synthesis route for preparing average nanoscale spinel zinc ferrite (ZnFe2O4) as 
large capacity anodic material for high-energy lithium batteries. No processing solvent was employed. 

The ZnFe2O4 material was prepared by milling ZnCl2 and FeCl3�6H2O with NaOH, previously 
dispersed in NaCl. The use of sodium chloride as cheap dispersing medium allows the formation of 
nanoparticles (about 10 nm). An intermediate compound (hydrated metal oxide) was obtained which was, 
successively, subjected to thermal treatment at 400 °C. The synthesis route is schematized in Figure 1 
(left panel). 

Such a mechanochemical synthesis route, e.g., never reported till now for preparing spinel zinc ferrite, 
highlights several advantages with respect to the processes reported in literature in terms of easy 
execution, high purity, soft processing conditions (temperature and time), very low environment impact, 
easy up-scalability, low cost and high yield. Preliminary electrochemical tests (right panel of Figure 1) 
have demonstrated high reversibility and efficiency of the Li+ alloying process, matching the performance 
observed in ZnFe2O4 material both commercial and obtained through other lab-scale processes [2-6].        
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Figure 1. Schematic representation of the mechanochemical synthesis route (left panel) and consecutive 
cyclic voltammetries (right panel) of the ZnFe2O4 anode active material. 
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Lithium sulphur batteries are attractive candidates for next-generation high-energy batteries. Their major 
drawbacks are dendritic growth of lithium during charge, and rapid capacity degradation and low 
coulombic efficiency, caused by »shuttle effect« of soluble lithium polysulphides (Li2Sx, 4 ≤ x ≤ 8) [1]. 
Above mentioned drawbacks can be partially mitigated by proper selection of the separator. Conventional 
polyolefin separators are not suitable for next generation high-power Li batteries, due to bad electrolyte 
wettability, poor mechanical properties and thermal shrinkage. Nano-fibrillated cellulose has many 
outstanding properties such as large surface area, easy modification, biodegradability, good mechanical 
properties and chemical durability. All these properties predict that nano-fibrillated cellulose could be a 
promising material for the application as high performance Li-S separator.  
In this work, thin cellulose membrane was prepared as a novel nano-fibrous separator for Li-S batteries. 
Prepared separator membranes were characterized in terms of porosity, wettability, and electrochemical 
performance in Li-symmetrical and Li-sulphur cells. Results demonstrated that electrochemical 
performance of cellulose-based separator is mostly superior to that for the conventional polyolefin 
separator. Besides electrochemical and morphological characterisation we performed post mortem 
analysis by using scanning electron microscopy (SEM), focused-ion beam – scanning electron 
microscopy (FIB-SEM), X-ray photoelectron spectroscopy (XPS), and alternating current (AC) 
impedance measurements. The ability of nano-fibrillated cellulose separator to prevent »shuttle effect« of 
soluble lithium polysulphides was studied by use of in-operando UV-Vis spectroscopy [2]. 
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The primary alkaline zinc/air battery is known for its high energy density and is 
commonly used as energy supply for hearing aids devices with practical energy density 
values in the range of 700-850 mWh gzinc

-1. However, recharging process is very 
challenging because of its low energy efficiency (<60%) due to high overpotential and 
poor cycling ability of the air electrode as well as dendrite and carbonate formation in 
alkaline solution. To overcome some drawbacks, alternative electrolytes such as ionic 
liquids (IL´s) are promising candidates [1]. For electrochemical applications, and more 
especially for metal/air battery in which oxygen reactions occur, presence of proton 
species in ionic liquid is preferred since aprotic ones allow “only” 1e- oxygen reduction 
reaction (ORR) step [2]. High surface tension is also a prerequisite for triple-phase 
boundary (TPB) formation in the gas diffusion electrode (GDE) [3].  
 
In this work, feasibility of Diethylmethylammonium trifluoro-methanesulfonate 
(DEATfO), 1-Ethyl-3-methylimidazolium trifluoromethanesulfonate (EMIMTfO), 
choline acetate (ChAcO) and 1-Ethyl-3-methylimidazolium acetate (EMIMAcO) as 
electrolyte for Zn/air battery was investigated and compared to KOH. Bifunctional 
MnCo2O4 (MCO) and NiCo2O4 (NCO) spinel oxides were synthesized by hydrothermal 
route (HT). Structural characterization of the as-prepared catalysts was performed by 
means of XRD, SEM/EDX and TEM. Gas diffusion electrodes (GDE) with catalyst 
loading of 1 mgcat cm-2 were fabricated by airbrush spraying. Contact angle of different 
electrode/electrolyte interface was measured under ambient air conditions. Typical 
contact angle value for TPB of > 110° was measured for 100 h with ChAcO electrolyte. 
The electrochemical activity and stability of GDEs for ORR and OER were studied 
under half cell condition. For full-cell experiment, EL-Cell (ECC-Air) and coin cell 
(CR2032) were manufactured by assembling a Zn foil as active electrode, a glass fibre 
separator and a GDE. Best results in terms of charge/discharge behaviour and cycling 
stability were obtained with a choline acetate/water mixture and a MCO GDE. The 
reaction products during discharge process were identified by in situ Raman 
spectroscopy in a “side by side” (SBS) optical EL-Cell.  
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Among electrochemical energy storage, lithium ion based batteries (LIBs) represent highly efficient 
systems with fast response growing as a part of the battery market. However, Li-ion is slowly but surely 
reaching its limits and controversial debates on lithium supply cannot be ignored.  
 
New sustainable battery chemistries must be developed and appealing alternatives are to use alkaline-
earth metals (calcium and magnesium) instead of lithium. Indeed, the absence of dendrite formation1,2 and 
the low cost of the raw materials ($5000/ton, $100/ton and $265/ton for Li2CO3, CaCO3 and MgO2, 
respectively), make Ca and Mg metal anode based batteries excellent candidates for safe and high energy 
density systems while relying on abundant elements. 
 
Pioneering work by Aurbach et al. in the early 90s showed a surface-film controlled electrochemical 
behavior of Ca and Mg metal anodes in organic electrolytes.3,4 The lack of metal plating was mainly 
attributed to the poor divalent cation migration through the passivation layer, all research since then 
focusing on electrolytes in which no solid electrolyte interphase (SEI) was formed.5,6 Conversely, recent 
demonstration of Ca plating and stripping in presence of SEI,2.7 paved the way for the evaluation of new 
electrolyte formulations with high resilience upon oxidation. Also, considering the stronger cation-solvent 
and cation–anion interactions in divalent cation based electrolytes when compared with Li and Na 
systems8 motivated us to undertake a systematic investigation on the impact of the electrolyte formulation 
(i.e. combination of different organic solvents with Ca or Mg salts) on the transport properties, 
passivation layers and Ca and Mg electrodeposition. 
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Due to its theoretical high specific energy Li-O2 systems have generated much interest within the 
electrochemical community [1].One of the bottlenecks in Li-O2 batteries is the film like growth of Li2O2 
on the electrode surface during discharge leading to early cell death [2]. To tackle this problem Bruce and 
coworkers introduced DBBQ as a redox mediator which leads to a particle like growth of Li2O2 and 
therefore enhances the discharge capacity of the Li-O2 cell [3].  In the last years, much effort has been 
devoted to understand the solvent properties and electrode material impact in Li-O2 cells without a redox 
mediator (also by ourselves [4-7]). At this point only very little is known about the mechanism of O2 
reducing redox mediators.   
Therefore, in this study we focused our research on the mechanism of redox mediation in the ORR. We 
applied rotating ring disc technique (RRDE) as well as the differential electrochemical mass spectrometry 
(DEMS) to get insights into the kinetics of the mediated ORR and into the amount of consumed electrons 
per oxygen. The DEMS experiments were performed in a thin layer geometry without convective transport 
within the cell. In addition, the DEMS setup is highly sensitive to the gases formed during ORR and OER. 
The amount of evolved CO2 is decreased by adding a redox mediator to the electrolyte. We also observed 
that the amount of consumed oxygen is increased compared to measurements in the supporting electrolyte 
without redox mediator. In order to investigate the impact of the cationic charge density on the mechanism 
of the mediated ORR we also performed measurements in Li+-, K+-, Mg2+-, Ca2+- containing electrolyte 
solutions. In our analysis of the data, we calculated the share of current going into the mediation of the 
ORR. This analysis showed that the share of ORR current is different for the different cations in a DBBQ 
containing electrolyte. In the RRDE study we analyzed the rotational dependency of the collection 
efficiency in a DBBQ containing electrolyte. We found out, that the reaction speed of ORR is influenced 
by changing the cation of the supporting electrolyte.  
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Energy Storages Systems (ESS) are nowadays one of the hot topics for both researchers and politicians 
since new storage systems are needed in order to accomplish with the commitments of the EU for the next 
years, that include a reduction of emissions (respect to 1990) by 40% by 2030. In order to meet such a 
great challenge, new technologies are needed and, among the new EES, batteries are attracting increasing 
attention.  With the aim of developing technologies beyond the state-of-art Lithium, new systems must be 
identified and developed. One of those systems is the family of the Metal-air battery that has been 
identified as one of the most promising battery technology competing for a place in the so-called “post-
lithium era”. Within Metal-air batteries, the use of Aluminum shows an outstanding position due to its 
light weight and ability to exchange three electrons during the electrochemical process what confers it a 
very high theoretical volumetric capacity, i.e., 8040 mAh cm−3. Moreover, Aluminum is cheap, abundant, 
non-dangerous and easily handled. 
 
All Metal-air batteries, similarly to fuel cells, are characterized by the use of cathodes where the oxygen 
reduction reaction (ORR) takes place. Due to the sluggish kinetics of ORR, the direct application in 
aqueous based Metal-air batteries of efficient cathodes with low overpotential is far from straightforward. 
This is even more critical for Aluminum-air batteries that use neutral salt-water electrolyte to avoid self-
corrosion of Aluminum. In this electrolytes, the very low kinetics of ORR even using noble metals as 
catalysts, results in a poor performance of the Al-air battery, hindering its commercial deployment.  . 
Thus, the development of ORR catalysts able to work in neutral aqueous solution and with affordable 
materials are key features for obtaining commercial Aluminum-air batteries. 
In this work, we present the development of ORR non-precious metal catalysts based on a high dispersion 
of FeNx moieties over high surface area carbon supports. The optimized catalyst developed by Albufera 
Energy Storage shows an outstanding ORR activity in neutral media reducing the overpotential in 200 
mV and 100 mV with respect commercial state of the art MnO2 and Pt/C catalysts, respectively. This 
results make affordable the commercialization of Aluminium-air batteries based on neutral electrolytes, 
and may have application in other Metal-air batteries.  
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Fig. 1. Current densities obtained in a Gas Diffusion Electrode configuration recorded for Albufera, Pt/ C 
and commercial MnO2 catalysts during linear voltammetry (1 mV s-1) in NaCl 2M electrolyte  
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Lithium metal, the lightest metal and also a metal with lowest electrode potential, is regarded as a 
most promising anode candidate for the next generation high energy-density rechargeable batteries 
such as Li-sulfur and Li-air batteries [1]. However, Li metal suffers from intrinsic and induced dendrite 
growth during electrodeposition, which is strongly related to the localized effects caused by rough surface 
morphology as well as inhomogeneity of solid electrolyte interface (SEI). Furthermore, the initial 
deposition of Li onto foreign substrates usually requires large nucleation overpotential due to weak 
interfacial interactions, resulting in reduction of nuclei number and thus bumpy deposit. These problems 
limit the charge-discharge cycling stability of the Li metal anodes, and have attracted great efforts in 
protecting Li anodes [2]. The same is to the other alkali metal anodes such as sodium and potassium 
anodes. 
In this paper, we present our works on interfacing and electrochemical polishing of alkali metals (Li, Na 
and K) to improve the interaction of the alkali metal with substrate and to form ultra-smooth metal 
surfaces and SEIs in which the localized effects are largely eliminated [3, 4]. The ultra-smooth SEIs on 
polished surfaces can have designable alternating organic-rich and inorganic-rich multi-layered structure 
that is in contrary to the conventional mosaic model of SEI. The obtained Li anodes allow Li deposition 
and dissolution on planar copper substrates to cycle for over 200 times at 2 mA cm–2 and 1 mAh cm–2 
with 100% depth of discharge (DOD) and Coulombic efficiency of ~99%. The Li anodes also allow Li-S 
batteries to operate for at least 450 cycles under 30% Li DOD in the absence of LiNO3 additive. 
Meanwhile, the methodology to elucidate the structure of SEI is demonstrated based on precise 
characterizations on both lateral and vertical structure as well as mechanical property of the ultra-thin SEI 
by AFM imaging and force probing as well as corroborative in-depth XPS profile analysis.  
While the interfacing and electrochemical polishing may further serve as a powerful initial step for 
constructing artificial layers in the absence of native passive layer, the high-quality polished alkali metal 
surfaces also provide opportunities in diverse fields including surface science and nanotechnology.   
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The current energy related research context challenges batteries to offer maximum energy density at low 
cost while being environmentally friendly. A battery technology can potentially achieve large energy 
density by using a light metal anode and multivalent cations as charge carriers. Amongst appealing 
multivalent chemistries, such as Mg2+, Al3+, Zn2+, etc., Ca metal based batteries have been almost 
unexplored, as reversible plating and stripping of calcium with conventional organic electrolytes at 
moderate temperature was reported only very recently [1,2]. Although alkylcarbonate based electrolytes 
used in this work offer a wide electrochemical stability window, thus inciting research on high voltage 
cathodes, care should be taken in the design of a reliable set-up when investigating possible cathode 
materials [3]. 
Progress in multivalent cathode research is typically hampered by slow cation diffusion in the solid state, 
and in this respect the lower polarizing effect of Ca2+ when compared to Mg2+ or Al3+ seems to a priori 
present some advantages in terms of reaction kinetics and resulting power performances. To improve the 
cation mobility in a host lattice, several strategies have been reported in the literature such as the use of 
more covalent lattice hosts, chemical modification of the host material, use of 2D layered materials with 
expanded interlayer space or other open-frame structures, etc. In this contribution, we report on the 
fundamental study of Ca2+ electrochemical insertion and deinsertion in potential cathode materials, in 
view of achieving proof-of-concept of Ca metal rechargeable battery. Some of the above mentioned 
concepts are discussed with relevant examples such as layered TiS2 [4], a paradigm amongst intercalation 
materials, or quasi 1D structures [5]. 
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Sulfur attracts great attention and has been one of the promising cathode material in lithium ion battery 
with its high theoretical capacity of 1675 (mAh/g), abundant resource of sulfur, and environmentally 
friendly nature. However, huge volume change, poor electronic conductivity, and dissolution of lithium 
polysulfide (Li2Sx, 3≤x≤8) are among the intrinsic reasons that hinder the commercialization of lithium-
sulfur battery. Sulfur-polyacrylonitrile (S-PAN), one of the sulfurized carbon materials, shows non-
dissolution of polysulfide during cycling, and greatly enhances the electrochemical performance with 
long-cycle capability. Many works have been done to further push the limit of this material. However, the 
structural details of S-PAN and the interaction between sulfur and PAN were yet to be justified.  
Here in, Raman spectroscopy was applied to study the interaction within the structure, confirm the 
bonding of S-PAN, and verify the reduced sulfur species on PAN matrix during the charging-discharging 
processes. With the support of DFT computation, we discovered that sulfur not only binds with carbon 
but also nitrogen, and with the majority of N-S configuration than C-S. Additionally, nitrogen plays an 
important role in the interaction of sulfur and PAN, and the attraction of lithiated sulfur species on PAN 
matrix. By applying X-ray absorption spectroscopy, it is also confirmed that sulfur is bonded to both 
carbon and nitrogen atoms from EXAFS fitting results. The finding is different to the previous model 
where sulfur was believed to have covalent bonds only with carbon atoms on PAN matrix. 
In this work, we propose a new S-PAN structure whereby sulfur species bind with both nitrogen and 
carbon, and elaborate the mechanism behind the shuttle-free phenomenon, which can open a new path to 
the development of new sulfur-polymer cathode materials for lithium sulfur battery.  
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For post Li-ion batteries with multivalent ions, such as Mg2+, Zn2+, Al3+, developing appropriate intercala-
tion cathode materials is a difficult task due to the sluggish solid-phase diffusion behavior which is usually 
caused by the strong coulomb interaction between multivalent ions with the cathode hosts. In recent years, 
Li-Mg dual-ion batteries [1] have been proposed as an attempt to combine merits and overcome demerits 
of different carrier ions to construct high energy-density rechargeable batteries. In this work, Chevrel com-
pound Mo6S8 is employed as a sample cathode material and the electrode properties in Li-Mg dual-ion 
batteries are investigated. The purpose of this study is to discover the interaction between coexisting dif-
ferent carrier ions during intercalation reactions, which is not only important to build dual-ion batteries, but 
also helpful to understand the nature of multivalent ions during intercalation reactions. 
 
The study is carried out by electrochemical experiments together with the first-principles calculations [2]. 
In the electrochemical experiments, discharge profiles (Fig. 1a) and cyclic voltammograms (Fig. 1b) of 
Mo6S8 cathode are measured in both Li-Mg dual-ion electrolyte and Li/Mg single-ion electrolyte. The ex-
perimental results indicate that concomitant intercalation of Li-Mg dual ions occurs with Mo6S8 cathode, 
by which overpotential of Mg intercalation is reduced and the sluggish solid-phase diffusion of Mg ions is 
improved. Further experimental results show that a site-exchange phenomenon occurs between the pre-
inserted Li ions and the following inserted Mg ions. To reveal what improve the Mg intercalation, compu-
tational models of Mo6S8 are prepared and activation energy barriers are calculated by the Nudged elastic 
band (NEB) method [3] implemented in VASP [4]. Fig. 1c shows the computed energy barriers, which 
indicate that the energy barrier of 
Mg diffusion decreases remarkably 
in Li1Mo6S8 host compared to the 
empty Mo6S8 host. Furthermore, the 
computed minimum energy path 
(Fig. 1d) suggests that concerted 
motion of Li-Mg dual-ions occurs 
while Mg ions hop in Li1Mo6S8 
host, which is in good agreement 
with the site-exchange phenomenon 
observed experimentally.  
 
This work reveals that sluggish 
solid phase diffusion of multivalent 
ions can be improved by combining 
fast diffusion carrier ions, and 
shows that the dual-ion systems can 
be a promising way to construct 
high energy-density batteries with 
multivalent ions. 
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Fig. 1 (a) Galvanostatic discharge profiles of Mo6S8 in Li/Mg single-ion electrolyte 
and Li-Mg dual-ion electrolyte. (b) Stepwise cyclic voltammograms of Mo6S8 in Li-
Mg dual-ion electrolyte. (c) Energy barriers of inserted ion diffusion in Mo6S8 host. 
(d) Schematic illustration of concerted motion of Li-Mg dual ions. 
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Glyme-based electrolytes, using various ether-solvents with molecular composition 
CH3O[CH2CH2O]nCH3, differing by chain length, are proposed for application in high performance 
lithium metal battery (Figure 1).[1] The new electrolytes show excellent ionic conductivity, a wide 
temperature range for applicability, remarkable thermal stability, and suitability for high energy battery 
configuration.  
 
Among the various cells adopting the glyme-electrolyte, the ones using olivine-structure electrodes 
appear particularly suitable,[2,3] while lithium sulfur battery is the most energetic system (Figure 2).[4] 
 
The most promising characteristic of this class of solutions is represented by the high safety content 
provided by a low flammability of the solvents.[2,3] This important feature leads to the actual applicability 
of the glyme electrolytes in a new lithium metal battery, powering the modern electronic devices and 
electric vehicles. 
 
Therefore, the study of the properties of these interesting electrolytes, as well as some relevant application 
in promising cell configuration, are herein reported. 
 
 

     
 
Figure 1. Characteristics of various glyme electrolytes.[1]                            Figure 2. Glyme electrolyte in Li/S cell.[4] 
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Lithium-air secondary (rechargeable) batteries have the greatest potential to meet the energy density 
demand for electric vehicles. With a theoretical energy density of 11.7 kW h kglithium

−1 , they have close to 
the energy density of Internal Combustion Engine vehicles (13 kW h kggasoline

−1 ) [1]. An individual cell 
structure comprises typically of: a lithium-based compound as one electrode (anode), a glass fibre separator 
impregnated with a lithium-salt electrolyte solution (non-aqueous), and a nanoporous carbon-based 
electrode (cathode). On discharge, dissolved oxygen diffuses into the cathode to react with lithium ions to 
form the electrochemical discharge product lithium peroxide, which deposits on the active surface area 
within the porous cathode. An optimal cell chemistry and active electrode microstructure is currently 
undetermined. Numerical models of ion and charge transport are useful to predict cell activity during the 
charge/discharge cycles of a lithium-air cell, elucidate the process sequence, and tailor materials 
accordingly. 
 
In this project, a one-dimensional transient model has been written in MATLAB to predict cell activity. 
Mass transport equations were discretized in one dimension using a time implicit finite difference method 
and solved using the Tri-Diagonal Matrix Algorithm. The equations were solved as time-dependent. The 
model considers two regions with three boundaries, namely the carbon based cathode and the glass fibre 
separator. The porous cathode is the location of the redox reactions, so is the main part of the cell considered 
in this model.  
 
Most models in the literature assume a uniform porosity in the cathode. This can lead to inaccurate 
representations of the cell as nanoporous carbons are heterogeneous by nature. A variety of material 
characterisation methods have been employed to gain a better representation of the material structure. Based 
on the literature, titanium carbide (TiC) was chosen as an active electrode material in this project. A pore 
size distribution of this material was gained using a Grand Canonical Monte Carlo (GCMC) method from 
nitrogen adsorption, which was validated using additional techniques such as Atomic Force Microscopy 
(AFM) and Scanning Electron Microscopy (SEM). These methods allowed characterisation of the surface 
morphology of the material. Additional model parameters, such as the diffusion coefficients of lithium and 
oxygen, were determined theoretically from published experimental data [2].  
 
The pore size distribution was incorporated into the model through the use of two different methods; the 
pore line model and the parallel pore model. Both of these methods consider the effect of all of the pore 
widths on each parameter (lithium and oxygen concentrations, cell and electrolyte potential, and cell and 
electrolyte current density) at each node of the model. The model was validated against published 
experimental data [2]. The inclusion of the pore size distribution in this model gave a much greater 
agreement with the experimental data than assuming a uniform porosity of the cathode. These methods 
have been expanded to be used to characterize additional electrode materials for use in supercapacitors as 
a part of this project.  
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With increasing demands for high-energy density, rechargeable batteries for portable, transportation, and 
stationary storage applications, lithium sulfur batteries are becoming an appealing technology. As a 
matter of fact, in addition to a high theoretical capacity of 1672 mA h g-1, Sulfur is also lightweight, 
cheap, widely available as well as non-toxic and safe. All these factors combined together justify its 
appeal for large-scale applications. However, up to now, the theoretical values are not reached in cell 
tests. The main explanation is the unfavorable behavior of polysulfides formed during cathode reaction. 
During the discharge reaction, elemental sulfur is reduced to form polysulfides (Li2Sx). During the 
following charging process, the reaction should be completely reversed, forming sulfur by oxidation of 
the polysulfides. However, the good solubility of most polysulfides in a large number of liquid 
electrolytes creates several problems, such as loss of active material and hence rapid capacity decay upon 
cycling. Moreover, direct reaction of those polysulfides onto metallic lithium anode forms a passivating 
layer and alters anode surface (dendrite formation). A promising approach to solve these issues is the use 
of polymer membranes in different positions inside the cell. As a matter of fact, polymers are already 
widely used in electrochemical cells. The versatility of polymer matrices combined to a very wide range 
of compatible additives allows to unite the advantages of different material classes, thus producing a 
solution to nearly every problem encountered. For instance, a polymer/ceramic composite membrane, 
based on a polymer as well-known as PVDF-HFP, sandwiched between cathode and separator, can 
actively confine the polysulfides on cathode surface, limiting the shuttle effect and greatly expanding 
cycle life. Another type of membrane, methacrylate-based, containing different additives and photo-
reticulated directly onto the metallic lithium anode to obtain a greater contact, can reduce to a minimum 
dendrite formation, enhance SEI formation and its stabilization, greatly boosting cell performances. 
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Figure 1 self-standing photoreticulated methacrylate based membranes with different additives (a-b), 
methacrylate based membrane photoreticulated directly onto Lithium (c), self-standing PVDF-HFP based 
membranes with different additives (d-e) 
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Lithium sulfide (Li2S) is one of the promising cathode active materials for high-energy rechargeable 
lithium batteries because of its high theoretical capacity (ca. 1170 mAh・g-1) [1]. However, this material 
is both electronically and ionically resistive, which gives rise to relatively low electrochemical 
performance in the cells [2]. Recently, we have tried to prepare Fe-containing Li2S-based positive 
electrode material (LixFeSy, typically Li8FeS5) and found that the cells showed the discharge capacity of 
more than 700 mAh・g-1 [3]. However, this material showed relatively rapid capacity degradation with 
cycling; typical capacity retention after 30 cycles was ca. 36%. In the present work, we have tried to 
incorporate lithium halide (LiX, X = Cl, Br, I) into Li8FeS5 for improving the cycle capability of the cells, 
after the previous report on the LiX-doped Li2S applicable in all-solid-state batteries [4] 
 
Li2S and FeS with a molar ratio of 4 : 1 were blended thoroughly, and the mixture was then treated by the 
SPS process at 600oC [3]. The resulting pellet was ground and mixed with LiX (molar ratio of 1 : 0.1-1.0) 
and acetylene black (weight ratio of 9 : 1), and then it was mechanically milled for 8 h to yield the 
Li8FeS5-xLiX sample. The valence state and local structure of S atoms for the sample electrodes were 
examined by S K-edge X-ray absorption fine structure (XAFS) measurements, which were carried out at 
BL-13 of the Synchrotron Radiation Center, Ritsumeikan University. Electrochemical lithium 
extraction/insertion  reactions were carried out using lithium coin-type cells with 1M LiPF6 / (EC + 
DMC) electrolyte at a current density of 46.7 mA・g-1 (corresponding to 0.04C). 
 
The obtained Li8FeS5-xLiX samples were black in color, and the XRD patterns showed that they 
consisted of low-crystalline Li2S. The elemental composition measured by ICP method was nearly 
consistent with the starting composition; for example, the measured atomic ratio of the Li8FeS5-0.5LiI 
sample (nominal composition Li8.5FeS5I0.5) was Li : Fe : S : I = 8.9 : 1.0 : 4.8 : 0.5. XAFS measurements 
showed that the Li8FeS5-xLiX samples showed similar spectra to that of Li8FeS5, except for a newly 
appeared peak at 2478 eV, which was suggestive of the formation of some S – I hybridized orbital. The 
electrochemical tests for the Li8FeS5-xLiX sample cells showed that the initial discharge capacity 
decreased with the incorporated LiX content (x); typically ca. 630 mAh・g-1 for the Li8FeS5-0.5LiI, 
which is lower than that of non-doped Li8FeS5 (ca. 810 mAh・g-1). However, the Li8FeS5-0.5LiI sample 
cell showed much improved cycle capability; the capacity retention after 30 cycles was ca. 72%, which 
was nearly double of the Li8FeS5 (ca. 36%). We also carried out the same electrochemical tests for the 
Li8FeS5 + xLiX blended powder, and found similar capacity retention (ca. 44%) to that of the non-doped 
Li8FeS5. Probably the formation of some S – I bonding might contribute to the improved structural 
reversibility for Li extraction/insertion reactions, resulting in the improved cycle capability. We are now 
further investigating the improved mechanism, and the results will be presented in the Conference. 
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Sodium ion batteries represent one of the most promising alternatives to the lithium ion technology with 

similar performances and intrinsic advantages connected to the larger distribution and lower price of the 

sodium raw materials. Their full development depends on the design of electrode materials made of cheap 

and highly abundant elements. Iron oxides such as hematite (α-Fe2O3) and maghemite (γ-Fe2O3) are 

potentially good candidates as negative electrodes thanks to their high specific capacity, however they 

suffer from low electronic transport properties and large volume change during sodiation/de-sodiation 

cycles. Other than synthesizing Fe/C composites the intrinsic limits of iron oxide can also be tackled 

using a different approach by combining the advantages of the nanostructured morphology and the doping 

with aliovalent element such as titanium or silicon. Another iron involving material, ilmenite (FeTiO3), is 

particularly interesting since it combines the conversion of iron with the insertion reaction in titanium 

oxide, known to undergo low volume variation during cycling, preventing therefore the pulverization of 

the electrode.  

We present here the use of α-Fe2O3, Si-doped Fe2O3 nanofibres obtained by an easy scalable method, and 

nanostructured FeTiO3 obtained by a top-down approach starting from a low cost commercial powder, as 

negative electrodes for sodium batteries. The latter approach in particular, can be surprisingly 

advantageous reducing significantly the cost of the active material. On the other hand, doping Fe2O3 does 

not just increase the transport properties but induces also changes in the structure and morphology of the 

resulting fibers. The electrochemical results show that the Si-doped Fe2O3 fiber presents a significant 

capacity retention (87% after 60 cycles, Fig.1). Finally, the mechanism of the reaction has been 

investigated by means of a combination of electrochemical, X-Ray and Raman micro-spectroscopy. 

 
Figure 1: Anodic capacity resulting from the iron oxide based electrodes. 
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The low energy density of non-aqueous flow batteries due to the low solubility of the redox species in 
non-aqueous solvents can be circumvented by utilization of solid suspensions of redox active material. In 
this presentation, we will describe our recent progress with slurry based all-copper flow batteries, where 
solid copper particles are circulated in the negative electrolyte. This battery is based on complexation of 
copper(I) with acetonitrile, enabling a battery utilizing the copper oxidation states of 0, +I and +II with a 
cell voltage of 1.2 V in dry acetonitrile [1]. 
 
The strategies to prevent copper deposition and dendrite formation on the electrodes are discussed, 
including electrochemical grafting of blocking layers from aryl diazonium salts [2] and utilization of thin 
insulating oxide films [3] deposited by atomic layer deposition to prevent electron transfer to Cu(I) 
species in solution but allowing electron transfer to Cu nano- or microparticles suspended in the solution. 
Battery performance in a lab scale is also described. Additionally, if high boiling point co-solvent such as 
propylene carbonate is utilized, the discharged cell can be charged in a thermochemical step at ca. 160-
170 °C. At this temperature acetonitrile is distilled off, destabilizing the Cu(I) complex and resulting in 
disproportionation into Cu(II) and Cu(0). In the absence of seed particles, the solid copper will nucleate 
as ca. 200 nm diameter particles, while larger particles can be obtained if Cu particles are initially present 
as seeds. Solid copper can then be removed from the Cu(II) solution by filtration or preferably by a hydro 
cyclone. The recovered acetonitrile is introduced back to the system, and the charged electrolytes are 
ready for further discharge, demonstrating heat-to-power conversion in a thermoelectrochemical system. 
 
Further improvements for the energy density are envisaged by utilization copper based ionic liquids. 
However, at the moment the system suffers from high resistance of the anion exchange membrane, and 
high pumping losses due to the energy required for circulation of the slurry at sufficient rates to avoid 
sedimentation within the hydraulic circuit. 
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Modern mobile devices and electric vehicles are increasingly dependent on electrical storage of energy to 
meet costumer demands like operation time or driving range. Current lithium-ion battery technology is 
not able to satisfy the needs in energy density, cost, safety and toxicity, which is driving the development 
of a new generation of batteries. Although the lithium-sulfur battery is widely seen as an alternative and it 
thus is intensively researched, basic principles and parameters of this battery type are still unknown. The 
mechanism behind the reduction of sulfur in lithium-sulfur batteries is complex and the kinetics are not 
yet understood sufficiently so far. Several approaches using electrochemical measurements like cyclic 
voltammetry (CV) [1],[2] and chemical analysis of the reaction products during discharge, including 
FTIR [3], UV-vis [4], and HPLC [5] have been established, showing promising results for being able to 
decode the mechanism. 
 
We want to present a method 
for electrochemically 
determining the reduction steps 
during the discharge of a 
lithium-sulfur cell. The progress 
of reduction is continuously 
determined by taking CVs at 
different scan rates and open 
circuit potential measurements 
after stepwise discharge of the 
cell. The evolution of CV peaks 
not only shows the decreasing 
amount of sulfur and of longer 
polysulfides reacting 
electrochemically, but also the 
significant influence of the 
chemical reactions. The 
complex system of sulfur 
reduction steps and chemical reactions is difficult to understand solely by experimental analysis. 
Therefore, simulation of the electrochemical mechanisms and kinetics is a key to determine the missing 
pieces of insights into interaction of reaction steps and species at the surface and in the electrolyte. In the 
second part of the talk we therefore present a macro kinetic model that is able to reconstruct the obtained 
experimental data. Diffusion coefficients for sulfur and each of the appearing polysulfides and the 
dependency of the reaction rates on the potential are identified. Beside the electrochemical reactions, 
several equilibrium reactions that recreate longer chain polysulfides are analyzed and it is shown, that a 
model with the proposed mechanism can reconstruct the experimentally observed discharge behavior. 
 
In summary, a model supported study for the identification of quantitative values of diffusion 
coefficients, reaction constants and standard reaction potentials for the sulfur reduction mechanism in 
lithium sulfur batteries will be presented. 
 
References: 

1.Lu, Y. C., He, Q., & Gasteiger, H. A. (2014). J. Phys. Chem. C, 118(11), 5733-5741. 

2.Jung, Y., Kim, S., Kim, B. S., Han, D. H., Park, S. M., & Kwak, J. (2008). Int. J. Electrochem. Sci, 

3(5), 566-577. 

3.Diao, Y., Xie, K., Xiong, S., & Hong, X. (2013). Journal of Power Sources, 235, 181-186. 

4.Barchasz, C., Molton, F., Duboc, C., Leprêtre, J. C., Patoux, S., & Alloin, F. (2012). Anal. Chem, 84(9), 

3973-3980. 

5.Kawase, A., Shirai, S., Yamoto, Y., Arakawa, R., & Takata, T. (2014). PCCP, 16(20), 9344-9350. 

Fig. 1: Experimental and simulated CV curves with different scan rates. 
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Abstract 

The purpose of this work is to assess the suitability of potential electrolyte additives for zinc morphology 
control, hydrogen evolution suppression and the improvement of electrochemical performance of the zinc 
electrode, for application in zinc based redox flow battery (RFB) systems. Sixteen additives are selected 
and tested based on existing literature in the field. These include four metallic additives, two non-ionic 
compounds and ten quaternary ammonium cations. The electrochemical performance has been assessed 
using cyclic voltammetry (CV), linear sweep voltammetry (LSV) and zinc half-cell cycling tests using 
chronopotentiometry. Zinc electrodepositions have been made using chronopotentiometry in order to assess 
the additives’ effect on zinc morphology using scanning electron microscopy (SEM) and X-ray diffraction 
(XRD) characterisation. Based on zinc reduction and oxidation reaction potentials, zinc half-cell cycling 
coulombic efficiencies and the effect on zinc morphology the most promising additives of those tested are 
tetraethylammonium hydroxide and tetraethylammonium bromide. These provide smooth and compact zinc 
deposits and coulombic efficiencies of 93-95% without causing significant polarisation of the zinc 
reduction/oxidation reaction potentials, with anodic and cathodic current densities of 20-21 mA cm-2 at 
overpotentials of +/- 50 mV compared with 21-23 mA cm-2 with no additive present (table 1). Finally, the 
effect on of these promising additives in a full cell zinc-nickel RFB system is demonstrated at laboratory 
scale. 

Additive Cathodic current density, 
mA cm-2 (η = -50mV) 

Anodic current density, 
mA cm-2 (η = 50mV) 

Average coulombic 
efficiency (%) 

No Additive 23 21 87 
Bismuth (III) Oxide 25 30 92 
Tin (II) Chloride  21 22 84 
Tin (II) Oxide 19 21 88 
Iron (II) Bromide 31 48 88 
PEI 800 9 7 94 
PEG 200 16 15 95 
TMAH 20 21  
TEAH 21 20 97 
TPAH 8 16 84 
TBAH 1 6 32 
HDTMAH 15 18 93 
TMAB 21 21  
TEAB 20 21 93 
TPAB 11 18 97 
TBAB 2 5 74 
CTAB 14 18 97 

Table 1 
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In the last decades, the research in the field of energy storage has exponentially grown. Due to the 
limitations of Li-ion batteries, there has been a great interest in new types of energy storage devices, like 
metal-air batteries that exhibit excellent features, such as high theoretical energy output (high energy 
density), low cost, environmental friendliness and safety [1]. These devices are based on a negative 
electrode composed of a light metal such as Fe, Zn, Al, Mg or Na and a positive electrode, which takes 
oxygen from the air. As one of the reactants, air, is not stored in the cell, the energy density of metal-air 
batteries is significantly higher in comparison to Li-ion devices [1]. Besides, the abundance and 
environmental friendliness of the metals employed, in particular Fe and Zn, make the design of these 
systems easier, lighter and safer [2]. 
The main issue of these devices is regarding the positive electrode (air electrode), being the 
electrochemistry of oxygen particularly challenging due to the known slow kinetics of the oxygen 
reduction reaction (ORR) and to the high potentials (> 1.8 V vs. RHE) reached during the oxygen 
evolution reaction (OER), directly affecting the stability of the system. 
In this work, carbon nanofibers (CNF) synthesized by electrospinning are loaded with spinel-type cobalt 
oxide (Co3O4) and its modification with Ni or Fe (NiCo2O4, FeCo2O4). These samples are investigated as 
bi-functional catalysts for both the reduction of oxygen and the oxidation of water in an alkaline medium. 
A comparison with state-of-the-art noble metal catalysts and a similarly prepared CoOCo/CNF catalyst 
[3] is presented. The stability of these materials is assessed by means of accelerated stress tests. 
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All-Vanadium redox-flow battery (VRFB) is one of the most well-known RFBs for stationary energy 
storage applications. The electrolyte for VRFB consists of vanadium salts dissolved commonly in sulfuric 
acid. The battery characteristics depend on (among others) conversions of two couples of V(V)/(IV) and 
V(III)/(II) at the electrodes in catholyte and anolyte respectively. The catholyte in VRFB is usually 
stabilized by additives such as phosphoric acid to inhibit the deposition of vanadium pentoxide, i.e. 
thermally induced ageing at higher temperatures. To overcome this problem other acids, as hydrochloric, 
methanesulfonic or their mixtures with sulphuric acid have been proposed for VRFB electrolyte 
composition. Whereby the battery chemistry can be modified and the thermal stability of catholyte can be 
improved. However, the nature of counter ions is usually taken out of consideration of electrochemical 
characteristics, even though it is known that in case of common sulphuric acid VRFB electrolyte the 
vanadium species are ion-paired with sulphate counter ions at battery relevant vanadium concentrations, 
i.e. over one molar range. Therefore, it is to expect that electrochemical kinetics of vanadium reactions 
and finally the activation losses in battery during battery operation should be dependent as well on the 
nature of counter ion or battery chemistry.  
 In this work we have performed a UV-vis spectrophotometric study of vanadium electrolyte 
samples presenting the catholyte and anolyte at SoC 0 in various acids to compare the complexing ability 
of counter ion. Further, the electrochemical properties of V(V)/(IV) and V(III)/(II) redox couples is 
investigated at glassy carbon electrode by cyclic voltammetry in solutions containing 1.6 M vanadium 
species (Figure 1). Finally, the charge-discharge performance of a 40 cm2 cell operated with electrolytes 
based on 3M hydrochloric acid and on 2 M sulfuric acid is compared.  

The redox potential of V(III)/V(II) couple determined by cyclic voltammetry is more sensitive to 
the nature of counter ions than that of V(V)/(IV) couple. This correlates with optical absorption spectra 
confirming stronger complexation ability of chloride ions compared to sulphate or methanesulfonate. 
However, the 1.6 M V(V) electrolyte in 3 M hydrochloric acid is chemically unstable and is reduced by 
chloride at room temperature so that the amount of such formed V(IV) rises to 7% after a week. The 
application of 3 M hydrochloric acid in VRFB electrolyte of 1.6 M total vanadium concentration to 
modify the electrolyte composition requires at least the limitations of state-of-charge during charging.  

 

  

Figure 1. iR-corrected cyclic 
voltammogramms for 
V(III)/V(II) and V(V)/V(IV) 
redox couples at total vanadium 
concentration of 1.6 M at glassy 
carbon electrode with different 
supporting electrolytes. 
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Uniform Li deposition/dissolution on a current collector is highly important in achieving anode-free or 
low Li metal-loaded lithium metal batteries. However, the lack of understanding on the inhomogeneous 
Li nucleation on Cu current collectors prevents the advance. In this talk, we report a facet selective Li 
nucleation and growth phenomenon on Cu and demonstrate that the surface crystalline structure of Cu can 
significantly influence the uniformity in Li deposition and the cycling stability. Preferential Li deposition 
on the Cu(100) plane was experimentally verified by electrochemical analysis of the Cu single crystal 
surfaces and by electron backscatter diffraction (EBSD) analysis of the Cu surfaces after forming Li 
nuclei. A majorly (100) plane-orientated Cu foil fabricated with a simple annealing method has a more 
uniform Li nucleation with a 6-times higher nuclei density and a two-fold enhancement in the Li cycling 
stability compared with a conventional Cu foil with randomly oriented surface facets. As shown in the 
EBSD results (Figure 1), Li nucleation preferentially happens at the (100) surface (red). Furthermore, the 
dependency of electrolyte on the facet selectivity and theoretical understanding on this behavior are 
presented. The control of the surface facet provides a new design principle for the current collector of 
lithium metal batteries.  
 

 
 
Figure 1. Selective deposition of the Li metal on the an-Cu current collector. Voltage profiles of the Li 
deposition on the an-Cu foil using coin-type Li/Cu cells at a current density of 0.1 mA cm-2. Each red 
circle indicates the detecting point of (b-d). EBSD IPFZ maps of the an-Cu foil after galvanostatic Li 
deposition at a current density of 0.1 mA cm-2 with a discharge capacity of (b) 0.02 mAh cm-2, (c) 0.04 
mAh cm-2, and (d) 0.1 mAh cm-2. 
 



Defect/Doping Engineering of CNT Fibers as Self-standing Air 
Cathodes for Rechargeable Zn-Air Batteries 

 
Afshin Pendashteh,a Jesus Palma,a Marc Anderson,a,b Juan Jose Vilatela,c Rebeca Marcillaa 

a Electrochemical Processes Unit, IMDEA Energy Institute, Parque Tecnológico de Móstoles, Avda. 
Ramón de la Sagra, 3, 28935 Móstoles, Madrid, Spain. 

b Department of Civil and Environmental Engineering, University of Wisconsin, Madison, USA. 
afshin.pendashteh@imdea.org. 

c IMDEA Materials Institute, Tecnogetafe, Calle Eric Kandel, 2, 28906 Getafe, Madrid, Spain. 
 
 

Developing bifunctional electrocatalysts for oxygen reactions is crucial in paving the successful 
employment and commercialization of metal-air batteries. Plenty of non-precious metal chemistries have 
been previously studied as excellent bifunctional catalysts;1,2 however, developing carbon-based ones for 
both oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) is yet to be realized. In 
practice, electrocatalysts (usually as powder) must be coated on conductive 3D substrates (e.g. carbon 
cloth or carbon paper) for efficient mass transport to make air-cathode. Carbon cloth does not possess 
high surface area or active sites for oxygen reactions, resulting in depressed surface and mass activity. 
This will highlight the importance and attraction of fabricating a 3D self-standing carbon framework on 
which the active sites are generated. Macroscopic carbon nanotube fibers (CNTf) with a 3D carbon 
scaffold possess excellent mechanical strength, large surface area, high conductivity, flexibility, and 
lightweight.3 Accordingly, we believe that these fibers, in the case of generating catalytic active sites on 
them, are ideal candidates for next generation of structural, lightweight metal-air batteries.  
 
Herein, macroscopic CNT fibers, fabricated by a high-throughput direct CVD spinning, were treated by a 
simple hydrothermal method to tune their electrocatalytic properties towards oxygen reactions. Defects 
density and doping characteristics (e.g. type of the doped nitrogen) of the samples were modified by 
altering the reaction conditions (e.g. reaction temperature and reagents concentration). The effect of 
adjusting reaction parameters on the nature and depth of defects and doping was carefully tracked by 
means of Raman and X-ray photoelectron spectroscopy. Accordingly, the defect density (e.g. sp3 to sp2 
carbon ratio) and doping nature (e.g. concentration of pyridinic nitrogen) were tuned to enhance the 
electrocatalytic activity of CNTfs. The electrocatalytic properties of the samples were studied using 
rotating disk electrode (RDE) measurements in alkaline solutions. Accordingly, treated samples exhibited 
an excellent electrocatalytic activity towards ORR, catalyzing the reaction through a 4e pathway with an 
onset potential of 0.85 V (vs. RHE), comparable to Pt benchmark catalyst. Moreover, the optimized 
sample demonstrated impressive catalytic activity for OER, with Ej=10 = 1.59 V; suggesting that the 
treated CNT fibers can serve as excellent flexible air-cathodes. Assembly of Zn-air batteries using treated 
CNT fibers manifested their outstanding bifunctional catalytic activity as self-standing air-cathodes with a 
small roundtrip voltage difference of 0.81 V and high specific capacity of 698 mAh·g-1. Furthermore, all-
solid-state Zn-air batteries were fabricated using PVA-KOH gel polymer electrolyte, showing excellent 
performance even under tension (e.g. bended situation). The present work not only presents N-CNT fibers 
as exceptional carbon-based binder- and additive-free air-cathodes for rechargeable Zn-air batteries, but 
also paves the way for developing other self-standing air-cathodes for structural devices through atomic 
modification and engineering.   
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Electrolyzers as well as metal-air batteries are struggling with the slow kinetics of the oxygen evolution 
reaction during the charging process. Researchers all over the world expend a lot of effort to find 
appropriate materials catalyzing this reaction in an efficient way. Efficiency is hereby described by 
overpotential, particularly by the activation overpotential which is obliged to be as low as possible. 
Oxides of precious metals like iridium and ruthenium are commonly known for their exceptional ability 
to reduce the OER’s overpotential in polymer electrolyte membrane electrolyzers. Unfortunately, these 
metals are very rare and thus expensive. To leverage a common use of metal-air batteries in future, OER-
catalysts based on inexpensive materials like transition metals are in the focus of today’s research. 
 
Especially, nickel and iron are abundant and relatively inexpensive metals. Previous studies have 
demonstrated that double layered hydroxides containing both nickel and iron are more active than the 
same compounds containing only one transition metal. Iron is supposed to be the active site in such 
catalytic materials [1]. Hydroxides of nickel/iron are already well-known for their good performance in 
alkaline medium, whereas phosphides are just catching attention more and more. 
 
Nickel phosphide achieves in an earlier study a very low overpotential of 290 mV at a current density of 
10 mA cm−2 in 1 M KOH at 25 °C which is already lower than iridium(IV) oxide (IrO2) [2]. Starting from 
a simple and harmless synthesis route leading to nickel phosphide [3] we added an iron precursor to 
obtain a nickel-iron phosphide. For this purpose, we adjusted not only the base materials but also 
important synthesis parameters like sintering temperature which clearly affects the final composition and 
morphology. Eventually, the obtained performance exceeds state-of-the-art iridium black catalysts. 
 
To this end we investigated the modified morphology and the kinetics of the synthesized OER-catalyst. 
The results from physical characterization and electrochemical measurements by use of a rotating disk 
electrode will be shown. 
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State-of-the-art lithium-ion batteries (LIBs) meet the criteria for energy storage applications because 

of the lightness of lithium as well as the high energy density and high power capability of the battery 
systems. Therefore, LIBs are currently used in many portable to large-scale energy storage applications. 
However, the recent rapid growth of large-scale LIB applications brings attention to the issue that lithium 
is not a naturally abundant element. Lithium resources are scattered unevenly in the Earth’s crust, with 
most reserves located in remote areas; exhaustion of these reserves will eventually lead to escalation of 
the price of lithium. The use of sodium, the sixth most abundant element and essentially unlimited 
everywhere, instead of lithium could be an answer to these problems. In addition to overcoming the price 
and reserve issues, the use of sodium as a plausible alternative is driven by rechargeable sodium-ion 
batteries (SIBs) and LIBs sharing similar intercalation chemistries. However, the large ionic size of Na+ 
relative to Li+ leads to simultaneous phase transition during Na+ insertion into the host structure for 
cathodes. Optimization of non-aqueous electrolytic compositions and overcoming the issue of sensitivity 
to moisture are still in progress in SIB systems. 

Zinc-ion batteries are emerging as next-generation rechargeable batteries that can operate in aqueous 
electrolytes. For the first time, open-structured VO2(B) was investigated as a Zn2+ intercalation host. The 
intrinsically low electric conductivity of VO2(B) (~10−7 S cm−1) was increased to ~10−4 S cm−1 via 
attachment of the active materials onto reduced graphene oxide sheets. We predicted possible Zn2+ ion 
diffusion pathways in the VO2(B) structure along the bc plane at two sites, (0, 0, 0) and (0, 0, 0.5), using 
the bond valence sum energy map method. Using first-principles calculations, we also calculated an 
average voltage of Zn0.5VO2(B) of ~0.6 V (vs. Zn2+/Zn), which was comparable to the experimental 
value. Electrochemical results confirmed delivery of a high capacity of ~365 mAh (g-VO2(B))−1 with an 
average operation voltage of 0.6 V (vs. Zn2+/Zn), which agreed well with the calculation result. The 
reaction was activated by the V4+/3+ redox with insertion of Zn2+ into the open structure: VO2(B) + Zn2+ + 
2e−1 ↔ Zn0.57VO2(B), which allowed insertion of zinc ions at the two sites, (0, 0, 0) and (0, 0, 0.5), as 
rationalized by X-ray diffraction and absorption analyses. The high capacity was maintained for 200 
cycles, with capacity retention of 78% (288 mAh g−1). In addition, the capacity delivered by the VO2(B) 
electrode was stable even with cycling at a rate of 5C (1750 mA g−1) at approximately 110 mAh g−1. 
These findings demonstrate the potential of open-structured VO2(B) as a new candidate material for zinc-
ion storage applications. Details will be discussed in the conference site. 
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The aluminium-ion battery is one of several promising post-lithium technologies under development to 
combat issues with lithium-ion batteries such as insecure lithium supplies, environmental impact and 
safety concerns associated with thermal runaway. [1,2]  Aluminium is an abundant material with an energy 
density of 1060 Wh.kg-1.[3] The limiting factor for the battery performance is the capacity of the cathode 
towards [AlCl4]- or Al3+ intercalation. Although several different cathode materials have been studied 
throughout the past few years, there have been few studies that compare the capacities of different 
cathode morphologies. Graphitic carbon materials have many features that make them ideal for 
aluminium-ion intercalation cathodes: they are electrically conductive, easily expandable, low density and 
low-cost, and are commercially available in a wide variety of morphologies.  
 
In this work, the capacity of four forms of graphitic carbon are compared as aluminium-ion cathodes: 
pyrolytic graphite, carbon paper, carbon cloth and carbon felt. The materials differ in terms of their 
physical properties, and thus have different properties as aluminium-intercalating agents. Of all the 
materials examined, carbon paper had the highest energy density at 122 Wh.kg-1, and capacity of 70 
mAh.g-1, and had superior stability compared to pyrolytic graphite, particularly as the C-rate of cycling 
was increased. It undergoes no change in crystallographic structure even after cycling up to the 20C rate.  
 
Additionally, the optimum distance between electrodes and electrolyte volume in an aluminium-ion cell 
was studied, and was found to be 1-2 mm in order to avoid shorting caused by eventual growth of 
aluminium nodules. In ionic liquid, the cell could only be charged to 2.45 V for repeated cycling, but 
experiments in a separator-less sealed cell showed that if the cell could be charged to 2.75 V, the capacity 
could be tripled. 
 

 
 
Figure 1. (a) SEM of pyrrolytic graphite, (b) carbon paper, (c) performance of both materials at different 
cycling C-rates. 
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Electrochemical decomposition of aqueous H2O2 and the efficient generation of electricity were studied in 
a membraneless two-electrode cell equipped with a prussian blue-modified glassy carbon anode (GC/PB) 
and a gold oxides-based cathode (Au/AuOx). In this way, a glassy carbon anode was modified by a 
potentiostatically-deposited prussian blue (PB = Fe4[Fe(CN)6)]3•xH2O) film, whereas a gold oxides 
(AuOx) film was electrodeposited on a polycrystalline gold cathode by cyclic voltammetry technique. The 
as-prepared electrodes were inserted in working electrochemical cells filled by deoxygenated phosphates 
buffer solutions (PBS, pH 2) containing varied initial H2O2 concentrations. The highest power 
performance of the electrode materials was figured out by comparing all the discharge curves (potential 
vs. current plots) obtained as a function of the initial H2O2 concentration added to the cells.  Furthermore, 
the effect of the gap between the electrodes over the cells performance was also explored and optimized. 
The operation results tabulated below, demonstrated that the best performance reported for a cell 
constructed with other electrode materials was significantly overcame by the optimized performance of 
the cells here prepared. Finally, electrochemical impedance spectroscopy (EIS) technique was employed 
for studying the electroactivation kinetics of the cells here investigated (data not shown), thus 
demonstrating that the electron-transfer processes occurring at the GC/PB anodes were the slowest and 
determined the overall operation of the cells. To better understand how electron-transfer and ionic 
transport processes involved into the efficient charge separation along the entire cells (fill factor) affects 
their global performances (maximal power density), an equivalent circuit (constructed on the basis of a 
Bisquert type electrical transmission line [2]) was fitted to all the experimental EIS spectra obtained from 
the cells that operated at the optimized H2O2 concentration and different gap between electrodes. Our 
results demonstrated that fill factors and global performances of the entire cells were kinetically 
controlled by competition between the electrical conductivity through the PB films and the ionic 
conductivity through the porous PB and the bulk electrolyte localized at the gap between electrodes.     
 
 

 open-circuit 
potential 

(mV) 

maximal 
current density 

(PA/cm2) 

 
fill factor 

 

maximal 
power density 

(mW/cm2) 
This work 741r11 13.5r0.4 0.56r0.03 5.6r0.2 
Ref. [1] 600 10 0.26 1.6 
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One of the main challenges of today is the efficient storage of electrical energy. Besides the well-
established system of Li-ion batteries, lithium/sulfur batteries are promising energy storage systems due 
to their high theoretical energy density of 2600 Wh/kg [1] and low-cost and environmental benign [2] 
materials. However, Li/S batteries suffer from low experimental capacity and cycling performance, 
especially due to the polysulfide-shuttle mechanism.[3] 
 
To overcome these limitations, a 3D structured cathode material based on nickel foam electroplated with 
nickel/sulfur composite particles was developed in a previous project.[4] The nickel foam serves as 
substrate and current collector, dispensing with binding or conducting additives. With this cathode 
material, promising capacity and cycling performance was obtained. 
 
For a full Li/S electrochemical cell, a suitable anode material exhibits similar surface areas, capacities and 
cycling performance. These requirements are met for a 3D structured anode consisting of nickel foam 
(similar to the substrate of the cathode) coated with lithium film by electrodeposition. Since the surface 
area of the 3D anode is larger than that of the lithium foil, the local current density is reduced. Therefore, 
dendritic growth of lithium on the anode is avoided. This overcomes the main drawback of using metallic 
Lithium as anode. Additionally, the higher surface of the metallic lithium on the 3D structured anode 
leads to a better contact to the electrolyte. The amount of lithium in the cell can be reduced, 
accomplishing a safer battery. 
 
For the electroplating of lithium, several electrolytes (non-aqueous solvents and ionic liquids) were tested 
and the influence on the structure of the lithium coating was analyzed. The full Li/S electrochemical cell 
consisting of both positive and negative 3D structured electrodes was electrochemically tested by cycling 
the cell and EIS and operando space procedures. 
 
 

   
Fig: SEM-Images of lithium electroplated on nickel foam in 1 mol L-1 LiPF6 in propylene carbonate. 
 
 
 
[1] L. Liu, Y. Hou, Y. Yang, M. Li, X. Wang, and Y. Wu, RSC Adv. 4 (2014) 9086-9091. 
[2] H. Xu, L. Qie, and A. Manthiram, Nano Energy 26 (2016) 224-232. 
[3] A. Manthiram, Y. Fu, S.-H. Chung, C. Zu, and Y.-S. Su, Chem. Rev. 114 (2014) 11751–11787. 
[4] S. Sörgel, O. Kesten, A. Wengel, T. Sörgel, Energy Storage Materials 10 (2018) 223–232. 



Lithium metal protection interlayers 
 

Robert Dominkoa,b,e, Jernej Bobnara,b, Alen Vizintina, Andrea Calderonc, Daniel Barracoc, Manuel Oterod, 
Ezequiel Leivad, Bostjan Genorioa,b 

 
a Department of Materials Chemistry, National Institute of Chemistry, Hajdrihova 19, 1000 Ljubljana, Slovenia 

b Faculty of Chemistry and Chemical Technology University of Ljubljana, Večna pot 113, 1000 Ljubljana, Slovenia 
c Laboratorio de Energias Sustentables (LaES), Instituto de Fisica Enrique Gaviola (IFEG), Consejo Nacional de 
Investigaciones Cientificas y Tecnicas (CONICET), Facultad de Matematica, Astronomia, Fisica y Computacion 

(FaMAF), Universidad Nacional de Cordoba (UNC) Argentina 
d Laboratorio de Energias Sustentables (LaES), Instituto de Investigaciones en Fisicoquimica Cordoba (INFIQC), 

Consejo Nacional de Investigaciones Cientificas y Tecnicas (CONICET), Facultad de Facultad de Ciencias 
Quimicas (FCQ), Universidad Nacional de Cordoba (UNC) Argentina 

eALISTORE - European Research Institute, 33 rue Saint-Leu, Amiens 80039 Cedex, France,  
 

Robert.Dominko@ki.si 
 

Metallic lithium is considered as anode material in next generations of different types of batteries since it 
offers high energy density cells (gravimetric and volumetric) in the combination with high-voltage or 
high-capacity cathodes. But due to its thermodynamic instability with most of electrolytes, its practical 
use in the commercial cells is limited. In the contact with electrolyte, metallic lithium forms unstable 
solid electrolyte interface which results formation of dendrites and constant lithium and electrolyte 
consumption during electrochemical cycling. That can be stopped or at least reduced by proper interlayers 
which has to be ionically conductive and electronically insulating, so it can act as an artificial interlayer. 
In this contribution we present and compare three strategies of lithium metal protection. A fluorinated 
reduced graphene oxide interlayer (FGI) deposited on the top of metallic lithium effectively suppresses 
formation of high surface area lithium (HSAL), but due to formation of cracks during stripping and 
deposition process part of the surface of lithium is exposed to electrolyte. Polymer ionic liquids offer 
more plastic behavior compered to FGI, but this approach is less resistive for dendrites growth through 
the membrane deposited on lithium surface. Finally, the third option studied in our lab is deposition of 
metal fluorides on the lithium surface. Advantages and problems of all three approaches will be discussed 
based on stripping and deposition tests in the symmetrical cells, microscopy, impedance spectroscopy and 
electrochemical behavior in the full cell (containing sulfur or LFP cathodes). 
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The ever-growing global demand for high energy and power density battery technologies challenges the 
energy storage related R&D to achieve maximum performances at the lowest cost and environmental 
impact. This scenario brought about a renewed interest in batteries based on light multivalent metal 
anodes (such as Ca and Mg) and multivalent ion host cathodes as attractive alternatives to conventional 
Li-ion systems.  
Mg batteries represent a compelling choice, as Mg metal couples the advantages of high theoretical 
volumetric capacity with natural abundance, low cost, ease of handling and safety. Furthermore, the use 
of divalent Mg2+ charge carriers accounts for a two-fold increase in achievable energy density with 
respect to Li+ for equal amounts of reacted ions.[1] The quest for cathode materials with reversible Mg2+ 
mobility at high operating voltage remains a major open challenge of Mg batteries R&D, recently 
deserving ever-increasing attention. The main caveat lies in the slow diffusion of Mg2+ in solid hosts, 
mostly due to its high polarizing character, which penalizes the expected power performances of the 
entire cell.  
Within this challenging research context, case studies of Mg2+ (de)intercalation into novel and traditional 
layered host materials are herein presented. Specifically, the viability of reversible Mg extraction is 
studied in layered ternary transition metal nitrides such as the MgMoN2 phase, which is prepared by solid 
state reaction of Mg3N2 and Mo precursors [2] (Fig.1). The use of nitride highly covalent host framework 
is explored as a strategy to mitigate the high Mg2+ polarizing character and to reduce the host-guest 
Coulombic interactions. The study combines experimental and computational approaches, providing 
electrochemical tests and structural analysis of the active phase under various operative conditions. 
Beside the application scope, the studies here reported may be of interest from a fundamental point of 
view since nitrides are a class of materials much less explored than oxides, but with analogous crystal 
chemistry and a larger covalent character.  
 

 
 
 
 
 
 
 
 
Figure 1: Crystal structure of MgMoN2. Color code: Mg in yellow, Mo in purple and N in blue. 
 
Furthermore, an in-depth study of the Mg2+ (de)intercalation process in more “traditional” layered 
compounds such as TiS2 in alkyl carbonate solvent electrolyte is also presented.[3] Although several 
studies have been so far reported on the use of these phases as multivalent hosts, the mechanism of Mg2+ 
(de)insertion and its effects on the host phase crystal structure have not been unambiguously elucidated. 
Fundamental understanding of the Mg2+ insertion process in TiS2 is acquired by ex-situ synchrotron XRD 
structural analysis of the different phases formed upon reduction in Mg cell.  
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Lithium-sulfur batteries are the closest Next Generation Battery technology to commercialisation. In theory, 
they can achieve the requirements for a high energy storing device that can replace fossil fuel overtaking Li-
ion batteries. This is because they best Li-ion batteries on many fronts [1]. However, Li-S batteries suffer from 
abysmal cycle life which hinders its development into a fully marketable product [2]. 

Graphene is a nanomaterial of interdisciplinary interest with unique properties such as high optical 
transmittance, excellent thermal conductivity and superior mechanical strength. Recently, due to the electronic 
conductivity and flexible nature it has been proposed as new candidate for application in energy storage fields 
such as supercapacitor or Li/Na batteries [3]. 

Herein we report an optimised, simple, and environmentally benign synthesis route of freestanding r-GO 
aerogel electrodes for Li-S batteries using graphene oxide (GO), HCl and L-ascorbic acid [4]. The 
electrochemical performance of the r-GO aerogels electrodes was demonstrated in fluorine-free polysulfide 
catholyte Li-S cells. They showed high specific capacity and relatively stable cycling performance. 
Furthermore, the resulted aerogel microstructure is examined by helium ion microscopy (HIM) [5] and it is 
composed of porous matrix of cross-linked few layers of r-GO. The reduction of the graphene oxide was 
confirmed by XRD and Raman spectroscopy. 
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Li metal anode is strongly considered to be one of the most promising candidates for high-energy Li-

ion batteries. However, lithium dendrite growth, which could cause short-circuit and low Coulombic 

efficiency (CE), is one of the key issues for realizing practical applications of Li anode technologies. 

Various strategies have been proposed to suppress Li dendrite formation. In order to understand the Li 

dendrite formation and suppression behaviors for Li plating, we carried out extensive study on the effects 

of solvent and surface coating on the electrochemical behaviors of the Li metal anodes. Carbonate solvents 

having various components with/without additives have been employed for Li plating and stripping on Cu 

substrate. Polymeric coatings on Cu have also been tested for their effects on the morphology of Li 

deposition. In particular, extensive real-time optical microscopy imaging and post mortem SEM analyses 

are carried out in conjunction with electrochemical characterizations to reveal the underlying mechanisms 

for the resulting effects.  
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Lithium metal batteries (LMBs) have recently regained significant interest due to the increasing demand 
for high-energy-density energy storage systems[1]. However, the commercialization of LMBs is impeded 
by the challenges associated with the utilization of Li metal anodes, e.g. due to their high reactivity, 
lithium dendrite growth and the large volume expansion. Much effort has been devoted to the 
stabilization of Li metal anodes, mainly by focusing on the engineering of the electrode and modifications 
of the composition of the electrolyte[2]. 
 
The separator is an indispensable component in a battery, acting as a physical barrier between the cathode 
and anode while at the same time providing the means for the ionic transport in the battery. 
Conventionally, the separator is considered a passive component in a battery, as it does not contribute to 
the capacity of a battery. However, recent results have shown that functionalized separators can in fact 
also play active roles in batteries[3, 4]. This approach provides new exciting possibilities for the design of 
safe batteries with increased capacities.  
 
In this presentation, different types of LMB separator functionalization approaches (e.g. structural 
manipulation, conductivity implementation and redox activity incorporation) will be discussed based on 
the utilization of cellulose nanofibers[5-8]. The design strategies and the working principles of these 
modified separators will be demonstrated and the resulting improved performances of LMBs (both 
regarding the anode and cathode) equipped with such separators will be explained with the aid of results 
obtained with various characterization techniques. 
 
References 
 
[1] D. Lin, Y. Liu, Y. Cui, Nat. Nanotechnol. 2017, 12, 194. 
[2] J. L. Lang, L. H. Qi, Y. Z. Luo, H. Wu, Energy Storage Materials 2017, 7, 115. 
[3] J. Huang, Y. Sun, Y. Wang, Q. Zhang, Acta Chim. Sinica 2017, 75, 173. 
[4] W. Zhang, Z. Tu, J. Qian, S. Choudhury, L. A. Archer, Y. Lu, Small 2017, 1703001. 
[5] Z. Wang, R. Pan, C. Xu, C. Ruan, K. Edström, M. Strømme, L. Nyholm, Energy Storage Materials 
2018, 13, 283. 
[6] Z. Wang, R. Pan, C. Ruan, K. Edström, M. Strømme, L. Nyholm, Advanced Science 2017, 1700663. 
[7] R. J. Pan, Z. H. Wang, R. Sun, J. Lindh, K. Edström, M. Strømme, L. Nyholm, Cellulose 2017, 24, 
2903. 
[8] R. J. Pan, O. Cheung, Z. H. Wang, P. Tammela, J. X. Huo, J. Lindh, K. Edström, M. Strømme, L. 
Nyholm, J. Power Sources 2016, 321, 185. 
 

mailto:Ruijun.Pan@kemi.uu.se


Design and Synthesis of Catalysts and Cathode Structure for 
Lithium-Oxygen Batteries 

 
Liangyu Li, Chunguang Chen, Aishui Yu* 

Fudan University 
Department of Chemistry and Institute of New Energy, Fudan University, Shanghai 200438 

asyu@fudan.edu.cn 
 

The rechargeable lithium-oxygen (Li-O2) batteries have recently attracted worldwide attention due to 
their ultra-high energy density among the state-of-the-art batteries. 1 However, high discharge/charge 
over-potentials, bad cycle stability et al. must be addressed before practical application. As the main site 
for discharge/charge reactions, catalyst choice and structure design play an active role in the 
electrochemical performance of Li-O2 batteries. In this work, the influence of catalyst and electrode 
structure on the electrochemical performance were investigated. 

A three-dimensional conductive network molybdenum sulfide decorated graphene aerogels 
(MoSx/HRG) are prepared and used as cathode in the Li-O2 batteries. The HRG can not only build a 
three-dimensional conductive network which is beneficial for the rapid electron transfer, but also 
facilitate electrolyte permeation and oxygen diffusion, offer abundant active sites and accommodate 
plenty of discharge products. In addition, hierarchically porous NiCo2O4 hollow microspheres (h-NCO) 
with large surface area (184.2 m2 g-1) and high ORR/OER catalytic activity are prepared and conducted as 
catalysts for oxygen electrode. The NiCo2O4 showed the capability to promote the formation of lithium 
deficient Li2-xO2 and exerted a significant influence on the electrochemical performance of lithium-
oxygen batteries with a low charge over-potential 0.49 V and extended full cycling over 50 cycles. In 
order to optimize the electrochemical performance, the influence of catalyst and cathode structure were 
investigated.  
 

 
Figure.1 (a) first discharge-charge curve and (b) cycle curves under fully discharge-charge condition 

of SP and NiCo2O4 of Li-O2 batteries. 
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Over the past several years, rechargeable Li-O2 batteries gain considerable attention owing to a 
similar theoretical specific energy density to gasoline. However, the practical application of Li-O2 
batteries is still prevented by the small practical capacities and poor power density. Capacities and power 
density of Li-O2 batteries are closed contacted with physical properties of electrolyte. Besides, high 
capacity and good stability cannot be compatible because of the inherent property of electrolyte.1,2 
Namely, a solvent with high donor number (DN) can obtain high discharge capacity while decreases 
electrochemical stability, and a solvent with low DN has relative low capacity and good electrochemical 
stability. 

In this work, a novel type electrolyte additive, octamethylcyclotetrasiloxane (OMTS), is applied to 
Li-O2 batteries, to increase its practical discharge capacity and also its rate capability. By adding OMTS 
into TEGDME-based electrolyte with low DN, the solubility of oxygen increases significantly and the 
ionic conductivity and viscosity remain the same. 7Li NMR spectra show that 7Li peak shifts down-field 
when adding OMTS to the electrolyte, indicating the increment of solvation of Li+ in electrolyte. The 
electrochemical tests show that, With an optimal OMTS content (10% OMTS), the cell displayed a 
discharge capacity of 6778 mAh g-1 at 0.05 mA cm-2, and its discharge capacity still has an acceptable 
capacity of 1823mAh g-1 at an ultra-high current density of 1 mA cm-2. Specially, the capacity retention of 
the cell with optimal OMTS content is more than double that of the cell with no OMTS additive at large 
current density of 1 mA cm-2. The further NMR and Li2O2 yield measurements during discharge indicate 
that OMTS additive does not alter the discharge product and compromise the stability of TEGDME 
electrolyte. The great increment on energy density and power density could be attributed to the high 
oxygen solubility and increment of solvated Li+, leading to more nodular products formation observed by 
SEM. 
 

 
Figure.1 (a) first discharge curve and (b) capacity retention of Li-O2 batteries with various amounts of 

OMTS content in TEGDME-based electrolyte. 
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Lithium-sulfur (Li-S) batteries are promising alternatives to conventional Li-ion batteries in terms of 
outstanding theoretical specific capacity (1675 mAh g-1) and theoretical specific energy (2600 Wh kg-1).[1] 
However, their implementation in practical applications are deterred by a series of technical challenges, 
especially raised from the dissolution of intermediate lithium polysulfide (Li2Sn with 4≤n≤8) into 
organic electrolyte during charge and discharge process. The so-called “shuttle effect” lead to the large 
capacity decay during cycling and the poor coulomb efficiency. Nano-structure and chemical adsorptive 
of cathode material hold great promise in mitigating polysulfide migration problem. Here, we develop a 
three-dimensional (3D) graphene aerogel (GA) attached with superbly dispersive small titanium oxide 
(TiO2) nanoparticles composite material (GT) as a sulfur (S) host for constructing better performed Li-S 
batteries. The results showed that all the S electrodes that GT as host demonstrate higher capacity, better 
rate capability, and enhanced cycle stability compared with the GA electrode. In particular, the initial 
capacity of the GT (with 40wt% TiO2) cathode with 70 wt% sulfur reaches 1499 mAh g-1 and the capacity 
after 500 cycles is 822 mAh g-1 at 0.2 C. The superior electrochemical performances of GT/S could be 
ascribed to the synergistic effects in two aspects: (1) the structural support, physical confinement for S 
and strong electrical conductivity of 3D Porous GA; (2) the chemically adsorption towards the S species 
of polarTiO2 nanoparticles. 
 
 

 
Figure 1. Schematic of the fabrication process of GT composite and the conversion process of sulfur on 
the graphene surface with TiO2 nanoparticles. 
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Potassium ion batteries (KIBs) are promising alternatives to LIBs in grid-scale electrochemical energy 
storage, owing to their comparable energy density, good rate performance, and economically viability. 
The availability and stability of potassium-intercalated graphite compounds (K-GICs) as anode materials 
in KIBs is a noticeable advantage, which guarantees a reversible intercalation/de-intercalation of 
potassium ions upon charging/discharging. However, very little is known about the K+ storage 
mechanism in graphite, and the understanding of the complex kinetics and thermodynamics that control 
the reactions and structural rearrangements is highly desirable. Here operando studies including in-situ 
Raman and in-situ XRD characterizations, and density-functional theory (DFT) calculations were carried 
out to correlate the real-time electrochemical K+ intercalation/de-intercalation process with 
structure/component evolution. The experimental results, together with theoretical calculations, reveal 
that potassium-intercalated graphite compounds (K-GICs) of stage 5 (KC60), stage 3 (KC36), stage 2 
(KC24/KC16), and stage 1 (KC8) form in succession upon potassiation. The graphite recovers back through 
phase transformations in an opposite sequence upon depotassiation. The phase diagram of 
electrochemical K-GICs is obtained based on both experimental results and theoretical calculation. The 
stage transition mechanism is uncovered. The K+ diffusion coefficients are found to be stoichiometry-
dependent based on GITT results, highlighting the diversity in K+ intercalation pathways. The well-
defined identification of stage characteristics here promotes better fundamental understanding of the K+ 
storage mechanism in graphite and opens up a new exciting direction for energy-storage solutions. 
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Abstract  

Out of many challenges in the realization of Lithium-O2 batteries (LOB), the major is to deal with the 
instability of electrolyte and cathode during the stringent environment in both oxygen reduction and 
evolution reactions [1]. Lithium nitrate was recently proposed as a promising salt for LOB, due to its 
capability to stabilize lithium anode by formation of solid electrolyte interphase (SEI), low level of 
dissociation in aprotic solvents and the catalytic effect towards OER in rechargeable LOB [2,3]. Nevertheless, 
its effect on the electrochemical stability of the solvent and carbon scaffold has not been investigated by 
the scientific fraternity.  In the present work, with the help of Online electrochemical mass spectrometry 
(OEMS), we are trying to show that nitrate not only exhibits catalytic effect but also plays a role in 
supressing electrolytic or carbon decomposition. This work investigates and discuss importance of 
chemical\electrochemical stability of the electrolyte used in LOB electrolyte, and can be extended to all 
rechargeable batteries. 
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The primary obstacle to enable NASA’s vision of Green Aviation is the extraordinary 
energy storage requirements for electric aircraft.    Significant advances in high energy, 
rechargeable, safe batteries are required to enable electric aviation. Boeing’s SUGAR 
and NASA studies have identified 400 Wh/kg as the threshold energy density for 
general aviation and 750 Wh/kg for commercial regional air service. State of the Art 
Lithium Ion Battery (LIB) technology currently has a density of 200 Wh/kg and is 
expected to plateau at 300 Wh/kg due to fundamental chemistry limitations making it 
unsuitable for future electric aircraft.  Additional demanding requirements include high 
power, rechargeability, and high safety.  Such battery technology does not currently 
exist.  The recent considerable activity in battery research (DOE, Tesla Gigafactory, 
etc) overwhelmingly has been geared towards reducing cost and improving safety of 
LIB technology in order to promote the adoption of electric automobiles; and thus it is 
expected to have little impact on electric aviation development.  New battery materials 
will be needed for the “Beyond Li Ion” (BLI) technologies required for high energy, 
safe electric aviation. Li-Air batteries have the highest known theoretical energy 
density (3400 Wh/kg) and therefore and if realized promises to transform the global 
transportation system.  These high energy batteries have the potential to meet the 
energy storage challenges of current and future NASA aeronautics and space missions 
in addition to many terrestrial transportation applications as well.  However, this 
technology requires significant components development and integration, as it is 
currently unable to achieve aircraft requirements.   

The objective of this project is to leverage modern computational materials methods 
combined with battery multiphysics tools to develop radically advanced compatible 
cathode and electrolyte materials, build several Li-Air cells, and flight-demonstrate the 
corresponding Li-Air battery packs.  A significant problem for current Lithium-Air 
batteries is large scale decomposition of the battery electrolyte during operation leading 
to battery failure after a handful of charge/discharge cycles.  Therefore, development of 
large scale, ultra-high energy, rechargeable, and safe Lithium-Air batteries require 
highly stable electrolytes that are resistant to decomposition under operating 
conditions.  A NASA-based cross-organizational “dream team” of high-powered 
experts combined integrated supercomputer modeling, fundamental chemistry analysis, 
advanced material science, and battery cell development to tackle this very challenging, 
multidisciplinary problem.  The ultimate goal for the team is to develop an integrated 
experimental/computational infrastructure to produce a reliable predictive capability for 
the selection of optimal components, their fabrication parameters, and “design rules” of 
novel cell components for advanced ultra-high energy batteries that can meet energy 
storage challenges of NASA missions and many terrestrial transportation applications.  
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Lithium−sulfur batteries are an emerging battery technology that has a solid potential of replacing the 
state-of-the-art lithium-ion systems. They offer, at least theoretically, a significantly higher energy density 
(between 500 and 600 Wh/kg) at a relatively lower cost.[1] In practice, however, there still exist many 
issues to be solved such as the transport/reaction problems due to the insulating nature of sulfur and Li2S 
(the final product of discharge), lithium dendrite formation during prolonged cycling, and, most 
importantly, the so-called shuttle effect due to the solubility of polysulfides species that occur as 
intermediates during battery operation. Although important progress has been made in alleviating the 
shuttle effect, there is still a lack of fundamental understanding of the chemical and electrochemical 
behavior of polysulfides under the conditions met in a battery environment. 
We try to fill this gap by performing an accurate impedance spectroscopy investigation using symmetrical 
cells consisting of two planar glassy carbon electrodes separated with catholyte-soaked separator. The 
catholyte contains a mixture of selected polysulfides with predetermined nominal concentrations. 
Impedance measurements reveal textbook shapes of spectra for most polysulfide compounds or their 
mixtures. This allows reliable and accurate   determination of the rate constant (exchange current density) 
for a given redox reaction as well as the diffusion coefficient and diffusion length for the rate-determining 
polysulfide species. Further, it is confirmed that polysulfides tend to disproportionate with time, which 
significantly changes the chemistry and electrochemistry of the system. [2] 
From the knowledge gathered in the simplified geometry study, important insight into the physical 
background of impedance contributions in more widely used porous carbon electrodes is gained. This 
way, the impedance response of a conventional Li–S cell is explained and its physical background 
elaborated. 
 

 
Figure 1: a) A schematic representation of the cell setup used in the study and b) textbook shapes of 
spectra fitted using the Randles circuit shown. 
 
The work done receives funding through Helis project (European Union's Horizon 2020 research and 
innovation program under Grant Agreement No. 666221). 
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Modern society is in urgent need of sustainable and efficient energy storage devices. The renewable 
energy production is characterized by an intermittent power output, and requires for large scale 
applications an improvement on the capability of energy storage (currently less than 1% of the electrical 
energy production can be stored). The development of low cost and environmentally friendly 
electrochemical storage systems characterized by high performance is of fundamental importance for a 
sustainable energy economy. The currently most mature battery technology is the lithium ion battery, 
considered one of the most appealing candidates as power source for electric vehicle applications. 
However, the large-scale application of lithium ion batteries is nowadays under discussion due to the 
limited amount of lithium resources. Several other metallic anodic materials such as sodium, potassium, 
calcium, magnesium and aluminum [1,2], characterized by a higher abundance with respect to lithium, 
have been considered as suitable candidates for electrochemical storage devices in replacement of lithium 
systems. In particular aluminum, the most abundant metallic element in the earth’s crust, is considered a 
promising candidate for application in stationary electrochemical storage systems. The light weight of 
aluminum and its ability to exchange three electrons during the electrochemical process (Al3+ + 3e- ↔ Al) 
grant both, a high gravimetric and volumetric capacity density of 2.98 Ah g-1 and 8.04 Ah cm-3, 
respectively, the latter value being four times as high compared to a lithium metallic anode. Additionally, 
the aluminum can be handled in open air leading to enormous advantages in the cell fabrication and an 
extreme improvement of the safety level of electrochemical storage systems employing this electrode 
material. In our work we propose the use of advanced cathode material for the application in aluminum 
batteries. Electrochemical tests have been performed employing 1-ethyl-3-methylimidazolium chloride 
(EMImCl) ionic liquid and AlCl3 in a molar ratio of EMImCl:AlCl3 1:1.5 as the electrolyte. [3,4] 
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According to the Paris climate conference (COP21) deal, 196 parties of United Nations Framework 
Convention on Climate Change (UNFCCC) took the commitment to reduce greenhouse gas emissions 
thus limiting global warming and mitigating climate changes1.  
In this scenario, alternative energies and renewable sources are gaining more and more attention due to 
their lower environmental footprint when compared to fossil fuels even if they are inherently unstable, 
unpredictable and fluctuating with weather. 
The development of efficient and reliable storage systems allowing stable grid infrastructures and 
eliminating the shortfalls between energy production from renewable sources and energy demand is one 
of the main targets of research in the recent years. 
Among the many chemical, electrical, electrochemical and mechanical storage systems today available, 
redox flow batteries are attracting growing interest thanks to their versatility, efficiency and possibility to 
decouple power and capacity of the system.   
In particular, Vanadium Redox Flow Batteries (VRFB), proposed by Skyllas-Kazakos’ group in the mid 
1980’s, has already demonstrated notable progress towards successful implementation in a wide range of 
stationary applications thanks to the already proven durability (200 000 cycles over 10 years), safety (low 
explosion risk and no generation of toxic gases) and the unique advantage of using the same V ion as 
electroactive species both at the anode and cathode side.2 
The membrane, acting as separator between the two electrolytes while allowing the transport of H+ ions to 
close the circuit, plays a crucial role in VRFB technology and has to show high ionic conductivity and 
excellent dimensional and chemical stability in the harsh environment typical of this technology.3 
PerFluoroSulfonic Acid (PFSA) membranes are particularly suitable to this aim bearing highly 
dissociated –SO3H groups and having a very high stability induced by the quantitative substitution of C-H 
with C-F bonds. 
In this communication we are going to present the recent studies about the application of short-side chain 
Aquivion® PFSA membranes (marketed by Solvay Specialty Polymers)4 in VRFB technology.  
In particular, relationship between membrane morphology (crystallinity, thickness and equivalent weight) 
and electrochemical and transport properties will be discussed also in comparison with the state-of-the-
art. 
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In order to handle the volatility of renewable electricity supply, stationary electricity storage is required. 
A particularly promising system is the vanadium redox flow battery (VRFB), which has been built in 
large scale for regional electricity grid stabilization (energy storage capacity up to 60 MWh), in medium 
scale for different purposes (some 100 kWh) or for storage of photo-voltaically generated electricity in 
one-family homes (in the 10 kWh range). For reliable operation and for proper maintenance of those 
batteries their State-of-Charge (SoC) has permanently to be monitored, i.e. in-situ.  
A brief review will be given about the different ways of SoC monitoring: potentiometric titration, 
electrochemical techniques (electrical potential measurements, open cell voltage measurements, 
conductivity measurements), spectroscopy (IR, Raman, UV/Vis, XANES), ultrasonic velocity sensing. 
Electrochemical methods are not sensitive to the different vanadium species (oxidation states, 
complexes). For spectroscopic techniques the high vanadium concentration in real VRFBs poses 
problems.  
We have developed a system which utilizes several methods. Electrochemical measurements such as 
potential, voltage and conductivity measurements were performed based on a modified procedure of 
Corcuera et al. [1]. Via optical methods (Raman- and UV/Vis spectroscopy) the contents of the different 
vanadium species were obtained. For absolute determination of the vanadium species potentiometric 
titration was applied as benchmark. Calibration of the relative methods with potentiometric titration 
results in absolute SoC-values. Measurements were carried out in a newly developed flow cell, which will 
be field-tested in a 120 kWh pilot plant (battery-charging station equipped with solar modules for electric 
powered vehicles [2]). 
  
[1]  S. Corcuera, M. Skyllas-Kazacos, Eur. Chem. Bull. 1 (2012) 511 
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Glycerol, a byproduct of biodiesel fuel (BDF) production, attracts attention as a carbon-neutral fuel as 

well as bioethanol. The glycerol production increases with the BDF production, so it is important to 
develop new application of glycerol to cope with the mass production of BDF. The use of glycerol as a 
fuel for direct alcohol fuel cell will be promising because anodic oxidation of glycerol produced by 
bioprocess is a carbon-neutral process, and direct glycerol fuel cell is expected to generate electricity with 
a low environmental load and to be energy-saving.  

Theoretically, the complete oxidation of glycerol to CO2 produces 14 electrons per molecule. Pt is one 
of highly active anode catalysts for glycerol oxidation reaction (GOR) in alkaline media, but the main 
challenges of this reaction are sluggish velocity and difficult C-C bond cleavage, causing the coexistence 
of various intermediates such as glyceraldehyde (GA), dihydroxyacetone (DHA), glycerate (Gly), 
hydroxypyruvate (HP), tartronate (Tart), mesoxalate (Meso), formate, oxalate and glycolate. The addition 
of the second element to noble metals such as Pt and Pd can enhance glycerol oxidation activity and 
tolerance to adsorbing poisoning species. Ag is stable in alkaline media, and of great interest because it 
served as a promoter for GOR on Pt and Pd.1 In this study, we evaluated the oxidation activity of glycerol 
and its C3 intermediates on Ag-modified Pt electrodes, and identified the oxidation products by in situ 
infrared reflection-absorption spectroscopy (IRAS) to discuss the GOR mechanism.  

A Ag atomic layer-modified Pt (Ag/Pt) electrode was prepared by underpotential deposition of atomic 
Cu (Cu-upd) on a polycrystalline Pt electrode, followed by galvanic replacement of Cu with Ag. The Ag 
coverage on the Pt substrate for the Ag/Pt electrode was estimated to be 0.5, which is named Ag(0.5)/Pt. 
All electrochemical measurements were performed at room temperature. 

Fig. 1 shows CVs of Pt and Ag(0.5)/Pt electrodes in (1 M KOH + 0.5 M glycerol) solution. The 
modification of the Ag atomic layer on Pt caused about 150 mV lower onset potential than the bare Pt 
electrode and twice higher current densities for GOR, indicating that the GOR activity was enhanced by 
the Ag modification. Fig. 2 shows linear sweep voltammograms (LSVs) of the Ag(0.5)/Pt electrode in 1M 
KOH containing 5 mM glycerol or C3 intermediates (GA, DHA, Gly, HP, Tart and Meso). The maximum 
current density decreased in the order of Meso > HP > Gly > GA > DHA > Tart. For both electrodes, 
current for Tart oxidation was hardly observed. Further findings on the GOR mechanism were obtained in 
1 M KOH solutions containing 0.5 M glycerol, 0.1 M Gly or Meso by in situ IRAS. The absorption bands 
assigned to the C1 and C2 intermediates for the Ag(0.5)/Pt electrode were stronger than those for the Pt 
electrode, suggesting that the Ag modification promoted the C-C bond cleavage.   

This work was partially supported by JSPS KAKENHI Grant Number 15H04162. 
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Fig.1 CVs of Pt and Ag(0.5)/Pt in (1 M 
KOH+0.5 M glycerol) solution. v= 20 
mV s-1. 

Fig. 2 LSVs of Ag(0.5)/Pt electrode in 5 mM 
glycerol- and C3 intermediates-contained 1 M 
KOH solution. v=20 mV s-1. 



Reversible Oxygen Electrochemistry and Application in Energy 
Storage 

 
Thomas A. Zawodzinski,1,2 Ming Qi, 3 Asa Roy,1 Reed Wittman,1 Shane Foister1 and Gabriel Goenaga1 

 
1University of Tennessee-Knoxville, 2Oak Ridge National Laboratory, 3Peroxygen Systems Inc 

SERF 410, Knoxville, TN 37910 
tzawodzi@utk.edu 

 
Improving oxygen electrochemistry is a ‘holy grail’ problem with major impacts across many 
technologies. Here we present discovery and development of a catalyst system offering reversible oxygen 
electrochemistry. The catalyst delivers chemically and electrochemically reversible two-electron ORR 
and OER.   We describe here its application in a Zn-oxygen flow battery. 
 

In Figure 1, we show cyclic voltammograms obtained 
in solution with and without oxygen present.  The 
oxygen voltammogram is remarkably reversible.  We 
will discuss further diagnostics related to this. 
 
We subsequently adapted the catalyst to a high surface 
area supported catalyst structure and prepared 
symmetric air/peroxide cells.  Such cells were used to 
explore the efficacy of the catalyst for use in an energy 
storage system, such as a Zn-peroxide cell.  The latter 
was projected, in a first generation prototype, to 
operate at roughly 40 mA/cm2 and we therefore 
estimated the efficiency of the ORR and OER at this 
current density.  Cycling the symmetric cell yielded 
~40 mV of loss in each direction from the OCV of 
~0.91 V vs. RHE, or 95% voltage efficiency in each 

direction.  Maximum current densities approaching 1 A/cm2 
were obtained in a cell that is completely dominated by iR 
and mass transport losses—essentially no kinetic losses are 
observed in for the ORR/OER processes.   One implication of 
this is that we can evolve oxygen at ~1 V vs. RHE. 
 
This electrode was coupled with a Zn electrode that we have 
developed. The electrode is a flow-through electrode which is 
cyclable and which exhibits very low polarization for Zn 
plating and stripping.  In figure 2, we compare an early 
version of our Zn-air cell (without optimized air electrode) 
vs. a Zn-air cell using a more conventional OER catalyst.  
Clearly, the high performance ORR/OER electrode, even 
before optimization, shows the possibility of  dramatically 
enhanced recharging characteristics. 
 
In the presentation we will discuss details of both the 
ORR/OER electrochemistry and cycling and the Zn flow through electrode. 
 
Acknowledgements:  We gratefully acknowledge the support of the US National Science Foundation, 
DOE ARPA-e and the DOE Office of Electricty Delivery and Reliability (Dr. Imre Gyuk) for support of 
this research. 
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Figure 1:  Cyclic voltammogram of nitrogen 
and oxygen saturated solutions using the 
catalyst developed in this work. 

Figure 2: Polarization curve of a 
preliminary Zn-air cell highlighting the 
advantage of the reversible OER 
catalysis. 
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Vanadium redox flow batteries (VRFBs) are electrochemical energy conversion and storage (EECS) 
devices that have attracted considerable interest for their outstanding properties, that include: (i) a very 
high roundtrip efficiency, on the order of 85% or more; (ii) an outstanding cyclability; (iii) a very easy 
scalability, reaching an energy capacity as high as 10 MWh or more; and (iv) very fast response times. 
Accordingly, VRFBs are ideal candidates for implementation as large-scale energy storage systems for 
both energy prosumers and the power grid, enabling feats such as: (i) the efficient implementation of 
renewables; (ii) peak shaving/load levelling.  
 
VRFBs operate by exploiting the reversible redox reactions involving the following redox couples: 
(anode) V2+/V3+; (cathode) VO2+/VO2

+. These redox couples are dissolved in highly concentrated sulfuric 
acid (typically, ca. 5M); the anode and the cathode feeds are kept separated by a proton-exchange 
membrane, typically consisting of a perfluorinated ionomer such as Nafion. On these bases, it is evident 
that both the anode and the cathode feed each dissolves a large variety of different ionic species, that 
establish a complex series of equilibria. The latter are significantly affected as the concentration of each 
specie is changed upon the charge/discharge processes of the VRFB, with important effects on the overall 
performance and durability of the system.  
 
This work is aimed at studying in detail both feeds of an operating VRFB by means of an array of 
techniques including: (i) vibrational spectroscopies (e.g., FT-MIR, confocal micro-Raman); and (ii) UV-
VIS spectroscopy. The assignment of the spectra will allow to identify the different species found in the 
feeds. This work will elucidate the interplay between the state of charge (SoC) of the system, the 
concentration of the various species (both neutral and ionic) and the performance of the VRFB. 
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This presentation will focus on durable, high-performance materials and interfaces for advanced water 
splitting, enabling a clear pathway for achieving <$2/KgH2 (on scale) with efficiency of 43 KWh/Kg using anion 
exchange membrane interface.  Advances via fundamental understanding of both hydrogen and oxygen evolution 
reactions (HER/OER) leading to novel materials will be in conjunction with critical improvements in membrane and 
ionomers and gas evolution electrodes with corresponding characterization and testing.  Progress towards these goals 
under a three-year multifaceted and comprehensive effort will be described wherein Northeastern University (NEU) 
will present catalyst development and characterization (both in situ and ex situ).  University of Delaware (UD) will 
showcase improvements in ionomer and membrane materials.  In addition, close collaboration with National 
Laboratory partners with Lawrence Berkeley National Lab (LBNL) participating in multiscale modeling and 
computation in close concert with Sandia National Laboratory (SNL) providing MD simulations of the membrane 
catalyst interface and National Renewable Energy Laboratory (NREL) providing advanced ionomers, durability 
protocols and validation will be described. 

Anion exchange membrane electrolyzers (AEMELs) are ideally suited with a low-cost profile enabled by 
platinum group metal (PGM)-free catalysts, low fluorine content membranes, and a less corrosive environment for 
cell separators. This presentation will showcase state of the art stable, high-conductivity, and high-strength AEMs, 
stable and active PGM-free catalysts for hydrogen and oxygen evolution reaction (HER/OER), and high performance 
electrode architectures that together can unlock the cost advantages of AEMELs. If successful, the developed 
technology can meet FCTO efficiency targets, delivering carbon-neutral hydrogen at $2/kg while simultaneously 
enabling higher penetrations of wind and PV electricity on the grid. 

 The overall goal is cell level performance of 1.62 V at 1 A/cm2, which meets the FCTO efficiency target of 
43 kWh/kg. Component performance targets have been established using a porous electrode model to support the 
overall cell performance target.  This is at the modeled scale of 50,000 kg/day and operating at 1 A/cm2 resulting in 
hydrogen cost at $2.15, $1.82, or $1.76/kg, respectively (2, 20, 200 plants). In the low-volume manufacturing case, it 
is still possible to meet the cost target by operating near 2 A/cm2, sacrificing some efficiency. 
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Increasing evidence suggests that the unwanted effects of climate change, including global warming, 
rising sea levels, and more erratic weather patterns are the result of the increasing concentration of carbon 
dioxide and other greenhouse gasses in the earth’s atmosphere.  A multitude of strategies, including 
expanded deployment of renewable energy generation capacity (hydro, solar, wind), as well as 
enhancement of energy efficiency in buildings and transportation applications will be critical to 
significantly reduce global CO2 emissions. An additional strategy is the use of CO2 as a feedstock for its 
conversion to value-added intermediates of interest for chemical or fuel production.  In addition to 
helping reduce anthropogenic CO2 emissions, this approach would also reduce our society’s dependency 
on gradually dwindling global supplies of fossil fuels.  
 
To no surprise, the exploration of the electrocatalytic reduction of CO2 to different value-added 
intermediates has become a very active area of research over the past decade. A wide range of active 
electrocatalysts for the selective reduction of CO2 to products such as CO and formic acid have been 
reported. For CO production selectivity easily exceeds 95%, current densities exceeding 200 mA/cm2 can 
be achieved routinely, while overall energy efficiencies are in the range of 60-70%. Also, ever more 
selective catalysts for the production of ethylene and ethanol are being developed.  For example, recently 
we reported an electrodeposited copper-silver alloy catalyst able to produce ethylene and ethanol at a 
combined selectivity exceeding 80% (ratio of 3.5 ethylene to 1 ethanol) at a rate of 170 mA/cm2.1 
 
This presentation will start with a brief summary of state-of-the-art electrocatalysts for the reduction of 
CO2 to (i) CO and (ii) ethylene / ethanol, followed by a brief energetic and technoeconomic analysis of 
their use in a CO2 electrolysis process in which CO2 is reduced to the aforementioned products on the 
cathode. The main factor determining economic feasibility for typical cathodic CO2 reduction approaches 
coupled with the anodic oxygen evolution reaction is the cost of renewable electrical energy.2  Moreover, 
an analysis of Gibbs free energies indicates that close to 90% of the energy needed for CO2 electrolysis is 
consumed at the anode by the oxygen evolution reaction.    
 
The main part of this presentation will report on our latest work regarding the identification and use of 
abundantly available chemicals such as glycerol (a large volume by product of industrial biodiesel and 
soap production) that can be electro-oxidized at a much lower potential than water (lower thermodynamic 
potential and lower overpotential), thereby drastically reducing the overall energy requirement of CO2 
electrolysis.  We were able to show that providing a 2M glycerol feed as the anolyte and a Pt catalyst on 
the anode in a CO2 electrolysis cell reduced the cell potential by 0.8V, regardless of what product is being 
formed by electroreduction of CO2, CO, formic acid, or ethylene/ethanol, using different cathode 
catalysts.3  As will be shown, the associated 50% reduction in overall energy requirement drastically 
enhances the economic feasibility of CO2 reduction to the aforementioned intermediates.   
 
This presentation will also report on our recent analysis of factors that determine durability of the gas 
diffusion electrodes used in these CO2 electrolysis experiments, as well as on possible strategies to 
overcome the observed degradation mechanisms and associated reduction in performance.  
 
1. Nanoporous copper-silver alloys by additive-controlled electrodeposition for the selective 
electroreduction of CO2 to ethylene and ethanol, T. Hoang, S. Verma, S. Ma, T. Fister, J. Timoshenko, A. 
Frenkel, P.J.A. Kenis, A.A. Gewirth, submitted. 
2. A gross-margin model for defining technoeconomic benchmarks in the electroreduction of CO2, S. 
Verma, B. Kim, H.R.M. Jhong, S. Ma, P.J.A. Kenis, ChemSusChem (2016), vol. 9, pp. 1972-1979. 
3. Co-electrolysis of CO2 and glycerol as a carbon-neutral and cost-effective method for the production of 
carbon chemicals using grid electricity, S. Verma, S. Lu, P.J.A. Kenis, submitted. 
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Electrospray-assisted fabrication of high oxygen permeable electrode  

under hot and humid environment 

 

Abstract 

Hydrogen fuel cells are recognized as one of the leading technologies that offer 

solutions to cope with the global climate change issues. However, several challenges remain 

unresolved for broader commercialization of this technology, including performance 

limitations in particular at low platinum loading. An issue on severe performance loss at high 

current densities has associated with the ultralow platinum-loaded, indicating the existence of 

unexpectedly large transport resistance of oxygen. Herein, we demonstrate a new concept of 

the highly oxygen permeable electrodes with ultralow mass loading of platinum via modified 

electrostatic spray deposition technique under hot and humid atmosphere. Enhanced water 

uptake in the Nafion membrane offers further pathways for proton, maintaining the 

electrostatic repulsive interaction during the electrode deposition, thus leading to a 

distinctively thin Nafion ionomer film coated onto smaller Pt/C agglomerate that is highly 

desirable for promoting the transportation of oxygen. We achieved a dramatic improvement 

in the fuel cell performance with reduced mass loading of Pt (2.5 A cm-2 @ 0.5 V, 0.05 mg Pt 

cm-2) as compared to the conventional ones (<2.0 A cm-2 @ 0.5 V, 0.20 mg Pt cm-2). Given 

the ease, low cost and scalability, this work opens a new possibility to mass-produce the high 

oxygen permeable electrodes that are applicable to the relevant electrochemical energy 

devices such as direct alcohol fuel cells and vanadium redox flow battery. 

Keywords: Electrostatic Spray Deposition; Catalyst Layer; Membrane Electrode Assembly; 

Proton Exchange Membrane Fuel Cell
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The development of electrochemical energy storage and conversion devices using H2 as a flexible energy 
carrier that can be obtained from renewable sources becomes crucial to significantly decrease the 
percentage of grid electricity produced from fossil fuels and to establish a path toward fossil fuel-free and 
sustainable energy system. In this context, water electrolyzers, fuel cells and regenerative fuel cells stand 
out for their high-energy conversion efficiency. 
 
An interesting typology of catalysts includes metal oxides of groups 4 and 5 of the periodic table [1]. 
These metal oxides present excellent electrochemical stability and become active for the oxygen reactions 
when their surface stoichiometry is conveniently tailored [2]. In this work, novel, active and stable hybrid 
nanocomposites based on tantalum sub-oxides and carbon materials are investigated for electrochemical 
reactions occurring at the positive electrode of unitized regenerative alkaline fuel cells, i.e. the oxygen 
evolution (OER) and reduction (ORR) reactions.  
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Figure 1. Linear sweep voltammograms of TaOx/C catalyst at 0.005 V s-1, 0.1M NaOH, 1600 rpm 

(rotating disk electrode), room temperature and 500 µg cm-2 catalyst loading. 
 
Herein, synthesis procedures comprised colloidal and microemulsion routes in order to optimize the 
density of catalytically active sites. Figure 1 shows the linear sweep voltammograms in O2-saturated 
(ORR) and deareated (OER) 0.1 M NaOH electrolyte. These preliminary results exhibited a good 
behavior of Ta-based catalysts for the OER, with appropriate stability under potential cycling procedures. 
The activity of the Ta-based catalyst for the ORR is still far from that of a Pt catalyst. Efforts are now 
being directed to improve the bifunctional characteristics of the system. 
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Glycerol is an abundant feedstock for synthesis of high value chemicals, being a byproduct of biodiesel 
production. A promising approach for valorisation of glycerol is electrooxidation on gold, which has 
previously been studied experimentally on transition metals.[1-4] Gold has been shown to be an excellent 
electrocatalyst for glycerol oxidation in alkaline solution,[1,3] but reportedly having no activity in acidic 
medium [1-3] owing to the lack of proton acceptors.[3,5] 
 
We have shown experimentally that glycerol electrooxidation on gold has a low, but detectable, activity in 
acidic solution with an onset potential of 0.5 V vs. the reversible hydrogen electrode (RHE). Based on this, 
we investigated the underlying reaction mechanism with density functional theory. Our computed surface 
Pourbaix diagram for Au(111) indicates that hydroxo and oxo starts to adsorb at 1.0 V vs. RHE, and thus 
that the glycerol oxidation reaction occurs without presence of these adsorbates. Using the bare Au(111) 
surface, we studied the thermodynamics of dehydrogenation to identify possible reaction paths and 
corresponding onset potentials. We found that the theoretical onset potentials for partial dehydrogenation 
of glycerol to dihydroxyacetone, 2,3-dihydroxy-2-propenal and glyceraldehyde are 0.39, 0.39, and 0.60 V 
vs. RHE, respectively, while complete dehydrogenation to carbon monoxide requires 0.50 V vs. RHE. Our 
theoretical and experimental findings agree and show the possibility of using gold as a catalyst for 
production of hydrogen and other chemicals from glycerol.  
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Outstanding efforts are being carried out to develop new alloy catalysts for direct ethanol (DE) alkaline 
anion exchange membrane fuel cells (AEMFCs) anodes with free or low platinum loadings and showing a 
larger efficiency toward the oxidation of ethanol with relatively fast kinetics and large durability. 
Essentially, it is critical to develop catalysts that avoid the poisoning effect of adsorbed intermediate 
species during ethanol oxidation reaction (EOR). 
A significant enhancement of the EOR catalytic activity of palladium (Pd) has been reported by using Pd 
non-metallic-based catalysts. Pd deposited onto nickel-zinc-phosphorus (Ni-Zn-P)/carbon (C) alloy, Pd-
P/multiwalled carbon nanotubes, dealloyed Pd-Ni-P film and carbon-supported Pd-P, Pd-Ni-P, PdSx 
porous nanospheres are some representative examples of this strategy, but the work reported so far on this 
subject is scarce [1-5]. The incorporation of metallic and non-metallic components in the main catalytic 
metal Pd may influence the geometric and electronic properties of Pd surfaces and/or block the adsorption 
of poisoning species [3,4]. 
In this work, novel C-supported PdSnP catalysts were synthesized under different conditions using both 
sodium hypophosphite and borohydride as reducing agents. The physico-chemical characterization was 
carried out by using EDX, XRD, HRTEM and XPS. EOR was evaluated by cyclic voltammetry and 
chronoamperometry in alkaline medium. The effect of sodium citrate and C pre-treatment on the physico-
chemical and electrochemical properties of the catalysts were also studied. The high activity and stability 
of PdSnP-citrate, due to the nanoparticles size/dispersion on the C support, specific composition and 
alloying degree, were tuned by citrate used as complexing and stabilizing agent. The kinetic study showed 
that the rate-determining step in EOR was the removal of the adsorbed ethoxi species by the adsorbed 
hydroxyl radicals. Current studies are now focused on the evaluation of the catalytic activity in an air-
breathing micro-alkaline direct ethanol fuel cell. 
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Carbon has a crucial role in fuel cell catalyst development either as support material for Pt-based catalyst 
or as an integral part of the catalyst based on nitrogen-doped carbon in combination with non-precious 
metals such as Fe or Co. However, carbon is susceptible to electrochemical oxidation in fuel cell cathode 
conditions as the potential can exceed 1.5 V during start-up and shut-down of the system [1]. 
 
In this work, we have used on-line mass spectrometry to measure the release of CO2 during potential 
cycling to 1.6 V of the MEA in a fuel cell. Multi-walled carbon nanotubes (Pt/MWCNT) were selected as 
an advanced material for Pt support and its performance and stability was compared with N-modified 
version of the same MWCNT (Pt/N-MWCNT) and commercial Pt/Vulcan catalyst. Previously, the 
corrosion properties of N-modified carbon materials have only been studied electrochemically through 
the evolution of double-layer capacity and quinone-hydroquinone redox peaks [2,3]. 
 
In Fig. 1, the CO2 release from the cathode electrode made from the different materials is presented as 
function of the corrosion cycle number. It is clear that in the beginning of the corrosion process both 
MWCNT materials release less CO2 than commercial Vulcan support, indicating that these materials  
more resistant to corrosion. MWCNT shows the most stable behavior in the beginning, which may be due 
to its extremely low double-layer capacity (32 mF compared to 198 mF for N-MWCNT and 124 mF for 
Vulcan). However, as the corrosion proceeds the corrosion rate increases and all the materials reach the 
same stable CO2 release rate, suggesting that the corrosion will eventually render them all to a similar 
state. The Pt/MWCNT and Pt/N-MWCNT catalysts also showed very high Pt area specific performance 
compared to Pt/Vulcan (4.80 and 4.25 mA cm-2 vs 1.75 mA cm-2 at 0.7 V) due to their low active Pt area 
but high oxygen reduction activity. 
 

 
Fig 1. The carbon loss calculated from mass spectrometry CO2 signal (m/z 44) per corrosion cycle from 
0.1 to 1.6 to 0.1 V as a function of the cycle number for the tested electrodes. Measurements were made 
in a PEMFC test cell at 80 °C with 100% RH. The gases were Ar on the cathode (working electrode) and 
5% H2 in Ar on the anode (counter/reference electrode). 
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The electrochemical reduction of carbon dioxide (CO2) currently receives global interest as one of the 
most promising approaches to mitigate and utilize CO2 gas, which is regarded as one of the major 
contributors to the greenhouse effect.[1] The main advantage of using an electrochemical approach for 
such CO2 conversion is that it can be combined with the use of renewable energy resources (solar, wind, 
hydro).[2] Ionic liquids (ILs) have recently gained significant attention as electrolyte for CO2 reduction 
due to several unique advantages: (i) ILs exhibit a selective and relatively high absorption of CO2; (ii) ILs 
suppress the parasitic hydrogen evolution reaction; (iii) ILs decrease the overpotential of CO2 reduction 
via stabilization of CO2 radical anion intermediate.[3] Therefore, ILs are proposed as the next generation 
of effective solvents for CO2 capture/sequestration and its conversion. However, the mass transport of 
CO2 in ILs is typically slow due to the relatively high viscosity of ILs. Recently we demonstrated that 
dilution of 1-butyl-3-methylimidazolium tetrafluoroborate ([BMIm][BF4]) with water improved the mass 
transport properties and boosted CO2 reduction reaction (CO2RR) to carbon monoxide (CO) on a silver 
electrode [4]. Now we compare the mass transport properties of CO2 and CO2RR in [BMIm][BF4] with 
those in ILs, 1-ethyl-3-methylimidazolium tricyanomethanide ([EMIm][TCM]) and 1-ethyl-3-
methylimidazolium tetracyanoborate ([EMIm][TCB]), which have significantly lower intrinsic viscosity 
(Fig. 1). A pulsed-gradient spin-echo (PGSE) NMR spectroscopy is used to determine the concentration 
and diffusion coefficients of CO2 and other solution components. The effect of water addition is explored 
in the diffusion-controlled CO2RR in IL/water mixtures by means of voltammetry, chronoamperometry 
and rotating disc electrode techniques. The diffusion coefficients obtained from PGSE-NMR are 
compared with those obtained from electrochemical measurements. The formation of CO in CO2 
electroreduction is confirmed by online gas chromatography.  
 

 
Fig. 1. Left: ILs under study. Right: Cyclic voltammograms of Ag in CO2-saturated ILs compare 

diffusion-limited currents of CO2RR. 
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“Hydrogen economy concept” is based on utilizing hydrogen as an energy carrier. A conventional 
alkaline water electrolysis technology is not suitable for efficient and low cost hydrogen production, 
which would fit to the hydrogen economy concept. There are several promising alternatives being 
intensively investigated and developed: a) PEM electrolysis, b) alkaline electrolysis in a zero-gap 
configuration, both operating in moderate temperatures below the water boiling point, and c) solid oxide 
electrolysis (SOE) operating in temperature range of 700 to 900°C. The SOE offers two main advantages 
when compared to the low temperature alternatives: lower reversible cell voltage and accelerated 
electrode reaction kinetics. The latter allows omitting platinum-based electro-catalyst in the electrode 
construction. A promising branch of SOE represents co-electrolysis of mixture of steam and carbon 
dioxide (solid oxide co-electrolysis - SOcoE). It can reinstate captured carbon dioxide together with 
excess electric and heat energy into the energy consumption chain in a form of a syngas (mixture of 
hydrogen and carbon monoxide) representing an attractive raw material for subsequent organic synthesis 
targeting various compounds. Furthermore, an added value of the co-electrolysis represents possibility of 
direct production of methane, which is already attractive compound for subsequent organic synthesis and 
in the fuel industry or can be directly injected into the natural gas distribution network. It is therefore of 
great importance to fully understand the mechanism of reactions taking place inside the co-electrolysis 
cell cathode, involvement of different regions of the SOcoE cell and the impact of electrode materials 
used. 
This contribution is focused on theoretical analysis of the complex reaction process in the cathode during 
the co-electrolysis and mathematical modelling of kinetics of the individual steps of the reaction 
mechanism. Effect of cathode properties, operating conditions, gas residence time in the cathode and 
catalyst activity on the off-gas composition are investigated. The model outputs are intended to be 
employed in the system model allowing overall process optimization. Models of different level of 
complexity are going to be compared, namely a zero-dimensional considering the cathode as a CSTRs 
and 1D(2D) model considering non-uniform mass and charge distribution in the cell. The model considers 
steam reforming, water gas-shift reaction, methanation reaction and co-electrolysis of the carbon dioxide 
and steam. It is implemented and solved by finite element method in COMSOL MultiphysicsTM. The 
kinetic data used in the models results are evaluated base on the experimental data. 
 
Financial support of this project (acronym: SElySOs) by FCH JU within the framework of project No: 
671481 is gratefully acknowledged. 
 
 
 

mailto:kodymr@vscht.cz
mailto:niakolas@iceht.forth.gr


Investigation of Fe-induced Performance Changes and Corrosion Behavior 
of a Ni-Co-Oxide Catalyst for Oxygen Evolution 

 
Ioannis Spanos1, Shyam Bandlamudi1, Alexander A. Auer1, Robert Schlögl1,2, Anna K. Mechler1 
1Max Planck Institute for Chemical Energy Conversion, Department of Heterogeneous Reactions 

Stiftstrasse 34-36, 45470, Muelheim an der Ruhr, Germany 
2Fritz Haber Institute of the Max Planck Society, Faradayweg 4-6, Berlin 

ioannis.spanos@cec.mpg.de 
 

The high costs of traditional catalysts like IrO2 and RuO2 for the oxygen evolution reaction (OER) make the use 
of alternative materials like Ni-based oxides necessary [1]. However, it is well established that Fe 
contaminations in the electrolyte can affect the catalyst performance of those materials [2]. In this work we 
demonstrate the detrimental effect of Fe contaminations in a commercial KOH solution on the activity and 
corrosion behavior of a Ni-Co-based OER catalyst. For this purpose, we utilize an electrochemical flow cell 
(EFC) in combination with an Inductively Coupled Plasma – Optical Emission Spectrometer (ICP-OES) [3-4] 
(Fig. 1). Thereby we can quantify in-situ the incorporation of Fe from the electrolyte onto or into the catalyst. At 
the same time we follow the degradation behavior of the Ni-Co-Oxide catalyst during our standardized 
benchmarking protocol [3]. This reveals that not only the Fe-incorporation leads to an activation of the catalyst, 
but it also actively prevents the dissolution of Ni and Co-species from the catalyst. 
 

 
Fig. 1 Flow cell design and combination with ICP-OES for performance and corrosion evaluation of OER catalysts. 

 
In the present work, we additionally investigated the effect of different cycling procedures in Fe-contaminated 
vs. Fe-pure KOH on the structural changes of a commercial NiCoO2 mixed oxide as benchmark material. 
Interestingly, the catalyst shows similar evolution trends of the oxidation and reduction peaks of the NiCoO2 
catalyst during a typical cyclic voltammetry preactivation independent of Fe-contamination (Fig. 2). However, 
the activation and degradation in the Fe-contaminated and Fe-free KOH, respectively, can still clearly be seen. 
                                                                                                                                               

                                  

                               
Fig. 2 NiCoO2 catalyst preactivation comparison in Fe-contaminated and Fe-pure 1M KOH. 
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Polymer electrolyte membrane (PEM) fuel cell are devices capable of direct conversion of chemical 
energy of fuel (mostly hydrogen) to electricity. Only few steps remains to commercial wide spreading of 
this technology. One of the issues still under development is to ensure uniform distribution of reactants 
over entire active area of gas diffusion electrode. Many studies were perform to evaluate influence of 
flow-field design improving this distribution [1]. However, this is not only parameter, which can 
influence the uniformity of gas flow in fuel cell. The properties of gas diffusion layer (GDL) are also 
crucial. Structure, in-plane and through-plane permeability, hydrophobic treatment, compression – all 
these parameters can influence the flow through the GDL [2].  
 
This work present experimental and model study of gas flow in relatively simple system depicted in 
Figure 1. It comprises serpentine channel with cross-section area 1×1 mm2 and adjacent GDL sample. 
Experimental measurement provided information on pressure drop dependence on gas flow rate through 
the system. This dependence was determined for hydrogen and nitrogen and the measurements were 
performed at temperature of 23 °C. Subsequently, the model was used to describe the gas flow on local 
scale. The model is three-dimensional and it corresponds to experimental set-up. Gas flow description is 
based on Navier-Stokes equation.  
 

 
Figure 1: Experimental set-up for measurement of pressure drop in single serpentine and adjacent GDL 

sample. This set-up also corresponds to model set-up. 
 
The model results are in good agreement with experimental data. Due to this, it can be expected that 
model results describe reliably local distribution of needed quantities in the model system. The parametric 
study documenting impact of the GDL properties and gas flow parameters was performed. 
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From a fundamental to an applicative point of view, iridium oxide (IrO2) is still considered as a reference 
material and the state-of-art for the oxygen evolution reaction (OER) due to its high electro-activity and 
stability. However, the high cost and low abundance of iridium are a serious limitation for a large scale 
applications. It is thus required to jointly decrease the amount of the precious metal and to improve its 
electrocatalytic properties. To meet these requirements, the synthesis of single crystalline thin films is a 
technologically viable approach. Indeed, the nature of surface structure is known to determine the 
reaction mechanisms with the (100) surface of iridium oxide being more active than the most 
thermodynamically most stable (110) surface [1].  
 
Pulsed laser deposition (PLD) is a technique of choice for the design of new materials. Its versatility 
allows for a precise control of both the growth of an oriented thin film and its composition. But one of the 
most exciting aspects is the heteroepitaxial growth (which means crystalline deposition on a substrate 
with a possibly different crystallographic structure), which can induces lattice strain in the nm thick film, 
and which paves the way for lattice tuning. In any case, it leads to a controlled distortion of the structure 
which may enhance the electrocatalytic performances [2]. In fact, a deviation from the ideal rutile-type 
structure of IrO2 is known to improves the oxygen evolution reaction [3] 
 
In this communication the oxygen evolution reaction performance in alkaline media at (100)-oriented 
iridium-based oxide thin films, grown on SrTiO3 perovskite substrates by PLD, are presented. The 
electrocatalytic properties are correlated with the crystallographic structure and surface morphology by 
means of diffraction techniques and Atomic Force Microscopy. 
 
First, the PLD conditions (substrate nature, temperature, laser fluence, thickness) are shown to influence 
the resulting OER properties. Indeed, when (100) SrTiO3 is used as substrate, (100) IrO2 thin films adopts 
two different in-plane commensurate structures (5b u 7c and 8b u 5c) growing with two different domains 
alignment in respect to the substrate. Depending of the deposition temperature, the OER onset potential 
values are found to be significantly lowered by ca. 70 mV. 
 
Based on this, the role of iridium substitution by nickel in the Ir1-xNixO2 system is presented. Addition of 
nickel allows first to decrease the amount of iridium and secondly to add a supplementary lattice strain in 
the structure (due to the different cations size). Thanks to PLD synthesis, the (100) orientation and the 
rutile-type structure are both preserved, up to 15 % at. Ni. The causes of the resulting OER improvements 
at Ir1-xNixO2 systems, by ca. 1 and 2 orders of magnitude, are discussed. 
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Introduction: The conversion processes of carbon dioxide into useful chemicals, carbon monoxide, 
methane and methanol, would be promising not only solution of the global warming but also for break 
from the dependency on coal and other fossil resources if we can obtain enough renewable energy. 
Carbon monoxide is a useful chemical and reductant. Electrochemical reduction of carbon dioxide with 
water to carbon monoxide using a polymer-electrolyte-membrane (PEM) cell was studied in this work. 

It is usually recognized that the rate determining step is one electron reduction of CO2 to CO2
– having 

a negative potential (-1.9 V), when hydrogen evolution reaction easily take place. How to suppress the 
formation of H2 is essential for the selective reduction of CO2 to CO; therefore, the majority of previous 
works have been done under higher pH condition. To realize fast electrochemical reduction of CO2, a gas 
electrolysis cell equipped with PEM will be employed because a slow diffusion of CO2 limits a current in 
the liquid phase. We have found a new electrocatalyst of Co-N-C material for the reduction of CO2 to 
CO1). Detailed reduction of CO2 and reaction mechanisms are discussed in this work. 
 
Experimental: The schematic diagram of the electrolysis cell 
was shown in Fig. 1. A galvanostatic electrolysis, electro-
reduction of CO2 and an electro-oxidation of water, was 
conducted at 273 K by using an electrochemical system. 
Products in cathode (CO, H2) and anode (O2) were analyzed 
by using GC techniques. A cathode-catalyst precursor was 
prepared from ethanol solutions of Co(NO3)2∙6H2O and 2,2’-
dimethyl-4,4’-bipyrine (dmbpy) and a carbon support, 
Ketjenblack (KB), by impregnation method. The precursor 
was activated at 623 K for 3 h in He and the cathode catalyst 
was prepared (Co-dmbpy /KB(623K). The MEA was 
fabricated by hot-pressing the cathode, a Nafion-117 and a 
Ir(20 wt%)/KB anode. 
 
Results and discussions: Screening test of various ligands of nitrogen-containing to Co were conducted. 
Electrochemical activities of Co-ligands/KB materials were dramatically changed by the types of the 
ligands. A 4,4’-dimethyl-2,2’-bipyridyl ligand (4,4’-dmbpy) 
was effective for reduction of CO2 to CO. The sum of 
FE(CO) and FE(H2) was approximately 100 %. The effect of 
heat-treatment temperatures of Co-4,4’-dmbpy/KB on their 
electrocatalytic activity for the CO2 reduction is examined at 
−0.75 V (SHE) in Fig. 2a, b. A j increased as heat-treatment 
temperatures, and reached up to 158 mA cm-2 by a 973K-
treatment. This indicates that electrocatalytic active sites are 
formed during the heat-treatment. Fig. 2b shows formation 
rate of CO (Rs(CO)) and FEs(CO) as functions of the heat-
treatment temperatures. Electroreduction activity of CO2 was 
observed above a 473K-treatment. The Rs(CO) steeply 
increased with heat-treatment temperatures; the highest 
R(CO) corresponding to 217 TOF h-1 was observed at a 
673K-treatment. The FEs(CO) jumped from 14% at a 473K-
treatment to 80% at a 573K-treatment. FEs(CO) steeply 
decreased to 3 % at a 973K-treatment.  
Detail electrocatalysis and mechanism will be present. 
 
1) H. Ogihara, T. Maezuru, Y. Ogishima, I. Yamanaka, ChemsistrySelect. 2016, 1, 5533. 
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Fig. 1. Scheme of CO2/H2O-electrolysis cell. 

Fig. 2. Effect of heat-treatment of the Co-
(4,4’-dmbpy)/KB on reduction of CO2. 
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EIFER is involved since several years in the characterisation of solid oxide cells operated mainly in the 
steam electrolysis mode. Strong emphasis is put on the long-term testing of cells which approach, as far 
as possible, the requirements for industrial application. Testing activities originally started with (Ni-YSZ) 
H2 electrode supported cells and covered up to 9000 h operation. Acceptable degradation was 
demonstrated for a current density magnitude of 0.75 Acm-2, which is significantly above the current 
density values used in the SOFC mode but which does not yet allow the full use of the available 
overvoltage window for operation around the thermal neutral voltage. At higher current densities, 
accelerated electrode degradation occurs, coupled to a Ni loss at the electrolyte/electrode interface. The 
process is analysed and reported by several groups (cf. [1]). 
In subsequent work on electrolyte supported cells with different H2 electrodes (Ni-GDC), a benchmark 
operation time of 23000 h with -0.9 Acm-2 current density was achieved with low voltage degradation 
(<0.6 %/1000 h) [2], [3]. This result is the basis for our current performance characterisations of cells 
with that electrode type aiming at (i), substitution of the originally used Scandia-doped electrolyte 
(6Sc1CeSZ) by electrolytes with other dopants and of different thickness, (ii), reduction of the operation 
temperature to values commonly used with electrode supported cells, in order to further decrease 
degradation, and (iii), demonstration of cell operation under varying load (notably current ‘’on/off’’ 
switching with tens of thousands of cycles, cf. Fig.1). Part of this work is done in the frame of the 
research project GrInHy of the European Union on the use of reversible SOFC/SOEC (so called r-SOCs) 
under widely varying load conditions [4]. The demonstration project includes operation of an electrolyser 
with 120 kWel electrical input power. The compared to low temperature electrolysers much lower 
electrode overvoltages represent a key element for reversible operation.  
Examples of our recent long-term cell-testing results will be presented, including impedance 
spectroscopic results. Impedance spectroscopy was used as diagnostic tool for in-situ degradation analysis 
while maintaining steady state operation conditions. That spectroscopy allows in many cases the 
identification and quantification of the degrading elements already during operation, such as the 
contributions from electrolyte, electrodes, barrier layers, contacting, and also the influence of the feed-gas 
purity and de-rated operation (e.g., under steam starvation and/or activated overvoltage protection).      
   
References 
[1] D. The, S. Grieshammer, M. Schroeder, M. Martin, M. Al Daroukh, F. Tietz, J. Schefold, A. Brisse, J. 
      Power Sources 275 (2015) 901. 
[2] J. Schefold, A. Brisse, H. Poepke, Electrochimica Acta 179 (2015) 161. 
[3] J. Schefold, A. Brisse, H. Poepke, Int. J. Hydrogen Energy  42 (2017) 13415. 
[4] Project netsite <www.green-industrial-hydrogen.com>. 
 

Fig. 1. Cell voltage and 
current density for an 
electrolyte supported solid 
oxide cell under cyclic 
operation with -0.7/-0.07 
Acm-2 (total cycle number 
>>10,000).  
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Polymer electrolyte membrane fuel cells (PEMFCs) are a promising technology for providing clean 
electrical power in a broad range of applications. They convert the chemical energy stored in hydrogen 
molecules into electricity, through an electrochemical reaction between hydrogen fuel and oxygen in 
which the sole by-product is water. Several commercial systems are already being deployed worldwide 
for automotive and stationary applications, with approximately 300k PEMFC units shipped between 2012 
and 2017. Nonetheless, further development and research is required in order to optimise their 
performance, enhance durability and ultimately reduce costs. On the cost breakdown of a PEMFC stack, 
the components which contribute most significantly to the final price are the catalyst layer (~ 45%) and 
the bipolar plates (~ 30%).  
 
Bipolar plates are responsible for the collection of electrical current within the stack and the distribution 
of fuel and oxidant over the active area of the electrodes. The United States Council for Automotive 
Research (USCAR) has identified the current research and development needs for PEMFCs for 
transportation applications, focusing on materials, manufacturing and durability testing for bipolar plates. 
It has highlighted the need for the development of more representative ex situ methods to characterise 
candidate materials and coatings for bipolar plates, combined with in situ methods to provide a better 
understanding of the in service conditions to which the bipolar plates are exposed during PEMFC 
operation. 
 
In this study, the in service conditions experienced by a PEMFC bipolar plate during start-up and shut-
down events have been investigated using an innovative in situ reference electrode array developed at 
NPL. The primary focus was on the effect of the presence of a micro-porous layer on the local potential 
experienced by a graphite or metallic cathodic bipolar plate. The results demonstrate for the first time an 
additional beneficial function of the micro-porous layer; it not only ensures more even reactant delivery 
and water management to/from the catalyst layer, but also effectively decouples the electrochemical 
environment of the bipolar plate from any significant polarisation by the catalyst layer. Furthermore, ex 
situ measurements provide complementary evidence pointing towards a more significant contribution of 
crevice corrosion to degradation of fuel cell bipolar plates. These findings will inform improved design of 
test methods for corrosion of bipolar plates and highlight the importance of component selection for 
enhancing long-term durability of PEMFC stacks. 
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The interface between the catalyst layer (CL) and the polymer electrolyte membrane (PEM) in a fuel cell 
has significant impact onto its electrochemical performance [1]. In consequence, in the past years there 
have been growing research activities to engineer this interface in order to improve the performance of 
polymer electrolyte membrane fuel cells (PEMFCs). This talk summarizes these approaches and 
compares the various techniques. Based on the available fuel cell data in literature we provide a 
quantitative comparison of relative improvements caused by specially 3D-engineered PEM|CL interfaces 
[2]. This allows to draw several conclusions: We show that the similar improvements of relevant 
electrochemical properties such as improved high and low frequency resistances as well as higher peak 
power density can be achieved by 3D PEM|CL interface engineering techniques. As an example, 
regardless if patterned membrane surfaces [3], ionomer gradients in the catalyst layer [4] or direct 
membrane deposition techniques [5] are used, comparable improvements of the fuel cell characteristics 
were reported. Second, for patterned membranes surfaces it was found that feature sizes of about 1-10 µm 
on the membrane surface seem to result in the most significant power density improvement (see Erreur ! 
Source du renvoi introuvable.). Finally it is shown that a re-engineered PEM│CL interface can also 
contribute to extend the durability of the MEA due to enhanced adhesion and contact between both 
functional layers. 
 

 
Figure 1: Comparison of the power density improvement vs. the CL/PEM surface area increase (left) and 
vs. the membrane pattern size (right). 
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The investment costs for polymer electrolyte membrane (PEM) water electrolysis can be reduced 
if systems are operated at elevated current densities. However, it remains unknown how this 
affects long-term stability. In this study, we elucidate the durability and degradation phenomena 
that occur in our test cells at high (2 A cm-2) and elevated (up to 3 A cm-2) current densities 
during constant and intermittent operation. Up to 2 A cm-2, stable cell performance was achieved 
under both régimes. At elevated current densities, two primary factors caused performance 
degradation, namely the increase in ohmic cell resistance and the appearance of mass-transport 
resistance, both of which contribute to the voltage increase in equal measures. By varying the 
way in which the cell is assembled, it was found that both effects relate to the anti-corrosion 
coating of the titanium porous transport layer (PTL), which was stable at 2 A cm-2 but detached at certain 
points and adhered to the anodic side of the catalyst-coated membrane (CCM) under 
operation at elevated current densities. The results of this study indicate that PEM water 
electrolysers can be coupled to intermittent power profiles from renewable energy sources 
without substantially affecting long-term stability. 
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To promote Proton Exchange Membrane Fuel Cells (PEMFCs) commercialization, large research effort 
has been devoted in developing new polymer electrolytes that can replace the usually employed proton 
conductors, e.g. Nafion®, with other membranes of comparable performances but lower cost. Chitosan 
(CS)-based membrane electrolyte is currently studied as alternative candidate for PEMFC application. 
Several works have shown that Heteropolyacids (HPAs) can be used to prepare Chitosan polyelectrolytes 
(PECs) to be employed as proton exchange membrane in low temperature fuel cells. In previous works 
[1-4] we have shown that CS/HPA membranes, prepared using alumina porous medium for the slow 
release of Heteropolyacids, show good performances in H2 fed fuel cell. Moreover, it has been reported in 
literature that Chitosan (CS)-based membrane are expected to be blocking with respect to methanol 
crossover [5], that is one of the main drawbacks in using methanol as fuel. 
This work is focused on the synthesis and characterization of different CS/HPA membranes (changing 
HPAs and synthesis conditions) with the aim to assess the influence of membrane fabrication and nature 
on their performance as proton conductors in Methanol fed fuel cell (Direct Methanol Fuel Cells, 
DMFCs). X-ray diffraction and FTIR analyses were performed to study the structure and composition of 
the membranes, while SEM was used to get information on the membranes morphology and thickness as 
a function of the preparation conditions. We have also investigated the methanol permeability in order to 
study the methanol crossover and the water-uptake. 
The membranes were then tested in a Methanol/O2 fuel cell at several temperatures (between 25°C and 
80°C). Electrochemical Impedance Spectroscopy was used to get information of the conductivity of the 
membrane and to model the overall electrical behaviour of the cell. Very promising power density peak of 
~ 60 mW cm-2 (close to Nafion® benchmark) and low methanol permeability (3.8 × 10-6 cm2 s-1) were 
obtained. 
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The long-range charge transfer mechanisms of electrolyte membranes (EMs) play a crucial role both in 
fundamental research and in a host of practical applications, including primary and secondary batteries, 
fuel cells (FCs), dye-sensitized solar cells, supercapacitors and sensors. In particular, the EMs bottleneck 
the performance and durability of FCs operating at low temperatures (T < 250°C). Such FCs include 
proton-exchange membrane fuel cells (PEMFCs), high-temperature proton-exchange membrane fuel cells 
(HT-PEMFCs) and anion-exchange membrane fuel cells (AEMFCs). A wide variety of EMs has been 
proposed, based on: (a) different families of polymer electrolytes; and (b) polymeric matrices swollen 
with suitable ion-conducting media (e.g., ionic liquids and mineral acids). In these materials, the long-
range charge transfer events take place owing to complex processes, which involve several possible 
relaxation phenomena, such as: (a) ion hopping events between ion coordination sites; (b) relaxation 
modes of the host matrix; and (c) polarization effects occurring at the interfaces between the different 
domains characterizing the materials. Broadband Electrical Spectroscopy (BES) is a powerful tool for the 
accurate investigation of the roles played by electrical relaxation events in the charge transfer processes. 
Indeed, BES allows to carefully detect the fundamental relaxations governing the long-range charge 
transfer mechanisms and to correlate them to the morphology of EMs. This presentation overviews results 
of the application of BES in the study of the charge transfer mechanisms of pristine and hybrid inorganic-
organic proton-conducting and anion-conducting membranes. The general phenomena and the 
fundamental theory underlying the interpretation of the events characterizing the electric response of the 
EMs are also described. Finally, the models adopted for the interpretation of conductivity mechanisms are 
described and a unified conductivity mechanism is proposed. 
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Phosphoric acid (PA) is known to be an excellent proton conductor since it can provide mobile protons by 
two conductivity mechanisms: the protonation of water and self-dissociation. PA is therefore the material 
of choice when a proton conducting electrolyte is needed especially when temperatures above 100°C and 
dry conditions are expected. The water – PA system seems to be well examined, which is true for 
temperatures below 100°C [1]. At higher temperatures, there are still gaps where little data are present. 
Especially for molar ratios of water to phosphoric acid ranging from 1:1 to 1:3 some interesting effects 
exist [2]. One of them is the reversible condensation of PA to pyrophosphoric acid [3]. The aim of this 
work is to provide more data in this molar ratio range with focus on high temperature polymer electrolyte 
fuel cell (HT-PEFC) operating conditions. 

PA is exposed to a defined set of water vapor pressure and temperature and the equilibration of the PA 
solution is monitored using in-situ electrical and temperature measurements. Since PA solutions of more 
than 250ml are used, the thermal drag is dominated by the water exchange between the liquid and the 
applied atmosphere and thus can be used to monitor the equilibration process. When the thermal drag – 
measured as the temperature difference between PA solution and the measurement setup - becomes 
virtual zero or constant, the equilibration state is reached and the electrical measurements give the 
specific conductivity of the PA solution at equilibrium. Density and water content measurements at the 
equilibrated states complement these properties. 

  

At first sight the electrical conductivity hardly shows any indication for condensation. A more detailed 
analysis shows however, that there is not a trivial relationship between water vapor activity and specific 
electrical conductivity. An extended analysis of the equilibration times together with the water content 
and density data provides clear evidence for a more complex water – PA interaction than reported in 
literature so far. We propose the existence of a water – PA complex with a molar ratio to 1:2, known as 
PA hemihydrate, even at temperatures above 100°C, which seems to enhance proton conductivity and 
acts like a missing link between the azeotrope PA and the pyrophosphoric acid. 
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In addition to the typical membrane electrode assembly (MEA) fabrication methods (gas diffusion 
electrode (GDE) and decal methods), a brand-new MEA fabrication method (M-CCM method) was 
conceived as shown in Fig. 1. Generally, an MPL is formed on the GDL substrate for water management. 
However, in M-CCM method, a hydrophilic MPL is attached to the cathode catalyst layer. We have 
already shown that MEAs with a hydrophilic MPL work much better in a wide range of operating 
conditions (1, 2). The hydrophilic MPL is made of carbon fiber and ionomer, and its functions are to 
remove excess water from the cathode catalyst layer under wet conditions and to prevent dehydration of 
the membrane under dry conditions.  
 
If the CCM with an MPL attached (M-CCM) is used instead of a standard CCM using the decal method, 
the MEA performance will still improve even when using conventional GDLs with a hydrophobic MPL. 
Figure 2 compares the MEA performance of an M-CCM and a standard CCM, using commercially 
available hydrophobic GDLs. The M-CCM shows higher cell voltage in high current density region under 
a wet condition of 80℃, 100%RH. Under a dry condition of 80℃, 20%RH, M-CCM shows higher cell 
voltage through the whole current density region. The hydrophilic MPL is beneficial in distributing gas 
more effectively and keeping the membrane suitably wet. As any GDL substrate is applicable to this M-
CCM, this is a unique and promising method for MEA fabrication. 
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Fig. 1 Comparison of MEA fabrication methods 
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Fig. 2 Performance of M-CCM using standard GDLs 
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Within composite electrodes for solid oxide fuel cells (SOFCs), electrochemical reactions between gas 
species and charge carriers take place at the so-called three-phase boundary (TPB), which is the contact 
perimeter among the electron-conducting phase, the ion-conducting phase and the porous phase. The TPB 
reaction zone is conventionally regarded as a mono-dimensional line and efforts have been made to 
increase its length to reduce kinetic losses. 
 
By using physically-based modeling, 3D tomography and impedance spectroscopy, it is shown here that 
the electrochemical reactions take place within an extended region around the geometrical TPB line. Such 
an extended region is in the order of 4 nm in Ni-YSZ anodes [1] while approaches hundreds of 
nanometers in LSM-YSZ cathodes [2] (Figure 1a). These findings have significant implications for 
preventing the degradation of nanostructured anodes, which is due to the coarsening of the fractal 
roughness of Ni nanoparticles [1], as well as for the optimization of composite cathodes, indicating that 
the adsorption and surface diffusion of oxygen limit the rate of the oxygen reduction reaction (ORR) [2]. 
 
Having elucidated the kinetic mechanisms occurring at the nanoscale, guidelines are given to optimize the 
electrode microstructure via additive manufacturing [3] at the micro and mesoscales by introducing a 
novel approach for the quantification of inhomogeneous current distribution at the particle level (Figure 
1b). 
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Figure 1 – a) Extension of the reaction zone beyond the TPB line; b) novel approach for the quantification 

of inhomogeneous current distribution at the microscale. 
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Highly selective and efficient electrochemical CO2 reduction reaction (CO2RR) toward value-added 
products relies on the rational design and fabrication of catalysts with excellent durability. Bimetallic 
nanostructures with hierarchical morphology and elemental distribution are ideal to control the catalyst’s 
reactivity and selectivity, as well as to optimize the precious metal utilization. 
Herein, we report on a strategy to promote CO production via CO2RR over a CuPd alloy shell on the 
surface of Cu nanowires (named as Cu@CuPd). The Cu@CuPd core-shell nanowires were synthesized 
via a controlled galvanic replacement reaction. From SEM image (Figure 1a), nanopores and 
nanoparticles were observed on Cu@CuPd nanowires with an average diameter of ~ 80 nm and length in 
the micrometer range. SAED acquired from an individual Cu@CuPd core-shell nanowire (Figure 1b) 
indicates that the nanowire adopts a majority of orientation along the [110] direction. The CuPd alloy 
deposited throughout the nanowires in both of the outer and inner nanowire walls with a thickness of ~ 2 
nm and fine particles, which was verified by the energy dispersive X-ray (EDX) line-scanning and 
mapping (Figure 1c, 1e-f). We demonstrate the as-synthesized Cu@CuPd bimetallic nanostructures are 
outperforming conventional Pd and Cu catalysts in selective conversion of CO2 to CO (Figure 1d). The 
mass activity of producing CO reached 46.2 mA mg-1

Pd at -0.8 V versus RHE on alloyed Cu@CuPd, 
which is five times higher than the one of our Pd nanoparticles and three times higher than one of the 
most active Pd1 catalyst reported so far (Figure 1h). The CuPd alloy shell (thin layer and fine particles) is 
evidenced for Cu@CuPd core-shell nanowires by XRD and XPS. Furthermore, the Cu@CuPd catalyst 
has excellent durability owing to the presence of Cu which can tune the intermediate and reactant binding 
to the catalyst surface. Identical location HAADF-STEM combined with EDX analysis indicate a stable 
catalyst morphology and elemental distribution during CO2RR, which further approves the excellent 
durability of this bimetallic catalyst. The catalyst morphology on the mesoscopic length scale is discussed 
to be the primary factor in preventing the nanowire coalescence. Controllable fabrication of bimetallic 
core-shell electrocatalysts, particularly with the less-noble metal as the core, is a promising strategy to 
obtain efficient, selective, cost-effective and stable catalysts for electrochemical CO2RR. 

 
Figure 1 a, SEM image of carbon supported Cu@CuPd nanowires; b, SAED pattern of Cu@CuPd 
nanowire as shown in the inset; c, HAADF-STEM image of Cu@CuPd nanowire; d, EDX line-scan 
profile acquired across a single particle shown in the blue cycle; e, EDX line-scan profile acquired across 
the blue arrow in the insert image; f, EDX maps overlap of the Cu and Pd for the nanowire displayed in 
Figure 1c. 
1. Gao, D.; Zhou, H.; Wang, J.; Miao, S.; Yang, F.; Wang, G.; Wang, J.; Bao, X., J. Am. Chem. 
Soc. 2015, 137 (13), 4288-91. 
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Water electrolysis is an efficient and eco-friendly technology to produce sustainable alternative 

hydrogen clean energy for the universal energy applications. Thus, the development of efficient oxygen 
electrode is a new challenge in the advanced materials and energy research.[1] Recently, we developed the 
Prussian blue analogue-derived nitrogen (N)-doped, nanocarbon (C) layer, cobalt, core-shell nanostructured 
electrocatalysts and used as a promising anode catalyst in the water electrolysis.[3] The core-shell Co@NC 
electrocatalyst exhibits a remarkable oxygen evolution activity (OER) and stability as compared to the 
different commercial noble electrocatalysts of IrO2 during alkaline water electrolysis. The core-shell 
Co@NC/Nickel foam electrode shows overpotential of 330 mV at the current density of 10 mA cm-2, which 
is lower than that of IrO2/Nickel foam and RuO2/Nickel foam oxygen electrode, including a ultra-durability 
of over 400 h at 10 mA cm-2. One step close to the real water electrolysis, the conventional water 
electrolyzer has constructed using the commercial Pt/C/Ni foam electrode as a cathode with core-shell 
Co@NC-anode.  

Fig.1. (a) The OER linear sweep voltammograms, (b) Chronopotentiometry durability test @ 10 mA cm-2. 
 

The water electrolyzer delivers 10 mA cm-2 at a cell voltage of 1.59 V, which is 70 mV lower than that of 
the noble IrO2-anode replaced water electrolyzer in alkaline electrolyte. Over the long-term 
chronopotentiometry durability testing, the core-shell Co@NC-anode electrolyzer shows only 60 mV cell 
voltage loss (4%) even after 350 h of continuous cell operation at 10 mA cm-2 current density. But, the 
IrO2-anode water electrolyzer shows 230 mV (14%) cell voltage loss at a short term water electrolysis of 
95 h, which indicates core-shell Co@NC is a suitable anode to replace noble metal based anodes in alkaline 
water electrolysis. In conclusion, our findings indicate that the Prussian blue analogue is a class of metal 
organic ligands that can be used to derive metal-rich, N-doped nanocarbon layer surrounded, core-shell 
electrocatalysts with single and multiple active centers.  
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Fuel cells are electrochemical energy conversion devices, which can directly convert the energy stored in 
chemical bonds into electricity. The volumetric and gravimetric power and energy density of polymer 
electrolyte fuel cells are such that they represent a promising replacement to the internal combustion 
engine for automotive applications. Major improvements in fuel cell design have been made to simplify 
the overall system through adoption of thinner membranes, which allow for back diffusion of water and 
improved performance with dry inlet gasses. Additional work to reduce catalyst loading has been 
successful, resulting in the projected stack cost dropping below $15 per kW when mass produced. These 
advances have enabled the beginning of commercialization of fuel cell electric vehicles (FCEV). 
Improved platinum utilization and increased power density would reduce fuel cell stack size and materials 
cost, further reducing the barriers to fuel cell technology. In addition to reducing the initial cost, durability 
should be improved. Polymer electrolyte membranes undergo two main types of degradation, chemical 
and mechanical, and the two degradation pathways have been proposed to have a synergistic effect on 
each other. For longevity in real world devices, it is thus imperative to have both outstanding chemical 
and mechanical durability. Adding mechanical support to the membrane is able to satisfy the need for 
mechanical durability through decreasing swelling and improving strength, but chemical degradation 
mitigation techniques are still not satisfactory for the needs of a fuel cell system. 
 
Herein, we report a three-step, highly efficient synthesis producing a membrane achieving the chemical 
durability breakthrough the community has been searching for. Using a novel ion-conducting material 
that contains the lacunary heteropoly acid D-K8SiW11O39 hybrid moieties covalently bound to a 
commercial fluoroelastomer, resulted in a thin, conductive, and chemically robust membrane. We have 
demonstrated that this material has lower, in-situ transport resistance and vastly greater chemical stability 
than the state of the art polymer electrolyte.In Figure 1 , below we show that the material easily passes 
standard DOE test for mechanical durability, Figure 1a, and Chemical durability, Figure 1b. 
 

 
 
Figure 1: (a) LSV for PolyHPA-70 (80 µm) after wet/dry cycling and beginning of life and end of life 
crossover targets (b) OCV hold test at 90 °C/ 30 %RH under H2-O2 flow and no current. Two different 
batches of PolyHPA-70 (80 µm) easily pass the test compared to a Nafion� N211 film for comparison 
(bottom trace). The typical target is 500 h while retaining a voltage above 0.8 V which is marked (x).  
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Abstract The increasing demands for clean energy have triggered tremendous research interests on 
electrochemical energy conversion and storage systems with minimum environmental impact. Electrolytic 
water splitting holds the promise for global scale storage of renewable energy, e.g., solar and wind in the 
form of hydrogen fuel, enabling the continuous usage of these diffusive and intermittent energy sources 
when used together with fuel cells.1,2 Nevertheless, the widespread application of water splitting 
technology has been severely constrained by the use of precious metal catalysts, such as oxides of 
ruthenium and iridium for the anodic oxygen evolution reaction (OER), and platinum for the cathodic 
hydrogen evolution reaction (HER). This presentation concerns our recent progress in developing non-
precious metal-based, carbon-based and metal-organic framework (MOF)-based water splitting catalysts, 
as well as our strategies for enhancing the efficiency of these catalysts by nanostructuring to a level 
comparable to that of precious metal catalysts.3-10  
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In recent years, hydrogen is expected as an energy carrier since hydrogen gas is manufacturable from 
various renewable energy sources and has high convenience in transportation and storage. Therefore, the 
water electrolysis technology that converts water to hydrogen by an electric power is attracting attention 
again. 
 
Oxygen evolution reaction (OER) proceeds as an anode reaction of water electrolysis, but this 
overvoltage is very large and highly active OER catalyst is required. At present, precious metal oxide 
catalysts are used from the viewpoint of reactivity, durability, etc. However, noble metals are expensive, 
and the development of non-precious metal catalysts has been actively carried out. Among the promising 
candidates of alternative catalysts, Ni-Fe-based layered double hydroxide (LDH) has been reported to 
exhibit high OER activity in alkaline solutions. Some studies so far have revealed that the cation 
composition ratio of Ni-Fe greatly affects the catalytic activities, and furthermore the catalytic activities 
were affected by a trace amount of Fe ions contained in an alkaline solution [1,2]. Thus, the evaluation of 
accurate catalytic activities of LDHs for OER has some difficulties in the experiments. 
 
In this study, we prepared have Ni-Fe-based LDH powder samples having different metal cation 
composition ratios and evaluated the OER catalytic activities in alkaline solutions. In addition, it was 
found that the OER activities of Ni-Fe LDHs varied drastically by changing the solutions’ pH during the 
co-precipitation process. Based on the results of inductively coupled plasma atomic emission 
spectroscopy (ICP-AES) and X-ray photoelectron spectroscopy (XPS), we will discuss the impact of 
composition ratios of cations on OER activities in alkaline solutions. 
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CO2-derived fuels, synthesized using renewable energy, present an attractive route towards fuel formation 
from sustainable energy. Impressive progress has been achieved in the production of CO and formic acid 
from CO2.1–3 However, despite considerable efforts in the field, the selective electrosynthesis of higher 
order products such as methane or ethylene remains elusive. A likely explanation lies in insufficient 
understanding of the complex reaction network involved in transferring multiple protons and electrons to 
surface-bound intermediates. 
To shed light into this fascinating maze, we investigate the electrochemical reduction of CO at Cu 
electrodes in nonaqueous electrolytes at low temperatures. Thereby, we gain control of the proton donor 
and the CO binding strength, enabling for the first time activation-controlled kinetic studies over an 
extended parameter range. 
Our studies lead to the surprising finding that higher concentrations of CO serve to suppress methane 
production (Figure 1a), in addition to hydrogen (Figure 1b). In contrast, ethylene production remains 
unaffected by CO concentration and depends predominantly on the electrochemical potential (Figure 1c). 
These observations provide unprecedented insight into the mechanism of electrochemical CO and CO2 
reduction (Figure 2). Among others, we are able to show that the rate of methane and hydrogen formation 
is governed by the competition of CO and H for surface sites and that ethylene formation is taking place 
from sites which are saturated with CO, indicating that simply increasing the supply of CO is not a viable 
strategy for improving CO and CO2 reduction systems. 
Based on our results, we subsequently demonstrate how knowledge of the reaction mechanism can be 
exploited to selectively suppress hydrogen evolution relative to CO reduction by rational tuning of the 
proton donor. 
 

 
Figure 1: Tafel plots for methane (a), hydrogen (b) and ethylene formation (c) as a function of the partial 
pressure of CO. 

 

 
Figure 2: Proposed mechanistic model for methane, ethylene and hydrogen production during the 

electrochemical reduction of CO. 
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In conventional electrodes within polymer electrolyte fuel cells (PEFCs) ionomer, such as Nafion 

serves as proton conductor, due to its high concentration of sulfonic acid groups. In ionomer-free 
electrodes, such as nano-structured thin-films (NSTFs) or other electrodes, such as deposited with atomic 
layer deposition (ALD)1 mechanisms of ion transport are not obvious. Current hypotheses postulate that 
ions transport via either surface diffusion or migration within the electric double layers (EDLs) of 
adsorbed water films. Understanding ion transport mechanisms is more complicated with a recent 
rediscovery of the second potential of zero total charge (pztc) for Pt electrode in the potential range of 
oxygen reduction reaction2. Implication of this discovery is that surface charge on Pt does not have to be 
positive in the region above the first pztc of 0.26 V, enabling proton surface migration mechanism.   

In this work we use a combination of electrochemical techniques applied to Pt nano-electrode array 
fabricated with ALD and electrokinetic measurements to elucidate ion transport mechanisms in ionomer-
free electrodes. Due to structural alignment and controlled pore sizes, Pt ALD nanoelectrode array is a 
promising model ionomer-free electrode for transport processes studies. Various metallic interlayers are 
included with the ALD electrode to eliminate or support the proposed surface diffusion vs. surface 
migration ion transport mechanisms. Strong dependence of both electrochemical surface area and current 
densities is observed with varied relative humidity (RH) in the cell, where larger values are achieved with 
higher RH. Furthermore, higher electrochemical surface area is observed with CO-stripping compared to 
cyclic voltammetry. The study shows that adsorbed hydrogen surface diffusion is an unlikely transport 
mechanism and ion surface migration is a more probable mechanism.  

Electrokinetic study is conducted in a custom-designed parallel-slit cell with solid electrodes at 
varied potentials, where streaming current/streaming potentials are measured to obtain zeta potential at or 
near the slip plane, which can also coincide with outer Helmholtz plane (OHP) of the EDLs. Upon 
polarization of the electrode above and below pztc a change in zeta-potential is measured at all pH values 
of the solution and it is correlated to the local ionic conductivity and ion migration at the OHP. The 
presentation aims to bridge electrochemical and electrokinetic measurements to propose a unified theory 
about the mechanisms of ion transport at charged interfaces in ionomer-free electrodes of PEFCs.  
 
Acknowledgment: This material is based upon work supported by the National Science Foundation under 
Grant No. 1652445. 
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Ceria-based materials are well known as co-catalysts for low-temperature catalytic combustion of 
hydrocarbons, CO and CH3OH and for thermochemical or photochemical CO2 conversion to fuels [1,2]. 
We have studied the CO2 reduction reaction (CO2RR) on electrocatalysts consisting of ceria and different 
substrates, mainly to assess the products selectivity. We have used different supporting materials: (i) 
boron doped diamond (BDD) [2], because of its chemical inertness, low background currents and wide 
potential region for water stability, which limits the HER, a process competitive with CO2RR, and (ii) 
carbon nanotubes (CNTs), because of their great surface area and good conductivity.  
 
We deposited thin films of ceria by an electro-
precipitation technique. Optimizing charge of 
electroreduction and concentration of nitrates and 
cerium species we managed to obtain thin films with 
thickness from 10-20 nm to several hundreds of nm. 
We studied the precipitation process and we were able 
to control Ce3+ doping by changing electrodeposition 
parameters. 
 
 
 
 

 
We did some preliminary work on CO2 reduction 
over our catalysts. Early results showed promising 
efficiency toward formate production at low 
overpotential. Results show that the maximum 
efficiency toward formic acid is obtained at very 
low overpotential with electrodes with small ceria 
layers. 
Increasing Ce3+ content over a certain value seems 
to decrease the overall formic acid yield. 
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As metal-rich metal phosphide could increase electronic conductivity[1] and P-rich metal phosphide 
could offer more active sites to accept protons for HER[2], we thus synthesized 4-nm-thick Ni2P-NiP2 
composite hollow octahedrons with a side length of ~100 nm using single-crystal NiS2 octahedrons as 
sacrificial template based on nanoscaled Kirkendall effect. The thin-wall Ni2P-NiP2 hollow particles 
showed excellent catalytic performance towards HER[3-5], requiring an overpotential of 59.7 mV to 
achieve 10 mA cm-2 with a Tafel slope of 35.7 mV dec-1, superior to the commercial Ni2P particles 
(requiring 130.8 mV and Tafel slope of 56.6 mV dec-1), and comparable to Pt/C (requiring 41.5 mV and 
Tafel slope of 23.7 mV dec-1). XPS results revealed the thin-wall hollow Ni2P-NiP2 composite 
octahedrons could provide more active Ni and P to combine with O from H2O or OH-, which facilitated 
HER process and improved HER catalytic performance. The work provides a feasible route to synthesize 
high-efficient metal phosphide HER catalysts for clean energy transformation. 
 

 
Figure 1. a) HER polarization curves of the HO-(Ni2P-NiP2)/NF, the C-Ni2P/NF, the Pt/C/NF, and the 
NF at a scan rate of 5 mV∙s-1. b) Tafel plots for the HO-(Ni2P-NiP2)/NF, the C-Ni2P/NF, and the Pt/C/NF. 
c) Current density variation (janodic-jcathodic) at 0.21 V vs. RHE plotted against scan rate for the HO-(Ni2P-
NiP2)/NF and the C-Ni2P/NF. d) Nyquist plots of the HO-(Ni2P-NiP2)/NF and the C-Ni2P/NF measured at 
an overpotential of 100 mV, the inset is the equivalent circuit. e) Polarization curves of the HO-(Ni2P-
NiP2)/NF at initial and after 1000 CV cycles from -200 to 60 mV vs. RHE at 50 mV∙s−1. f) 
Chronoamperometric curve of the HO-(Ni2P-NiP2)/NF recorded at 85 mV vs. RHE for 24h. 
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The hydrogen evolution and oxidation reactions (HER/HOR) on Pt-based electrodes are sluggish in 
alkaline medium.1 Tailoring and tuning novel materials (including Pt) is pivotal. We report the effect of 
carbon-support surface of photo-deposited Pt nanoparticles (NPs) towards the hydrogen evolution and 
oxidation reactions (HER/HOR) in alkaline medium.  
 
The surface of home-made carbon nanotubes (CNTs) were chemically modified. The chemical treatment 
leads to increase the sp2 (p-CNT) or the disordered (e-CNT) as confirmed by Raman spectroscopy, XPS 
and TEM analyses. Pt nanoparticles were photo-deposited. XPS and CO-stripping analyses showed that 
the electronic structure of photo-deposited Pt nanoparticles is modified. The magnitude of such 
modification depends on the interaction with a specific carbon surface domain. High-extended sp2 carbon 
surface increases the photo-deposited Pt electronic density, and stability,2 as revealed by DFT 
calculations.3 HER/HOR polarization curves were recorded in 0.1M KOH. Photo-deposited Pt 
nanoparticles onto p-CNT outperformed the activity of commercial Pt/C. HER/HOR kinetic enhancement 
activity of Pt/p-CNT can be attributed to two effects: i) the extended graphitic carbon sites increase the 
oxophilicity of the surface, and ii) the strong metal support interaction (SMSI) effect. The former favors 
the adsorption of OH at lower potential to remove the Hads intermediate produced in the Volmer step; 
whereas the latter is a consequence of the hybridization of Pt d-orbitals with the sp2 carbon sites, that 
modify the electronic properties of Pt NP’s, further leading to the weakening the Pt-Hads interaction, 
favoring the OH surrounding species to react. This phenomenon is further put in evidence with the Pt-
COads interaction.4  
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Renewable energy sources can offer a solution for excessive emissions of greenhouse gases and to the 
expected decrease in availability of fossil fuels in the near future. Both problems would find a common 
solution if we were able to develop energy-efficient processes to convert (low concentrated) CO2 streams 
into fuels and useful chemical products, ensuring a positive economic and environmental balance. One 
possible strategy is to use H2O and CO2 as renewable feedstock for production of fuels and chemicals (e.g. 
carbon monoxide, formic acid or methanol), employing excess electricity generated by renewable power 
sources (like wind or solar) to drive the reactions. The electrochemical CO2 reduction (ERC) is currently 
the most feasible pathway as it benefits from a relatively high efficiency and product selectivity, which can 
be tuned towards a desired product by adapting the operating potential [1]. Furthermore, it allows working 
at ambient conditions and it is a readily up-scalable technology. Finally, they can also be driven by 
renewable energy having the additional advantage that no extra CO2 is liberated [2,3]. 

Here, we present novel electrocatalysts for the conversion of CO2 to value-added products (formic acid, 
methanol, etc.), based on N-doped graphitic carbon materials prepared by controlled pyrolysis of 
polyaniline containing non-noble metal (Ni or Sn) centers [4]. These materials display important assets: 
(1) metals with at least two accessible oxidation states to successfully adsorb CO2 and initiate its reduction; 
(2) an extended delocalized π-system of the N-doped carbon granting good electrical conductivity. The 
polyaniline-based electrocatalysts were synthesized by varying the type and loading of metal species (Sn 
and Ni) and by studying the effect of the extent of acid leaching. The performance of these electrocatalysts 
in the ERC was first evaluated in an in-house designed measurement cell (H-type cell) with an aqueous 
0.1M KHCO3 solution as electrolyte. The electrocatalytic activity was screened initially with cyclic 
voltammetry (CV), giving information on onset potentials and current densities. The more promising 
materials were subsequently further analyzed with linear sweep voltammetry (LSV) in combination with 
a rotating disk electrode (RDE) to get a more in-depth knowledge on product selectivity.   

Further information on Faradaic efficiency (FE) and energy efficiency (EE) was then acquired by 
evaluating the best materials in an in-house designed electrolyzer. By performing chrono-amperometry 
experiments in combination with in-line gas chromatography, the amount of products could be quantified 
over the course of time. Importantly, to use the electrolyzer, the electrocatalyst has to be deposited on the 
GDE, while this might seem straightforward it is difficult to obtain homogeneous and reproducible 
catalyst coatings. Therefore, three different approaches to coat the GDE with the electrocatalyst suspension 
were compared with respect to the homogeneity of the spreading, agglomeration and electrocatalytic 
performance namely: (a) simple drop-casting; (b) manual spraying and (c) fully-automated spraying. It was 
discovered that the best and most reproducible results could be obtained using option c.  

The nature of the metal center, its final content, the N content and configuration proved to strongly affect 
the electrocatalyst performance in terms of onset potential and current densities.   
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Oxygen reduction reaction (ORR) is a very important process in life and in various energy related 
applications. In the past decades, the metal oxides of groups 4 and 5 have attracted much interest due to 
their low cost, abundance, environmental compatibility and excellent stability especially in acid medium 
[1-3]. However, these transition metal oxides usually exhibit limited ORR activity and the exact nature of 
the active sites has not yet been elucidated.  
We will present our recent studies on Ta-based catalysts aiming to understand the origin of the catalytic 
activity for the ORR on these materials, and to develop new strategies to obtain high density of active 
sites. Na2Ta8O21 supported on graphene catalysts are obtained by hydrothermal synthesis using NaOH as 
precipitation agent followed by pyrolysis at 900°C in Ar atmosphere, Figure 1.a. This type of catalysts 
shows higher catalytic activity for ORR than pristine graphene, Figure 1.b., and its activity can be tuned 
and further improved through the proper control of the synthesis parameters [4]. Instead, Ta2O5 oxide on 
nitrogen-doped graphene is obtained when NH4OH is used as precipitating agent, Figure 1.a. Comparison 
of the polarization curves recorded for catalysts subjected to similar synthesis conditions evidences: i) the 
higher electrocatalytic activity of Na2Ta8O21 compared to Ta2O5, and ii) that in the latter case the activity 
is mainly due to the nitrogen doping of the graphene substrate Figure 1.b, Correlations between synthesis 
conditions, structure and activity will be discussed in detail. 
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Figure 1- (a) XRD pattern of the catalysts prepared by hydrothermal synthesis using NaOH or NH4OH as 
precipitating agents; (b) Polarization curves for the oxygen reduction reaction in 0.1 M KOH (at 1600 
rpm) for pristine graphene (GP), graphene subjected to hydrothermal treatment with NH4OH and 
pyrolysis at 900°C (N-Graphene), Na2Ta8O21/GP prepared using NaOH, and Ta2O5/N-GP prepared using 
NH4OH. 
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Alkaline water electrolysis is a promising technology to produce high purity hydrogen. Hence, in recent 
years water electrolysis industry is mainly focusing on improving the efficiency of hydrogen evolution 
reaction (HER) by the proper selection of electrode materials. It was reported that the combination of any 
two transition metals, e.g. W/Mo with Co, Ni, Fe, improves the catalytic activity towards HER compared 
to their individual activities, explained by well-known synergetic effect. 
In this study Co-W, Ni-W and Fe-W alloy coatings having different content of W in their composition (5, 
20 and ~30 at.%) were electrodeposited onto stainless steel substrate from environmentally friendly 
citrate-borate electrolyte and evaluated for their possible application for HER in alkaline environment. 
The electrocatalytic activity of the prepared alloys was studied by linear scan voltammetry in 30 wt.% 
NaOH medium at temperatures ranging from 25 to 65°C. Extrapolation of the polarization curves 
obtained at different temperatures, in the coordinates lni - ΔE to value ΔE=0 makes it possible to 
determine the exchange current densities (ECD) that describe the ability of electrode to reduce hydrogen 
ions from the electrolyte.  
It was found that with increasing of W content in the deposits up to ~ 30 at.% a crystal-to-amorphous-like 
transition in Ni-W and Co-W systems takes place and the crystal grain size decreases up to 2-4 nm. In the 
case of Fe-W thin films, amorphous nature has been determined at lower W content, i.e. 20 at.%. In all 
cases, high content of W leads to rougher coatings composed of larger globules that form clusters. These 
morphological and structural changes result in an enhanced HER catalytic activity; e.g. the efficiency of 
Co-W cathodes is higher with increasing of W content in alloy (Fig. 1). Hence, Co-34at.% W 
demonstrates the highest ECD at the room temperature, i.e. 0.025 A/cm2, thus indicating more favorable 
hydrogen reduction. A significant improvement of catalytic activity of all tested cathodes with increasing 
the temperature of NaOH solution was noticed. Among investigated Ni-29at.% W, Fe-34at.% W and Co-
34at.% cathodes, the last one showed the best performance towards HER (ECD = 0.5 A/cm2 at 65ºC). 
 

  
Fig 1. Polarization curves recorded in 30 wt.% 
NaOH at 25°C for Co and Co-W alloys 
cathodes. Scan rate 2 mV/s. Insets are SEM 
images of corresponding coatings. 

Fig 2. Polarization curves recorded in 30 wt.% 
NaOH at 65°C for different amorphous-like W-
based alloy cathodes. Scan rate 2 mV/s. Insets are 
SEM images of corresponding coatings. 
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Because of the limited oil storage and the global warming threats, building a low-carbon society 

supported by sustainable energy, such as wind and solar energy, has been a worldwide topic. Efficient 
utilization of intermittent renewables needs flexible storage & conversion systems, but the options are 
presently dominated by pumped hydroelectric storage that is limited to a specific geographic location.  In 
this talk, we will introduce our recent work to use battery electrode material in the water electrolysis and 
clean chlor-alkali technology. These architectures bring a potential solution to flexibly use sustainable 
energy with higher efficiency. 

Low-cost alkaline water electrolysis has been considered a sustainable approach to producing 
hydrogen using renewable energy inputs, but preventing hydrogen/oxygen mixing and efficiently using 
the instable renewable energy are challenging. We decouple the hydrogen and oxygen production in 
alkaline water electrolysis by using nickel hydroxide as a redox mediator, which overcomes the gas-
mixing issue and may increase the use of renewable energy. The hydrogen production occurs at the 
cathode by water reduction, and the anodic Ni(OH)2 is simultaneously oxidized into NiOOH. The 
subsequent oxygen production involves a cathodic NiOOH reduction (NiOOH-Ni(OH)2) and an anodic 
OH_ oxidization. Alternatively, the NiOOH formed during hydrogen production can be coupled with a 
zinc anode to form a NiOOH-Zn battery, and its discharge product (that is, Ni(OH)2) can be used to 
produce hydrogen again.  

Existing chlor-alkali processes generally use asbestos, mercury or fluorine-containing ion-exchange 
membranes to separate the simultaneous chlorine production on the anode and hydrogen production on 
the cathode, and form sodium hydroxide in the electrolyte. By using the Na+ de-
intercalation/intercalation of a Na0.44MnO2 electrode as a redox mediator, we realize the chlor-alkali 
process into two independent steps: a H2 production step withthe NaOH formation in the electrolyte and a 
Cl2 production step. The first step involves a cathodic H2 evolution reaction (H2O→H2) and an anodic 
Na+ de-intercalation reaction (Na0.44MnO2→Na0.44−xMnO2), during which NaOH is produced in the 
electrolyte solution. The second step depends on a cathodic Na+ intercalation reaction 
(Na0.44−xMnO2→Na0.44MnO2) and an anodic Cl2 production (Cl→Cl2). The cycle of the two steps 
provides a membrane-free process, which is potentially a promising direction for developing clean chlor-
alkali technology. DOI: 10.1038/s41467-018-02877- 

 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 1 Splitting water electrolysis into two steps by using Ni(OH)2 as a redox mediator 
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Given the high power density and environmentally friendly, e.g. low emission and noise, proton exchange 
membrane fuel cells (PEMFCs) have been considered to be promising in applications to not only 
transportation or combined heat and power (CHP) systems, but also portable electronic devices.[1-4] In 
order keep the pace to the more and more efficient and size-shrinking in kinds of electronic devices, new 
strategies are highly demanded to keep promoting the fuel cells’ performance enhancement and device 
integration in a more compact manner .  
In this work, novel designs of the miniature flow fields and integrated PEMFCs were realized on Si 
wafers. In order to maintain the good mass/electron transfers for sufficient and efficient electrochemical 
conversion of the fuel, the vertical dot-type flow fields were fabricated by template-assisted dry etching 
cooperating with the dicing and deposition of Cr/Au conducting layers. Eventually, the integrated Si-
based PEMFC were constructed by combining the commercial Pt/C catalysts (the load of Pt was 0.2 
mg/cm2) and carbon black as gas diffusion layer (GDL) within the Si-based flow fields, in which a 
highest peak power of 354 mW/cm2 was accomplished. This work proposed a unique design and Si-
compatible processing of the integrated FCs, which may present potential applications to in electronic 
devices. 
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Figure 1: eCO2R performance of Cu-Sn electrodes 
(60 min deposition). FE obtained vs applied 
Potential during CA in CO2-saturated 1.0 M KOH 
electrolyte. 
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Electrochemical production of renewable fuels utilizing renewable electricity and waste CO2 is an 
intelligent way to tackle the challenge of intermittency of renewable electrical energy and CO2 gas 
emissions. Renewable fuels have two extraordinary advantages; 1) Renewable fuels provide efficient 
energy storage option for “surplus renewable energy” into chemical bonds of high energy density fuels 
and 2) Renewable fuels utilize existing energy supply infrastructure without any further requirements. 
However, electrochemical production of renewable fuels from waste CO2 and H2O to energy dense 
chemicals is one of the major challenges due to absence of suitable electrocatalysts.  A suitable electro-
catalyst should exhibit high catalytic activity (i.e. high current density) at low overpotential (energy 
efficiency) towards a single energy rich product (selectivity), be inactive for competitor reactions such as 
hydrogen evolution (HER) and have good stability under reaction conditions1. 
Carbon monoxide (CO) is a desired product from the electrochemical reduction of CO2 (eCO2R) with 
high selectivity because CO can be further utilized as feedstock for other chemical products, such as fuels 
and high value chemical compounds 2. However, noble metals like Au and Ag are widely applied 
electrocatalysts that can reduce aqueous CO2 to CO, with high selectivity but their high cost hinders their 
application at industrial scale. Recently, we have reported that bimetallic Cu-In and Cu-Sn3, 4 based alloy 
electrocatalysts can convert CO2 to CO efficiently. Our study focused on Cu-In and Cu-Sn alloy 
electrocatalyst that converted CO2 to CO with high selectivity at moderate overpotentials with excellent 
stability. However, the catalytic activity (current density) for these electrocatalysts was relatively smaller 
to be applied for large scale electrochemical 
production of CO. 
In this study, we report a novel strategy based on 
improved material design and enhanced mass transfer 
for eCO2R to affordable and scalable CO production. 
Sn was employed as an inexpensive and abundant 
metal5 along with commercially available Cu2O to 
prepare a highly selective Cu-Sn electrocatalyst. Sn 
was systematically deposited on a gas diffusion 
electrode (GDE) on Cu2O surface, to obtain 
bimetallic Cu–Sn bimetallic electrode. 
Choronoamperometric analysis was performed on Sn 
deposited Cu2O to study the reduction of CO2 in 1.0 
M KOH for 1 h at various potentials.  The Faradaic 
efficiency (FE) of eCO2R to CO for various samples 
between −0.4 and −1.2 V vs RHE were compared. 
The Cu-Sn sample (deposited for 30 min) showed 
80% CO FE at −1.0 V vs RHE. A small quantity of 
CH4 (∼1% FE) was detected at higher potential i.e. 
−1.2 V vs RHE maintaining about 75% FECO throughout a broad potential range (from −1.0 to −1.2 V vs 
RHE). Figure 1 shows the eCO2R performance with 60 min deposition sample, FECO was achieved upto 
91% at −1.0 V vs. RHE providing a high current density of 90 mA cm−2 which is an order of magnitude 
higher than the previously reported values. The consistent FECO as a function of a range of potentials 
suggests a consistent mechanism for CO2 reduction. The results suggest that Cu-Sn electrocatalysts 
suppress the reduction of H+ and simultaneously promote the conversion of CO2, which is highly desired 
in the electrochemical reduction of CO2 in aqueous medium. 
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Alcohol electrolysis or electrochemical reforming of alcohols is a promising process for converting 
renewable to chemical energy1. This route allows H2 production at lower potentials (a0.1 V) compared to 
water electrolysis (1.23 V2). Its feasibility has been demonstrated using different alcohols, while both H+ 
or OH- conducting polymeric membranes were employed as the electrolyte. However, in all cases the 
reported hydrogen production rates are lower compared to water electrolysis1.   
The primary goal of our study was to identify and compare the source of potential losses during alcohol 
(methanol, ethanol, isopropanol) electrolysis with H+ and OH- conducting polymeric electrolytes. We 
used commercial Pt/carbon-cloth anodes  together with commercial Nafion (H+ conductor) and in-house 
synthetized KOH-doped PBI (OH- conductor) membranes. Our results suggest that acidic alcohol 
electrolysis is mainly (75%) limited by the sluggish anodic reaction, while the remaining 25% of the 
potential losses is related with ohmic losses3. On the other hand, anodic overpotential is significantly 
diminished during alkaline alcohol electrolysis, since the kinetics of alcohol electrooxidation is favored. 
Slow OH- conductivity limits the performance of alkaline alcohol electrolysers, but interestingly, ohmic 
losses can be significantly suppressed by increasing the pH of the anolyte solution. Thus, under 
appropriate operation conditions, alcohol electrolysis using OH- conducting membranes can be overall 
more efficient than using H+ conducting membranes. 
The results of this investigation allowed us to develop optimized membrane-electrode-assemblies which 
are suitable for cost-effective and efficient methanol electrolysis. KOH-doped PBI polymeric membranes 
with OH- conductivity were used together with novel anodes with improved characteristics. For the anode 
fabrication, a TiO2-Ti web of microfibers was chosen as the gas diffusion layer, while Atomic Layer 
Deposition (ALD)4 was used to load Pt on it. It was found that the developmental anodes result in up to 
a30 times higher performance compared to commercial gas diffusion electrodes. The improved activity is 
attributed to the uniform structural characteristics of Pt due to the ALD technique, the open structure of 
the TiO2-Ti substrate which facilitates mass transport and the active role of TiO2 in electrocatalysis due to 
induced metal-support interactions5. 
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Fuel cells are alternative energy sources that convert directly the chemical energy of a fuel into electrical 
energy with high efficiency and low environmental impact. Among the different types of fuel cells 
available, the proton exchange membrane fuel cells (PEMFC) have real possibilities of reaching a 
permanent place in various sectors of the energy market because their quick response and high power 
generation. However, the still slow path towards a complete commercialization of PEMFC technology 
persists and this is mainly due to the high cost and the limited durability of cell components. With regard 
to the electrolyte in PEMFC, it consists of a thin polymer membrane with high proton conductivity and 
enough mechanical integrity to serve as separator between the electrodes. Aside from Nafion type 
membranes whose skills as electrolytes are very well known as well as their major disadvantages, other 
polymers have been investigated during the last decades. These include sulfonated polystyrene-containing 
block copolymers, such as sulfonated styrene-ethylene-butylene-styrene triblock copolymer (sSEBS). 
This very economical starting material combines the processability of thermoplastics with the functional 
behavior of elastomers allowing the synthesis of ionomers by partial sulfonation of polystyrene blocks 
and thereby the obtaining of high proton conductivity electrolyte membranes. Additionally, partially 
sulfonated sSEBS presents microphase separated morphology whereby the polymer chains (ionic and 
nonionic) are self-organized into hydrophilic and hydrophobic domains. Such microphase separation 
leads to the formation of continuous ionic channels for an efficient proton transport in PEMFC which is 
directly proportional to high sulfonic acid content. Unfortunately, a high density of ionic groups causes an 
excessive membrane swelling with the consequent decline of mechanical integrity and final degradation 
in membrane performance. The development of hybrid organic–inorganic nanocomposite proton 
exchange membranes (PEMs) seems to be an attractive attempt in overcoming these limitations. Among 
the different approaches developed for the preparation of hybrid PEMs, the sol-gel chemistry by direct 
infiltration of an inorganic precursor into ionomeric membranes has been chosen. Sol-gel favors the 
interfacial interactions with the ionic domains of the polymer matrix thereby a more uniform dispersion 
and a more extended network of the inorganic component are usually constructed. Moreover, the 
infiltration method allows controlling the location of the inorganic precursor as the existing hydrophilic 
acid regions of the polymer matrix. This work describes the preparation of novel and low cost hybrid 
organic-inorganic membranes via sol-gel chemistry and direct infiltration method using a novel inorganic 
precursor (40SiO2−40P2O5−20ZrO2) and sulfonated styrene-ethylene-butylene-styrene triblock copolymer 
(sSEBS) for their use in fuel cells (PEMFC). sSEBS shows a distinct phase separated morphology which 
can be used as a template to incorporate the inorganic component preferentially within the ionic domains 
of the polymer, improving mechanical stability and reducing water uptake. The hybrid membranes are 
evaluated and compared to sSEBS in terms of swelling in water, IEC and FTIR. Chemical oxidation 
stability has been investigated using Fenton's reagent and the morphology has been observed using FE-
SEM, EDX and AFM. The electrochemical characterization in single cells was carried out at 60 °C, 
atmospheric pressure and 100% relative humidity in order to determine hydrogen crossover, through-
plane proton conductivity and cell performance. The results show that infiltration times up to 40 min lead 
to hybrid membranes with lower swelling in water, enhanced dimensional stability, good proton 
conductivity and better cell performance than pure sSEBS. 
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Selective electrochemical reduction of CO2 is an emerging field which needs enhanced catalysts for its 
practicability. Electrochemical conversion of CO2 to CO is promising considering the already reported 
high faradaic efficiencies for CO compared to hydrocarbon products [1]. Ag is identified as the most 
active and selective catalyst for the CO2 conversion to CO due to weak binding of the CO* intermediate 
[2, 3]. 
 
The influence of Ag metal incorporation into porous Cu structures on the product distribution and 
efficiency of CO2 electroreduction is studied. The main objective was to prepare a cost effective 
nanostructured Ag-Cu catalyst with minimum amount of Ag without compromising the catalytic activity. 
Nanostructuring provides much more active sites compared to bulk metal, which is important in 
enhancing the current density. 
 

 
 
Fig 1. Scanning electron microscopy images of nanostructured Cu and Ag-Cu electrodeposited using 
hydrogen bubble template method  (left); CO current density as a function of  overpotential for Ag foil, 
electrodeposited Cu, electrodeposited AgCu and Cu foil (right).  
 
Ag incorporated Cu structures (Ag-Cu) are prepared by hydrogen bubble templated electrodeposition 
method [4]. Electrodeposited Ag-Cu catalysts modified the morphology of the base Cu structure and 
improved the CO current density at lower overpotentials compared to Ag foil, Cu foil and nanostructured 
Cu as shown in Fig.1. A positive shift in the overpotential for the CO production is observed for Ag-Cu 
compared to bulk Ag. CO mass activity was successfully increased by nanostructuring the catalysts. In 
this presentation we will discuss the effect of Ag concentration on CO selectivity and mass activity in Ag-
Cu nanostructures. Furthermore, the electrochemical stability of catalysts will be studied and compared to 
bulk Ag during long term operation. 
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Electrochemical CO2 reduction reaction (CO2RR) using renewable energy resources can convert CO2 
into value-added hydrocarbon fuels and chemicals. There were many researches for seeking metal and/or 
semiconductor electrocatalyst which can produce hydrocarbon molecules in previous, however only Cu 
can produce hydrocarbons and alcohols with acceptable amounts from CO2RR. Because of this 
uniqueness, many approaches have been demonstrated to tune and promote the Cu’s ability to produce C-
C coupled hydrocarbons and oxygenates, such as controlling the active the active site of Cu, and/or local 
electrolysis environment. 

In this work, mass transfer, kinetics, and mechanism of electrochemical CO2 reduction have been 
explored on a model mesostructure of highly-ordered copper inverse opal (Cu-IO), which was fabricated 
by Cu electrodepostion in a hexagonally-closed packed polystyrene template. As the number of Cu-IO 
layers increases, the formation of C2 products such as C2H4 and C2H5OH was significantly enhanced at 
reduced overpotentials (~200 mV) compared to a planar Cu electrode. At the thickest layer, we observe 
for the first time the formation of acetylene (C2H2), which can be generated through a kinetically slow 
reaction pathway and be a key descriptor in the unveiling of the C-C coupling reaction mechanism. Based 
on our experimental observation, a plausible reaction pathway in Cu mesostructures is rationalized. 
 

 
Figure 1. Scanning electron microscopy image (a-e), X-ray photoelectron spectroscopy (f), and X-ray 

diffraction patterns (g) of Cu inverse opal mesostructures 
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Introduction 
Water electrolysis has recently been paid more attention to as one of efficient uses of renewable energy. 

We have been working on PEM type water electrolysis owing to its similar structure to well-developed 
PEFC. However, development of anode electrocatalys is rather challenging since carbon supports cannot 
be used in order to disperse small catalyst particles under the high potential condition over 1.5 V. Without 
supports, electrocatalysts result in relatively low active surface area and low activity.  

Our group has been working on mesoporous materials for PEFC. During our study, such porous 
materials have been found to keep their porous structure even after being built into the device. Based on 
the similar idea used in our PEFC studies, development of carbon-free mesoporous metal electrocatalysts 
with high active surface area has been proposed in this study. Mesoporous iridium materials were 
particularly developed, and their oxygen evolution reaction (OER) activity was evaluated in details. 

 
Experimental method 

Mesoporous iridium materials were synthesized using Ir(acac)3 as a metal precursor and Pluronic F127 
as a surfactant. After mixing the metal precursor and surfactant, the resulting mixture was heated at 
210 °C and 240 °C in the air and then 400 °C under N2, in to decompose Pluronic F127 and develop the 
mesoporous structure. Electrochemical measurements were performed using a common half-cell setup in 
the solution for the evaluation of OER activity. OER activity was measured at 1600 rpm under N2 with IR 
compensation. A full-cell performance was also investigated by developing membrane electrode 
assembles (MEAs). For the comparison, commercial IrO2, donated by TOKURIKI HONTEN CO., LTD, 
was also similarly analyzed. 
 
Results and discussion 

The resulting iridium materials were confirmed to have a randomly oriented porous structure constructed 
by aggregation of iridium nanoparticles. The pore diameter was found mostly smaller than 100 nm. OER 
activity of porous Ir was lower than that of commercial IrO2 as shown in Figure 1. Since porous Ir was 
found to be mostly metallic iridium according to XRD, the surface of porous Ir was oxidized by the 
potential cycle between -0.5 V and 1.8 V. Then, OER of activated porous Ir was evaluated.  As a result, 
as seen in Figure 1, OER activity was improved and became comparative to commercial IrO2. According 
to further development of MEAs, activated porous Ir anode showed higher activity than commercial IrO2. 
This is most likely due to the difference in anode microstructures in MEAs, and will be discussed in more 
details.  
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Figure 1. Linear sweep voltammograms showing OER. 
Broken line: Porous Ir, Solid line: Activated Porous Ir, and Dotted line: Commercial IrO2 
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Carbon dioxide can be electrocatalytically reduced to many different species relevant to a carbon neutral 
energy cycle, e.g. CO, CH4 and CH3OH. Unfortunately, the vast majority of electrode materials cannot 
facilitate this reaction both efficiently and selectively [1]. Gold is one possible cathode material that does 
have relatively high selectivity and in some cases can perform the reduction to CO at very low 
overpotentials [1, 2]. It has also been shown that the selectivity of gold can be tailored through alloying 
[3, 4] and though the use of gold nanoparticles [1, 2]. In the case of gold nanoparticles, the enhancements 
are likely due to changes in the binding energy of key intermediates caused by strain or defects [5]. While 
the electrode material itself clearly has a direct influence on reaction, the process conditions such as CO2 
concentration, electrolyte pH, and hydrodynamics also will influence the reaction [6-8]. As such, there 
have been an increasing number of reports on investigating the role of process parameters on the 
performance of flow-cells for CO2 electrolysis [9-11].  
 
In the present study, the effect of process conditions (electrolyte flow rate, electrolyte concentration, 
current density) and cathode structure (gold films vs gold nanoparticles on carbon paper) are investigated 
in a flow cell capable of operating in 3-electrode mode. Important operating features of this flow cell 
include the use of a Nafion membrane and H2SO4 in the anolyte chamber to avoid the accumulation of 
cations in the catholyte [12]. Our results show that CO can be produced with current efficiencies of up to 
80% on thin layer of gold cathodes at overpotentials of less than 0.6 V. Much of the results point to the 
role of the interfacial pH at the surface of the active electrode. In our flow cell, this interfacial pH can be 
manipulated by either altering the flow rate or buffer capacity, both of which can be used to optimise the 
Faradaic efficiency for CO production. We also show that the loading of gold on the porous carbon paper 
substrate is critical in minimizing the hydrogen evolution reaction.  
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The performance of polymer electrolyte fuel cells and electrolysers depends on the nanostructure of its 
components. Mainly the nanostructured electrodes determine cell performance and degradation. In 
working fuel cell electrodes, the ionomer films that encapsulate the Pt/C agglomerates fall within the 
range of ultrathin films. In recent years, an oxygen transport resistance has been identified as a major 
hurdle in the development of low-loaded MEAs and the ionomer layer has been postulated to be the 
reason for additional resistance. 
The quantitative investigation of the nanostructure of fuel cell electrodes, especially the analysis of the 
correct dimensions of the ionomer component has proven to be exceptionally difficult. Using electron 
beam-based techniques that need vacuum the ionomer is drying and significantly shrinking, in addition to 
a low contrast between ionomer and carbon components. Also cryogenic TEM analysis may alter the 
sample by use of alcoholic solvents that have an input on structure, despite of beam damage. 
Atomic force microscopy (AFM) has the advantage to work in humid environment and at elevated 
temperatures, close to operational conditions. Using material-sensitive tapping mode, the high contrast 
between the ionomer- and the Pt/C phase in adhesion force mapping allows studying the distribution and 
thickness of the ionomer films that cover the Pt/C agglomerates. With electronic current mapping, the free 
Pt-surface can be evaluated (Figure 1a,b).  
In this contribution, the analysis of cross-sections of Nafion- and Aquivion–based fuel cell electrodes by 
material-sensitive AFM will be presented. Analysis of pristine electrodes delivers the distribution of the 

ionomer film thickness, small ionomer 
clusters, and larger agglomerates. A 
thickness distribution of the ionomer films 
ranging from roughly 4 to 20 nm was 
retrieved (Figure 1c). After operation, 
significant thinning of the ionomer films 
depending on location within the 
membrane-electrode-assembly and 
preparation was found. Differences of the 
swelling behavior of the ionomer films prior 
and after operation were used as a measure 
for ionomer degradation caused ma radical 
attack. A dependence of macroscopic cell 
degradation rate on initial electrode ionomer 
film thickness was observed. 
For further determination of the properties 
of such ultrathin films model layers of 
Nafion®, and Aquivion® PFSA were 
examined. Conductive AFM allowed 
investigations of through- and in-plane 
conductivity in dependence of the film 
thickness. Significant differences in 
conductivity for films below ~10 nm 
thickness were detected.  
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A correct preconditioning before freezing is the key for a low degradation rate and high performance of 
PEM fuel cells after the startup. Standard tests with commercial climatic chambers are very time 
consuming. For that reason, cold starts on PEM fuel cell stacks are more useful then on single cells. With 
the new designed Peltier-Element-Tempered single cell with a size of 50cm², it is possible to do fast, 
efficient and exact tempered cold starts without the help of a climate chamber or chiller plant. It is possible 
to do one freeze-cycle to -5°C in less than 1 hour. The working temperature range of the PET-single cell is 
between -20°C – 130°C with a temperature accuracy of max. +/-0.2°C (Figure 1). 
 
In this work, preconditioning for 
freezing, which is based on the 
operation strategy of the PEM full 
size stack was investigated. The aim 
was to optimize the preconditioning 
procedure with respect to the 
degradation rate using a PET single 
cell. One of the most important 
variables is the water content in the 
cathode catalyst layer (CCL). For 
the freezing and cold start, it is 
crucial to store the right amount of 
water in the cathode catalyst layer. 
The water content is determined by 
using the high frequency resistance 
and varied with a defined cathode 
air flow. 
 
To understand the processes during 
freezing, electrochemical 
impedance spectroscopy (EIS) was 
used. Figure 2A shows the 
temperature levels, which were 
approached stepwise before 
freezing and investigated with the 
help of EIS. Based on the evaluated 
EIS data, the different temperature 
levels influence the charge transfer 
resistance and the double layer 
capacitance. EIS after 3 freezing 
cycles in Figure 2B shows 
significant changes of the high 
frequency data, especially the 
cathode CL’s ionomer conductivity. 
The change is related to the 
degradation during freezing cycle of 
the cathode catalyst layer. 
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Figure 1. (A) Temperature distribution on the PET-single cell 
active area at -10°C. (B) Equivalent electric circuit describing EIS 
data; see [1] for details. 
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Figure 2. (A) Impedance spectra with fitting obtained after the 
freezing preconditioning at different cell temperatures. The spectra 
taken at 60°C show noticeable differences compared to the spectra 
recorded near the freezing point. (B) Fitted impedance spectra after 
three freezing cycles at 60°C cell temperature.  
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The work presents a research on the synthesis of composite nanosized Ni-Co catalysts deposited by sol-
gel method on Magnelli phase titanium oxide (MPT) and their investigation as anode for electrochemical 
water splitting in anon exchange membrane electrolysis cells (AEMEC).  

The chemical composition, surface structure and morphology are characterized by EDX, SEM, and XRD 
analysis. The activity toward the partial electrode reactions of hydrogen (HER) and oxygen evolution 
(OER) is assessed in aqueous alkaline media and then, for pre-selected samples, in anion exchange 
membrane electrolysis cell. Cyclic voltammetry and steady state polarization curves are used to obtain 
information about the reactions proceeding on the catalysts surface, to determine the potentials of 
hydrogen and oxygen offset and the corresponding current densities and thus, to assess the HER and OER 
catalytic efficiency.  

The results obtained showed that the Ni-Co MPT-supported catalysts are stable at the aggressive 
conditions of the alkaline water electrolysis. The metal content influences the structure and morphology. 
Among the tested samples the one with Co:Ni ratio 1:3 demonstrates superior performance and best 
catalyst utilization. The HER starts at - 0.65 V (vs. Ag/AgCl) compared to -1.5 V for pure Ni/MPT 
catalysts.  

The improved catalytic efficiency is prescribed to combination of: i) synergism due to electronic 
interactions between the metallic components of the catalyst (Ni and Co) having hyper d-electron 
character and the hypo-d-electron support, facilitating the formation of intermediate surface species on 
the electrode surface and ii) size effects, ensuring high electrochemically active surface area.  
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The design of cost-effect, active and stable electrocatalysts is a cornerstone of the development of clean energy 
technologies such as electrolyzers. This is especially true for the oxygen evolution reaction (OER), the half 
reaction of water splitting that oxidizes water to generate gaseous oxygen, which shows sluggish kinetics 
associated with the exchange of four protons and four electrons. While some early works were devoted to 
finding physical descriptors governing the energy of intermediates of the reaction and thereby capturing the OER 
activity of transition metal oxides in order to find the optimal catalyst, recent studies pointed out towards the 
complexity of such reactions. Indeed, recent findings on transition metal oxides point towards the involvement of 
surface oxygen into the overall gaseous oxygen generation, inducing the reconstruction of the surface. 
Furthermore, while this new mechanism shows improved performances, the kinetics is then limited by the proton 
transfer, suggesting a chemical step or a decoupled proton electron transfer.   
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Coupled with renewable energy sources, proton-exchange mem-
brane (PEM) water electrolyzers represent a highly attractive 
technology for large-scale energy storage. Their wide-spread im-
plementation, however, remains hindered by their cost. Com-
pared to balance-of-plant (BoP) costs, platinum group metal 
(PGM) catalysts currently represent only a small fraction of the 
overall costs. This is, however, projected to change for a large-
scale deployment scenario, where the fractional costs of BoP 
components will be much lower, turning catalyst costs into a ma-
jor cost contributor.[1] This trend could be further aggravated by 
increasing noble metal prices due to a higher demand of PGMs 
in the future.[2] Therefore, a reduction of catalyst loading is es-
sential to improve the economic competitiveness of PEM elec-
trolyzers. Indeed, previous studies revealed that high perfor-
mance can be obtained with PGM loadings as low as 
≈0.5 mgPGM cm-2.[3] To date, however, there are only few studies 
which systematically analyze the effect of PGM loading on the 
performance of an electrolyzer.[4] 
In this work, we present an analysis of the influence of reduced 
PGM loadings at the anode and cathode of a PEM electrolyzer 
on its performance, corroborated by a detailed description of dif-
ferent voltage loss terms. Despite a drastic reduction of the Pt-
loading from 0.32 to 0.02 mgPt cm-2, the performance remains 
essentially unchanged (cf. the red to the blue curve in Fig. 1a), 
which is largely attributed to the fast kinetics of the HER on Pt.[5] 
Lowering the anode loading from 1.6 to 0.2 mgIr cm-2, a dramatic 
increase of the cell voltage is observed (cf. red/blue with orange 
line in Fig. 1a). The lower electrochemically active surface area, 
however, accounts for only ≈40 mV of the observed performance losses. Instead, a remarkable increase of 
the contact resistance is observed which we attribute to an inhomogeneous catalyst layer at the lower load-
ings. Fig. 1b shows the Ir-specific power density (in gIr kW-1) as a function of operating current density for 
different catalyst loadings. Quite clearly, the gIr kW-1 at an electrolyzer efficiency of 70% (based on the 
lower heating value of H2; dashed black line in Fig. 1b) can be reduced by a factor of ≈3 compared to the 
standard loading of 1.6 mgIr cm-2 using commercially available materials. At the same time, the current 
density at 70%LHV efficiency decreases, which we will show is due to the inhomogeneity of the low-loaded 
catalyst layer prepared with commercially available catalysts and not to the intrinsic activity of Ir. By ana-
lyzing the various voltage loss contributions, we will provide strong evidence that if one were able to pro-
duce a homogeneous electrode at low Ir loadings (referred to as “perfect electrode” in Fig. 1b), an Ir-specific 
power density of 0.01 gIr kW-1 at 70%LHV efficiency could be well within reach. 
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Figure 1: a) UI-curves at 80qC and 1 bar. 
b) Specific power density for various Ir 
loadings; Pt loading: 0.32 mg/cm² or 
0.02 mg/cm² (denoted by asterisk). Black 
line: efficiency of 70%LHV; purple line: 
extrapolation of the gIr kW-1 at 70%LHV 
from the electrode with an Ir loading of 
1.6 mgIr/cm² if performance losses were 
constant and only kinetics change ac-
cording to the Tafel slope (45 mV/dec). 
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Future commercialization of proton exchange membrane fuel cells (PEMFCs) in the automotive 

market depends on cost reduction of their manufacturing through economy of scales and by decreasing of 
loading of expensive Pt-containing catalyst in electrodes from 0.4 mgPt cm-2 to less than 0.1 mgPt cm-2. 
However, lowering Pt content while keeping the same performance and durability is a high priority 
problem for the fuel cell industry. In addition, operation of PEMFCs using ambient air revealed a serious 
negative impact of common air impurities on fuel cell performance and durability, causing premature 
degradation and even cell failure [1]. Nitrogen dioxide is one of the major air contaminants with 
maximum concentration of 0.1-0.2 ppm for heavy urban areas. NO2 in the air is originated mainly from 
automotive vehicle exhaust, fuel combustion and various manufacturing processes; and its concentration 
is expected to be much higher in highway locations [2]. This work presents comprehensive analysis of 
spatial behavior of fuel cells exposed to NO2 for understanding environmental tolerance of a new 
generation of PEMFCs with reduced Pt content and establishing air quality requirements which are 
critical for further market penetration of fuel cell technology.  

A segmented cell and data acquisition system were operated with commercially available 100 
cm2 membrane/electrode assemblies (MEAs). Pt content was 0.4 mgPt cm-2 for anode and cathode for 
high-loaded samples, while low-loaded MEAs have 0.1 mgPt cm-2 for both electrodes. The dry 
contaminant was injected into the humidified cathode air stream. The poisoning proceeded until the cell 
voltage reached a steady value, after that, NO2 injection was stopped to evaluate the recovery in air.  
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The voltage response and normalized current density for each segment vs. experiment time for 
high- and low-Pt loaded PEMFCs operated under the constant current are presented at Fig. 1. The 
injection of 2 ppm NO2 decreased the voltage during a transition period that lasted ~4-5 h eventually 
reaching a steady state. The performance loss was ~0.08 and ~0.125 V for 0.4 and 0.1 mgPt cm-2 MEAs, 
respectively. The voltage decrease was accompanied by a significant change in the current density. Full 
recovery was observed for a high-Pt sample (Fig. 1 a), while performance of a low-Pt PEMFC was 0.580 
V instead of initial voltage of 0.630 V. Analysis of electrochemical properties of NO2 shows that initially 
it dissociatively adsorbs on Pt: NO2 → NOads + Oads [3]. Oxidation or reduction of NOx can occur at high 
(~1.0 V) or low (0-0.3 V) potentials, respectively, which are out of PEMFC’s operating range. Thus, 
adsorbed nitrogen oxides species not only occupy an electrochemically active surface, but also shift 
oxygen reduction mechanism from 4-electron to 2-electron mainly at potentials 0.6-0.7 V which results in 
an observed performance drop [4]. Details of the spatial performance of high- and low-Pt loaded fuel 
cells, results of electrochemical impedance spectroscopy and NO2 poisoning mechanism will be presented 
and discussed. 
Acknowledgements. We gratefully acknowledge ONR (N00014-15-1-0028) and Hawaiian Electric 
Company. Authors are thankful to G. Randolf and J. Huizingh for support of the operation.  
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Fig. 1. Voltage and 
normalized current 
density for each seg-
ment for PEMFCs:  
a) 0.4 mgPt cm−2 and 
b) 0.1 mgPt cm−2.  
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Hydrogen is expected to play an important role as a crosslinking technology between power generation on 
one hand and transport and industry on the other hand. It can directly replace fossil fuels in transport and 
industry when produced by water electrolysis renewable energies such as solar or wind, which are 
converted with low efficiencies. The relevant technologies are either the mature alkaline electrolysis or 
the newer proton exchange membrane (PEM) water electrolysis. For PEM electrolysis in particular, key 
components that determine the stack cost are the titanium-based contact elements, such as the bipolar 
plates (BPP) and the current collectors (CC), and the high iridium loading of electrocatalyst for the OER 
in state of art membrane electrode assemblies (MEA). However, the cost structure depends on the specific 
design of the electrolyser. 
 
 This presentation will discuss strategies for cost reduction by synthesizing novel electrocatalyst with the 
aim of lowering the high Ir loading. Our concept can be applied to supported and alloy electrocatalysts [1-
3]. The supports need to be highly stable and exhibit sufficient electronic conductivity. The enhancement 
of activity achieved with improved electrocatalyst reaches a factor of about 15 with respect to the best 
commercially available electrocatalyst. 
 
 Additionally, the cost reduction achieved by a titanium coating for stainless steel BPPs or CCs for PEM 
electrolysis will be discussed [4-5]. We use vacuum plasma spraying (VPS) to coat either dense coatings 
for corrosion protection of stainless steel components or build up titanium diffusion layers with defined 
porosity as contact elements for the MEA [6]. The conductivity of the titanium coating can be improved 
by well-known Pt or Au additions; however, we have also developed promising non-noble conductivity 
enhancement elements. Furthermore, the VPS coating and production procedure is adaptable to large-
scale industrial production. 
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1. Introduction  
 Polymer electrolyte membrane fuel cell (PEMFC) is a favorable energy device in the next generation 
due to its cleanness and high efficiency. However, the high cost coming from high Pt usage hinders the 
global commercialization of PEMFCs. Many approaches have been 
reported to lower the amount of Pt, such as core-shell1, alloy2 and 
size reduction of Pt-NPs. However, these approaches could not 
decreased the amount of Pt satisfactorily. Therefore, improvement 
of Pt utilization efficiency is required. During this study, 
polybenzimidazole (PBI) (Fig. 1) is used as the surface wrapping material of the carbon black materials 
(CBs) to provide homogeneous distribution of Nafion and capping of the micropores of the CB surface in 
order to enhance the Pt utilization efficiency.  
 

2. Experimental 
Three types of CBs; Vulcan, Acetylene black (AB) and Ketjen black (KB) were used to investigate the Pt 
utilization efficiency. The Pt nanoparticles deposition on both CB/PBIs and CBs (100.0 mg) were done 
using polyol reduction method in the presence of 60 % ethylene glycol (600 ml) as the solvent at 140  ̊C 
for 6 h to obtain CB/PBI/Pts (Vulcan/PBI/Pt, AB/PBI/Pt, KB/PBI/Pt) and CB/Pts (Vulcan/Pt, AB/Pt and 
KB/Pt). 
  

2. Results and discussion 
The power densities of CB/Pts (dotted line) and 
CB/PBI/Pts (solid line) are shown in Fig.2. Improving 
effective Pt surface area by reducing Pt deposition into 
pores is a promising strategy3. This phenomena was 
observed with Vulcan, KB and AB which have different 
micropore density and micropore density is increasing in 
the order of AB/Pt < Vulcan/Pt < KB/Pt. Power density 
of CB/Pts was decreased in the following order; AB/Pt < 
Vulcan/Pt < KB/Pt, consistence with the order of 
increasing micropore density. Moreover, power densities 
of CB/PBI/Pts were higher than that of respective CB/Pts. 
The higher power density of CB/PBI/Pt may be due to 
the capping of the micropore of the CB surface by PBI 
which reduced inaccessible amount of Pt deposited onto 
the micropore of CB. And also higher power density of 
CB/PBI/Pt can be attributed to the reduced charge 
transfer resistance due to the homogeneous Nafion layer assisted by basic nature of PBI. Furthermore, 
power densities of CB/PBI/Pts were increasing in the order of KB/PBI/Pt < Vulcan/PBI/Pt < AB/PBI/Pt. 
The higher performance of AB/PBI/Pt may be due to the lower mass transfer limitation in the catalyst 
layer which is caused by lower pore density of AB/PBI. 
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Fig. 2 Power density curves of CB/Pts 
(dotted line) and CB/PBI/Pts (solid line) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. Chemical structure of PBI 
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Water electrolysis is promising for “green” hydrogen generation using renewable power. This work is 
addressed to the development and characterization of a high performance core-shell Ir-Ru-oxide electro-
catalyst achieving for the rate determining oxygen evolution reaction a current density of 3 A cm-2 at 
about 1.8 V (>80% enthalpy efficiency) with a low catalyst loading (0.34 mg cm-2). The stability 
characteristics were studied in practical PEM electrolysis cells operating at 80 °C, using several durability 
tests of 1000 h each [1] to evaluate the reliability of this electro-catalyst for real-life operation (Fig. 1). 
Further insights on the degradation mechanism were acquired by subjecting the catalyst to potential steps 
in a specially designed electrochemical flow cell under corrosive liquid electrolyte with on-line 
monitoring of the dissolved ions [1]. Structural, morphology, composition and surface analysis of the 
anode electro-catalyst after operation in the electrolysis cell, complemented by in-situ electrochemical 
diagnostics, provided important insights into the degradation mechanisms. Catalyst operation at high 
turnover frequency (TOF) was observed to cause a progressive change of Lewis acidity characteristics 
with time for both Ir and Ru cations thus influencing their ability to promote water oxidation [1]. 
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Figure 1 Durability studies (a,b) as a function of current and catalsyt loading and effect of the turn-over  

frequency (c) on the degradation rate of a PEM electrolysis cell. 
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Polymer electrolyte water electrolysis (PEWE) is a very attractive technology, which produces high-
purity hydrogen with high efficiency at high current densities in a compact system with easy maintenance. 
However, large amounts of noble metal electrocatalysts (several mg cm−2) have been used in a 
conventional cell.1 The aim of our research is the development of new catalysts to reduce the amounts of 
noble metals to ≤ 1/10, maintaining high-efficiency (≥ 90%). Recently, we have succeeded in preparing 
IrOx nanoparticles dispersed on M(V)-doped SnO2 (M(V)

 = Nb, Ta, and Sb) supports with fused-aggregated 
structures, which exhibited much higher mass activities (MAs) for the oxygen evolution reaction (OER) 
than a conventional one (mixture of commercial IrO2 and Pt black, 50 wt.% Pt) in 0.1 M HClO4 
electrolyte at 80 oC.2, 3 In this presentation, we demonstrate performances of membrane-electrode 
assemblies (MEAs) with the IrOx/M(V)-SnO2 anode catalysts, together with Pt-alloy/C cathode catalysts.  
 

It was observed by TEM that IrOx nanoparticles (average diameter = 2.2 nm, standard deviation = 0.5 
nm) were uniformly dispersed on Sb-doped SnO2 with fused-aggregate network structure. The amount of 
Ir loaded was analyzed to be 11.0 wt%. Figure 1 shows I-V curves of two types of PEWE cells at 80 oC. 
Cell 1 is a conventional PEWE, in which Pt black + IrO2 anode (2.66 mgPt+Ir cm−2) and Pt black cathode 
(2.01 mgPt cm−2) were used. In contrast, we used our anode catalyst IrOx/Sb-SnO2 with a very low loading 
(0.11 mgIr cm−2) and a commercial Pt/graphitized carbon black (GCB) cathode catalyst (0.35 mgPt cm−2) 
in cell 2. The cell potential at 1 A cm−2 was 1.61 V, which corresponds to a voltage efficiency of 92%. 
The total amount of noble metals used in cell 2 was 1/10 compared with that in cell 1. Such a reduction of 
the amounts of Ir and Pt used is ascribed to the considerably high MA values of the two nanocatalysts, 
IrOx for the OER and Pt for the HER.  
 

 Very recently, we have found that PtM 
(M = Fe or Co)/C and PtxAL–PtM/C (with 
stabilized Pt skin of 1 to 2 atomic layers, 
PtxAL) exhibited higher MA for the 
hydrogen evolution reaction (HER) than 
that of Pt in 0.1 M HClO4 solution at 65 
and 80 oC.4 For example, the value of MA 
on our Pt3Co/C at −30 mV vs. RHE and 80 
oC was ca. 9 A mgPt

−1, which is about 3 
times higher than that of a commercial 
Pt/C catalyst. Evaluation of performance 
and durability of PEWE cells with new 
cathode catalysts is in progress, aiming at 
significant decreases in noble metal 
loading at both electrodes.  
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  Fig. 1  I-V curves of the PEWE cells at 80 ºC. 
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Electrochemical gas-involving reactions, including gas-evolution reaction and gas-consumption 
reaction, are essential parts in current energy conversion processes and industries. Although the 
exploration of the highly active catalysts has been very mature, less attention was paid on the gas 
management during the gas-involving reactions. Inspired from bio-inspired materials, scientists find that 
bio-mimicked electrodes with superwetting property will influence the gas transportation process during 
the electrochemical reactions. Our group fortunately found that the interface behavior of electrode could 
be tuned by surface architecture construction, for example, transferring from aerophobic to 
superaerophobic by engineering a series of superwetting micro-/nanostructured electrodes, eg. MoS2. Cu 
nanoarray and Pt pine-like films [1-4]; transferring from aerophibic to superaerophibic by 
poly(tetrafluoroethylene) (PTFE) modifying, eg. CoNCNT@CFP. [5] For gas-evolution reaction, 
constructing nanostructured superaerophobic electrodes is effective to improve the performance by 
enlarging the bubble contact angle and reducing the bubble adhesion force with the surface of the 
electrode, thus insuring smooth leaving of the gas products. [6-7] As to the gas consumption reactions, the 
superaerophibic electrodes are able to improve the performance by providing an unblocked gas diffusion 
pathway and a smooth electron transport. Therefore, construction of superwetting surface 
(auperserophobic for gas evolution reaction and superaerophibic for gas consumption reaction) can boost 
the performances of the electrodes by managing the surface bubbles. 
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The cathode catalyst layer (CL) is one of the principal components for proton exchange membrane fuel 
cells. CL is typically prepared by drying a catalyst ink consisting of Pt-C (platinum on a carbon power 
support), ionomer, and solvents (water/alcohol mixtures). The interaction between ionomer and solvents 
controls the ionomer conformations in the solutions, which determines the final microstructure of 
ionomer in the catalyst layers. The characterization of ionomer structures has been extensively studied 
using experimental measurements such as small-angle neutron scattering (SANS) and small-angle X-ray 
scattering (SAXS).1-3 They observed that hydrophobic backbones of Nafion form the cylindrical-like core 
of self-assembled ionomer structures while ionic groups are located at the periphery of this aggregates. 
Theoretically, while most of studies have primarily focused on the solid membrane state with water 
volume fraction significantly below 50%, ionomer and carbon aggregations in solutions are also an 
important phenomenon to understand the self-assembly behaviors of ionomers as key structure-forming 
elements in CL. In this study, ionomer and carbon aggregations in a mixture of 1-propanol (NPA) and 
water have been investigated using coarse-grained molecular dynamics simulations. The dependence of 
NPA content on the ionomer structures was studied by systematically changing the NPA content in the 
system. The self-assembly behavior of ionomers into cylindrical bundle-like aggregates was observed for 
all NPA content solutions (Figure 1). Ionomer aggregates showed different behavior of formation at 
different NPA contents. The radius of an ionomer bundle was found to become smaller as NPA content 
increases, which is in good agreement with the trend seen in experimental measurements.  
 

 
 

Figure 1.  Snapshot of ionomer aggregates in water/NPA solutions. For clarity, solvents are not shown. 
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Fuel cells are attracting significant attention as they can use potentially renewable feedstocks for the 
electrochemical conversion of fuels directly into electrical energy for energy conversion and storage. 
Anion exchange membrane (AEM) fuel cells have been proposed as viable alternatives to proton 
exchange membrane fuel cells (PEMFCs) because of the promise of operation with platinum-free 
electrodes.  
 
In early work, AEM devices showed poor polarization performance, but recently developed AEMs have 
conductivities that rival those of PEMs. However, the application of AEMs has been limited because of 
their poor stabilities in the alkaline forms (e.g. required for solid-state fuel cells that involve generation 
and transport of hydroxide anions). Consequently, the alkaline stability of AEM polymer backbones and 
cations poses a significant challenge for developing AEM fuel cell devices that operate at temperatures of 
80°C or more (for high-performance). 
 
Radiation graft for anion exchange membranes (AEM) are promising in that they match the requirement 
of the scalability and are potentially low cost. Indeed, electron beam pre-radiation is an effective way to 
process functional membranes on a large scale. Here we report the development of robust polyethylene-
based radiation-grafted AEMs for alkali membrane fuel cells, which achieve > 2 W/cm2 power densities 
with Pt-based electrodes at 80°C. Moreover, the use of non-precious metal cathode can lead to peak 
powers of > 1 W/cm2. Additionally, the hydroxide conductivity of these AEMs maintain stable values 
(200 mS/cm) for > 300 h at 80°C in flowing (relative humidity = 100%) N2 atmospheres. 
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Fig. 1 (a) The H2/O2 AEMFC performances of the AEMs at 80 °C with PtRu/C anodes and either Pt/C, 
Ag/C or FeCoPc/C cathodes. (b) Changes in OH- conductivity of the AEM at 80 °C in fully humidified 
N2 gas flows. 
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Recently, the copper oxide based electrochemical CO2

 reduction reaction (CO2RR) catalysts have been 
noticed because of their enhanced ethylene production rate. In this research, we invented anodized copper 
(AN-Cu) Cu(OH)2 catalysts by a very simple and mild synthesis method and this catalyst showed ~40 % 
Faradaic efficiency for ethylene formation and durable stability over 40 hours. In particular, we have 
found that the initial reduction conditions applied to AN-Cu significantly affected the ethylene over 
methane formation rate and durability of the catalyst from CO2RR as it determines the ratio of 
Cu2+/Cu+/Cu0 copper mixed states. When a highly negative reduction potential was applied to the AN-Cu 
catalyst, we observed residual Cu(OH)2 crystal structure and retained ethylene generation selectivity for 
long term with methane production suppressed. On the other hand, when a low negative reduction 
potential was applied to the catalyst, residual Cu(OH)2 structure and mixed copper states disappeared and 
it was observed that, after a few hours, methane generation was preferred to ethylene production. These 
results show the origin of methane and ethylene selectivity changes in the copper oxide based CO2 RR 
catalysts. This will suggest a new strategies for controlling selectivity and durability of copper oxide 
based electrocatalysts for electrochemical CO2 conversion to value-added chemicals. 
 
 
 
 
 

mailto:thriviemnt@kist.re.kr
mailto:yjhwang@kist.re.kr


Electrocatalytic OER activity of NiFe LDH – Influence of temperature 
and electrolyte concentration 

 
Corina Andronescu, Sabine Seisel, Patrick Wilde, Stefan Barwe, Justus Masa, Wolfgang Schuhmann 

 
Analytical Chemistry – Center for Electrochemical Sciences, Ruhr-Universität Bochum 

Universitätstraße 150, 44780 Bochum (Germany) 
corina.andronescu@rub.de 

 
Research on electrocatalytic water splitting conducted in the last years focused mainly on the 
development of highly active electrocatalysts for both anodic and cathodic reaction. The oxygen 
evolution reaction (OER) is considered to be limiting, and high overpotentials are required to evolve 
oxygen. The high overpotential implies additional costs and in the same time imposes electrochemically 
induced structural changes of the electrocatalyst. NiFe LDH is known to be among the most active non-
noble metal based OER electrocatalyst in alkaline environment.[1] Beside activity, the stability of the 
catalyst is also crucial for the development of alkaline water electrolysis.[2]  
Alkaline electrolyzers in the industrial environment use highly concentrated alkaline electrolyte solutions 
(~ 30 % wt.) and operate at elevated temperatures (~ 80 °C) at high current densities (~ 500 mA cm-2). 
Due to the high mechanical stress induced by bubble formation at higher current densities, , also the 
stable immobilization of the catalyst on the electrode is very important. Recently we introduced 
polybenzoxazine derivatives as carbon precursor for the stable immobilization of powder catalysts on the 
electrode surface.[3] Longterm experiments performed at 200 mA cm-2 in 5 M KOH at 60 °C show that 
NiFe LDH transforms into a mixture of NiO and Fe2NiO4 during 100 h.[4] This transformations were not 
reported previously, suggesting that the environmental conditions used for the catalyst evaluation impact 
its structure and thus its electrocatalytic performance. 
In the present work, we investigated the chemical stability of NiFe LDH in KOH solutions of different 
concentrations and at higher temperatures. The chemical and structural transformations were evaluated 
using X-Ray diffraction (XRD), Fourier transformed infrared spectroscopy (FT-IR), Raman spectroscopy 
and transmission electron microscopy. Surprisingly, the exposure of NiFe LDH to industrial solution 
compositions and temperatures even without applying a potential suitable for inducing the OER 
substantially decreased the integrity of the catalyst and led to a limited catalyst stability. 
 

 
Figure 1: X-Ray diffractograms and linear sweep voltammograms of NiFe LDH before (black) and after 

(red) immersion in 7.5 M KOH, at 80 °C for 60h  
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The efficient electrochemical conversion of CO2 to fuels or stock chemicals with high-energy density 

would be a major step forward in the introduction of a carbon neutral energy cycle, as it would allow for 
the direct low-temperature conversion of photo-generated electrical current to stored chemical energy, in 
a manner very similar to the way nature stores solar energy. The high activity and selectivity towards 
electrocatalytic conversion of CO2 can be achieved with careful selection of catalyst and electrolyte.  
 

Major progress in electrochemical CO2 reduction has been made to two-electron involved products 
such as CO and formate. It has shown that Cu is the only metal that forms hydrocarbons with significant 
Faradaic efficiency and it is desirable to generate beyond C1 products for applications in chemical 
industry. The activity and selectivity of Cu depend on many factors, including the nature of the 
intermediates formed on open low-index surfaces, oxygen vacancies, oxidation states, subsurface 
oxygens, grain boundaries, and electric fields. However the effect of atomic-level catalyst morphology, 
which accelerates electrocatalytic activity and selectivity toward the formation of C2+ products, has not 
been explored. In addition, it is important to note that product selectivity of such conversion can be 
accelerated by the electrolyte composition. Alkali-cations have direct influence on electrochemical CO2 
conversion in which increasing the size of mono-valent cations can increase the selectivity and activity to 
C2+ products. 
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The Oxygen Evolution Reaction (OER) is a crucial bottleneck for developing water electrolysis cells, 
such as Proton Exchange Membrane Electrolysis Cells (PEMEC) and/or Unitized Regenerative Fuel Cells 
(URFC), since the cell voltage is mainly limited by the slow kinetics of the oxygen electrode leading to 
relatively high energy consumption (5 kWh/Nm3 of H2). Many transition metal oxide electrocatalysts of 
the OER have been developed since many years [1-3], most of them based on ruthenium iridium mixed 
oxides RuxIr1-xO2 [2-5]. The electrocatalytic activity and the OER mechanism depend greatly on the 
crystalline size and structure of the catalytic materials which are determined by the synthesis method, 
such as the polyol method [6], the instant method [7] or the Pechini-Adams method [8].  
Besides the little control over the morphology of the particles obtained, these methods have the 
disadvantage of requiring a heat treatment, which may lead to agglomeration of the nano-particles. 
Therefore a gentler method was considered, e.g. the hydrothermal synthesis [9] which was mostly used 
until now for the preparation of ruthenium oxides for super capacitors [10]. This method requires an 
autoclave reactor to control the pressure up to 5 bars and the temperature up to 200°C. One of the 
advantage of this method is to avoid heat treatment under inert or air atmosphere at more elevated 
temperatures (> 350°C) so that crystalline nanoparticles of small size (~ 6 nm) can be obtained. 
In this communication we will present the preparation by the hydrothermal method and their 
characterization by physicochemical methods (XRD, TEM, TGA, and CV) of 4 electrocatalysts for the 
OER: RuO2, Ru0.75Ir0.25O2, Ru0.5Ir0.5O2, and Ru0.25Ir0.75O2. The OER was then investigated in a 3-electrode 
electrochemical cell thermostated at 25°C by recording the polarization curves, j(E), at a very slow sweep 
rate (1 mV s-1) from 1.1 V to 1.9 V vs. the RHE as reference electrode. The j(E) curves corrected from 
ohmic losses have been analyzed using a specific data treatment (developed in our Laboratory [11]) 
allowing us to obtain the kinetics parameters (transfer coefficient, exchange current density) free of ohmic 
drop. Finally the reaction mechanisms will be discussed comparatively to the results of the literature. 
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Nitrogen-based fuels such as hydrazine1 and ammonia2 offer a unique stack of advantages for fuel cell 
devices. These fuel cells can have high theoretical efficiencies, high energy and power densities, and clean 
emissions. Understanding the electro-oxidation of these compounds may lead to new fuel cell anodes and 
shed light on biological and industrial nitrogen cycles.  

In this work, we focused on the elements present in cofactors in biological enzymes. We chose 
these to develop multi-metal oxides, carbides and nitrides, evenly distributed on graphitic carbon matrix. 
By pyrolyzing carefully designed composites of inorganic clusters and organic polymers, we Fe-Mo-oxide 
nanoparticles in the sub-10 nanometer range, dispersed extremely homogeneously in a N-doped, highly 
porous carbon. 

Electrochemical studies reveal that these multi-doped carbon nanostructures are highly active for 
the hydrazine oxidation reaction (HzOR). Electrochemical hydrazine oxidation occurs at 0.76 V vs. RHE 
in alkaline media3 and the onset potential was observed at 0.4 V vs. RHE – breaking to the front of the 
state-of-the-art in the field.4–6 The carbon matrix without metal centers is significantly less active towards 
the HzOR. When other metal centers like W and V were introduced instead of Mo in the carbon 
nanostructures, we also observed excellent hydrazine oxidation activity, as well as good stability. The 
products in HzOR processes and the reaction kinetics were studied using DEMS and impedance 
spectroscopy.     
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In recent years, electricity-driven hydrogen production by electrochemical splitting of water has received 
particular attention because of its potential applicability in decentralized energy storage concepts.(1) Most 
of the efforts have been focused on the electrochemical reaction occurring at the anode side, the oxygen 
evolution reaction (OER), since it is source of large overpotentials.(2-3) 
Advances in computational studies and in in situ characterizations can now offer novel insights into the 
OER mechanism, revealing new perspective in the search for advanced materials. However, at present 
most of the fundamental studies on OER catalysts have been conducted using bulk techniques and 
materials with low surface area, which is a questionable approach considering that the OER is a near-
surface reaction. In this study,(4) we couple a cutting-edge synthesis method to produce highly active 
OER nano-catalysts with time resolved X-ray absorption spectroscopy (XAS) measurements able to 
capture dynamics of the catalyst electronic and local structure during operando conditions. The use of 
nano-catalysts not only allows achieving outstanding performance, but also reveals electronic and 
structural changes at the catalysts surface (given the high surface to bulk ratio of nanoparticles) never 
observed before. Particularly, we could demonstrate that the key for highly active catalysts is a self-
assembled, (oxy)hydroxide top layer. This is completely different from the message of several water 
electrolysis-related publications, which consider the surface of oxide catalysts as an ideal, atomically flat 
surface. This new concept completely revolutionizes the currently most accepted view of design 
principles for highly active perovskite catalysts. It also points towards the paramount necessity of 
investigating other perovskite properties under operando conditions in order to develop accurate design 
principles for highly active perovskite catalysts.(5) 
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During  the last decade the interest of PEM electrolysis raised dramatically mainly in association to two 
main applications: the hydrogen storage as a possible grid balancing option and the hydrogen generation 
for supporting the hydrogen distribution structure for fuel cell vehicle. Even if these two are really 
different in terms of target market and size of the installation unit, there are some common elements 
which may be easily identified. 
Load following behavior, reduced catalyst load, durable materials and pressurized operation are common 
features desired for every water electrolysis system. PEM strategy is intrinsically superior to competitive 
technologies at least when load following pressurized systems are desired and perfluorosulphonic acid 
materials are surely the best compromise between chemical resistance, high proton conductivity and low 
gas permeability. The high cost of PFSA can be sustainable for PEM application only in case of the use of 
very high current density (up to 4-5 A/cm²) and very low components’ degradation. On top of that, the 
increase of operating temperature is considered one of the main routes to improve not only the catalyst 
activity, but also the overall cell efficiency. This is perfectly true, when two main aspects are taken under 
control: the hydrogen crossover through the membrane separator and the mechanical consistency of the 
membrane in condition of high temperature and water abundance. 
The first aspect is currently addressed by adopting ionomers with reduced gas permeability up to a certain 
extent (since the gas is always soluble in the ‘water’ phase of the ionomer) and by introducing 
recombination catalyst on anode side to keep very low hydrogen concentration in the oxygen flow while 
the mechanical resistance of the membrane is demanded entirely to the ionomer structure, unless the 
option of using inert reinforcement is still somehow considered. 
In between the commercial PFSA ionomers, the Aquivion® structure exhibits the highest glass transition 
temperature and it is intrinsically the most suited to high temperature operation without losing 
performance and efficiency even after several thousand hours of operation. Chemically stable polymer 
grades are used for achieving the desired durability and multiple membrane thicknesses had been tested in 
order to define the best grade of Aquivion® extruded membrane for water electrolysis application: the 
E98-09S membrane. 
A series of characterizations will be presented in order to show the nice fit of Aquivion® products with 
PEM water electrolysis application, especially in conditions of high temperature and high current density. 
Measures of ionic conductivity, hydrogen crossover and ex-situ characterization will be used to illustrate 
the behavior of the E98-09S grade in PEM application, as investigated in the frame of HPEM2GAS 
project.  
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Pt/Ni alloy1 and de-alloyed2 nanoparticles and thin films3 have demonstrated exceptional activity 
for the oxygen reduction reaction (ORR) attributed to the proper balance between the thin Pt shell and the 
subsurface Ni content. 

Galvanic displacement of Ni with Pt is a straightforward and upscalable synthetic approach for the 
preparation of highly active Ni/Pt electrocatalysts4. A drawback of this approach is the extremely long 
reaction time to achieve complete exchange.  

We demonstrated that the use of a microwave-assisted procedure significantly reduces the reaction 
time required by the Pt-Ni galvanic displacement on Ni nanofibres5. The obtained fibres have similar 
properties to those produced with conventional reactions4. The Pt@Ni obtained by the microwave-assisted 
galvanic displacement presented high ORR mass activity without requiring previous electrochemical 
etching of surface Ni or de-alloying.  

Furthermore, it was possible tuning the Pt content to prepare different Pt@Ni core@shell 
structures varying from Pt particles on Ni fibres to Pt tubes over Ni fibres.  

These materials were fully characterised by physico-chemical (SEM, HR-TEM, STEM, EDX, 
XRD, ICP-MS) and electrochemical techniques. Moreover, the Ni dissolution during accelerated stress 
testing was monitored. To conclude, Pt@Ni fibres were characterised in situ as catalytic layer at the cathode 
side in a membrane electrode assembly.  
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Preparation of composite membranes with natural, synthetic and modified clays is a well-known 
strategy to enhance mechanical and proton conductivity properties of PEMFC membranes [1]. Halloysite 
clays present large surface area, high porosity, tubular morphology and different composition at the outer 
and innermost surface (silica and alumina, respectively) [2]. Due to this peculiar surface chemistry and 
hollow morphology, HNTs can further act as nanocontainers encapsulating radical scavengers in their 
cavity (lumen). Therefore, the incorporation of HNTs loaded with antioxidant species in perfluorosulfonic 
acid (PFSA) membranes can enhance their chemical stability by protecting them from the free radicals 
formed in the PEMFC environment, giving rise to nanocomposite self-healing membranes.  

In this work, the inner and outer HNT surface was functionalised with inorganic and organic 
species with demonstrated radical scavenger activity: CeO2 [3] and Trolox (6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) [4]. 

The prepared bi-functional materials were than dispersed in the PFSA matrix, thus forming the 
nanocomposite inorganic-organic membranes, which are characterised for their morphology, 
composition, proton conductivity and electrochemical stability with ex situ and in situ techniques. The 
activity of the bi-functional nanoantioxidant HNT-Trolox@Ce was then investigated in a Fenton reaction, 
studying its effect to encounter the peroxide radical attack on the polymer chain. 
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There is currently a growing interest in deep eutectic solvents (DESs) and/or natural deep eutectic solvents 
(NADESs). These systems have been progressively used in the synthesis (electrodeposition and/or chemical 
reduction) of catalysts for ethanol, methanol, formic acid oxidation or hydrogen evolution reactions [1-4]. 
DESs are a mixture of hydrogen bond acceptor and hydrogen donor compounds, exhibiting a lower melting 
point and generally better properties than their individual parts [5]. 
When DESs are composed of abundant cellular constituents, such as sugars, amino acids, alcohols, organic 
acids, or choline derivatives, they are called natural deep eutectic solvents (NADESs) and are more eco-
friendly [6]. The low surface tension of DESs yields high nucleation rates, generating tiny particles with 
different morphologies (dendrite, raspberry, nanoflowers). The morphology/structure and electrochemical 
performance of the resulting nanoparticles can be tuned by controlling the synthesis conditions [7]. 
In the present work, the ethanol oxidation reaction (EOR) and durability of palladium (Pd)/NADES catalyst 
were evaluated by cyclic voltammetry and chronoamperometry. For comparative purposes, Pd/ionic liquid 
(IL) and carbon supported-Pd were also tested. The catalysts Pd/NADES, Pd/IL and Pd/C were prepared 
as previously described [8]. The CV scans for the Pd/NADES catalyst at each 500 cycles performed are 
shown in Fig. 1, demonstrating a continuous catalyst EOR activity increase. 
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Fig. 1. CV scans at each 500 cycles with Pd/NADES in N2-saturated 0.5 M KOH + 1.0 M ethanol solution. 
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1. Introduction In stationary PEFC system, fuel H2 gas is generated with undesired contaminants of CO 
and NH3 through steam-reforming of natural gas containing N2; therefore, anode catalysts are strongly 
desired to be tolerant toward CO and NH3. Pt-Ru has been regarded as a promising bimetallic catalyst 
with high CO tolerance. In this study, Pt-Ru catalyst is modified with TiO2 which can adsorb and desorb 
NH3 to add the function of NH3 tolerance into the catalyst. 
2. Experimental The high specific surface area Ketjenblack carbon (KB1600) was used as support. 
PtRu1.3/KB1600 catalyst (31.5% Pt - 21.2% Ru - 47.3% C; where an atomic ratio of Pt: Ru was fixed at 1: 
1.3) was obtained by a rapid quenching method1). The TiO2-modfied Pt-Ru catalyst, 
PtRu1.3/TiO2/KB1600 was prepared by supporting PtRu1.3 on TiO2/KB1600 (30.9% Pt - 20.8% Ru - 2.0% 
TiO2 - 46.3% C).  Time-resolved in-situ XAFS (SPring8 BL36XU) was performed to analyse the working 
state of the catalysts. 
3. Results and discussion The TEM images and particle size distribution of the synthesized catalysts are 
shown in Fig 1. In all, the particle diameter and standard deviation of the particle size distribution in the 
prepared catalysts are 
smaller than those of 
the commercially 
available Pt2Ru3/KB800, 
indicating better 
dispersion of Pt-Ru 
particles even after TiO2 
modification. This is 
why our 
PtRu1.3/TiO2/KB1600 
catalyst possesses 
reasonable CO tolerance. 
On the other hand, time-
resolved in-situ XAFS 
revealed that the 
synthesized catalysts 
had larger portion of Pt-
Ru bonding, which is 
active site for CO 
oxidation reaction, than 
commercial catalysts. Fig 2 shows the Ti K-edge in-
situ XANES spectrum of PtRu1.3/TiO2/KB1600 
catalyst. Ti is found to exist as the oxide TiO2 under 
the PEFC operation condition at 70°C. Moreover, 
NH3-TPD measurements demonstrate that NH3 is 
selectively adsorbed on TiO2. We believe that in situ 
XAFS is one of the most powerful technique to 
characterize the operation mechanism and 
“practical” catalytic activity especially in PEFC, and 
well-designed PtRu1.3/TiO2/KB1600 would be a 
promising anode catalyst with remarkable CO and 
NH3 tolerance. 
References 1) T. Takeguchi, et al., J. Am. Chem. 
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Fig. 2 In-situ XANES spectra of Ti  K-edge for 
PtRu1.3/TiO2/KB1600 (H2) 
 Cell temp.: 70 oC; electrolyte: Nafion NRE 212; 
cathode: Pt/C (0.5 mg cm-2); O2 humidified at 68 oC; 
flow inlet: 85 oC and 80 mL min-1; anode : 
PtRu1.3/TiO2/KB1600 (H2); H2 containing 0-2000 ppm 
of CO humidified at 70 oC; flow inlet: 85 oC and 80 
mL min-1. 

 
Fig. 1 TEM photograph and particle size distribution of the synthesized catalyst 
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Nitrogen-doped graphene at several nitrogen levels (5, 10 and 15 wt%) were 
synthesized via hydrothermal reaction of graphene oxide (GO) with 3-Amino-1,2,4-triazole. Initially, 
graphene oxide (GO) was synthetized by Tour’s method, and then followed by the simultaneous N-
doping and GO reduction under the hydrothermal conditions. The physicochemical characterization of the 
N-GO5, N-GO10 and N-GO15 catalysts was obtained by several techniques, such as X-ray diffraction, 
Raman and FT-IR spectroscopy, X-ray photoelectron spectroscopy and elemental analysis; meanwhile the 
electrochemical performance of the materials toward the ORR was analyzed by linear sweep voltammetry 
(LSV) and rotating disk electrode (RDE) in alkaline media. The XRD results suggest a turbostatic re-
stacking of graphene layers. Raman spectra show an increasing in the ID/IG ratio and a downshift of the 
G peak of the N-doped graphene, comparing with GO, suggesting a successful doping process. The RDE 
results indicate that the Nitrogen-doped graphene results in a similar performance in terms of 
overpotential (c.a. 0.92 V), but a remarkable increase in current density is reached for N-GO15 catalyst 
(3.9 mA cm-2). Finally, the ORR using nitrogen-doped graphene catalysts promoted the direct four-
electron pathway.  
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The main obstacles to commercialize Direct Methanol Fuel Cells (DMFC) involve the high cost of 
Pt-based electrocatalysts and the sluggish kinetics of methanol electro-oxidation due to the Pt poisoning 
surface. In order to improve the properties of supported Pt-based electrocatlysts, carbon nanotubes (CNT) 
have been used as support due to its conductivity properties [1,2] and several metal oxides are used to 
enhance the durability and the CO-tolerance of the anode eletrocatalyst [3-5].  
 
In the present work, CNT/TiO2 composite was prepared by means of a high ultrasonic probe and used as 
Pt nanoparticles support. By this sonochemical method, the TiO2 nanoparticles with crystalline structure 
Brookite/Antase were prepared under environmental friendly conditions without additives, heat 
treatments or surfactants, the same crystalline TiO2 structure were observed under CNT presence. After 
the composite CNT/TiO2 preparation, 9 wt.% of Pt nanoparticles were incorporated using NaBH4 as 
reducing agent under ultrasonic conditions.  For comparison Pt/CNT and Pt/TiO2 electroctalysts were 
prepared as reference samples. 
 
The structural properties and morphology of the Pt/CNT, Pt/TiO2 and Pt/CNT/TiO2 electrocatalysts were 
examined by X-ray diffraction, transmission electron microscopy, X-ray photoelectron and Raman 
spectroscopies. The specific surface area of the systems was determined by nitrogen adsorption (BET 
method). The Pt content was analyzed by inductively coupled plasma atomic emission spectroscopy and 
the CNT content was determined by thermogravimetric analysis. The electrochemical properties of the 
prepared electrocatalysts were evaluated in a half three-electrode cell at room temperature by cyclic 
voltammetry (CV), chronoamperometry and CO stripping.  
 
The electrochemical results suggest that TiO2 promotes the CO-tolerance due to the Pt-TiO2 interaction. 
The CV results demonstrate that 6 wt.% of CNT increases significantly the current density when Pt 
selectively interacts with TiO2. 
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291145 for the financial support to attend to the present conference.  
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In a hydrogen bromine redox flow battery (H2/Br2-FB) the hydrogen anode is adapted from a 
hydrogen fuel cell, while catholyte based on hydrobromic acid (HBr), bromine (Br2) and water is pumped 
through the cathode [1]. During charge mode bromide is oxidized to bromine and vice versa during 
discharge. For H2/Br2-FBs transport of protons over the Polyflourosulfonic acid membrane (PFSA) is 
essential during both, charge and discharge operation [1]. Protons are educts or products at the anode and 
need to be transported from liquid catholyte via the membrane to the anode catalyst. Br2 itself in the 
catholyte is solved by forming polybromides. To overcome drawbacks of the bromine cathode like (i) 
high volatility, (ii) danger of bromine for health and (iii) crossover of bromine via the membrane causing 
corrosion of platinum based anode catalysts, bromine complexation additives (BCA) are used to sequester 
the bromine by forming a second solution in the catholyte. Quaternary ammonium salts bind 
polybromides (Br3

-, Br5
- and Br7

-) and form an additional fused salt staying in a tank outside of the cell 
[2]. First experiments with a H2/Br2-FB single cell showed rising cell resistances, which are neither 
related to anodic and cathodic overvoltages nor to electrolyte resistances. An investigation of the 
influence of BCA+ cations on the PFSA membrane performance is required. 

In our work we investigated the influence of a chosen BCA N-ethyl-pyridin-1-ium bromide 
[C2Py]Br on the PFSA membrane performance: Long side chain (Nafion®117) and short side chain 
(Aquivion® E98-05) PFSA membranes were treated ex situ  in HBr/Br2 catholytes with 1.11 M [C2Py]Br 
representing the different states of charge (SOC) of the catholyte with 7.7 HBr at SOC 0 and 1 M HBr + 
3.35 M Br2 at SOC 100. Measurements of membrane conductivity and FTIR measurements were 
performed on the membrane samples. Raman spectroscopy was applied to detect concentrations of free 
[C2Py]+ cations in catholyte solution. Information about the processes happening when PFSA membranes 
get in contact with [C2Py]+ cations were investigated by time depended ohmic resistances measurement 
under open circuit condition and during charge and discharge mode for +/- 50 mA cm-2. Influences were 
evaluated in a H2/Br2-FB single cell. 

 For rising SOCs the [C2Py]+ concentrations decrease potentially from 1.11 M at SOC 0 to 0 M 
at SOC 66 due to bromine complexation. As results a general decrease of membrane conductivity was 
detected for samples in contact with [C2Py]Br. Especially for low SOCs catholyte solutions (0.5 to 1.11M 
[C2Py]+) the membrane resistances are rising up to a maximum of  2.0 Ohm cm². FTIR measurements 
show precipitation of the chosen [C2Py]+ on the 
membrane surface and the interaction of the 
sulphonic acid groups of the membrane with the 
quaternary ammonium of the BCA. This was 
detected indirectly due to a shift of the symmetric 
stretching peak of the S-O bond at v = 1056.3 cm-1 
[3] to lower wave numbers (see figure 1). Time 
dependent investigations of ohmic resistances of the 
membrane showed a classical adsorption process 
over time and depending on the concentration of 
[C2Py]+ cations in solution. A mass transport 
limitation of protons was not detected at the anode 
in cell test. Due to the organic character of the 
[C2Py]+ and its interaction of the sulphonic acid 
groups the conductivity in the membrane is 
decreasing. Tests about reversibility of the 
adsorption will be done in the near future.  
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Figure 1: FTIR on Nafion®: Shift of S-O 
symmetrical stretching peak caused by interaction 
of SO3

- group with BCA+ cation. 
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Platinum-group metals are known as universal catalysts for many electrochemical energy 
conversion applications such as electrolysers and fuel cells. This is mainly due to their high catalytic 
activity and the long-term stability in harsh operational electrochemical conditions required for 
technological applications. In alkaline media, a wider range of non-noble materials could provide 
sufficient stability and activity with relatively low cost [1]. 
 
Intermetallic compounds consist of at least two metals and have a different crystal structure from the ones 
of the constituting elements. The specific and often complex crystal structure of IMCs results in 
dramatically modified electronic properties compared to the constituting elements or substitutional alloys. 
Thus, each IMC could be considered as a “new element” for catalysis and shows a unique combination of 
both geometric and electronic properties [2-4]. Actually, IMCs have proven to be a promising material 
class in a wide range of electrocatalytic reactions [5]. However, the issue of stability have to be 
addressed, thus demanding a proper understanding of the behavior of the materials under reaction 
conditions. 
 
In this work, a set of electrochemical methods including cyclic voltammetry, chronoamperometry, 
polarization curves and Tafel plots was used to examine the in-situ stability of IMCs at different KOH 
and methanol concentrations under different applied potentials. The microstructure of the electrodes have 
been investigated via optical microscopy (pol. light) and differential interference contrast (DIC) and 
scanning electron microscopy/energy dispersive X-ray spectroscopy (SEM/EDX) before and after 
electrochemical measurements. Inductively coupled plasma/optical emission spectrometry (ICP-OES) 
was also used as a complementary method to determine the ionic metal content of each compound in the 
working electrolyte. This methodology could be used as a standard procedure to investigate the stability 
of intermetallic materials for electrocatalytic application.  
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Water accumulation in the gas diffusion layer (GDL) of Polymer Electrolyte Fuel Cells (PEFCs) can lead 
to decreases in efficiency. In order to improve the performance of PEFCs, a thorough understanding of 
the complex two phase water transport in the porous (GDL) and the involved phase change phenomena is 
required.       
To obtain information about the distribution of water inside the GDL structure the use of X-ray 
tomographic imaging (XTM) has become an indispensable tool [1]. The usefulness of XTM to determine 
limiting factors of evaporation from fuel cell GDLs over a broad range of temperatures was demonstrated 
in [2] where a strong dependence of the evaporation rate on the GDL water distribution was reported. Lal 
et al. [3] used XTM imaging experiments to investigate evaporation rates from GDLs over a wide range 
of emulated operation conditions and the dependence of evaporation on gas speed, gas type, temperature 
and GDL thickness.    
However, due to the presence of evaporation, temperature gradients inside the GDL may be present under 
many conditions. Their influence on evaporation and heat transfer are not explored and could give insight 
into the mechanisms limiting mass transfer.  
To be able to monitor the temperature distribution inside the GDL domain, an XTM compatible in situ 
setup utilizing miniature thermocouples with wire diameters of 25µm is developed. This allows to 
measure temperatures not only locally between the flow field and the GDL but also between stacked 
GDLs to determine trough-plane and in-plane temperature distributions (Figure1 left). The setup is based 
conceptually on the design described in [3] but has been adjusted to accommodate temperature sensors. 
The presentation will discuss the efforts to implement miniature thermocouples with wire diameters of 
25 um, their influence on image quality (see Figure 1 right) and local porosity distribution, and present 
first temperature profiles measurements during evaporation rate measurements.  
 
 

  
 

Figure 1: Left: Schematic of the in situ setup with flow field (beige) and thermocouple positioning (green) 
sandwiched between two GDLs (gray). The water is injected through a hole in the base (blue).          
Right: In-plane view of a thermocouple between two GDLs created using XTM. 
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In order to better understand the origin of catalytic activity of bimetallic systems towards oxidation  
of small organic molecules it is necessary to examine the correlation between surface’s morphology and 
electronic and catalytic properties. To address those issues we synthesized nanomaterials of desired 
structure and composition. We show studies of Au-Pt bimetallic system with different thickness of one 
metal on another.  Depositing thin layer of one material on a different one is a way to modify electronic 
properties of a material. Described in this work Au-Pt system is broadly studied due to its potential 
application in low temperature direct ethanol and formic acid fuel cells. 
We prepared sample by vacuum deposition using electron beam evaporator which allows us to obtain 
very pure samples as well as precise and repeatable control of upper material thickness. Morphology  
of such produced samples was investigated by Scanning Electron Microscope.  
Cyclic voltammograms in supporting electrolyte show the purity of obtained surface and give  
an information about active surface area of both metals. To analyze catalytic properties we study  process 
of ethanol and formic acid electrooxidation on this material.    
 

 
Fig. 1. Upper panel: CV of example sample 
Au@Pt in supporting electrolyte, two surface 
oxide reduction peaks characteristic for Pt 
and Au are visible. Bottom panel: CV  
of example sample Au@Pt with 0.1 M 
ethanol and 0.1 M formic acid. Scan rate  
v = 25 mV/s   
 
 
 
 
 
 
 
 

 
 
Moreover we studied electronic properties determined by X-ray Photoelectron Spectroscopy  
and Ultraviolet Photoelectron Spectroscopy  measurements. We present analysis of valence band spectra, 
with special attention to the density of states close to the Fermi level[1] and shift of the d-band center. 
Based on Pt 4f  and Au 4f peaks area we determined the amount of gold on the platinum surface. 
 
In this work we show comparison between experimentally determined electronic and catalytic properties 
of a material as a function of gold layer thickness deposited on platinum surface.  
 
 
 
[1] M. Gorzkowski, A. Lewera, J. Phys. Chem. C 2015, 119, 18389-18395 
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In the context of development and optimization of catalysts for fuel cells much attention has been devoted 
to the synthesis methods. Several methods have been employed highlighting the recent Bromide Anion 
Exchange (BAE) method. It is considered a clean, environmentally friendly, simple, relatively 
inexpensive method with good application results with gold (Au), palladium (Pd) and Platinum (Pt) 
catalysts¹. We have prepared Rh modified Pt catalysts by the BAE synthesis method aiming at application 
in ethanol electro-oxidation reaction in a basic medium since most studies with these metals are in acid 
medium². 
The catalysts were prepared by the BAE method with a metal loading corresponding to 20% of the total 
mass. The synthesis was carried out by dissolving corresponding masses of the Pt and Rh salts in water 
for the PtxRhy/C (x/y: 50/50, 60/40,70/30, 80/20) molar compositions with addition of KBr and NaBH4. 
The characterization of the catalysts was performed using X-ray diffraction (XRD), energy dispersive 
spectroscopy (EDX), thermogravimetric analysis (ATG) and transmission electron microscopy (TEM 
Cyclic voltammetry, CO stripping and cronoamperometry were used for electrochemical characterization. 
The ethanol electrooxidation reaction products were determined by High Performance Liquid 
Chromatography (HPLC). 
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Fig 1 - Chronoamperograms for EOR for PtxRhy/C catalysts (right) and  cyclic voltammograms of Pt/C and PtxRhy/C in ethanol 1.0 molL-1 and 1.0 
molL-1 NaOH at 10 mVs-1 (right). 
 
Results obtained from XRD showed particle size ranging from 2.6 - 3.4 nm, in which the Pt50Rh50/C 
displayed the smallest size and higher alloy degree (51 %), properties that will affect the overall 
electrocatalyst performance. 
Figure 1 depicts cyclic voltammograms (right) and chronoamperometry results in distinct applied 
potentials (left) indicating that the composition Pt50Rh50/C presents higher current density values for 
ethanol oxidation reaction. The products obtained in each of these potentials used in chronoamperometry  
were evaluated by HPLC. The addition of Rh has proved to be beneficial and the results obtained can be 
considered satisfactory and promising. 
 
The authors thank CNPq and CAPES for financial support 
 
1. Holade Y, Servat K, Napporn TW, Kokoh KB. Electrocatalytic properties of nanomaterials synthesized from 
“Bromide Anion Exchange” method - Investigations of glucose and glycerol oxidation. Electrochim Acta. 
2015;162:205–14.  
2. Soares LA, Morais C, Napporn TW, Kokoh KB, Olivi P. Beneficial effects of rhodium and tin oxide on 
carbon supported platinum catalysts for ethanol electrooxidation. J Power Sources. 2016;315:47–55.  
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Abstract: Despite the recent promise of transition metal carbides as non-precious catalysts for hydrogen 
evolution reaction (HER), their extension to oxygen evolution reaction (OER) in order to achieve the goal 
of overall water splitting remains a significant challenge. Herein, a new Ni/MoxC (MoC, Mo2C) 
nanoparticles supported N-doped graphene/CNT hybrid (NC) catalyst is developed via a facile, one-step 
integrated strategy which can catalyze both the HER and OER in an efficient and robust manner. The 
catalyst affords low overpotentials of 162 and 328 mV to achieve a current density of 10 mA/cm2 for 
HER and OER, respectively, in an alkaline medium which either compares favourably or exceeds most of 
the Mo-based catalysts documented in the literature. The electronic synergistic effect between MoxC, Ni 
and NC are responsible for the higher electrocatalytic activity wherein, a tandem electron transfer process 
yields both excellent HER and OER activity. This work opens a new avenue towards the development of 
a multi-component, highly efficient but inexpensive catalyst for overall water splitting. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. TEM image of Ni/MoxC supported N-doped graphene/CNT hybrid and their electrocatalytic 
activity towards total alkaline water splitting (1M KOH). 
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Recent studies on dicalcogenides MoS2 have indicated that this compound has promising 
catalytic properties that can be exploited for the electrocatalytic generation of hydrogen. 1-2 Recently, 
some efforts have been made to find an electrochemical way to synthesize MoS2, which combined with 
reduced graphene oxide (rGO), allowed a significant improvement in the catalytic response. However, 
this type of deposits showed a phase 1T metallic behavior. In view of this, syntheses alternatives have 
emerged that make it possible to prioritize phase 2H, which is more of a semiconductor nature. The 
present work studies the synergy that is generated between the heterophases 1T/ 2H to improve the HER, 
besides the influence of a support of greater conductivity as the rGO. 

The predominant phase 1T of MoS2 was electrosynthesized from an aqueous solution containing 
Na2SO3 + Na2MoO4 + buffer HAc / NaAc pH 3.4, using pulse chronoamperometry (PC) at -1.0 V vs Hg / 
HgSO4, whereas phase 2H of MoS2 was synthesized by a hydrothermal method from a solution containing     
(NH4) 6Mo7O24 * 4H2O + CH3CSNH2 in a concentrated ammonia medium at 220°C. The nano-flowers 
obtained from the hydrothermal method were added through 'drop coating'. 

On the other hand, the synthesis of the rGO was carried out from a dispersion 3 mg / mL of GO 
and by an electrodeposition by chronoamperometry at -1.4 V vs Hg / HgSO4 in medium of 0.15 M 
LiClO4.  
In this way, electrodes were formed: FTO | 1T-MoS2, FTO | 2H-MoS2, FTO | 1T / 2H-MoS2, and FTO 
| rGO | 1T / 2H-MoS2, which were structurally and morphologically characterized by XRD,and SEM, 
respectively. 

The electrocatalytic and photoelectrocatalytic properties of the MoS2 systems were studied from 
the point of view of their application as photo cathode for the HER in 0.5 M H2SO4, These properties 
were determined by polarization curves and electrochemical impedance spectroscopy, EIS, and 
photoelectrochemistry, PEIS. 
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Exploitation of renewable energy resources, as wind and solar energy, which are discontinued and 
unpredictable in nature, demands efficient energy 
storage techniques. Cost-effective generation of 
hydrogen from water electrolysis is, at the 
moment, one among few possibilities to achieve 
long-term energy storage. It meets all the 
requirements: it consumes only water and 
electrical energy and it has already a consolidated 
market penetration. The two main technologies 
for electrolysis are polymer electrolyte membrane 
(PEM) electrolysis and alkaline electrolysis. The 
former, however, utilizes rare precious metals as 
platinum, palladium, ruthenium, and iridium to 
reach high efficiencies and high production rates.  
Alkaline electrolysis, on the other hand, does not 
require expensive and rare catalysts. 
Nevertheless, alkaline electrolysis always 
suffered from low performances when compared 
to PEM. 
Here we show a pilot-size (200 W, see figure) 
alkaline electrolyser which can run with more 
than 500 mA cm−2 at a voltage below 2 V with 
inexpensive catalyst materials.  
Furthermore, another advantage of the alkaline 
electrolyser is that it can be constructed of 
stainless steel and even parts of the electrodes 
material can be made out of steel. 
This prototype was designed with scalability in 
mind and with the double purpose of testing new 
catalysts in real conditions and show the 
possibility of commerciality of an advanced 
alkaline electrolyser. 
Design, performances, and factors affecting water 
electrolysis will be discussed in this work with 
the hope to boost the bridging between cutting 
edge researches on catalysts materials and market 
demands.   
      
 
 
 

 
 

 
a)Photo of the prototype alkaline electrolyzer.  
1  stack; 2 pumps; 3 electrolyte reservoirs. 
b) Long-term electrolysis at 500 mA cm−2.  

a) 

b) 
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Electrochemical impedance spectroscopy (EIS) is the most used experimental technique to study the 
complex dynamics of polymer electrolyte fuel cells (PEMFC) [1]. EIS can detect and quantify the effects 
of almost all transient processes occurring in the cell, as for example mass transport of reagents and 
products in different layers as well as kinetics of electrochemical reactions in catalyst layers (CL). 
Nevertheless, the effects of different dynamic phenomena with similar time constants are often 
overlapped in the EIS spectra making analysis of PEMFCs dynamics difficult. To overcame this 
limitation, different alternative frequency response methods employing non-electrical inputs were 
recommended in the past [2].  
Recently, our group proposed a novel frequency response method, a so-called concentration-alternating 
frequency response analysis (cFRA) to study PEMFCs dynamics [3]. cFRA is based on input periodic 
modulation of reactant feed and a consequent electrical output. In a theoretical study, we were able to 
demonstrate a high potential of cFRA to discriminate effects of water and oxygen transport on the 
cathode side. Moreover, we have shown that cFRA is extremely sensitive to oxygen reaction kinetic 
parameters.  
In this work, an experimental feasibility of the proposed method is demonstrated. An experimental set-up 
with regulated periodic inputs of oxygen or water partial pressure to the cathode inlet of the PEMFC 
under galvanostatic or voltastatic control is developed. To analyse input and output periodic signals, at 
least 5 cycles at each frequency were registered. Then, the Fourier transform of the signal was performed 
with a help of in-house developed MATLAB code. Only the contributions at the fundamental frequency 
were further analysed. The contributions at higher frequencies were negligible. The experimental spectra 
were recorded in the frequency range from 1 to 10-2 Hz. Influence of input amplitude of oxygen periodic 
signal, current density, cell potential, and humidity on the cathode side was studied. In order to obey to 
linear response restrictions, the input amplitude has to be below 5% of total flow rate. The experimental 
cFRA agree well with theoretically calculated spectra. Unlike EIS, the cFRA under different electric 
controls can quantify separately the contributions of gas transport in the channel and GDL, and liquid 
water transport to PEMFCs dynamics. Therefore, the effect of structural parameters influencing the losses 
related to the selected phenomena can be investigated in a specific way, as for example the effects of flow 
field geometry, GDL materials or catalyst layer composition. Additionally, cFRA experiments under 
galvanostatic conditions consent to evaluate the impact of back diffusion of water in the Nafion 
membrane distinguishing it from the effect of the electroosmotic flow. In conclusion, cFRA can be 
regarded as an innovative tool offering the possibility to unravel open questions on PEMFCs dynamics. 
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By applying direct membrane deposition (DMD), Klingele et al. were able to highly improve the power 
density of a polymer electrolyte membrane fuel cell[1]. The main difference of DMD to the conventionally 
used catalyst coated membrane (CCM) method lies within the interface of polymer electrolyte membrane 
(PEM) and catalyst layer (CL) (see Figure 1a). With equal membrane thickness and equal catalyst layer, 
Klingele et al. could increase the power density by a factor of 1.39 (see Figure 1b) by using DMD[2], 
compared to a state-of-the-art CCM. Vierrath et al. carried out an impedance spectroscopy study and 
revealed a lower charge transfer resistance as main contributor for the high improvement (see Figure 1b), 
and suggested a better water back diffusion from the cathode through the membrane as main cause[3]. The 
significant impact of the PEM|CL interface on the charge transfer resistance can frequently be found in 
literature[4]. However, direct proof of the influence of the PEM|CL interface on the water management 
within a fuel cell is challenging.  
In this work, we present a method to obtain insight into the water generation and migration within fuel 
cells by comparing the relative humidity (RH) of inlet and outlet gases. In our new experiment, the anode 
is fed with completely dry gas, whereas the cathode gas is humidified to 12 % RH. The RH is measured at 
the anode outlet of the fuel cell (see Figure 1c). Although fed with dry gases, at open circuit, we are able 
to measure an RH of 3.75 %. At open circuit, this can only be caused by water back diffusion from the 
humidified cathode side of the cell through the membrane to the anode. We further measure a reduction 
of RH with increasing current density, which we attribute to the osmotic drag opposing the diffusion. The 
reduction of anode outlet RH per unit of drawn current in this setup can be quantified to (0.049 ± 0.001) 
%/(mA/cm2). In future research, we aim to use this new method to show the influence of different 
membrane and CL configurations, such as DMD and CCM, on the water management in fuel cells.   

 
Figure 1: When changing the interface of polymer electrolyte membrane (PEM) and catalyst layer (CL) 
(a) the power density of a polymer electrolyte membrane fuel cell can be improved (empty dots, b).  The 
main contributor for this is a lower mass transport resistance (filled dots, b). Measurement of the relative 
humidity on either anode/cathode outlet can give direct information on the contribution of the water 
management within the cell upon operation (c).   
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[2] M. Klingele et al. Electrochemistry Communications 2016, 70, 65. 
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[4] M. Breitwieser et al., Adv. Energy Mater. 2017, 38, 1701257. 
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New and improved strategies to secure our global energy economy and chemical 
industry in the future are needed due to the strong dependence on limited fossil 
resources and the socio-environmental problems associated with increasing 
anthropogenic emissions of CO2. To counteract this problem and simultaneously to 
reduce the concentration of the CO2 as well-known greenhouse gas, a very promising 
route is the electrochemical CO2 reduction reaction (CO2RR) into hydrocarbons and 
alcohols. Different reaction mechanisms and kinetics for the CO2RR are postulated.[1-
4] In particular, the role of Cu oxide during the C2 formation like ethylene and ethanol 
is poorly understood to date. Further critical issues are addressed: (i) high 
overpotentials, (ii) broad product distribution, (iii) fast degradation by catalyst 
poisoning and (iv) competition reaction at high cathodic potentials, referred to as 
hydrogen evolution reaction. 
 
Our work is focusing on the fundamental understanding about the mechanism and 
kinetics for the CO2RR on nano-porous copper (np-Cu) materials. The thin np-Cu films 
prepared by dealloying of Cu-based alloys or by electrodeposition exhibit large surface 
area-to-volume ratios, improved catalytic performance and high C2 selectivity 
compared to a flat Cu surface. The catalytic properties (activity and selectivity) can be 
controlled by the pore size and curvature of the ligaments of the np-Cu. By using 
operando X-ray absorption spectroscopy (XAS), we studied the various structures and 
oxidation states of the Cu species in np-Cu materials as function of the applied 
potential, kind of electrolyte and pH value during the CO2RR. Linear combination 
fitting and multi-edge EXAFS fit analysis provide us to identify the potential-controlled 
changes of oxidation state and local environment of Cu.  
 
Based on our operando CAS study, we obtained a deeper insight to the mechanism and 
kinetics of the CO2RR on porous Cu surfaces and clarified the role of Cu oxides for the 
C2 production. 
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High cost and low resistance in CO poisoning of Pt-based electrocatalysts are the main obstacles for 
establishment of proton exchange membrane fuel cells (PEMFCs) as cost effective highly efficient devices. 
For this reason there is increased research interest in the development of active non-Pt electrocatalysts for 
use in both the anodic H2 oxidation reaction (HOR) and the cathodic O2 reduction reaction (ORR) in 
PEMFCs. Towards this direction, the present work concerns the synthesis, characterization and comparison 
of the HOR activity in acidic medium of a series of Pd-based bimetallic electrocatalysts. 

Carbon black (Vulcan XC72R) supported Pd-M (M: Ru, Co, Fe, Cu, Zn) electrocatalyts with Pd:M mass 
ratio equal to 3:1 and a total metal loading of 10 wt.%, were prepared via the successive wet impregnation 
method. 10 wt.% Pd/C electrocatalyst was also synthesized and used as reference material. 
Physicochemical characterization of the catalysts was performed via XRD, TEM, SEM and CO 
chemisorptions, for determination of the average metal particle size and metal dispersion on the carbon 
surface and for identification of alloy formation between Pd and M in the active phase. The 
electrocatalytic activity towards HOR was evaluated at room temperature using the rotating disk electrode 
(RDE) technique. The experiments were performed in a typical three-electrode cell, with the 
electrocatalyst (working electrode, WE) being deposited in the form of a thin film on a glassy carbon 
RDE immersed in H2-saturated 0.1 M HClO4 aqueous solution. Pt foil and Ag/AgCl (3 M KCl) were used 
as counter and reference electrodes, respectively. 
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Fig. 1 Kinetic current, Ik , normalized to EASA (specific activity) for different Pd-based electrocatalysts 
 
The kinetic current Ik (intrinsic rate of HOR) was determined from the anodic sweep polarization curves 
for each electrocatalyst after correction for the mass transfer contribution [1] and was normalized with 
respect to the electrochemically active surface area (EASA), to calculate the specific activity (S.A.). As 
shown in Fig. 1, for two potentials in the mixed control region, the specific HOR activity followed the 
order: Pd-Ru/C > Pd-Zn/C ≈ Pd/C ≈ Pd-Co/C > Pd-Cu/C > Pd-Fe/C.  The same order was followed in 
terms of mass activity, i.e. Ik normalized to metal mass, which for the Pd-Ru/C electrocatalysts was equal 
to ca. 0.7 A mg-1 at -0.2 V vs. Ag/AgCl.   
 
[1] Bampos G., Kondarides D.I., Bebelis S., Verykios X., Comparison of the Activity of Pd-M  

(M: Ag, Co, Cu, Fe, Ni, Zn) Bimetallic Electrocatalysts for Oxygen Reduction Reaction, Top. Catal., 
60 (2017) 1260-1273 
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Proton conducting perovskite ceramics are promising candidates to be used as solid-state electrolytes in 
hydrogen sensors for fusion applications. These type of ceramics have been widely used as hydrogen solid-
state electrolytes in Solid Oxide Fuel Cells (SOFC) with great performance. Chemical characteristics of the 
electrolytes make them suitable for harsh environments such as breeding blankets in future fusion reactors.   

An essential requirement for proton conducting materials is that it must exhibit a high conductivity at the 
operating temperature. In addition, it is also required to identify a good stable oxide material, exhibiting 
great conductivity, in a reducing environment. It is worth mentioning that the ionic conductivity of the 
proton conducting material is a key parameter to consider when evaluating their use in electrochemical 
sensors. The reduction in conductivity when the temperature is decreased is likely associated with a 
significant decrease in the charge carrier concentration, as a result, there will be a loss of sensitivity in the 
electrochemical sensor. 

In this work, Sr(Ce0.9-Zr0.1)0.95Yb0.05O3-α and BaCe0.6Zr0.3Y0.1O3-α ceramics were synthesized, characterized 
and sintered. Sintering was performed as ceramic pellets (unaxial pressing - 30 MPa to attain a compact 
ceramic sample) and as one-end closed tubes fabricated by slip casting. Ionic conductivity of both shapes 
proton conductor electrolytes was measured using the two pin probe method. The experiments were 
performed under hydrogen atmosphere (10% H2 in Argon) at a temperature range from 400 ºC to 700 ºC 
and at different applied potentials.  
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Reverse electrodialysis (RED), in its advanced application, enables efficient conversion and storage of 
electricity from a variety of sources, including low-grade waste heat. We demonstrate a novel approach 
combining RED and alkaline polymer water electrolysis (APWEL)1 for simultaneous production of 
electricity from low-grade waste heat (LG-WH) and its storage into hydrogen. Closed-loop power 
generation at RED stage was evaluated using NaCl and thermolytic NH4HCO3 solutions at a varying 
salinity ratio (SR) (6-10) and temperature (20-40 oC), with a perspective for applications in solvent 
removal or solute recovery approach of LG-WH capture. Both the open circuit cell voltage (OCV) and 
power densities progressively increased with an increase of SR. There was no considerable effect of 
temperature on OCV. Power densities linearly increased with the rise of temperature at an average rate of      
19 mW/m2MP/oC (MP: membrane pair) for NaCl-RED and 6 mW/m2MP/oC for NH4HCO3-RED, 
however, with the output power of NH4HCO3-RED being remarkably lower (by up to 70 %) compared to 

NaCl-RED. The hydrogen production at APWEL 
stage was evaluated for different membrane 
electrode assemblies (MEAs) involving non-
platinum electrocatalysts based on NiC2O4, 
reduced graphene oxide (RGO), and hybrid 
RGO/NiC2O4. The MEA constructed using the 
hybrid RGO/NiC2O4 catalyst indicated excellent 
performance owing to the synergistic advantage 
of these electrocatalysts in its composite form: a 
current density reaching 218 mA/cm2 was 
recorded for the APWEL unit at 1.85 V, 50 oC 
and 10 %wt KOH solution. This in turn led to a 
high-performance RED-APWEL integrated 
systems which exhibited a hydrogen production 
rate (HPR) of 119.1 cm3/h·cm2 (Figure 1), that 
was significantly higher than any of the 
previously reported HPRs for RED-APWEL 

systems.  
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At the current state of art in Polymer Electrolyte Fuel Cell (PEFC) technology, there is no 

competitive alternative to Platinum or Platinum alloys as electrocatalyst materials to promote sluggish 
oxygen reduction reaction (ORR). However, Platinum materials tend to form oxides above 0.70 V vs 
RHE, which are suspected to affect ORR electrochemical activity and long-term stability1. Even though 
Pt oxides have been widely investigated in the literature, there is still lack of a comprehensive 
understanding of their formation and effect on ORR activity2. The reason is mainly the complexity of the 
topic, the unknown variables are: type of oxide, number of active sites occupied, degree of place 
exchange, number of oxide layers formed, without being exhaustive. 

In this work an application-oriented approach is used, since oxides nature remains elusive. Two 
major oxide families have been distinguished, according to literature3, and the effect of these families 
have been investigated both on ORR activity (thus investigating temporary performance loss due to Pt 
oxide formation) and Pt dissolution (by adopting properly defined AST protocols).  

First, experimental analysis is performed in inert environment (fully saturated Nitrogen). Oxides 
are formed via potential holding at 0.85V vs RHE or via potential cycling between 0.7V and 0.85V vs 
RHE, according to protocol proposed by Nagai4. 
Oxide charge is quantified by linear sweep voltammetry in the potential range between 0.85V and 0.4V 
vs RHE. Results indicate the presence of two dominant families of Pt oxides. Additionally, a procedure is 
obtained to selectively form each type of oxide, by adopting potential holding or cycling.  

The second part of the experimental protocol investigates the link between oxides formation and 
ORR activity and the following procedure is adopted. Oxides are formed in inert atmosphere, 
consequently air is enabled at the cathode side and potential is set to 0.85V. ORR current is recorded for 
600s, after which the operation is switched to nitrogen again and oxides are measured via linear potential 
sweep. The protocol reported is repeated under oxygen atmosphere to measure the impact of each oxide 
family on ORR activity, which is feasible thanks to the definition of holding and cycling tests. 

It is observed that oxide formation does not depend on oxygen concentration. Additionally, the 
selective effect of main oxide families on ORR is quantified. 

In the last part of the work, different accelerated stress tests for electrocatalyst degradation based 
on potential cycling are compared, with the intent to distinguish the effect of each type of Platinum oxide 
on stability. Standard DOE test5 (triangular sweep between 0.6V and 1.0V at 50 mV s-1) is thus modified 
for this scope. 
A lower loss of active area is reported in the dedicated AST test, suggesting a protective nature of beta 
oxides or a link between dissolution and oxides reduction6. 
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Fig. 1 Effect of organic solvent used for catalyst 
ink preparation of cathode.  

 

  
 
 

Fig. 2 Impedance spectra of MEA using 
cathode prepared by using a) 1-propanol and b) 
butyl acetate for catalyst ink preparation. 
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Polymer electrolyte fuel cell (PEFC) has been developed as a 
highly efficient energy system. Although it is starting to be 
put into practical use, further reduction of the cost is 
required. Generally, platinum is used for electrode catalyst of 
PEFC. Since Pt is scarce and expensive, alternative catalyst 
is necessary. In recent years, nitrogen containing carbons are 
reported as novel catalysts. We have been developing silk-
derived activated carbon (SAC), as metal free nitrogen 
containing carbon catalyst for the cathode of PEFC1, 2). Since 
SAC is a catalyst which has moderate ORR activity but is 
abundant and cheap, its optimum structure in the electrode 
should vary from Pt/C catalyst. In this study, the effect of the 
microstructure of the catalyst layer was investigated by 
changing organic solvent for the preparation of catalyst ink.  
The preparation method of SAC is described elsewhere1). 
Butyl acetate (BA) or 1-propanol (NP) was used as organic 
solvent. Catalyst ink was prepared by mixing SAC, Nafion 
solution and organic solvent. The ink was painted on a 
carbon paper and was hot pressed to a Nafion membrane 
together with a commercial anode. Terminal voltage vs. 
current density and electrochemical impedance spectra were 
measured at 80 ˚C, supplying humidified hydrogen and 
oxygen at 40 ml/min, respectively.  
To investigate the effect of microstructure of the catalyst 
layer, the catalyst ink was prepared by using either BA or 
NP. as the organic solvent. It is reported that the state of the 
ionomer is affected by the dielectric constant of the solvent, 
and that a solution is formed in NP, and colloid is formed in 
BA. The measured IV curves of each MEA are shown in Fig. 
1. In the low current density region, MEA prepared by using 
NP showed higher performance. On the other hand, in the 
high current region, MEA prepared by using BA showed 
higher performance. The impedance spectra of each MEA are 
shown in Fig. 2. When the applied voltage was low, the MEA 
prepared by using NP showed smaller arc than that using BA. 
It is suggested that the ionomer in the solution state increased 
the reaction zone near the catalyst particle and contributed to 
the performance improvement in the low current density 
region. When the applied voltage was increased, the arc 
decreased to a certain size. The size of the arc at high applied 
voltage was smaller when BA was used. This arc seems to 
represent the resistance inside the catalyst layer. Thus, it is 
suggested that the colloidal ionomer expand the reaction zone in the thickness direction of the catalyst 
layer and contributed to the improvement of the performance in the high current density region. 
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Clarifying the combustion mechanism in PEMFC is necessary for further cost reduction and safety 
improvement. In general, hydrogen and oxygen crossover through PEM happen, and combustion of the 
gas occurs in catalyst layer, but damage by the combustion is mitigated due to small permeability of 
PEM. However, if mechanical and chemical stress (wet and drying cycle, large hydrogen peroxide 
formation, etc.) are superimposed, PEM deteriorates, and forming pinholes and PEM thinning progress. 
In this stage, a large amount of mixture gas (hydrogen and oxygen) forms in cell, and combustion of the 
gas damages cell [1]. Although thus the combustion is thought to be critical, combustion process has not 
been elucidated in detail. This situation causes excessive design of PEM. For understanding the 
mechanism of combustion, we analyze combustion characteristics in catalyst layer. In particular, we 
attempt to measure reaction rate and activation energy. Instead of in-situ experiment, we simplified 
experimental system. Catalyst layer piece (composed of Pt/C particles and Nafion ionomer) or platinum 
plate is placed on sample stage in DSC, and mixture gas (hydrogen, oxygen, and nitrogen) is supplied to 
DSC, and then exothermic heat flow by combustion of the mixture is detected. Dividing the heat flow by 
combustion enthalpy and apparent catalyst surface area yields reaction rate. Combustion on platinum 
surface is complicated process, in which many elementary reactions are involved. The experimentally 
obtained reaction rate is examined with numerical analysis of the elementary reactions. Fig. 1 shows the 
rates obtained from the heat flow measured by DSC. Lower and upper group in this figure are rates in the 
case of platinum plate and those in case of catalyst layer piece. Fig. 2 shows the reaction paths 
considering the elementary reactions under high temperature conditions [2]. The activation energy in the 
case of platinum plate obtained from the DSC experiment is approximately 30 to 40 kJ/mol. The other 
experiment with different platinum shape under different temperature range suggests 7 to 50 kJ/mol. 
Numerical analysis, when the path of (5) in Fig. 2 is rate-determining step, yields 73 kJ/mol. In term of 
reaction rate on platinum plate, the DSC experiment 
under 60 °C and hydrogen consideration 2% in Fig. 1 
is 5.56×10-8 mol/s/cm2, and the numerical analysis is 
3.18×10-8 mol/s/cm2. Thus, it is concluded that the 
reaction rate obtained through DSC is thought to be 
reliable. In Fig. 1, the reaction rate in the case of 
catalyst layer piece is 70 times larger than that of the 
platinum plate. It is noted that the rate in Fig. 1 is 
normalized by the apparent area, and that the surface 
area of all the platinum particles carried on the 
catalyst layer piece is 400 times larger than the 
apparent area [4]. Therefore, the reaction rate in the 
case of catalyst layer piece should be 400 times as 
high as that in the case of platinum plate. The 
discrepancy will be attributed to diffusion process of 
the gaseous in porous catalyst layer. In the case of 
catalyst layer pieces, the gas must experience limited 
diffusion process, where the gas immigrates through 
nano hole and dissolves and diffuses in Nafion 
ionomer near catalyst particles. These aspects explain 
why the reaction rate in the case of catalyst layer 
could not reach the 400 times. 
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Fig. 1 Reaction rates in the case of catalyst layer piece 
and Platinum plate, obtained through DSC. 
 

 
Fig. 2 Reaction paths of hydrogen and oxygen gas on 
platinum surface under high temperature condition.[2] 
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In the present work, transition metal phosphides (Ni-P, Co-P and Cu-P) have been fabricated through a facile 
electrodeposition-annealing process. Here for the first time, these phosphides have been deposited beyond the 
eutectic limit of phosphorus content with respect to normal electrochemical processes. Different phase pure metal 
phosphides like Ni2P, Ni12P5, Co2P, Cu3P etc. have been obtained after annealing. Characterization techniques 
like XRD, SEM (EDS), cross-sectional analysis and XPS have been used to confirm phase composition of the 
materials obtained and to characterize their morphology. Effect of annealing temperature and duration on phase 
composition were investigated thoroughly.  The electrocatalytic Hydrogen Evolution Reaction (HER) activity and 
stability of the different transition metal phosphides were tested in 0.5M H2SO4. In all the cases, remarkable results 
were obtained, which matched up well with present existing literature where similar electrocatalysts have been 
fabricated through different methods. As for example, a Co2P electrocatalyst plated on copper and annealed at 
290 °C exhibits excellent electrocatalytic activity for HER (figure 1), showing a low overpotential of 62 mV at a 
current density of 10 mA/cm2 in 0.5M H2SO4 solution. 

 

 

Figure 1. HER electrocatalytic performances of Cu/Co2P electrocatalysts in 0.5M H2SO4 solution at a scan rate 
of 2 mV/s 
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A major need exists to develop renewable sources to meet the growing global energy demand. The  
conversion of CO2 to fuels and chemicals arise as potential way to storage energy from renewable 
intermittent energy.[1,2] However, some drawbacks for the conversion of CO2 in value-added products 
must be overcome to reach suitable efficiency for practical applications. Copper has been widely studied 
due to its low cost and its unique ability to appreciably reduce CO2 to hydrocarbons and oxygenates, 
however, the formation of several products lead to low selectivity and efficiency. Norskov et al.[3] showed 
that the formation of bimetallic electrodes can tune the binding strength of intermediates on a catalyst 
surface to enhance the reaction kinetics for CO2 reduction on hydrocarbons, where the fine-tuning of CO 
binding strength on the catalyst surface is a key parameter.[3,4] Therefore, the aim of this work is to study 
the effect of Ag deposition on (reduced and oxidized) Cu surface  in the selectivity, activity and stability 
on the CO2 reduction reaction. Cu-Ag bimetallic electrodes were obtained by Ag deposition by sputtering 
on Cu-P (polished electrode) or Cu-Air (oxidized electrode, Cu2O/CuO) surface. Low-angle XRD 
measurements showed that the method was efficient in the deposition of Ag on the surface of the 
electrodes. SEM images further demonstrated that the method was efficient to obtain a homogeneous 
coating of Ag nanoparticles (lower than 30 nm) on the Cu-P surface, while in the Cu-Air electrode the Ag 
was apparently agglomerated in the form of micrometric plates under rods of Cu2O/CuO, which is 
deleterious since the contact between the metals would be minimized. Cyclic voltammetry (CV) showed 
that the Cu-P+Ag electrode showed a lower onset potential (-0.95 V), and also the cathodic currents 
almost 10 times higher than Cu-P electrode (Fig. 1a). In  Fig. 1b, the CV showed a similar behavior, i.e. 
the addition of Ag on Cu-Air electrode decrease the CO2 reduction onset potential, and also increase the 
cathodic currents almost 2 times. To confirm the CO2 electroreduction performance, we performed 
chronoamperometry experiments at -1.4 V for 16 h (Fig. 1c), and after the experiment an aliquot was 
collected and analyzed by HPLC to verify the CO2 reduced products in liquid phase. The Ag-modified 
electrodes exhibited a cathodic current higher than bare Cu electrodes in the same applied potential. The 
results showed that all electrodes had HCOO- as the only product in the liquid phase, the Cu-P and Cu-
P+Ag electrodes produced 25 mg.L-1 (FE of 16%) and 853 mg.L-1 (FE of 39%) of HCOO-, respectively. 
While the Cu-Air and Cu-Air+Ag electrodes produced 298 mg.L-1 (FE of 30%) and 1346 mg.L-1 (FE of 
34%), respectively. Therefore, it is clear that Ag deposition increased the HCOO- production about 33 
and 5 times for Cu-P and Cu-Air electrodes, respectively. The analysis of products formed in the gaseous 
phase is in progress. The bimetallic Cu/Ag electrode showed a superior performance in the CO2 reduction 
in HCOO-, this reason likely is related with the increase of the roughness and the interaction between the 
metals that adjust the adsorption of intermediates on electrode surface. 

 
Figure 1. (a) Cyclic voltammetry of the Cu-P and Cu-P + Ag electrodes. (b) Cyclic voltammetry of the 
Cu-Air and Cu-Air + Ag electrodes. (c) Chronoamperometry applied potential of -1.4 V during 16 hours 
of Cu based electrodes saturated with CO2 in KHCO3 (0.5 M). E vs. Ag/AgCl (V) 
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The generation of hydrogen by water electrolysis is one of the key technologies in sustainable energy 
scenarios.[1] The limiting factor for an economically feasible application is the kinetically sluggish 
oxygen evolution reaction (OER) on the anode. As it is less-well understood than its cathodic counterpart, 
and mostly relies on pricey noble-metal-based catalysts, a tremendous amount of current research focuses 
on the evaluation of alternative OER catalysts. 
One of the standard techniques to evaluate new electrocatalysts for the OER is the rotating disk electrode 
technique (RDE). The catalysts are deposited as thin-films, typically with incorporation of a binder to 
produce homogeneous layers. While it is known from the study of oxygen reduction catalysts that several 
preparation and measurement parameters can strongly influence the results,[2,3] these influences are still 
only partially discussed for OER characterization.[4]  
Here we study the influence of various parameters, like ink composition, layer deposition, choice of 
electrolyte or utilized gases, on the electrochemical response. For instance, the choice of binder can have 
a significant influence on the electrocatalytic performance (Fig. 1). Not only does the initial activity of a 
commercial Ni-Co-Oxide catalyst strongly varies, but also the trend for activation or deactivation of the 
catalyst can be even opposite for the different binders. 

 

 
Figure 1.  Linear sweep voltammetry of Ni-Co-Oxide thin-film electrodes prepared with different binders 
as measured in RDE (1M KOH, Z = 1600 rpm, v = 5 mV s-1) before (solid lines) and after (dashed lines) 

2h stability test. 
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With biodiesel global production increasing in the last years, the availability of its co-product, glycerol, 
has exceed its consumption in a way its commercial value has decreased significantly, year after year. 
Some studies have been done in order to identify the ideal electro catalyst to convert glycerol into raw-
materials with higher added value. 
Different metals as Pt, Ag, Au, Pd, and alloys [1]have been evaluated searching for condition with higher 
selectivity and minimum cost. Interesting results in terms of selectivity have been achieved, but the 
electro catalyst cost is still an issue. Perovskite oxides have been largely studied as catalysts for 
heterogeneous catalysis[2], as it is a low cost material, with large surface area and easy preparation. 
Perovskites have also been evaluated as electrocatalyst for oxygen reduction reaction (ORR)[3] solar cells 
[4]and nitrogenized products degradation with interesting results[5]  
At the present work we investigated LaNiO3 perovskite oxide as an electrocatalyst for glycerol oxidation. 
The material was synthetized by citrate method and calcined at 600°C for 3 hours and later at 900°C for 9 
hours[2]. The obtained material was characterized by DRX and them dispersed in water with ultrasound 
and deposited on a carbon glass electrode for electrochemical evaluation. Preliminary results for NaOH 
0.1M are presented in Figure 1. The dashed line is the electrochemical response in the absence of glycerol 
and the full lines the electrode response for the first three cycles in the presence of glycerol (GlyOH 
0.1M). It is possible to observe that the glycerol oxidation onset during the positive scan is 0.92V. 
Another oxidation process can be observed at the negative scan with an onset potential of 1,1V. 
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Figure 1 – Voltammograms of LaNiO3 in the 
presence (solid lines) and absence (dotted line) 
of 0.1M Glycerol in 0.1M NaOH at 50mVs-1.  

 
This result indicates that perovskites are promising materials for alcohol oxidation substituting noble 
metals as electrocatalysts. More work is in progress to investigate the reaction mechanism and the activity 
of this and another perovskites for other alcohol electrooxidation reactions. 
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To be economically profitable, the electrocatalytic carbon dioxide (CO2) conversion should meet different 
various criteria such as (i) high reaction CO2 conversion rates, (ii) a high product selectivityselectivity, 
(iii) a high energyetic efficiency, and (iv) a high catalyst stability. [1]. The crucial step involved in the 
CO2 reduction reaction (CO2RR) involves the initial formation of CO2

·− radical anions as key 
intermediates, which, however, occurs only at a very high overpotentials  [2] thus giving rise to a low 
energyetic efficiency of the overall process. Therefore, as a primary step, one needs to find identify 
electrocatalytic systems with as a minimal as possible overpotential of CO2RR. Efforts have been devoted 
to the development of superior nanostructured electrocatalysts and to the tailored search design of 
appropriate electrolyte systems solutions. Nanostructured metal catalysts (such as Ag, Cu, Au, Pd, Zn) 
have been shown to decrease the CO2RR overpotential due to the presence of more active surface sites 
[3]. A particular attention is was paid to Ag metal nanostructured Ag catalysts, as Ag demonstrates high 
selectivity towards the formation of carbon monoxide (CO) in CO2RR. Furthermore, the use of room-
temperature ionic liquids (ILs) can also decrease the CO2RR overpotential. [4]. IIn this work, we employ 
a novel type of nanostructured Ag nanostructured electrocatalyst for the CO2 electroreduction in the ionic 
liquid, 1-butyl-3-methylimidazolium tetrafluoroborate ([Bmim][BF4]). The Ag catalyst is prepared by 
galvanostatic electrodeposition of Ag at high current density. It represents a Ag foam, consisting of 
nanorods of with diameters in the range of 50 to 100 nm (Fig. 1, left). This electrocatalyst significantly 
decreases significantly the CO2RR overpotential as compared to a Ag foil electrode (Fig. 1, right panel) 
and provides highly selective CO production in a rather broad potential window of 0.4 V in [Bmim][BF4]. 
The stability of the IL and the Ag catalyst catalysts during a longextended CO2 electrolysis wasis also 
examined by NMR analysis and identical location scanning electron microscopy (IL-SEM), respectively. 
 

 
Fig. 1. Left: SEM images of Ag nanostructured catalyst. Right: Cyclic voltammograms of Ag foil and Ag 
nanorod catalystss in Ar- and CO2-saturated [Bmim][BF4] (dashed and solid curves, respectively). The 
arrow indicates the shift of CO2RR onset. 
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Towards a sustainable energy economy, many efforts have been devoted to improve the performance of 

polymer electrolyte fuel cells (PEMFCs) and minimize their overall cost. PEMFCs are considered as the 
ideal clean energy power source for many applications because of their high power density, high 
efficiency, constructive simplicity, quick start-up and zero emission1. Pt supported on carbon 
electrocatalysts are the most efficient and stable materials for both the oxygen reduction reaction (ORR) 
at the cathode and the hydrogen oxidation reaction (HOR) at the anode. In this respect, there is the 
increasing demand to reduce cost, therefore the amounts of Pt used resulting from increased catalyst 
activity and/or utilization2. Towards the goal, there are two approaches: (a) Enhance the specific activity 
or (b) Increase the specific surface area of the catalyst by forming a fine dispersion. The performance and 
stability of the (electro)catalysts strongly depend on the physicochemical characteristics, such as the 
surface area, the crystalline structure, size and shape of the particles and the interactions with the support. 
Both approaches for Pt reduction can be followed separately or combined by exploiting the 
differentiations induced to the metal by the surface chemistry of the support to result in customized 
properties and control its performance. When the dispersion of the metal is high, its metal atom is 
accessible to reactants and available for catalysis, maximizing the efficiency of the metal and minimizing 
the cost. Reducing the size of the metal in atoms or small groups of atoms can significantly increase both 
the active surface and the activity of the catalyst through diversification or strengthening of the metal-
support interactions3. 

In this work, the development of Pt/f-MWCNTs (f-MWCNTs=covalently functionalized MWCNTs) 
based electrocatalysts with different surface functionalities and Pt loadings took place. The deposition of 
the metal was realized using the polyol synthetic procedure: reduction of metal precursor salts in an 
ethylene glycol solution. Through a structural and chemical characterization study of the materials, the 
introduction of certain groups on the sidewalls of the carbon support resulted in differentiation of the 
properties, not only in terms of quantitative deposition and dispersion, but also with respect to metal-
support interactions, platinum crystal properties and/or oxidative state. The electrochemical activity of 
these catalysts was studied towards oxygen reduction reaction, as well as methanol oxidation reaction. 
Modification of the carbon support surface that is intended and can result in Pt particles with different 
properties and ultimately higher activity, is both interesting and challenging. It requires not only obtaining 
active Pt catalysts, but also understanding the structural and electronic properties of the catalyst, the 
interactions between the metal particles/atoms and the carbon substrates and the correlation between 
physicochemical or surface properties and electrocatalytic behavior. Finally, in situ evaluation of the 
electrochemical active surface area and catalyst utilization took place. The relationship between the 
specific activity and the structure/composition of the catalysts, as well as the formed electrochemical 
interface and catalyst utilization under specific conditions were also studied.  
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Dynamic tritium concentration measurement in lithium-lead eutectic (Pb-15.7Li) is of major interest for a 
reliable tritium testing program in ITER - TBM (International Thermonuclear Experimental Reactor - Test 
Blanket Module) and for an experimental proof of tritium self-sufficiency in liquid metal breeding systems.    
 
Solid electrolyte proton conductors have attracted significant interest because of their chemical and physical 
durability, especially at elevated temperatures, thus their ability to extend the application of electrochemical 
hydrogen sensor systems. Commonly, these electrolytes are perovskite type materials, where the electrical 
carriers are positive holes, excess electrons, oxide ion vacancies and interstitial protons which interact with 
oxide ions. 
 
The Electrochemical Methods Laboratory at Institut Quimic de Sarria (IQS) is working in the design and 
development of tritium sensors, based on proton solid state electrolytes to be used in molten lithium-lead 
eutectic. A major advantage of using this type of electrolytes is that they are highly selective and potentially 
provide nearly instantaneous H in-solution calibrated signals. 
 
In the present work, BaCe0.6Zr0.3Y0.1O3-α (or BaCeZrY) proton conducting perovskite was synthesized and 
characterized to construct amperometric hydrogen sensors. Two different methods were employed to shape 
the solid state electrolyte: Unaxial pressing/sintering and slip casting method. Amperometric 
electrochemical measurements have been performed using both configurations at different hydrogen partial 
pressures, at 500 ºC and applying 5 V between the electrodes of the sensor to polarize it. 
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Rising concentrations of CO2 in the atmosphere is a huge concern and is believed to be one of the main 
contributors for the global warming. In the Carbon Dioxide Activation Center (CADIAC), however, we 
believe CO2 can be a valuable feedstock for numerous important chemicals processes. One method which 
can turn CO2 into C1 and C2 building blocks is the electrochemical reduction of CO2. Inherently, this 
process is rather energy consuming. Therefore, we have studied and employed iron tetraphenylporphyrine 
(FeTPP) as a catalyst in the process, since it is known to be a good catalyst for this process with high 
turnover frequency and low overpotential[1,2]. Furthermore, we have designed a system, where the CO 
produced by the electroreduction can be used directly in a closed system without any direct handling of 
this toxic intermediate. In this system various high value compounds such as moclobemide 
(antidepressant) and olaparib (anti-cancer drug) can be obtained as the final product by employing known 
conditions for Pd catalyzed carbonylation reactions[2], the system is easily scalable and was shown to 
work even for a gram scale synthesis of moclobemide. Importantly, it is shown that air can be used as a 
CO2 source when a an amine based CO2 binder is incorporated into the system. Finally, the system has 
been built with a small homemade power supply which performs the process with constant current. This 
has transformed the art of electrochemistry into a process, which can easily be operated without prior 
experience in the field. 
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Low-temperature polymer electrolyte membrane fuel cells (PEMFCs) are of fundamental importance for 
sustainable energy conversion. The energy efficiency is largely determined by the slow kinetics of the 
oxygen reduction reaction (ORR); as a result, high platinum loadings at the cathode currently inhibits the 
widespread commercialization of PEMFCs [1,2]. 
In recent years, remarkable progress have been made on improving the mass activity of ORR catalysts. In 
liquid half-cells using thin-film rotating disc electrode (TF-RDE) numerous model catalyst concepts have 
presented activities far surpassing the performance targets given by the Department of Energy (DOE). 
However, so far, these impressive results haven’t been translated to actual fuel cell devices e.g. membrane 
electrode assemblies (MEA) [2], suggesting the need for a complementary technique. 
 
Herein, we present a gas diffusion electrode (GDE) half-cell setup [3] that combines the strength of both 
RDE and MEA. Similar to RDE, the GDE allows rapid and inexpensive testing using small quantities of 
catalyst. Notably the GDE resembles the MEA in terms of reaction environment and reactant mass 
transport, thus allowing catalyst activity benchmarking at high current densities, opposite to RDE where 
benchmarking is limited to low overpotentials (typically 0.9 VRHE) due to poor O2 transport in the liquid 
electrolyte. By applying similar conditions to actual fuel cell devices (e.g. temperature, membrane and 
humidification), we show that the performance data obtained from GDE measurements can be directly 
compared to that obtained in MEA tests, hereby closing gap between model systems and real devices.  
Finally, we present GDE measurements on for more advanced platinum catalysts. 

 
Fig. 1. (a) Schematic of the GDE cell, with a Nafion membrane and 3 mm catalyst layer sandwiched 
between the upper PTFE cell body and the lower cell body. The upper cell body is pressed to the lower 
cell body and a gas humidifier where connected to the gas inlet. (b) Comparison of I–V curves obtained 
from the GDE cell and the MEA test for the commercial 46.5 wt% Pt/C catalyst, with loadings of 5 
μgPt/cm2 and 90 μgPt/cm2 for the GDE and the MEA, respectively, see [3] for full description.  
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Proton conducting solid state electrolytes are very interesting materials due to its applications in hydrogen 
gas sensors, hydrogen pumps, solid oxide fuel cells, etc. In the case of molten metals, solid state 
electrolytes have been used as sensors components for over 40 years.  These materials have several 
advantages in the handling/processing of molten metals: the conductivities of solid electrolytes depend on 
temperature, the output of solid electrolyte-based sensors is determined by the thermodynamic properties 
of the molten metal / reference electrode and finally, solid electrolytes are generally stable compounds 
that can withstand the harsh chemical environment in molten metals.  
In the future fusion reactors, an accurate and reliable tritium management is of basic importance for the 
correct operation conditions of the blanket tritium cycle. The determination of the hydrogen isotopes 
concentration in liquid metal is of high interest for the blanket correct design and operation. Sensors 
based on solid state electrolytes can be used to that purpose. This type of sensors offers quick and easy to 
measure signals, high chemical stability and temperate depending ionic conductivity. 
Hydrogen sensors using different solid-state electrolytes have been designed and tested at the 
Electrochemical Methods Lab at Institut Quimic de Sarria (IQS). One candidate (Sr(Ce0,9-
Zr0,1)0,95Yb0,05O3-α) has been selected for this work in order to evaluate the sensor performance at 
different hydrogen concentrations in two different operating modes: amperometric and potentiometric. 
The probes are based on solid state electrolytes and are considered Proton Exchange Membranes – PEM. 
These electrolytes are perovskite type materials with electrical carriers being: positive holes, excess 
electrons, oxide ion vacancies and interstitial protons which interact with oxide ions. The sensor 
performance has been evaluated at different working temperatures (from 450 to 675°C), hydrogen 
concentrations and applying different polarization potentials to the sensor, in the case of the amperometric 
configuration. 
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The rapid development of the global economy leads to an increasing demand of energy, which fossil fuels 
cannot replenish in the future.1 The main challenge in the 21th century is to seek renewable energy 
sources to reduce the dependence on fossil fuels. New developments of storage and conversion 
technologies are of increasing importance since solar cells and wind turbines harvest renewable energy in 
a dynamic fashion.2 Up to now, hydrogen is mainly produced by steam reforming of natural gas or other 
fossil fuels. Water splitting into hydrogen and oxygen is one of the most promising systems for a 
renewable infrastructure, which provides a clean route to a “carbon-free” energy matrix.3 Electrocatalysts 
are essential components of renewable energy technologies and provide a CO free hydrogen source for 
powering fuel cells. efficiency of the water electrolysisis limited by the kinetically inhibited anodic 
oxygen evolution reaction (OER), which involves a thermodynamically unfavorable four  electron 
transfer process causing a large overpotential.4,5 (Eq 1). 
 

4OH- → O2 + 2H2O + 4e- E0 = 1.23V vs. RHE / V pH = 14 
 

(1) 
Intensive efforts have been devoted to the development of low-cost, first-row transition-metal (Mn, Fe, 
Co, Ni, etc.) oxides to obtain high catalyst activity and long term stability.[5] Furthermore it is expected 
that electrochemical efficiency can be influenced strongly by material morphologies, e.g. specific surface 
area and porosity, enhancing accessibility of the active sites and the transport of electrolyte ions.[6] Herein 
we present the development of spinel type MnCo2O4 catalysts via hydrothermal synthesis and we further 
studied the reaction kinetics during the OER process and calculated the intrinsic catalyst activity to gain 
insights into the structure-activity relationship. The hydrothermal synthesis and the calcination at low 
reaction temperatures have a crucial influence on the electrochemical performance of the materials. 
We obtained a lower overpotential (OP, 390 mV) and a better long-term stability compared to the OP 
(485 mV) of literature known spinel type materials MnXCoYOZ.[7] The spinel type MnCo2O4-(Cl) catalyst 
possesses a unique performance in chronopotentiometric stability tests of 24h at a low potential of 1.6 V 
at 10 mA / cm-2. We furthermore investigated the kinetic parameters of the catalytic system (Tafel slope, 
charge transfer resistance, Electrochemical surface area and intrinsic catalyst activity) to describe the 
electron transfer reactions at the interface. 
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Figure 1. Activity, stability tests and calculation of the reaction kinetics for MnXCoYO4 spinel’s during 
the OER process. Sweep rate 10 mV /s, 1600 rpm, 1 M KOH.  
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Hydrogen peroxide, H2O2, is an environmentally friendly oxidant with annual production over 5.5 million 
ton.1 Hydrogen peroxide has diverse range of applications, including bleaching, chemical synthesis, and 
waste water treatment. Currently more than 95 % of H2O2 is produced by anthraquinone process in large 
centralized infrastructure. Electrochemical production of H2O2 by adopting electrolyer system is an 
attractive alternative to the current H2O2 production. H2O2 can be produced in a decentralized manner 
only requiring electricity, O2, and water. Disadvantages of centralized production, such as transportation 
cost, need of distillation, explosiveness of concentrated H2O2, can be avoided by decentralized 
electrochemical H2O2 production.  
The efficiency of electrochemical production of H2O2 is largely controlled by the electrocatalysis at the 
cathode, where O2 is reduced to H2O2 via 2 electron reduction. In this work, we highlight our current 
understanding of the factors controlling performance of the cathode. Electrode itself and electrolyte in 
vicinity are critical factors for the efficient H2O2 production. Electrocatalysis at the electrode is controlled 
by electronic and geometric effects. Electronic structure of the electrode affects the activity and the 
selectivity by tuning adsorption energies of reaction intermediates. Geometric arrangement of surface 
atoms can also tune the selectivity by providing isolated adsorption sites. Three types of catalysts will be 
discussed as promising candidates: Metal alloys,2 single-atom catalysts,3 and high surface area carbon 
materials.4 Electrolyte also affects the activity and the selectivity of H2O2 production via pH, and 
mesoscopic mass transport effect. Higher pH requires smaller overpotential and results in higher activity 
but lower selectivity compared to its low pH counterparts. Mesoscopic mass transport effects are critical 
in determining the selectivity toward H2O2. Rotating ring-disk electrode measurements with fast mass 
transport provide an upper boundary for the selectivity towards H2O2, while more realistic conditions tend 
to underperform, calling for more realistic model system to study electrochemical H2O2 production. 
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Figure 1. Schematic illustration of electrolytic H2O2 production using proton exchange membrane. 
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Global hydrogen production is predominantly based on unsustainable methods such as steam reforming or 
gasification of hydrocarbons, which results in significant emissions of carbon dioxide and other 
pollutants. In order to mitigate the undesirable effects of climate change, increased penetration of 
renewable energy sources is required for electricity, transport and heating applications. Due to the 
intermittent nature of renewable energy generation, cost effective and efficient energy storage using a 
combination of batteries and hydrogen will play a key role in the transition to a low carbon economy. 
 
Polymer electrolyte membrane water electrolysers (PEMWEs) represent an attractive option for hydrogen 
production but improvements to efficiency and durability of this technology will depend on advances in 
fundamental understanding of electrolysers through improved measurement and characterisation 
techniques. 
 
Previous work at NPL has implemented an innovative in situ reference electrode design for PEMWEs, 
which enables accurate control of cathode potential and in situ measurement of electrochemical surface 
area (ECSA). In a first application of the system, we have shown for the first time that catalyst 
degradation during PEMWE shutdown is more severe at the cathode than at the anode, contrary to 
accepted wisdom in the industry. 
 
Here we describe the application of the in situ reference electrode to the development of (i) accelerated 
stress tests and (ii) spatially localised diagnostics for PEMWEs. We demonstrate that potential cycling 
during accelerated stress testing of the cathode leads to major losses in the ECSA of the platinum catalyst, 
with a significant effect on PEMWE performance. We also highlight ruthenium crossover from anode to 
cathode as an issue that needs to be addressed by the development of more durable anode catalysts.   
Furthermore, application of an array of reference electrodes to a single cell enables identification of 
heterogeneities in local performance across the active area of the cell. 
 
The results highlight the potential benefits of the technique for improved fundamental understanding of 
PEMWE degradation mechanisms, which will need to be overcome to support the widespread 
commercial uptake of PEMWE technology. 
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Power-to-Gas (P2G) technologies that convert renewable energies such as solar and wind to 
chemical fuels have been the focus of many scientific endeavors over the past decades. 
Specifically, hydrogen production by water electrolysis (2H2O → 2H2 + O2) is a promising P2G 
technology. Photoelectrochemical (PEC) water splitting is a promising path to solar hydrogen 
production. However, separation of the H2 and O2 gas products as well as hydrogen collection 
and transport in large solar fields becomes an overwhelming technical challenge. State of the art 
water splitting technologies make use single cell units, separated into anode and cathode 
compartments by membranes. This implies that millions of PEC cell units in the solar field 
would have to be hermetically sealed and fitted with membranes, gas tubes and tube adaptors in 
order to separate and collect the hydrogen gas, resulting in a very complicated and expensive 
construction. The hydrogen would then have to be transported to the end user, either by pipelines 
or by high-pressure/liquid-H2 vessels. These obstacles, in addition to efficiency and stability 
challenges, render PEC hydrogen production economically questionable. 
In this work, which was published recently in Nature Materials [1], we aim to solve these 
problems by totally separating the H2-generation electrochemical cell from the O2-generation 
PEC solar cell. This is achieved by introducing an additional set of electrodes, called the 
auxiliary electrodes. These are Ni(OH)2/NiOOH electrodes, commonly used in rechargeable 
alkaline batteries, which can be cycled many times with minimal energy loss. By placing a 
"charged" (NiOOH) auxiliary electrode in the oxygen cell, and electrically connecting it to a 
"discharged" (Ni(OH)2) auxiliary electrode in the hydrogen cell, electrolysis can be performed in 
two separate cells. During electrolysis, one auxiliary electrode charges while the other 
discharges. Thereafter, the process can be repeated by cycling the auxiliary electrodes between 
the charged/discharged states. Using suitable photoanodes, the PEC cell can generate O2, which 
can then be discharged to the atmosphere, alleviating the need for sealing and piping. Since the 
separate cells are connected to each other by metal wires only, the H2 can be generated at any 
location, for example, directly at a Hydrogen Refueling Station (HRS). 
 

 
 
Figure 1: Our membrane-free configuration for alkaline water electrolysis in separate hydrogen 

and oxygen cells. 
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The electrocatalysis of oxygen reduction reaction (ORR) is mainly associated with the use of expensive 
platinum-based electrocatalysts. This reaction is crucial in fuel cells and other electrochemical devices. 
However, the large-scale application of this technology with Pt-based catalysts is restricted, due to the 
scarcity and high cost of platinum. Several alternatives has been proposed to replace the Pt-based 
materials as MN4 macrocycles, N-doped carbon materials with and without transition metal (M-N-C, 
being M: Fe or Co). The synthesis of the most active and stable M-N-C catalyst has been performed by 
two pyrolysis process (first in inert atmosphere and second under ammonia) of C-N and metal salts 
precursors. The election of the precursors is a key parameter to achieve a high performance towards the 
ORR.       
 
The present work is focused in the synthesis of cost-effective catalysts with high catalytic activity using 
chitosan as carbon-nitrogen precursor. Chitosan is a low cost precursor and is the second most abundant 
biopolymer in nature (exoskeletons of crab, shrimp shells, fungal mycelia, among others). To prepare the 
precursor prior the pyrolysis process, chitosan was mixed with urea and FeCl3 in basic media.  Only one 
pyrolysis process was performed in nitrogen atmosphere at 800-1000 ºC, the second heat treatment in 
ammonia is avoid due to the decomposition of urea in ammonia during the first heat treatment. The 
pyrolyzed catalyst were characterize by XPS, FESEM and the catalytic activity towards the ORR was 
performed in acid media. The active site characterization showed the presence of MN4 and MN4+1, and 
also the presence of iron nanoparticles coated with a graphitic layer. The electrochemical characterization 
in N2 saturated media shown the presence of a defined faradaic peak close to the onset potential of the 
oxygen reduction reaction, indicating that the formal potential of the active site is linked with the catalytic 
activity. The catalytic studies showed a high activity in acid media (close to the onset potential of 
commercial Pt) and the total reduction of di-oxygen to water via 4 electrons.  
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Current technologies for converting and storing energy in hydrogen rely heavily on scarce and costly platinum. To 
enable large-scale deployment of polymer electrolyte fuel cells and electrolysers, it appears imperative to minimise 
the exploitation of precious metals, especially in the long term. In fact, global demand for platinum already outstrips 
supply.[1] Another key hindrance of state-of-the-art applications is the degradation of the catalyst support.[2] 

To address these issues, we have developed a simple synthesis for depositing ultra-low mass loadings of platinum 
nanowires on single-walled carbon nanotubes (SWNTs), maintaining a promising activity for hydrogen evolution in 
alkaline (Figure 1). Carbon nanotubes as the catalyst support provide better conductivity and electrochemical 
durability[3] than the more conventional carbon supports. 

The electrochemical activity and stability of Pt-SWNT has been verified by RDE experiments for hydrogen 
evolution. For physical characterization, ICP-MS and XPS has been applied. The feasibility of the catalyst for 
electrolyser purposes will be demonstrated. 

 

Figure 1. On left: TEM image of Pt/SWNT. On right: RDE results for hydrogen evolution in alkaline. 
[1] https://www.platinuminvestment.com/files/546122/WPIC_Platinum_Quarterly_Q4_2016.pdf 
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Hydrogen fed polymer electrolyte fuel cells (PEFCs) are expected to play a major role in a future 
decarbonized energy system [1], in particular in the mobility sector. High-current-density operation of 
PEFCs is of vital importance towards fuel cell electric vehicle commercialization [2]. The liquid water 
generated in this high-current-density operation mode saturates through the pores of gas diffusion layers 
(GDLs), hence impedes the gas feed to the catalyst/GDL interface, leading to voltage loss. To achieve 
higher performance and enhance commercialization, water management in GDLs is necessary to ensure 
sufficient reactant gases delivery and product water removal. X-ray tomographic microscopy (XTM) is a 
powerful non-destructive, high spatial (~3 um) characterization technique [3, 4], which enables studies on 
liquid water distribution in GDLs, key for improving water management. High temporal resolution of 
XTM is required to comprehend water fluctuation characteristics in GDLs. Therefore the influence of 
XTM scan time (0.4 ~ 12.8 s) on image quality and water feature detectability has been studied with an 
operando XTM setup at the TOMCAT beamline of the Swiss Light Source (SLS) at Paul Scherrer Institut 
(PSI). The results show that most of the large water features (local thickness of 20 pixels) imaged with 
this operando setup can be correctly detected (detectability of water structures >= 80%, see Fig. 1a) for a 
1.6 s XTM scan using the currently installed equipment (2x-4x ELYA solutions microscope, GigaFRoST 
camera). With further instrumental advancements guarantee of high feature detectability even at 
subsecond XTM scan times (0.1~1 s) is expected. 
 

 
Figure: a) water detectability analysis of selected water features generated under operando condition 
(LT: local thickness analyzed water feature size 5, 10, 20 px) for XTM scan time varying from 0.4 s to 
12.8 s; b) 2D representations of corresponding segmented then local thickness mapped operando water 
structures for each XTM scan time in figure a). 
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(2017). 
 



Modeling of Electrochemical Flow Cells for the Electrochemical 
Conversion of CO2 to CO 

 
C. Scherer1,2, K. Wiesner-Fleischer1, M. Fleischer1, O. Hinrichsen2  

1Corporate Technology, Siemens AG; Otto-Hahn-Ring 6 - 81739 München - Germany  
2Catalysis Research Center and Chemistry Department, Technische Universität München; 

Lichtenbergstr. 4 -  85747 Garching b. München – Germany,  
e-mail: christian.scherer@tum.de 

 
 
 
The electrochemical conversion of CO2 to CO is a promising approach to contribute to the reduction of 
CO2 emission, while utilizing surplus electricity produced by the increasing renewable energy sector.  
 
In order for this process to achieve high current 
densities with high Faradaic efficiency, the use 
of electrochemical flow cells (EFCs) and gas 
diffusion electrodes seems to be essential. [1,2] 
 
Here, a model of an experimental EFC for the 
electrochemical reduction of carbon dioxide to 
CO is presented. 

In this model significant physicochemical 
phenomena occurring inside the 
electrochemical flow cell are taken into 
account, including fluid flow, multi-component 
species transport, pore diffusion and 
electrochemical effects (Butler-Volmer 
equation). The model has been developed using 
OpenFoam®, an open-source toolbox for the 
implementation of customized numerical 
solvers, which has previously been used to 
model solid oxide fuel cells. [3] 

Experimental data is used to determine the kinetic parameters (i.e. exchange current density and 
charge transfer coefficients) of the porous silver-based gas diffusion electrode, allowing to predict 
the overpotential at different current densities. 

The model allows analyzing and optimizing important design parameter for EFCs, which are essential 
for homogeneous velocity distribution of gas and electrolyte and therefore an evenly and 
adequately supplied gas diffusion electrode. Simulations results show that an increased flow rate of CO2 
is crucial for the conversion to CO at high current densities (>150 mAcm-2), due to an enhanced mass 
transport of the gaseous species. 
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200 (2016) 15–26 

Figure 1: Schematic illustration of the electrochemical 
reduction of CO2 to CO in gas diffusion electrodes 
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First row 3d-electron transition metal oxides have been widely investigated in electrochemical energy 

storage and conversion technologies such as batteries and electrolyzers, owing to advantages of low cost, 
high abundance, and rich redox chemistry.1 Their efficient use relies largely on the knowledge of the 
structure-properties relationship and the rational preparation. In recent years, we have developed mild 
synthetic strategies for several Mn-based oxides with tunable composition, phases and morphology, and 
investigated the electrochemical properties of nano/microstructured manganese oxides in electrocatalytic 
oxygen reduction/evolution reactions (ORR/OER).2-15 The results reveal the importance of tuning Mn 
oxidation states and material microstructures in enhancing the electrocatalytic performance.5-12 The 
presence of multivalent Mn (e.g., mixed Mn3+ and Mn4+) and moderate oxygen deficiency are found to 
favor the oxygen elecstrocatalysis.3-7 

One latest example directs to the synthesis of spinel-type manganese oxides.13-15 Conventional ceramic 
routes are energy/time consuming and offer limited control over composition, shape and size. We have 
developed a solution-based methodology involving oxidation-precipitation and insertion-crystallization 
process at mild temperatures. This synthesis yields ultrasmall Co-Mn spinel oxide nanoparticles with 
selective cubic or tetragonal structural symmetry and Co/Mn ratio over a wide compositional range, 
allowing for a scrutinization of the phase and composition-dependent behaviors of spinel oxides. Besides, 
the mild synthesis permits the in situ formation of homogenous spinel oxide/carbon nanocomposites with 
strongly metal-oxygen-carbon coupling that could not be easily achieved by physical mixing. We further 
demonstrated that cubic CoMn2O4 nanoparticles supported on carbon nanotubes exhibit high ORR 
activity comparable to the benchmark Pt/C catalysts in alkaline electrolyte.  
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Kinetics of hydrogen oxidation reaction (HOR) on the anode side of a proton exchange membrane fuel cell 

(PEMFC) are very fast and therefore low platinum loadings of around (0.05 mgPt/cm²MEA) are needed [1,2]. In 

contrast, anion exchange membrane fuel cell (AEMFC) is extremely limited in the performance due to the 

sluggish kinetics of the HOR. The crucial challenge is the improvement of the catalytic HOR activity combined 

with low Pt loadings. In this context, bimetallic Pt-M (M= Co, Ru) electrocatalysts show HOR activities beyond 

that of pure Pt in an alkaline environment [3].  

The target of this work is synthesizing Pt-Co alloy nanoparticles by liquid impregnation technique and 

determining the HOR/HER kinetic parameters for various Pt-Co alloys using rotating disc electrode set-up 

(RDE) in alkaline media. For the synthesis, tuning the experimental parameters such as metal precursor salts, 

solvent and reducing agents enables us to control the shape, size, structure, chemical composition and 

crystallinity of the alloy nanoparticles. Moreover, the structural effects of the various atomic arrangements like 

core-shell, Co/Pt-segregated and alloyed Pt-Co nanoparticles on the catalytic performance for the HOR are 

highlighted in this work. We correlated the electrochemical results with the structure and composition of the Pt-

Co nanoparticles by using high resolution transmission electron microscopy (HR-TEM), X-ray photoelectron 

spectroscopy (XPS) and energy-dispersive X-ray spectroscopy (EDX). We developed a multi-dimensional 

matrix to clarify the relationship between structural parameters and catalytic HOR activities for the Pt-Co 

nanoparticles and show the immense potential of Pt-based alloy catalysts for the HOR/HER in alkaline media. 
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It is well known that carbon dioxide (CO2) can be used as a useful C1 source for obtaining valuable 
organic chemicals. Chemical incorporation of CO2 into organic molecules will be an effective approach 
for sustainable low carbon society. Carboxylation is one of the best way to make C-C bond through the 
reaction of CO2 with organic molecules. However, CO2 is highly thermodynamically stable, in order to 
activate it, carboxylation often demands harsh reaction conditions, such as high temperature and high 
pressure, and environmentally harmful organometallic catalysts.1 To avoid these, some papers have 
proposed an electrochemical route for carboxylation. In an electrochemical reactor, electron transfers 
from electrode to CO2 or organic molecules can readily make reactive radicals, which enables an efficient 
carboxylation under even mild condition like room temperature and atmospheric pressure of CO2.2,3 
Moreover, the electrochemical carboxylation process can use environmentally benign materials for 
electrodes. Reactive metals, such as magnesium (Mg), aluminum (Al), are mostly used as sacrificial 
anode materials, and transition metal based materials, such as nickel (Ni), stainless steel, are used as 
cathode materials for carboxylation. Therefore, electrosynthesis of carboxylic acid is a highly promising 
method in organic synthesis from the viewpoint of green chemistry and CO2 utilization. 
The use of sacrificial anode has been mostly adopted in the conventional electrochemical process for 
carboxylation because this methodology ensures high yield of carboxylic acid with high efficiency.4 
However, the gradual consumption of anode materials during the reaction hampers a continuous process 
of the electrosynthesis system as well as the purity of product. For a reliable electrosynthesis of 
carboxylic acid, the sacrificial anode should be replaced by an inert and stable anode. To accomplish this 
goal, herein, we would like to propose a novel electrochemical carboxylation process via coupling of 
aromatic alcohols and CO2 as shown in Fig. 1. By optimizing reaction parameters, such as electrode 
materials, CO2 pressure, current density, applied charge and electrolyte, we were able to obtain ~ 40 % of 
product yield for some aromatic alcohols to their corresponding carboxylic acids. Our new 
electrochemical carboxylation process can get high potential to implement to industry by replacing the 
sacrificial anode to a stable anode for alcohol oxidation. 
 
 

 
Fig. 1 A scheme of the electrochemical carboxylation process via coupling of aromatic alcohols and CO2 
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Abstract: 
Direct alcohol fuel cells, i.e. fuel cells employing alcohols instead of hydrogen, are of growing interest 
since their fuels like ethylene glycol or ethanol may be derived from biomass [1,2]. Typically platinum or 
platinum-based electrocatalysts are used in such fuel cells [1,3], however the incomplete electrochemical 
oxidation of e.g. ethylene glycol (EG) and the formation of carbon monoxide as catalyst poison pose 
significant challenges. In this regard, two important catalyst properties are discussed: the ability to break 
the carbon-carbon bond and to oxidize carbon monoxide at low potentials [4,5]. The aim of our work is to 
understand the EG oxidation reaction on platinum bulk electrodes and to transfer the gained knowledge to 
carbon-supported Pt mono- and bimetallic catalysts. In a first step the EG oxidation on Pt bulk was 
characterized by cyclic voltammetry (CV) and in comparison to the literature [6-10] an unusual double 
peak in the backward scan was observed (Figure 1 left), which however changes with increasing cycle 
number. To unravel the processes causing the individual peaks of the CV, single potential alteration 
infrared reflectance spectroscopy (SPAIRS) is used (Figure 1 right), allowing to monitor potential-
dependent surface processes under in situ-conditions [5]. We will discuss the potential-dependent 
formation of carbon monoxide and a possible correlation to the observed double peak. Influences of the 
individual platinum facets will be considered as well. Furthermore carbon supported platinum 
nanoparticles will be characterized with CV and SPAIRS. 
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Figure 1: Left: CV of a Pt-bulk electrode after the 1st cycle (black), 25th cycle (red) and 100th cycle (blue) 
in N2 saturated 0.1 M HClO4 and 1.0 M ethylene glycol with a scan rate of 20 mV s-1 and right: IR spectra 
(6s/spectra) of the forward scan recorded during potentiostatic ethylene glycol oxidation at 0.1 V (black), 
0.4 V (red) and 0.6 V (blue) in 0.1 M HClO4 with a resolution of 4 cm-1 and 100 scans. 
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We could obtain a month-long continuous operation at 100 mA/cm2 for CO2-to-formate 
conversion. The key development was the construction of flow-through cell comprising of 
dental amalgam composition coated foam-type cathode and DSA (dimensionally stable anode). 
We succeeded in producing formate of 1.2 M concentration using 9 cm x 9 cm electrode at 
current efficiency of 80~90%. The remianing was only hydrogen gas. It enabled the 
construction of a pilot plant of 500 kg/day conversion unit in Korea.  
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Selective hydrogenation of α,β-unsaturated aldehydes such as cinnamaldehyde (CMA) to interest 
compounds, specially unsaturated alcohols is a stepping stone for the production of fine chemicals. The 
hydrogenation of CMA mainly produces hydrocinnamaldehyde (HCMA), which has recently been found 
to be an important intermediate in the preparation of pharmaceuticals used in the treatment of HIV, and 
cinnamyl alcohol (CMO), which is widely used in the production of perfumes [1]. Since hydrogenation of 
C=C is thermodynamically favorable, more attention has been focused on promoting the selectivity 
towards the unsaturated alcohol. On the other hand, the production of highly pure hydrogen through water 
electrolysis in a PEM (Proton Exchange Membrane) reactor is being considered as an interesting 
alternative to provide valuable products [2]. The electrocatalytic route has several advantages compared 
to the conventional one, such as the possibility to operate at mild conditions (atmospheric pressure and 
low temperature), easy scale-up and coupling ‘in situ’ generation of hydrogen in the anode (via water 
electrolysis) with electro-catalytic hydrogenation in the cathode chamber. In a previous work, the 
electrocatalytic hydrogenation (ECH) of cinnamaldehyde has been demonstrated to be technically feasible 
under mild conditions in a PEMR, working without any external H2 source by using electricity as the 
driving force. The current work deals with the influence of the reducing agent on the electro-catalytic 
performance. To that purpose, species like NaBH4 (NaB), KBH4 (KB), HCOOH (FA) and C2H6O2 (EG) 
were used as reducing agents to synthesize carbon Vulcan (XC-72) supported Pt catalysts by one-pot 
impregnation-reduction method. Moreover, another Pt/C cathodic catalyst was prepared by classical 
impregnation method for comparison purposes (IM). The reduction effect was studied from both 
electrochemical (electrochemical surface area, deactivation cyclic voltammetry) and physical (XRD, H2 
pulse chemisorption, surface area/porosity, HCl titration and temperature programmed reduction) 
viewpoints. ECH of CMA is schematized in Figure 1.a while results from Figure 1.b show that reducing 
agent has a noticeably influence in the electro-catalytic hydrogenation reaction. It can be observed that 
catalyst prepared using KBH4 impregnation-reduction method results in the highest conversion value and 
selectivity to non-desired compounds (acetals), so called ‘others’. The rest of the catalyst show much 
lower acetal production, which implies selectivity is shifted toward added-value products, instead of a 
lower conversion. Particularly, Pt/C-EG results to be the most interesting choice due to the compromise 
between selectivity to undesired compounds, conversion and selectivity to added-value compounds. In 
addition, the polyol method could be modified in order to improve yield performance.  
 
 a) b) 

 
Figure 1. a) Schematic ECH of CMA. b) Influence of the reducing agent on the electrocatalytic hydrogenation of 
CMA. Reaction conditions: anode chamber (H2O); cathode chamber (100 ppm CMA in 2-propanol); 0.05 A; 70ºC 

and 1ml·min-1 feeding rate. 
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The most vital part of proton exchange membrane fuel cells (PEMFC) – the electrocatalysts still contains 
too high quantities of the very precious platinum. In order to make the electrocatalyst cheaper, one has to 
further enhance the kinetics of the slow oxygen reduction reaction (ORR) by alloying Pt with other 
transition metals. In addition to improving the kinetics of the electrocatalyst, one has to also consider the 
scalability of the electrocatalyst synthesis process. 

Record breaking specific and mass activities of Pt-based electrocatalysts in thin film rotating disc 
electrode setups (TF-RDE) are being reported on an annual basis [1]. Although such materials could 
immensely reduce the required Pt loading and therefore the cost – all of their synthesis processes base on 
the same poorly scalable polyol synthesis with an average scale of only 30-50 mg per batch. This makes 
them unsuitable for transition from TF-RDE to membrane electrode assembly (MEA). Our in-house 
designed water based patented synthesis process [1] of PtCu3/C electrocatalyst on the other hand enables 
synthesis of incredibly reproducible gram scale batches in a laboratory setup. Furthermore, the process 
allows full control over the total metal loading, particle size distribution and fine-tuning of nanoparticles 
chemical composition. As described in the patent, the process involves partial galvanic displacement of 
copper on carbon support (Cu/C precursor, Figure 1a) with a Pt salt. Obtained PtCu+CuO/C composite 
(Figure 1b) is then further thermally annealed in order to form PtCu3 nanoparticles with an ordered pm3m 
structure (Figure 1c).[2]  

 
Figure 1: TEM images of (a) Cu/C precursor, (b) PtCu+CuO/C composite and c) PtCu3/C electrocatalyst. 
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Abstract 
Hydrogen (H2) has been considered as an important energy carrier due to its high energy density and 
environmentally friendly character. Renewable energies like solar energy and wind energy could be 
stored in hydrogen through electrochemical water splitting. As a half reaction of electrochemical water 
splitting, the hydrogen evolution reaction (HER) plays an important role in transforming renewable 
energies to hydrogen fuel. One of the challenges in realizing HER is to develop efficient catalysts to 
reduce the overpotential. Molybdenum sulfide is a promising non-precious material for HER. The number 
of active sites, the intrinsic activity and the electric conductivity of molybdenum sulfide have significant 
influence on hydrogen evolution activity. A poor performance of any of these three factors may hamper 
hydrogen evolution activity, so a synergy between active sites and electric conductivity is of great 
importance. Herein, we present a wet chemistry method coupled with calcination and the incorporation of 
carbon nanotubes (CNT) to synthesize MoSx and to unravel the optimum synergy between active sites 
and electric conductivity. Synthesis of MoSx by precipitation with excessive sulfur at low temperature 
creates a high exposure of active sites with high intrinsic activity. Proper calcination enables a high 
exposure of active sites and introduces a certain layer structure, which facilitates intra-domain charge 
transfer. The addition of conductive CNT accelerates inter-domain charge transfer and increases the 
intrinsic activity. Overall, material design, tailored calcination and the addition of CNT, the obtained 
synergy between active sites and electric conductivity taps more active sites working with higher intrinsic 
activity. The optimized catalyst shows a low overpotential of 154 mV at a current density of 10 mA cm-2, 
a low Tafel slope of 31 mV per decade and very good stability [1]. This versatile approach paves the way 
for a systematic optimization of various 2D materials utilizing synergies of active site design and 
enhanced electric conductivity. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Electrochemical hydrogen evolution reaction activity of MoSx without (left panel) and with (right 
panel) CNT promotion. 
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In thermonuclear fusion reactor, tritium generated by nuclear reaction of lithium isotope with mass 
number six (6Li) and neutron is used as fuel. To maintain the nuclear reaction, it is necessary to 
concentrate the 6Li isotope, which exists at only about 7.8mol% in nature, to 40 to 90wt%. The mercury 
amalgam method is the only practical method, but its environmental burden is high [1,2].  Thus, a new 6Li 
enrichment methods have been studied. In recent years, Hoshino reported that it is possible to condense 
6Li by electrodialysis using a porous polymeric diaphragm impregnated with a liquid electrolyte [3]. In 
this method, the separation coefficient of one step is small, however in principle it is possible to increase 
the 6Li concentration by cascading. We reported that the 6Li condensation efficiency can be increased by 
applying voltage to the front and back of the lithium-ion conductive solid electrolyte membrane and 
applying the voltage with an appropriate intermittent profile [4]. In the present work, we investigate the 
influence of application time, cutoff time and voltage value on isotope enrichment rate. Lithium isotope 
concentrations are analyzed by inductively coupled plasma-mass spectrometry. The present study shows 
the followings; the 6Li concentration rate in a short time immediately after the start of voltage application 
is high, a sufficiently long interruption time improves the concentration rate, and the magnitude of applied 
voltage and the direction of voltage application also influence. 
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Non-platinum oxide electrocatalyst for the polymer electrolyte fuel cell is expected as the next 

generation catalyst of low cost and high durability. Recently, it was reported that niobium doped titanium 
oxide (TiNbOx) which has oxygen vacancy showed high oxygen-reduction-reaction (ORR) activity.1, 2 
ORR activity of titanium oxide seems to the tendency to improve by the combination of the presence of 
oxygen vacancy site with Nb doping. Herein, TiNbOx, who has enhanced its photocatalytic activity by 
changing the conduction band energy attributed Ti 3d orbital, is well known in the field of the 
photocatalyst. The relationship between the photocatalytic activity and the electron structure is confessed 
in the field of the photocatalyst. On the other hand, the electron structure and the ORR activity have not 
related sufficiently yet. In this study, the relationship between the change of the conduction band level, 
and ORR activity was investigated using different doping metal species. Doped metal species of Mn, Nb, 
and Ru were selected from reported as the photocatalyst. 

 
All samples were prepared by the typical sol-gel method. Amount of the doping metal was determined 

by along previous literature; concretely Mn and Ru was 5 mol%, and Nb was 50 mol%. Prepared samples 
were characterized by x-ray diffraction, raman spectroscopy, x-ray photoelectron spectroscopy (XPS), 
energy dispersive x-ray spectrometry (EDX), and UV-vis spectroscopy. Electrochemical studies were 
conducted in Ar- or O2-saturated 0.1 M HClO4 (60ºC) with carbon plate counter-electrode and Ag/AgCl 
reference-electrode. The ORR activity was evaluated by the difference current of current in Ar-saturated 
condition from the current in O2-saturated condition. The on-set potential of ORR current was notated as 
Eon-set in bellow. 

 
Crystal structure of TiMnOx, TiNbOx, and TiRuOx was rutile, anatase, and a mixture of rutile and 

anatase, respectively. In addition, the diffraction peak of these samples was slightly shifted. The raman 
peaks of all sample were also shifted to high wave number side. Thus, it is thought that doping metal 
species had a place in the titanium oxide structure. Results of XPS and EDX analysis indicated that the 
Ru atom placed only inside oxide particle although the composition of TiMnOx and TiNbOx was probably 
uniform in oxide particle. 5 mol% Ru atom 
inside oxide particle influenced clearly to 
TiO2 surface layer because the color of 
TiRuOx was black and its optical bandgap 
was 2.63 eV, at this time, TiO2 was 2.95 eV 
(rutile) and 3.12 eV (anatase). Obtained ORR 
current of TiMnOx, TiNbOx, and TiRuOx was 
shown in Fig. 1. Eon-set of TiMnOx, TiNbOx, 
and TiRuOx was 0.48 V, 0.56 V, and 0.57 V 
vs. RHE, respectively. The ORR activity of 
TiO2 was enhanced by doping metal atom 
since Eon-set of TiO2 was ~0.4 V vs. RHE. At 
this time, the enhancement effect by doping 
metal atom for ORR activity was limited. 
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Fig. 1. ORR current of TiMnOx (red), 
TiNbOx (green), and TiRuOx (blue) at 5 
mV s-1. 
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Understanding the kinetics of the oxygen reduction reaction (ORR) is quite important but difficult 
because the 4-electron pathway is often overestimated by including a quasi-4-electron pathway that 
consists of the formation and reduction of H2O2. To solve this problem, we have proposed an analytical 
method regarding rotating ring-disk electrode (RRDE) voltammetry, and demonstrated the kinetics over a 
Fe/N/C catalyst1. In this study, we aim to expand this analytical method to the ORRs over Fe/N/C and 
N/C catalysts in both of acidic and basic media.   

The Fe/N/C catalyst was prepared by carbonizing Fe containing polyimide nano-particles as reported 
elsewhere1. The Fe-free N/C catalyst was prepared by carbonizing Fe-free polyimide nano-particles. 
These catalysts were tested by RRDE voltammetry in 0.5 M H2SO4 and 0.1 M KOH electrolytes. H2O2 
voltammetry was conducted separately to evaluate the rate constant of the H2O2 reduction, k3, more 
accurately, and the obtained data were combinatorally analyzed with the ORR data by applying equations 
(1)-(3). And then the effect of the catalyst loading density was analyzed by applying the reaction model 
shown in Fig. 1b. After applying the new model, it sees that the N/C catalyst is quite selective to the 2-
electron pathway with k2, while the addition of Fe species contributes to increasing k1 and k3 (Fig. 2). 
 

  

(1)

 

 (2) 

 (3)  

  
Figure 1. (a) Damjanovic model and (b) Nabae 
model model. 
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In recent times, large attention has risen towards the conversion of CO2 to useful commodities by means 
of photochemical and electrochemical methods. In particular, over the last couple of years significant 
knowledge has been developed on the use of conductive carbon-based materials for the electrocatalytic 
conversion of CO2 to CO. One efficient way to produce these catalysts is pyrolysis of organic precursors, 
doped with transition metal atoms and heteroatoms such as nitrogen. This strategy leads to the formation 
of porphyrin-like local structures embedded in graphene/graphite electron-conductive domains which 
show high selectivity towards the formation of CO.1, 2 Metal-organic frameworks (MOFs) may be used as 
templating agents for the formation of pyrolyzed porous catalysts.3 Moreover, the porphyrin-resembling 
structure of hemin (i.e. an inexpensive and commercially available molecule derived from blood) shows 
activity towards CO2 reduction,4 we investigated the possibility of using pyrolyzed hemin-based MOFs as 
catalysts. Hemin is used as a linker in the formation of porous lattices, together with terephthalic acid-
derived molecules and various metal nitrates, to form MOF structures.5 Such structures may promote the 
atomic dispersion of the metal sites in the final pyrolyzed materials. Catalysts produced by this method 
generally show decent CO selectivity. It was noticed that the identity of the linkers strongly affects the 
crystallinity of the parent MOF phase, which in turn affects the templating character. Moreover, the metal 
added as nitrate salt affected the final selectivity and current density of the catalysts, with nickel 
providing the best results. 
 
 
 

 
 
Simplified representation of porphyrin-like sites in a C sp2 region, promoting CO2-to-CO conversion. 
 
 
 
1. T. N. Huan, N. Ranjbar, G. Rousse, M. Sougrati, A. Zitolo, V. Mougel, F. Jaouen and M. 

Fontecave, ACS Catal., 2017, 7, 1520-1525. 
2. X. Li, W. Bi, M. Chen, Y. Sun, H. Ju, W. Yan, J. Zhu, X. Wu, W. Chu, C. Wu and Y. Xie, J. 

Am. Chem. Soc., 2017, 139, 14889-14892. 
3. Y. Guo, H. Yang, X. Zhou, K. Liu, C. Zhang, Z. Zhou, C. Wang and W. Lin, J. Mater. Chem. A, 

2017, 5, 24867-24873. 
4. Y. Gao and J. Chen, J. Electroanal. Chem., 2005, 583, 286-291. 
5. J. Chen, C. Yu, Y. Zhao, Y. Niu, L. Zhang, Y. Yu, J. Wu and J. He, Biosens. Bioelectron., 2017, 

91, 892-899. 



Selectivity Aspects of Carbon-Supported Copper Nanoparticles in The 
Electrochemical Reduction of CO2 

 
  Daniel Choukroun, Christophe De Jongh and Tom Breugelmans 

Advanced Reactor Technology, University of Antwerp 
Universiteitsplein 1, 2610 Wilrijk, Belgium 

Daniel.Choukroun@uantwerpen.be 
 

 
The electrochemical reduction of carbon dioxide (ERC) on copper nanoparticles has been studied 
extensively in the past decade, and the work that has been done delivered some very important insights 
regarding the selectivity and reduction mechanism on copper surfaces[1].  

Despite the rich surface chemistry of carbon supports and the stability they impart to 
nanoparticles during reaction, less attention has been given to carbon-supported copper nanoparticles 
(Cu/C) as electrocatalysts for CO2 reduction. Recent studies have led to the understanding that “the role 
of the support cannot be ignored”[2], and that it contributes not only to stability, but also to the 
hydrocarbon selectivity of the catalyst. However, not all carbons are created equal, and even a seemingly 
unimportant pretreatment or preconditioning step can alter the surface properties of the carbon 
support/electrode significantly. We hypothesized that such changes would affect the ERC product 
distribution.  

In this work, we report the activity and Faradaic Efficiency of different types of carbon-
supported copper nanoparticles (in the size range 50-70 nm) towards both gaseous and liquid reaction 
products, and examine the effect of pretreatment and processing conditions on their performance. This is 
done by subjecting the Cu/C electrodes to multiple chronopotentiometric and chronoamperometric 
measurements to obtain an average selectivity as a function of time as well as potential. Furthermore, 
linear sweep voltammetry in combination with a rotating-disk-electrode (RDE) is applied to unmask the 
limiting current plateau and determine the onset potential for CO2 reduction and product distribution at 
that point. The selectivity towards hydrocarbons is continuously monitored as a function of time by an in-
line gas chromatograph, which is coupled to a small modular cell allowing measurement of different 
electrode types such as RDEs and gas diffusion electrodes.   
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Figure 1 Average Gas-Phase Faradaic Efficiency plot for carbon-
supported copper nanoparticles. The electrode was tested at -10 mA cm-2 
in 0.1M KHCO3.  
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The Japan Aerospace Exploration Agency (JAXA) has been developed life support systems for 

closed environments in space, these systems mainly consist of producing oxygen and water. The oxygen 
is produced by water electrolysis. Water and CH4 are obtained by reducing CO2 with the hydrogen 
generated during the electrolysis process. Here, the obtained CH4 is vented to outer space. The same 
concept can be used on earth focusing on the production of hydrogen and CH4, the energy required for the 
water electrolysis process can be obtained from renewable sources and the obtained hydrogen is used to 
produce CH4. This work focuses on the development of a novel water electrolysis system which is 
thermally coupled with a CO2 hydrogenation reactor. The hydrogenation reaction of CO2 to produce 
water and CH4 is an exothermic process and generates thermal energy. The heat generated during the 
hydrogenation process is used to reduce the endothermic energy required to achieve the water electrolysis 
process, which maximizes the overall efficiency of the entire process. 

A prototype water electrolysis cell has been made using AQUIVION®. Pt/C was used on the 
hydrogen generation electrode and IrO2 was used on the oxygen generation electrode. The effective area 
coated with the catalyst is 60 cm2. Figure 1 shows the design concept of the electrolysis cell. The 
electrolysis cell was tested at 110 ℃, where pressurized liquid water is supplied to the cell. Figure 2 
shows the I-V curve of the water electrolysis cell obtained at 110 ℃. It is observed that the electrolysis 
process starts around the theoretical voltage of 1.23 V, the results suggest that the endothermic 
electrolysis process of water is taking place. The performance of the water electrolyzer and CO2 
hydrogenation tandem system will be presented. 
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Fig. 1 Design concept of the water 
electrolysis cell. 

Fig. 2 I-V curve of the water electrolysis cell 
at 110 ℃. 
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Lithium is an indispensable resource for lithium batteries used in portable electronic devices, electric 
vehicles, etc., demand is expanding, and resource shortage and sharp price rise are feared. Lithium is also 
required in large quantities to produce tritium from lithium compounds even in thermonuclear fusion 
reactors. Therefore, it is desirable to develop new technology to recover lithium from used lithium 
batteries and seawater. Kunugi [1] and Hoshino [2-4] demonstrated the possibility of lithium recovery by 
electrodialysis using a lithium conductive electrolyte membrane. Thus far, these lithium recovery 
techniques have low rate and energy efficiency, and industrial and practical lithium recovery is difficult. 
La0.57Li0.29TiO3 (LLTO) is one of promising lithium-conductive electrolytes because of its high chemical 
stability and high lithium conductivity. However, when a large voltage is applied to LLTO, titanium is 
reduced, and electron conduction occurs. We have devised a three-electrode electrodialysis method to 
improve the energy efficiency and recovery rate of electrochemical lithium recovery. In this study, we 
investigated the influence of the voltage applied to the three-electrode electrodialysis device using LLTO 
as an electrolyte membrane and the possibility of recovering lithium with higher efficiency than 
conventional two-electrode device. By independently controlling the potential difference between the 
electrodes formed on both sides of the electrolyte membrane and the potential difference between the 
electrode placed in the solution apart from the electrolyte and the electrode on the electrolyte, the high-
rate and high-energy-efficiency recovery of lithium is demonstrated. 
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Hydrogen is the most promising energy vector for storing and generating electricity in a clean way. 
Electro- and photoelectrocatalytic, renewable energies-driven hydrogen generation through water splitting 
can be an appealing, CO2-free production method, but it needs to overcome challenges regarding the 
hydrogen evolution reaction (HER) and the oxygen evolution reaction (OER). 
For the HER, the most employed catalyst is Pt, which exhibits high activity but is expensive and scarce. 
Efforts have been thus devoted to find an alternative, abundant, non-expensive catalyst. 
 
Molybdenum sulfide (MoSx) materials have gained significant attention as non-precious catalysts thanks 
to the remarkable catalytic activity and chemical stability in acidic media.  
In particular, amorphous MoSx (a-MoSx) shows high catalytic activity – higher than crystalline 
molybdenum sulfide – but the HER mechanism and the role of stoichiometry are still unclear[1],[2]. 
Moreover, the non-conductive nature of a-MoSx limits the catalytic efficiency and requires the catalyst to 
be coupled with a conductive support. Furthermore, a-MoSx catalysts are mainly synthesized through 
electrodeposition, with a limited control over the obtained morphology. 
 
In this contribution, we propose a self-supported, nanostructured amorphous molybdenum sulfide catalyst 
grown by Pulsed Laser Deposition (PLD). With this method, by controlling the gas dynamics during the 
synthesis process, it is possible to tune the morphology of the material up to the nanoscale to maximize 
the catalyst surface area. 
Both a physical and electrochemical characterization of the a-MoSx catalysts are performed. The 
composition of the nanostructures is probed via Raman spectroscopy and XRD, highlighting structural 
differences between the as-deposited films and the tested ones: this change is related to an activation of a-
MoSx during electrochemical testing, where the pristine films transform into the actual catalysts. 
 
Electrochemical testing and characterization is performed in 0.5 M H2SO4 electrolyte. The effects on 
catalytic performance of morphology and film thickness are evaluated separately, in order to find the 
optimal characteristics for the a-MoSx nanostructured catalyst. 
The optimized catalyst shows an overpotential to reach 10 mA cm-2 of 126 mV, among the best 
molybdenum sulfide-based materials reported in the literature [3], exhibiting a Tafel slope of 35 mV dec-1. 
This value is comparable to other MoSx catalysts found in the literature and suggests a Volmer-
Heyrovsky mechanism. 
The catalytic performance of the a-MoSx nanostructure outperforms unsupported a-MoSx materials, with 
the efficient performance being ascribed to a high active surface area and effective charge transfer 
mechanism, as suggested by EIS analysis. 
Finally, the long-term stability of the material is assessed through a 40 hours-long chronovoltammetry in 
conditions mimicking. 
These results show the potential of a PLD-based, energy-efficient technique for the fabrication of a MoS-
based HER catalyst with tunable morphological and electrochemical properties. 
 
[1] Merki, D. et al, Chem. Sci., 2011, 2, 1262 
[2] Benck, J.D. et al, ACS Catal. 2012, 2 
[3] Pham, K.C. et al, ACS Appl. Mater. Interfaces 2016, 8 
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In this work, the electrodeposition of Pd nanoparticles on macroporous Ni electrodes synthesized at high 
current density, and their corresponding electrochemical characterization in the hydrogen evolution 
reaction, is presented. The characterization was carried out for each electrode before and after the 
electrodeposition, in order study the influence of Pd nanoparticles on the Ni electrodes’ performance. 
 
Two different electrodeposition techniques are considered: 
1. Sweep-current: from 0 to -2.3 mA (E-NiPd1). 
2. Pulse-current: five pulses of -57.6 mA (E-NiPd2) [1]. 
 
For both procedures, a charge of 14.4 mC was applied. The electrolyte consisted of 0.5 mM Na2PdCl4 in a 
solution of 20 g/L polyvinylpyrrolidone as stabilizing agent, and 0.5 M NaCl as support electrolyte. 
The nanoparticles were characterized by FE-SEM. For E-NiPd1, a wide range of diameter sizes was 
obtained (figure 1). Whereas for E-NiPd2, nanoparticles with smaller diameter sizes were observed. 
 
The electrodes were assessed for the hydrogen evolution reaction by pseudo-steady-state polarization 
curves (figure 2) and electrochemical impedance spectroscopy at different temperatures, from 30 to 80°C. 
The addition of the Pd nanoparticles improved the intrinsic catalytic activity of the electrodes towards the 
hydrogen evolution reaction due to the catalytic properties of Pd nanoparticles, as no significant changes 
were observed on the macroscopic porous surface structure. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Linear Tafel polarization 
curves recorded on the investigated 
electrodes in 30 wt% KOH solution at 
30°C. 

Figure 1. FE-SEM images of Pd 
nanoparticles on the electrode’s surface. 
Electrode E-NiPd1. 
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Beside several well-known catalysts, e.g. Iridium and Ruthenium, for the oxygen evolution reaction 
(OER) in alkaline solutions, manganese and its oxides became of interest because of its active role in the 
photosystem II.[1] Compared to most other OER catalysts manganese provides the benefit of its high 
abundance.[2] This qualifies this element and its oxides as a possible alternative material and therefore 
motivated the investigation of its electrochemical activity. Unfortunately, first results show a low activity 
compared to other OER catalysts in alkaline solutions.[3] 
Electro catalytic activity depends in the end on many different factors, one of that is the overpotential. It 
has contributions from the activation, the concentration and the resistance overpotential. The last one 
includes all resistivities from the bulk material of the substrate to the catalyst as well as to the contacts. 
For the deposition of a catalytically active material onto a substrate the contact resistance is one of the 
major contributions to consider. Therefore, the interface formation between the substrate and the catalyst 
plays a decisive role for the electro chemical activity.[4] The influence of this resistance is often 
neglected, but it has to be taken into account, as we will show on our poster. 
Especially the catalytic activity of manganese oxide depends strongly on the substrate and catalyst 
materials. We present here our investigations of different manganese oxide phases, which were deposited 
on different substrates by a magnetron sputtering processes. These samples were measured in 0.1 M KOH 
in a three electrode setup. Comparing the resulting activity of these different samples it shows that MnO2 
has the largest activity differences in regard to the different substrates. This behavior corresponds with the 
measured band alignment via photo electron spectroscopy. For that we will give a closer look on the 
interface formation of the MnO2 systems. 
 

[1] J. Barber and W. Kühlbrandt, “Photosystem II,” Curr. Opin. Struct. Biol., vol. 9, no. 4, pp. 469–
475, 1999. 
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Solid oxide fuel cells (SOFCs) are promising power sources for automobiles due to their high energy 
density when using hydrocarbons derived from fossil fuels. However, performance degradation over 
continuous use due to carbon deposition on the anode (coking) is a serious problem. Since the carbon 
chain length of octane is equivalent to the average carbon chain length of gasoline, research on a solid 
oxide fuel cell using octane as a direct fuel gives important knowledge necessary for realizing gasoline 
power generation SOFCs. In this research, we devise anodes by stacking three phases that share different 
functions and clarify their coking resistance and power generation characteristics. 
A stacked anode of one Ni-CeO2 [upper layer] / Ni / Ni-YSZ [lower layer] was prepared on the YSZ 
electrolyte support.  Each layer of this electrode was expected to have different functions: Ni-CeO2 layer; 
internal reforming of octane without carbon deposition, Ni layer; prevention of reaction between CeO2 
and YSZ, and Ni-YSZ layer; electrochemical oxidation reactions of the chemical species (H2 and CO) 
generated by the reforming of octane. The open circuit voltage periodically varied as shown in Fig.1. The 
fluctuation of the open circuit voltage seems to be due to the fact that a complicated reforming reaction of 
a long chain hydrocarbon required a long time on this anode. Continuous power generation at a constant 
anode potential was possible. However, the current value showed a large fluctuation considered to be 
caused by the fluctuation of the open circuit voltage. In addition, the fuel utilization was small, and the 
resulting current density was smaller than that of hydrogen-fueled power generation. Coaking was 
happened on the anode by holding in open circuit state. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Open-circuit voltage of the internal-steam-reforming solid oxide fuel cell with Ni-CeO2/Ni/Ni-
YSZ anode operated with iso-octane fuel. (cell temperature; 950oC, steam/carbon ratio; 1) 
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The oxygen reduction reaction (ORR) has a crucial function as the cathode reaction in energy-converting 
systems, such as fuel cells (FCs), which contributes to a sustainable energy supply.1,2 However, the 
current use of precious Pt-based electrocatalysts (ECs) is a major drawback for the economic viability of 
fuel cells.3 Hence, it is urgent to develop cost-effective and efficient electrocatalysts (ECs) without noble 
metals to substitute the Pt-based ECs. Thus, this work reports on the preparation and application as ORR 
electrocatalysts of four new nanocomposites based on sandwich-type phosphotungstate 
[(TBA)7H3[Co4(H2O)2(PW9O34)2] (Co4(PW9)2) immobilized onto different carbon nanomaterials (single-
walled carbon nanotubes (SWCNT), graphene flakes (GF), carbon nanotubes doped with nitrogen (N-
CNT) and nitrogen-doped few layer graphene (N-FLG)). Their electrocatalytic properties were evaluated 
in alkaline media using cyclic (CV) and linear sweep voltammetry (LSV). All nanocomposites exhibited 
superior overall electrocatalytic activity than the corresponding carbon materials with onset potentials 
(0.77 – 0.90 V vs. RHE) comparable to commercial carbon supported Pt (0.91 V vs. RHE). All the 
Co4(PW9)2@CM ECs showed selectivity towards direct O2 reduction to water with the exception of 
Co4(PW9)2@GF where a mixture of the 2- and 4-electron mechanisms is observed. Furthermore, low 
Tafel slopes were obtained for all the nanocomposites. Chronoamperometric tests revealed that the as-
prepared nanocomposites also rendered a significant improvement in tolerance to methanol (no 
significant changes in current density) in comparison with Pt/C (decrease of ≈ 59% after methanol 
addition) and good long-term electrochemical stability with current retentions between 75 – 84%. 
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Abstract 

This study highlights a novel strategy for one-step synthesis of Ni@γ-Fe2O3 core-shell nanoparticles using pulsed 

laser ablation in liquid. The Ni@γ-Fe2O3 NPs have been further supported on functionalized multiwall carbon 

nanotubes (MWNTs) with nitrogen-rich polymer to develop efficient electrocatalysts for the OER. This type of 

catalyst support has also shown a good catalytic activity for the OER 1. It has been observed that the NPs are 

encapsulated in a C-N shell decorated on the MWNTs to form an active and stable catalyst. Effect of structure on 

the electrocatalytic activity is investigated by systematically changing the structure of this hybrid material and the 

roles of the polymer, the nanoparticle composition and the support is clarified. The optimized Ni@γ-Fe2O3/ES-

MWNT requires only an overpotential of 300 mV and 260 mV to attain a current density of 10 mA cm-2 in 0.1 M 

NaOH and 1 M NaOH, respectively, and shows a stable performance after 5,000 stability cycles.  
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Disposal of waste carbon dioxide into the atmosphere is, under the current circumstances, the most 
economically sensible strategy, albeit morally questionable given our current understanding of its effect 
on the long term health of the environment.[1] Rather than seeing it as a waste product, we can look at it 
from another perspective wherein CO2 acts as a feedstock which we can upconvert to more valuable 
chemicals, powered by renewable energy and electrochemistry. 
 
In this poster, we investigate the option of CO2 utilization via its electrochemical reduction to multi-
carbon containing products. Copper would be the prototypical candidate for this from what is known to 
date[2], but silver is also interesting in this regard for the following reasons. i) The adsorption strength of 
CO, a generally accepted vital intermediate for obtaining products that are reduced to a greater extent[3], 
is quite weak – as opposed to most other metals (including copper), which bind CO too strongly.[4] ii) 
The formation of trace quantities of ethanol has been observed on the pure metal by Hatsukade et al.[5] 
iii) DFT calculations from our department (Selwyn Hanselman, unpublished) indicate Ag(100) should be 
capable of producing ethanol at moderate overpotentials. 
 
In order to increase the overall efficiency towards the near negligible production of multi-carbon species, 
we utilize an effect reported in literature for copper which is not yet fully understood: that by changing 
the cations dissolved in the electrolyte, the product spectrum shifts.[6] However, the ionic species in 
question will not be alkali-cations but rather higher charged and/or more bulky species such as in [7,8]. 
 
Coming from these arguments and literature observations, in this study we attempt to coerce silver into 
forming C2+ species by varying the positively charged species present in the electrolyte, where we study 
the effect this has on product distribution and try to elucidate the mechanism that drives it. Using this 
approach, we come at the problem from a different angle which, coupled with an arguably simpler system 
due to the narrower product distribution on silver, can help further our current understanding of the cation 
effect and the mechanism by which carbon-carbon formation takes place. 
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The Oxygen Reduction Reaction (ORR) is a fundamental process for sustaining life and is an important 
process utilized in biosensing analysis. Additionally, this process is applicable to artificial energy devices 
such as fuel cells and metal-air based batteries. The reaction proceeds at a very slow kinetic rate requiring 
a catalyst to reduce the activation barrier. Platinum is an ideal catalyst but it is neither cheap nor 
environmentally friendly. The prospect of a cheap and green alternative is intriguing and has yielded 
considerable research in the past decade. Amongst the most promising materials as catalysts carbon-based 
systems, such as carbon nanotubes (CNT) and graphene derivatives are particularly intriguing. 
New synthetic strategies allow to produce tunable graphene-based materials, starting from graphene oxide 
(GO). These are based on the reduction of the oxidized groups of GO in the presence of compounds 
capable of adding functional groups or heteroatoms to the carbon lattice. 
We were particularly interested in the material obtained by doping GO with nitrogen and boron through 
its reduction in presence of idrazine and borazine. Such reduced graphene oxides (rGO) show almost the 
same electronic properties as graphene, with some X-C (X= N or B) regions within the graphene lattice 
that have a useful dipole moment which helps the interaction between the oxygen molecule and the 
catalytic substrate; thus, such sites represent those active for the ORR catalysis. 
We have investigated the electrochemical behavior of a selection of such material and their 
electrocatalytic activity for the ORR. 
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Copper nano-structured catalysts have been proven to increase the activity for the electrochemical 
conversion of CO2 to ethylene, ethanol and n-propanol compared to bulk electrodes [1–4]. Interestingly not 
all Cu surfaces implemented as nanoscale 
materials show a high catalytic activity for the 
further reduction of CO [5], which is known as the 
key intermediate to hydrocarbons [2]. Particle size 
and catalyst support seem to play an important 
role in the activity and selectivity of Cu electro-
catalyst for the further reduction of CO to C2 and 
C3 products [5–7]. However, to our knowledge size-
controlled Cu nanoparticles (CuNPs) and their 
catalytic activity for the electrochemical reduction 
of CO have not been thoroughly investigated 
using gas diffusion electrodes in flow cells, where 
current densities of practical relevance could be 
achieved. 

In this work, the carbon monoxide 
electrochemical reduction to C2 and C3 products 
is investigated using commercial copper nano-
powders on a gas diffusion layer in a flow cell for 
the first time. Experiments were run at current 
densities between -50 and -300 mA/cm² in order 
to examine the electrodes at application-oriented 
conditions. Three different particle size ranges 
were investigated. The best results regarding 
efficiency for the conversion to C2 and C3 
products and long term performance were 
achieved with a particle size of 40-60 nm with 
Faradaic efficiencies up to 80% as shown in 
Figure 1.      

  
Figure 1. Faradaic efficiency of gas and liquid 
products as a function of current density during CO 
electrochemical reduction on CuNPs 40-60 nm 

[1]   C. Reller, R. Krause, E. Volkova, B. Schmid, S. Neubauer, A. Rucki, M. Schuster, G. Schmid, Adv. Energy 
Mater. 7 (2017) 1602114. 

[2] B. Schmid, C. Reller, S. Neubauer, M. Fleischer, R. Dorta, G. Schmid, Catalysts 7 (2017) 161. 
[3] Y. Song, R. Peng, D.K. Hensley, P.V. Bonnesen, L. Liang, Z. Wu, H.M. Meyer, M. Chi, C. Ma, B.G. Sumpter, 

A.J. Rondinone, ChemistrySelect 1 (2016) 6055–6061. 
[4] D. Kim, C.S. Kley, Y. Li, P. Yang, Proceedings of the National Academy of Sciences of the United States of 

America 114 (2017) 10560–10565. 
[5] R. Reske, H. Mistry, F. Behafarid, B. Roldan Cuenya, P. Strasser, Journal of the American Chemical Society 136 

(2014) 6978–6986. 
[6] O.A. Baturina, Q. Lu, M.A. Padilla, Le Xin, W. Li, A. Serov, K. Artyushkova, P. Atanassov, F. Xu, A. 

Epshteyn, T. Brintlinger, M. Schuette, G.E. Collins, ACS Catal. 4 (2014) 3682–3695. 
[7] K. Manthiram, B.J. Beberwyck, A.P. Alivisatos, Journal of the American Chemical Society 136 (2014) 13319–

13325. 

mailto:sofia.romerocuellar@siemens.com


Twisted Aromatic Frameworks 
 

Aurelio Mateo-Alonso*a,b 
a POLYMAT, University of the Basque Country UPV/EHU. Avenida de Tolosa 72, E-20018 Donostia-San 

Sebastián, Spain.  
b Ikerbasque, Basque Foundation for Science. Bilbao, Spain.Address 

amateo@polymat.eu 
 

Polycyclic aromatic hydrocarbons (PAHs) are receiving a great deal of attention because of their 
increasingly better performance in organic electronic applications. In general, PAHs are planar structures 
but they can adopt twisted conformations as the result of the steric strain induced by overcrowding or 
congestion in key positions of the aromatic core. twisted-PAHs have shown enhanced solubility and 
unique optoelectronic and chiroptical properties as an effect of their distorted molecular structure. 
 
We have developed a general strategy that provides access to a new family of twisted-N-PAHs with 
different twist angles by introducing silyl groups with different size and rigidity, providing direct 
experimental correlation between twist size and properties. In addition, this methodology has been 
successfully implemented in the preparation conjugated microporous polymers that span hundreds of 
nanometers in two dimensions. The most recent advances of these materials including synthetic routes, 
optoelectronic properties, self-organising properties, and applications as electrocatalysts for the oxygen 
reduction reaction will be discussed. 
 

 
 

Figure 1. Example of the lattice of a distorted 2D conjugated microporous polymers. 
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The great merits on alkaline electrolyzer regarding maturity, large capacity, and cost-effective features 
have drawn much attention as one of the applications for energy storage systems connected to the 
renewable energy sources such as the wind and solar. These may provide economic advantages for the 
management of peaks and valleys in electrical loads as storing to hydrogen as second energy carrier 
sources, especially in long-term and large-scale(>MW) storage systems. However, the variable loads arise 
from the renewable power sources can affect the performance on electrolysis and influence the apparent 
durability. Here, we will discuss improvements on the Alkaline Water Electrolyzer(AWE) by the 
significant interaction between engineering and material science disciplines. By applying porous durable 
and efficient electrode and a reinforced composite inorganic separator with improved cell and stack 
designs, the AWE can overcome few drawbacks such as low current operation and slow response to 
variable loads. We believe that the improvements of poor kinetic efficiency and mitigation of components 
degradation would increase the system lifetime, and thus improve the economics of alkaline water 
electrolysis. On/off durability in alkaline solutions of the screened electrodes also evaluated using 
accelerated durability tests and resulted in less than 20 mV degradation over 500 times of on/off cycles. 
Furthermore, to correlate ex-situ electrode activity results and in-situ performance of AWE, the in-situ 
single cell of AWE was also evaluated with the mesoporous Nix-Fe1-x LDH(x=0.5~0.7) anodes as 
oxygen evolution electrode that were directly grown on various forms of metal substrates such as 
sandblasted plates, mesh, and foam, porous Ni-Zn alloy as hydrogen evolution electrode. 
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During the electrolysis of acidic aqueous solutions containing chloride anions, both the Oxygen Evolution 
Reaction (OER) and Chlorine Evolution Reaction (CER) can occur, resulting in formation of O2 or Cl2 
gas, respectively. Competition between OER and CER is relevant for a large range of applications, such 
as the chlor-alkali industry, where production of chlorine and caustic soda is desired and OER is an 
unwanted side-reaction.1  More topically, selective OER is highly desirable in light of the ‘hydrogen 
economy’, which encompasses the use of hydrogen as an environmentally benign energy carrier. H2 is 
ideally generated from direct sea water splitting, to avoid competition with scarce freshwater sources, in 
which case the formation of toxic Cl2 byproducts must be avoided. 
 
Since CER has a huge kinetic advantage over OER, selective acidic OER in presence of chloride is very 
challenging. Furthermore, controlling OER vs. CER selectivity is difficult due to apparent scaling2 – 
catalysts with a propensity towards OER usually show similarly proficient CER. A notable exception is 
manganese oxide (MnOx), which has been directly implemented for sea water splitting and reported to 
selectively evolve oxygen with nearly 100% faradaic efficiency.3,4 
 
The OER selectivity on MnOx thus drew our interest; how and why does MnOx ‘break the scaling’? By 
using a rotating ring-disk electrode, on-line electrochemical mass spectrometry (OLEMS) and ex-situ 
structure studies, we studied the CER selectivity effect of MnOx thin films deposited on iridium oxide 
(IrOx), a well-known CER selective catalyst. Our work aims to contribute to a cross-linked understanding 
of OER and CER, as well as the design and optimization of better electrolyzers for both reactions. 
 

 
 
Figure 1: Representative data illustrating the effect of increasing MnOx coverage (in terms of the film 
reductive charge QMnOx) on OER vs. CER selectivity. A: Change in OER and CER currents (red and 
green, top), and corresponding faradaic efficiencies (bottom). B: Change in measured CER Tafel slope, 
and extent of slope curvature (inset). C: FE-SEM micrograph of IrOx/MnOx film. 
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Proton Exchange Membrane Fuel Cells (PEMFC) technology is one of the most promising way for green 
energy production, thus preventing air pollution and depletion of fossil fuel reserves. Nowadays the 
commercial catalysts for this application consist in Pt-based catalysts, which represent the most active 
materials for the oxygen reduction reaction (ORR). However, Pt-based materials suffer from high costs and 
low stability that actually make PEMFC not yet competitive with internal combustion engines [1].  

Recently, several studies reported the effectiveness toward ORR of non-precious metal catalysts, 
such as nitrogen-coordinated iron species, showing an electrochemical activity comparable to that of the Pt 
based materials [2][3]. For this reason, the aim of this work consists in the soft template synthesis of Fe-Nx 
functionalized mesoporous carbon (Fe-N-C) catalysts for ORR. The carbon source is a nitrogen-containing 
precursor, such as melamine or urea, which can easily chelate iron species during polymerization, thus 
preforming Fe-Nx active sites at atomic level. The template is a polyethyleneoxide polystyrene block 
copolymer (PEO-b-PS), which allows a strict control over pore size and wall thickness of Fe-N-C, and, at 
the same time, easily decomposes during pyrolysis. The copolymer was synthetized according to a SARA-
ATRP polymerization from the precursors PEO-Br and styrene, and Cu/CuBr2/TPMA (TPMA = tris(2-
pyridylmethyl)amine) as catalyst, and the length of PS block was tuned in order to obtain Fe-N-Cs with 
different pore size, simply by modifying the polymerization time. The PEO-b-PS template assemblies in 
spherical micelles, which incorporate carbon, nitrogen and iron precursors into their structure, leading to a 
spherical Fe-N-C catalyst (Figure 1) [4]. 

 
 

Figure 1: SEM picture of mesoporous carbon 
 
The Fe-N-C catalysts were characterized toward ORR by cyclic voltammetry and rotating ring-disk 
electrode voltammetry, while nitrite electrochemical reduction was employed to determine active site 
density. A full physico-chemical characterization was conducted by X-ray photoelectron and Mössbauer 
spectroscopies, transmission electron microscopy, elemental analysis, thermo-gravimetric analysis and N2 
adsorption/desorption isotherm, in order to determine surface state of bonding, morphology, chemical 
composition, thermal stability, surface area and pore structure. 
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Since the excessive use of fossil fuels, exploring eco-friendly and efficient electrocatalysts is a crucial 

issue in enhancing the efficiency of electrochemical water splitting to generate clean fuels. Regarding the 
electrocatalytic materials for oxygen evolution reaction (OER), metal-organic frameworks (MOFs) derived 
materials can effectively reduce the overpotential of OER with outstanding current density due to their high 
specific surface area, three-dimensional open structure, and abundant active sites, so that the diffusion of 
the electrolyte becomes easier. Therefore, MOFs can serve as a potential precursor to prepare transition 
nanomaterials for replacing the commercial noble metal oxides (e.g., IrO2 and RuO2) in water splitting 
system under alkaline condition. 

Recently, Prussian blue analogues (PBAs), a type of MOFs, have emerged as an attractive precursor 
for synthesizing nanostructured materials. In this study, we synthesized Co-Fe Prussian blue analogues 
through co-precipitation method and further coated on Ni foam to form an electrode. By thermal conversion 
method, cobalt iron oxides were synthesized through direct annealing of Co-Fe Prussian blue analogues. 
As shown in Fig. 1(a), the scanning electron microscopy (SEM) reveals that cobalt iron oxides uniformly 
covered on Ni foam. Fig. 1(b) also shows that the morphology of the cobalt iron oxide is nanocube-like. 
Due to its unique nanocube-like structure, cobalt iron oxides can provide sufficient active surface area, and 
ensure adequate contact with the electrolyte. The nanocube-like cobalt iron oxides exhibit excellent oxygen 
evolution activity in alkaline medium with an overpotential of 336 mV at a current density of 10 mA cm-2, 
as shown in Fig. 2. This work provides a facile route to synthesize binary transition metal oxides with 
nanostructure as effective OER electrocatalysts, and is expected to extend to overall water splitting in the 
future. 

 

 
 
 
 
 
 

Fig. 1 (a) and (b) FE-SEM images of nanocube-like cobalt 
iron oxide. Fig. 2 OER polarization curves. 

Comparison of the electrocatalytic 
properties of CoFe oxide and the 
pristine substrate. 

mailto:minhsinyeh@ntu.edu.tw
mailto:kcho@ntu.edu.tw


The role of mono and multivalent cations on the electrochemical 
reduction of CO2 on gold 

 
Mariana C. O. Monteiro1, Marc T. M. Koper1 

(1) Leiden Institute of Chemistry, Leiden University, P.O. Box 9502, 2300RA Leiden, The 
Netherlands 

m.monteiro@lic.leidenuniv.nl 
 

 
Understanding which factors influence the electrochemical conversion of CO2 to products with 

higher added value is a subject that has gained increasing interest in the past years. It is already known 
that electrolyte properties such as solvent, character of the ionic species and pH play an important role in 
the reaction outcome. On Au electrodes, for example, an increase in the CO selectivity has been observed 
with increasing the ionic radius of the cations in the electrolyte.2 However, there has not yet been an 
agreement on the actual role of the cations and to date, mainly the effect of monovalent alkaline earth 
species has been investigated. Different explanations have been proposed, related especially to the 
different hydration shell sizes, stabilization of reaction intermediates, and local pH buffering. In order to 
better understand the role of the cations in the electrochemical reduction of CO2, electrolytes containing 
mono, bi and trivalent species of different sizes were employed, in the form of sulfates and perchlorates. 
Experiments were carried out on polycrystalline Au electrodes in mildly acidic media and without any 
background electrolyte. Results indicate that the behavior of monovalent cations in solution is very 
different from 2+ and 3+ charged species. CO2 reduction carried out in the presence of Li+, Na+ and Cs+ 
has a more negative onset potential compared to the values observed in electrolytes containing TBA+, 
Mg2+, Be2+, Al3+, regardless the anion. Furthermore, for monovalent species, it can be seen that larger 
cations lead to higher reaction rates. However, in the case of bi and trivalent cations (Be2+, Mg2+, Ba2+, 
Al3+ and Nd3+) the latter size trend is inverted. The smaller highly charged species lead not only to an 
increase in the reaction rate but also surprisingly seem to suppress the competing hydrogen evolution 
reaction. To date, the results indicate that the cation’s hydration shell size is not the major factor 
contributing to the different product’s distribution and reaction rates observed for CO2 reduction. The 
study of multivalent cations suggests that the diffusion coefficient of the species involved and the change 
in the electric field perpendicular to the electrode surface are crucial factors towards understanding how 
the electrolyte affects the reactions taking place at the electrode surface.  
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Splitting of water into O2 and H2 is a central reaction for the storage of excess energy. State-of-the-art 
electrodes for the oxygen evolution reaction (OER) are based on RuO2 and IrO2 embedded into a TiO2 
matrix. These Dimensionally Stable Anodes (DSA) combine long term stability at low pH with high 
activity[1] and are therefore ideally suited for the application in proton exchange membrane (PEM) 
electrolyzers. Unfortunately, the use of DSAs at the large scale required for energy conversion is 
hampered by the scarcity of Ir and Ru. In the quest for alternative OER catalysts, transition metal 
oxides[2,3] and molecular catalysts[4,5] based on Mn, Fe, Ni and Co have been studied extensively. 
Among the studied materials several candidates showing high activity for OER have been identified. 
Unfortunately, these materials are only stable at high pH which inhibits their use in PEM electrolyzers. 

We synthesized and investigated two Co based molecular water oxidation catalysts. Complex 1 displays 
high OER activity at a low overpotential of only 300 mV. Experiments indicate, that the catalyst self 
assembles at the electrode. In contrast to other Co catalysts this film retains its activity for several hours  
even in strong acids (see Figure 1a). A simple exchange of the OH functional group at the ligand by H in 
complex 2 renders the film inert towards OER. 
To understand the rational behind the very different behavior of the two materials, density functional 
theory (DFT) calculations were performed. Comparing the energetics of water oxidation, using the 
recently described volcano plots for molecular OER catalysts[6], we find, that both materials are placed 
close to the top of the volcano (see Figure 1b). Accordingly, a comparable activity could be expected. The 
detailed analysis of the electronic structure indicates, that the differences between both complexes can be 
attributed to the sluggish electron transfer from complex 2 to the electrode. This discovery highlights the 
need to also consider the electron transfer in the design of molecular water oxidation catalysts. 
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Figure 1: a) Controlled potential electrolysis of water in 0.1M H3PO4 (pH 1.65) at 1.74 V vs. RHE for 
complex 1. b) Comparison of computed overpotentials. The volcano was constructed from benchmark 
computations[6]. 
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1. Introduction 
To make polymer electrolyte fuel cells (PEFCs) more practical, it is important to reduce the amount of 

platinum (Pt) in the electrodes and to make the electrodes more durable. The degradation of Pt catalysts 
during startup, shutdown, and idling majorly influences battery degradation. During startup, the cathode 
potential reaches ~1.5 V, corroding the carbon support. Further, the carbon material in the Pt-supporting 
carbon that is generally used for PEFCs exhibits a poor durability owing to its low degree of 
graphitization. However, graphene can be used to address this issue because it exhibits a high 
crystallinity. In this study, graphene-coated carbon paper (GCCP) oriented perpendicular to the surface of 
the carbon fibers was used as the carbon carrier. Electrodes were prepared by loading Pt onto the GCCP 
via sputtering, and the durability of the proposed electrode was characterized. 
2. Experimental 

Carbon gas diffusion layers (25 AA, SGL Group) were used as the carbon paper (CP). GCCP was 
produced by arranging graphene vertically and regularly on the CP via hot isostatic pressing [Fig. 1(a)]. 
Pt was sputtered as the Pt catalyst on the GCCP using a magnetron sputtering apparatus. Electrochemical 
measurements were performed at room temperature using a triode cell. The Pt-sputtered GCCP was cut 
into squares of 1 × 1 cm and crimped onto a titanium mesh, which was used as the working electrode; a Pt 
plate and an Ag/AgCl electrode were the counter and reference electrodes, respectively. Cyclic 
voltammetry (CV) measurements were performed in 1-M H2SO4 saturated with N2 at 50-mV·s−1 scan 
rate. A potential cycle protocol (1) that simulates the starting and stopping of a car with a cycle of 0.8–1.3 
V (versus Ag/AgCl) was repeated every 2 s for 5 × 104 cycles to measure the durability of each electrode. 
The electrochemical surface area (ECSA) was determined based on the electric charge of the hydrogen-
adsorption peak from the obtained CV measurements. For comparison, the measurements were also 
performed on Pt-sputtered CP. Then, a membrane electrode assembly (MEA) was prepared using Pt-
sputtered GCCP as the cathode electrode. TEC 10 E 50 E (manufactured by TKK) was dispersed in a 
mixture of water, 2-propanol, and 5-wt% Nafion; this mixture was cast onto CP for comparison with the 
MEA as a cathode electrode. The same protocols as those used for the triode cells were used to measure 
the ECSA. As a fuel cell test, saturated humidified hydrogen, nitrogen, or oxygen was supplied to the 
anode and cathode, respectively, and power generation was performed at 80°C.  
3. Results and discussion 

Fig. 1(b) shows a scanning electron microscopy image of the Pt-sputtered GCCP; the vertical 
arrangement of the graphene was retained even after it was covered with a thin film of Pt. The measured 
ECSA of the Pt-sputtered GCCP was higher than that of the Pt-sputtered CP, thus confirming that the 
GCCP has a larger surface area than the CP. Fig. 2 shows the CV measurements from the Pt-sputtered 
GCCP and CP after 5 × 103 and 5 × 104 cycles, respectively. The CV measurements with the CP electrode 
indicated that the double-layer capacity increased after 5 × 104 cycles and that the ECSA dropped to 60% 
of its initial value. In contrast, the change in the CV measurements with the GCCP electrode was small 
even after 5 × 104 cycles, and the ECSA was retained at 90% of its initial value. Further, the surface of 
the CP had peeled off after the 5 × 104 cycles, but this surface 
peeling was not observed in the GCCP electrode. These results 
show that the GCCP electrode exhibits an extremely high 
oxidation durability owing to the layers of graphene on its the 
surface. The fuel cells tests revealed that the durability (in terms 
of the number of cycles before the ECSA reduced below 50% of 
its initial value) of the electrode using Pt-sputtered GCCP as the 
cathode was nearly two times that of the electrode with TEC 10 E 
50 E. 
4. Conclusion 

In conclusion, electrodes fabricated from GCCP sputtered with 
Pt are very durable over at least 5 × 104 cycles owing to the 
presence of the graphene layers. Thus, these electrodes are 
expected to be useful for creating practical PEFC electrodes. 
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Supported metal nanoparticles are of tremendous importance in their role as the active catalytic 
component in electrodes of many devices for energy conversion and storage such as polymer electrolyte 
fuel cells (PEFC), membrane electrolyzers and metal-air batteries. However, morphology and dispersion 
of nanoparticles ensembles typically change and decrease over lifetime of the electrochemical cell due to 
particle growth leading to severe losses in surface area and activity. The origin of such degradation 
phenomena is insufficiently understood and robust mitigation strategies to limit or suppress degradation 
of nanoparticles electrodes need to be developed based on fundamental knowledge. Recently, we were 
able to uncover the prominent degradation mechanisms in an oxide-supported fuel cell catalyst [1]. The 
functionalization and modification of high surface area carbon supports with heteroatoms like nitrogen is 
a promising way to enhance electrocatalytic activity and stability by improving the corrosion resistance of 
carbon as well as providing support surface points for anchorage of the Pt nanoparticles [2-5]. 
Here, we report on a detailed study that addresses the degree of carbon modification and its stabilizing 
effect for Pt nanoparticles in an electrochemical environment. Carbon modification with nitrogen is 
achieved by ammonia treatment of a pre-oxidized carbon at elevated temperatures up to 800 °C. The 
nature of the introduced N functionalities is analyzed with respect to its physical properties such as BET 
surface area, zeta potential and elemental composition as well as its nitrogen binding state by X-ray 
photoelectron spectroscopy (XPS). Additionally, we study the corrosion resistance of the modified 
supports by high temperature-differential electrochemical mass spectrometry (HT-DEMS).  
In a next step, small Pt nanoparticles are deposited on the functionalized supports via an 
impregnation/reduction method using a fluidized bed reactor resulting in narrow Pt particle sizes and 
homogeneous distribution on the support. These materials will be tested as electrocatalysts for the oxygen 
reduction reaction (ORR) with a focus on the electrochemical long-term stability. In situ with wide and 
small angle X-ray scattering (WAXS and SAXS) under simulated fuel cell operating conditions will 
allow us to monitor Pt crystallite/particle size during an accelerated stress test (AST). We can show that 
Pt particles on the modified support are stable under fuel cell working conditions as aggregation of the 
small particles is inhibited caused by improved anchorage on the functionalized support. Additionally, we 
will emphasize the importance of appropriate reduction conditions as exemplified in the fluidized bed 
reactor on the homogeneity and consequently stability of the active component. Our results will enhance 
our understanding of stability determining properties for supported Pt-based electrocatalysts in order to 
tailor new, highly stable and more efficient fuel cells. 
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Hydrogen evolution reaction (HER) is an efficient, renewable, sustainable and environmentally friendly 
way of hydrogen production as compared to the fossil fuel based production methods [1,2]. The main 
obstacle in the electrolytic hydrogen production from water is the high overpotential of HER [3]. 
Therefore, much effort has been devoted to the development of highly efficient and stable electrocatalysts 
for lowering the overpotential. Ruthenium(0) nanoparticles supported on nanoceria (Ru0/CeO2) were 
prepared by reduction of Ru3+ ions on the surface of ceria using aqueous solution of NaBH4 [4]. The 
Ru0/CeO2 samples were characterized by advanced analytical tools and employed as electrocatalysts on 
the glassy carbon electrode (GCE) for HER. Polarization curves obtained by using Ru0/CeO2-modified 
GCEs at different Ru loadings are given in Figure 1a together with the one obtained by the GCE without 
catalyst. Also, the values of the Tafel slope (Figure 1b) and exchange current density for the Ru0/CeO2-
modified electrodes with different ruthenium loadings were also obtained from LSV. As seen from the 
figure, the GCE modified by Ru0/CeO2 (1.86 wt % Ru), provides an incredible electrocatalytic activity 
with a high exchange current density of 0.67 mA.cm−2, low overpotential of 47 mV at j = mA.cm−2 and 
small Tafel slope of 41 mV.dec−1. It is also found that this modified GCE exhibits an excellent long term 
stability without changing the onset potential (33 mV) even after 10 000 scans in acidic water splitting at 
room temperature.  
 

 
 
Figure 1. (a) Current density vs potential plots (polarization curves) for the bare GCE, CeO2−GCE, and 
the Ru0/CeO2 samples with different ruthenium loadings on the GCE in 0.5 M H2SO4 solution. (b) 
Corresponding Tafel plots obtained from polarization curves for the HER. 
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Kinetic data of electrode reactions reported as exchange currents or rate constants are normalized with re-
spect to the electrode surface area and given as exchange current densities j0 or finally for standard con-
centrations as standard exchange current densities j00. Calculation requires knowledge of the electrode 
surface area. In case of well-defined single crystal surfaces or liquid metal electrodes the geometric sur-
face area is well-defined. In case of rough electrodes the true surface area (also called electrochemically 
active surface area EASA) may differ substantially. Determination of EASA has been a frequent subject 
of research, reviews are available [1, 2]. Without stating this explicitly in most reports the geometric sur-
face area is used in these calculations. When dealing with electrodes prepared by e.g. particle deposition 
the geometric area is hard to determine, instead surface areas determined by various electrochemical 
methods are used [3]. Obviously these data are not exactly compatible with data based on geometric sur-
face area because the latter do not consider any roughness effects whereas the former implicitly and un-
avoidable contains such effects. 
We have prepared a platinum disc electrode (99.99 %, 2 mm diameter, Schiefer, Hamburg, embedded in 
borosilicate glass) with variable roughness. Starting with the smooth electrode abrasive paper with de-
creasing roughness (CAMI grit designation 80, 360, 600, 1000) and Al2O3 polishing suspensions (particle 
size 13 μm and 1 μm) were used, for an enhanced roughness platinization from a hexachloroplatinc acid 
solution was applied. Cyclic voltammetry in an aqueous solution of 1 M HClO4 was applied to ascertain 
reproducible surface state of the platinum surface, in the double layer region CVs were recorded to obtain 
the differential double layer capacitance CDL. Changes of CDL as a function of surface treatment pro-
ceeded as expected (Fig. 1). Based on the geometric surface area rough-
ness factors Rf were determined assuming 20 μF·cm-2 for a perfectly 
smooth surface (Fig. 2), again dependency on treatment followed expec-
tations. Kinetic data were determined with potentiostatic electrode im-
pedance measurements (experimental details have been described else-
where [4, 5]) using an electrolyte solution of 0,01 M ((NH4)2 

Fe(SO4)2+0,01 M (NH4)Fe 
(SO4)2 + 1 M HClO4. Retriev-
ed values of CDL correspond 
poorly to those of Fig. 1, the 
uncertainty in their determi-
nation is considerable, the 
employed CPE-element with  
values of n frequently signifi-
cantly smaller than 
0.9 showed strongly 
nonideal capacitive 

behavior. A similar problem has been reported before [6]. 
Values of the charge transfer resistance Rct obtained from im-
pedance measurements directly corresponding to j0 did not 
show a rational relation to Rf, but the platinized surfaces 
yielded much smaller values of Rct. Reasons and directions of 
further study will be discussed. 

                                                           
1 S. Trasatti, O.A. Petrii, J. Electroanal. Chem. 327 (1992) 353. 
2  S. Trasatti, O.E. Petrii, Pure&Appl. Chem. 63 (1991) 711. 
3  J. Ahn, R. Holze, J. Appl. Electrochem. 22 (1992) 1167. 
4  Y. Liu, S. Gao, R. Holze, A.K. Shukla, J. Electrochem. Soc. 164 (2017) A3858. 
5  Y. Liu, A. Wiek, V. Dzhagan, R. Holze, J. Electrochem. Soc. 163 (2016) A1247. 
6  L. Bai , L. Gao , B.E. Conway , J. Chem. Soc. Faraday Trans. 89 (1993) 243. 
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Catalytically active electrode materials for the hydrogen evolution reaction (HER) containing no 
noble metals are essential for pure hydrogen production. Cathode materials used for electrolysis of 
aqueous solutions should be characterized both by catalytic activity and long–term stability under the 
conditions of electrolysis. Ni−Re alloys attract much attention due to their good catalytic properties 
towards HER and high stability in alkaline media commonly used for electrolytic hydrogen production. 
Electrodeposition can be considered as a simple and cheap method for obtaining Ni−Re alloys. However, 
development of efficient cathode materials based on Ni−Re alloys for HER is complicated since there is 
not enough information on the structure of these materials and kinetics of hydrogen evolution on them. 
Therefore, new investigations in this field are needed. 

Ni−Re alloys were deposited from citrate solution containing (M): NiSO4 0.5, KReO4 0.05, citric 
acid 0.5 at pH 6.0 and j = 0.05 − 0.2 A cm−2. The alloys typically contain 85−90 at.% Re. The XPS study 
of the deposits confirmed that the coatings formed on the cathode contain both rhenium and nickel in zero 
oxidation states. XRD data showed that Ni−Re alloys obtained by deposition were solid solutions of 
nickel in rhenium phase. 

HER polarization curves were analyzed using MathCAD 15 and Maplesoft Maple 13. This 
analysis allowed concluding that HER on Ni−Re cathodes proceeded via the Volmer−Heyrovsky route. 
The adsorbed hydrogen atoms (Hads) were present on the electrode surface during hydrogen evolution, 
and the surface fraction occupied by them strongly depended on the electrode potential. Hads diffusion into 
the bulk of the electrode led to adsorption of hydrogen by Ni−Re alloys in the course of HER. This was 
confirmed by direct measurements of absorbed hydrogen using high–temperature vacuum extraction 
technique. 

Cathode currents passing through Ni−Re electrode at HER overpotentials of −50 and −100 mV 
slightly decrease during long-term electrolysis. HER currents are constant at  = −150 mV within at least 
4 hours of electrolysis. The chemical analysis of the catholyte after long–term electrolysis showed that it 
contains neither rhenium nor nickel species. The changes in the Ni−Re cathode surface layer composition 
were studied using XPS. 

The analysis of Nyquist diagrams revealed that diffusion of hydrogen atoms into the bulk of the 
Ni−Re cathode occurred in the course of HER. 

This work was supported by Russian Foundation for Basic Research, project 18-03-00826. 
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Nitric Oxides (NOX) is one of the most critical air pollutant to cause various environmental issues such 
as particulate matter (PM), acid rain and ozone depletion. Selective catalytic reduction (SCR) is 
considered as the most promising DeNOX technique due to its wide accessibility and high NOX removal 
efficiency. Nevertheless, its high capital/operating cost, pricy amine-based reductant and less availability 
at low temperature might be major obstacles. Meanwhile, nitric oxide is an electro-active specie, able to 
be electrochemically oxidized or reduced. Above all, it has positive standard half reduction potential 
versus that of proton, implying its reduction reaction can occur before hydrogen evolution, the major 
competition reaction. Possible candidates produced from electrochemical NO reduction (NOR) are 
nitrous oxide (N2O), nitrogen (N2), hydroxylamine (NH2OH), hydrazine (N2H4) and ammonia (NH3) 
along with accepted electron numbers. Recently, ammonia is considered as next generation energy carrier 
useful for hydrogen storage as well as easily liquefiable fuel. Here, we report catalytic selectivity and 
tendency of several electro-catalyst toward convertible products via electrochemical reduction of nitric 
oxide absorbed with ferrous EDTA (Ethylenediaminetetraaceticacid). Polycrystalline platinum (Pt) and 
glassy carbon (GC) were used as a positive electrode control, then polycrystalline copper (Cu) and silver 
(Ag) were compared, respectively. Under narrow potential window between -0.8V and -1.0V versus 
Ag/AgCl reference electrode, Faraday efficiency for ammonia was more than 95% with Cu and Ag 
electrodes up to -0.9V versus Ag/AgCl and it decreased at higher overpotential due to competitive 
hydrogen evolution reaction (HER) and metal iron deposition. Such a high selectivity might be attributed 
to solvation effect of chelate (EDTA) to inhibit HER at low overpotential, resulting almost electrons and 
protons were used for NOR, especially ammonia production. Only small amount of N2O was quantified at 
applied potential window and no molecular nitrogen was detected, implying N-N bond formation doesn’t 
occur well with Cu and Ag electrode. Like electrochemical CO2 reduction, diverse research on catalysts, 
electrolytes and system can be conducted for electrochemical nitric oxide reduction.  
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Serious global warming is leading to increase interest in alternative energy sources. Among them, 

hydrogen production via water electrolysis has an advantage that can be obtained from near-infinite water 
resources with environmental-friendly process. Thus, the water electrolysis has been studied by various 
approaches for decades. However, there is still a problem to commercialize it in a large scale because the 
high price of the noble metal catalyst used for the anode and the cathode limits its practical application. In 
order to solve the problem, researches on transition metal based materials for overall water electrolysis 
under alkaline condition have been actively conducted. Among them, nickel-iron or cobalt-iron based 
materials are mainly studied. However, most studies are limited in half-cell measurement whereas there 
are a few studies that performed overall water electrolysis in commercial scales. 

In this study, nickel iron based catalysts were prepared for overall water electrolysis in alkaline 
conditions. The catalysts were prepared by electrodeposition on carbon paper which could be used as a 
gas diffusion electrode. The concentration of Ni and Fe in deposition bath was fixed at 3:1. Then, boron 
and sulfur sources were added. The electrodeposition was carried out by using chronoamperometry at -0.9 
V. The morphologies and composition of NiyFe1-yOx, NiyFe1-yBzOx and NiyFe1-yOxSz were controlled by 
electrodeposition conditions. Crystal structures were confirmed by X-ray diffraction (XRD). Surface 
analysis was also performed through X-ray photoelectron spectroscopy (XPS). For all catalysts, activity 
for hydrogen evolution reaction (HER) and oxygen evolution reaction (OER) were measured in half-cell 
test. Then, overall water electrolysis employing the highly active cathode and anode was performed under 
alkaline condition. 
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For the successful replacement of platinum, tremendous efforts have been devoted to develop highly 
active and durable non-platinum group metal cathode catalysts in polymer electrolyte membrane fuel cells 
(PEMFCs). Among them, iron-nitrogen-carbon (Fe-N-C) catalysts are one of the attractive alternatives 
due to the recent advances in the synthesis, activity and site-structure. However, further improved 
understanding of their instability toward oxygen reduction reaction (ORR) in acidic environment is still 
needed, because Fe-N-C catalysts exhibit pH-dependent durability according to the environments, of 
which reason is highly vague. As a possible origin of the catalyst deactivation, production of radical 
oxygen species (ROS) through a Fenton-like reaction between hydrogen peroxide byproduct and Fe 
catalytic sites has been considered[1]. In the present study, we thoroughly investigate pH-dependent ORR 
deactivation induced by hydrogen peroxide. Activities of a model Fe-N-C catalyst, which comprises 
atomically-dispersed FeNxCy moieties, before and after peroxide-treatments at various pHs are measured, 
and we find that the ORR deactivation is maximized at pH 2 and then gradually mitigated as pH increased 
(Figure 1a). It infers that the amount of produced ROS during peroxide-treatment is pH-dependent. To 
obtain more insight which ROS is dominantly generated and resultingly deactivated Fe-N-C catalysts, 
electron paramagnetic resonance (EPR) analyses are conducted. The EPR results indicate that hydroxyl 
radical is the most likely responsible for the ORR deactivation showing strong signals at pH 2 and 
gradually weakened as pH increased, in similar with the trend of ORR deactivation (Figure 1b). Based on 
this research, we further try to introduce hydroxyl radical scavengers, including anthraquinone and 
alizarin which are known as organic anti-oxidant materials, into Fe-N-C catalysts as a strategy to 
overcome their operando instability. The tested scavengers might have scavenged radicals in some extent, 
but unfortunately significant improvements in their durability against the hydrogen peroxide oxidations 
cannot be achieved. We finally suggest that bypassing the Fenton-like reaction route using tandem 
catalysts will be more suitable strategy for the durable operations than that of radical scavenging. 
 

 
Figure 1. (a) Differences in half-wave potentials correlated with various pHs of peroxide-treatment 
conditions and (b) results of electron paramagnetic resonance (EPR) analyses at various pHs to identify 
kind of ROS affecting stability of Fe-N-C catalysts. 
 
Reference 
[1] V. Goellner, V. Armel, A. Zitolo, E. Fonda and F. Jaouen, J. Electrochem. Soc. 162, H403-H414 
(2015) 
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Fast development of biomedical technology has led us to the invention and use of implantable medical 

devices to be utilized for direct monitoring of human health. Battery is generally used as the main 
micropower supply of these implanted devices, however it has some drawbacks as it has to be replenished 
in due time. One of the promising continuous energy supplies to replace the use of batteries is enzyme 
biofuel cell (EBFC) which harvests electrical energy from the glucose oxidation and oxygen reduction; in 
which two of its main substrate are abundant and essential components in living things physiological 
fluid. Bioelectrocatalytic applications including enyzme biofuel cell, biosensors are expected to be 
minimal in size but optimizing the electrical communication between enzymes and electrodes is one of 
the primary concerns for real applications. One approach to address this limitation is the attachment of 
redox mediators or relays to the enzyme. Here, we report a genetic modification of a glucose 
dehydrogenase to display gold binding peptide near its active site. Gold binding peptide binds to Au 
electrode, the basis of microelectronic and magnetic thin films, which facilitates the stable 
immobilization. In addition, site specific peptide on enzyme lead to close proximity between enzyme 
cofactor and electrode, causing to enhance the direct electrical communication at enzyme-electrode 
interface. Glucose dehydrogenase is of particular interest in biofuel cell and biosensor applications, and 
the approach of “sticky-ended” enzyme conjugates in a site-specific manner will be valuable in the 
continued development of these systems  
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Understanding the water transport in anion exchange membrane fuel cells (AEMFC) is critical for further 
development of these systems. Several modelling studies, based on ex-situ tests, have shown that much of 
the performance losses are due to cathode dry-out and/or anode flooding [1–4]. In this study humidity 
sensors were positioned before and after the anode and cathode in order to quantify the water flux through 
the anion exchange membrane (Tokuyama A201). Fluxes with either humidified gas on both electrodes or 
with liquid water at one of the electrodes were measured. The measured fluxes were quantified both in 
inert gas and with H2/O2 gas feeds at open circuit potential and during fuel cell operation. The results 
show that the state of water has a large impact on the transport properties, with water fluxes roughly three 
times larger with liquid water compared to vaporous. It is also shown that an applied current load affects 
the transport rate of water in the membrane, and that an apparent water drag coefficient can be 
determined. Finally it is found that during normal operation water produced at the anode is readily 
transported over to the cathode resulting in a water enrichment in both the anode and cathode side of the 
AEMFC. These results implicate that flooding of is more likely than dry-out even at the cathode. 
 

 
 
Figure 1: Visualization of performed experiments to determine the water flux across the membrane.  
(Left) Flux of gaseous vaporous water in argon when the two sides have different inlet relative humidity. 
(Middle) Flux of water when one side is in contact with liquid water and the other with vaporous water in 
argon. (Right) Water flux when both sides have the same inlet relative humidity and a current is applied. 
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As serious environmental changes arise from global warming, the mitigation of carbon dioxide, a 

representative greenhouse gas, has emerged as an important issue in the international community. 
Therefore, technology such as carbon capture, utilization, storage has been studied as a countermeasure. In 
particular, carbon dioxide is recognized as an infinite resource, and research on carbon utilization is being 
actively carried out. Currently, photochemical, electrochemical, and biological conversion technologies are 
being studied. Among them, the electrochemical reduction of carbon dioxide has the advantage of achieving 
various conversion products depending on the catalyst. In addition, the reaction can proceed at room 
temperature and ambient pressure, and it is not affected by the surrounding environment. At present, many 
researches are being conducted on various metals as carbon dioxide reduction catalysts. Especially, Ag has 
been actively studied because of its low overpotential and high CO selectivity. However, the high price of 
the catalyst and the suppression of HER, which is a competitive reaction, still remain as a challenge. As a 
solution to this problem, research is underway to adjust the morphology and crystal structure to decrease 
the overpotential and increase the partial current density. 
 

In this study, Ag catalysts with controlled crystal structures were fabricated by a pulse deposition. For the 
deposition solution, an excessive amount of supporting electrolyte was added to prevent spontaneous Ag 
displacement on substrate. The crystal structure was changed by adjusting the deposition conditions or 
kinds of additives. X-ray diffraction was used to analyze the crystal structure. Then, carbon dioxide 
reduction was carried out by using the prepared Ag catalysts and the conversion efficiency of the catalysts 
was evaluated by analyzing the products by gas chromatography and high-performance liquid 
chromatography. As a result, it was confirmed that the Faradaic efficiency of CO varies depending on the 
ratio of specific crystal facets. 
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Depletion of the fossil fuel stocks and high global emissions of greenhouse gases indicate the urgent need 
for alternative renewable energy sources. Conversion of the waste materials such as carbon dioxide has 
received world-wide attention due to its potential economic and environmental benefits. Electrochemical 
reduction of CO2 is one of the attractive techniques, due to the wide range of possible products, relative 
simplicity of the equipment and ability of coupling with renewable energy sources.[1]  
 
The conventional approach of electrochemical CO2 reduction is performed at ambient conditions in 
aqueous solutions with gaseous CO2 dissolved in it. However, due to the high amount of water and low 
CO2 content the synthesis leads to the predominant hydrogen evolution, high overpotentials and low 
faradaic efficiencies of carbon-based products. This problem can be tackled by increasing the CO2 
concentration with pressure and use of low amounts of water. Thus, supercritical CO2 (74 bar, 31 °C) can 
be used as a solvent and reactant itself. This concept was mentioned in only a few publications, showing 
possible suppression of hydrogen evolution and increased selectivity towards organic acids and 
alcohols.[2]   However, despite of the benefits and unique properties of supercritical CO2 reduction, this 
research still remains in its infancy and requires deeper investigation to open its full potential. 
 
The focus of this study was on the electrochemical reduction of supercritical CO2 (at 70 ˚C and 150 bar) 
on different copper-based electrodes. We have investigated the effect of temperature and pressure on the 
selectivity of CO2 reduction. Higher temperatures have shown to have a higher current density and yields. 
The increase of pressure and consequently the concentration of CO2 had a dramatic effect on product 
distribution. Thus, at 150 bar higher selectivity towards liquid products like formic and acetic acids as 
well as alcohols was achieved. Whereas at ambient conditions at the same catalysts mainly gaseous 
products like hydrogen and hydrocarbons were obtained. Thus, use of high pressure with supercritical 
CO2 as a reactant and medium itself can be a powerful technique in the electrolysis offering high 
selectivity towards organic acids and low hydrogen evolution. 
 
[1] J. Qiao, Y. Liu, J. Zhang, Electrochemical reduction of carbon dioxide. Fundamentals and 
technologies, CRC Press, Boca Raton, 2016. 
[2] O. Melchaeva, P. Voyame, V. C. Bassetto, M. Prokein, M. Renner, E. Weidner, M. Petermann, A. 
Battistel, ChemSusChem 2017, 10, 3660. 
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The aim of this work is the development of advanced materials for the production and the conversion of 
hydrogen in order to reduce costs, improve efficiency, performance and durability of the final device, 
whether electrolyzer or fuel cell, both based on a polymer electrolyte membrane (PEM). 
To this purpose, we here propose a study about Calcium Titanate (CaTiO3), (figure 1), and calcium 
titanate doped with iron (CaTi1-xFexO3-δ) to be used as both electrocatalysts and electrolyte additives.  
Perovskite titanates particles are promising canditates to address the double tasked goal of this project, 
thanks to their tunable physical-chemical properties and for their high electric and ionic conductivity 
[1,2]. 
 
 
 
 
 
 
                                   Figure 1: Calcium titanium oxide (CaTiO3) structure[3] 
 
 
 
 
 
 
The synthesis and physical chemical characterizations of both perovskites by X-ray diffraction (XRD), 
scanning electron microscopy (SEM), thermogravimetric analysis (TGA) and infrared spectroscopy will 
be described. In order to evaluate the catalytic activity of CaTiO3 and CaTi1-xFexO3-δ perovskite towards 
H2/O2 redox processes, their electrochemically active surface area and performance were evaluated by 
rotating disk electrode (RDE) measurements. Commercial Pt/C electrode materials have been used as 
reference.The results obtained proved higher catalytic activity the perovskite/Pt composite, with respect 
to pure Pt, for the oxygen reduction reaction (ORR), this allowing the achievement of a low-platinum 
catalyst.  
 
 
 
 
 
 
 
 
 
[1] M. Peña, J. Fierro, Chem. Rev. 101 2001 1981–2018.  
[2] S. Royer, D. Duprez, F. Can, X. Courtois, C. Batiot-Dupeyrat, S. Laassiri, et al., Chem. Rev. 114, 
2014, 10292–10368. 
[3] https://3dciencia.wordpress.com/2013/01/25/perovskite/ 
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Electrocatalysts with high stability and activity at for the sluggish oxygen evolution reaction (OER) are 
necessary for an inexpensive production of hydrogen via water electrolysis. The development of OER 
electrocatalysts is currently focused towards tailoring highly structured nanomaterials with enhanced 
mass transport and a reduced amount of precious metal.  Iridium oxide (IrO2) has arisen latelybeen 
suggested as a promising candidate for the efficient water oxidationwater oxidation of water previously, 
and thus relatedwhereas catalyst materials  with enhanced mass transport based onbased on  
nanostructured iridium (hydr)oxide have been recently been developed and commercialized. The 
combination of soft and hard x-ray spectroscopies is an established method that can probe the chemical 
and electronic structure of the electrocatalyst and give insights into its local density of states and, 
therefore, its catalytic behavior. 
 
In this work, we present a comprehensive spectroscopic study of commercially available iridium oxide-
based electrocatalysts (“nano-IrO2 black” and “IrO2@TiO2”) using advanced Xx-ray analytics. The 
combination of soft and hard x-ray spectroscopies is an established method that can probe the chemical 
and electronic electrocatalyst structure of the electrocatalyst, making this characterization approach most 
suitable to gain insights into its (local) density of states and, therefore, theits catalytic behavior. Based on 
the comparison with an extensively characterized rutile-like IrO2 and an amorphous iridium oxide, we 
were able to relate a spectroscopic fingerprint at the oxygen K-edge absorption edge was related to the 
reorganization of local electronic states dependent presumably due to a varying degree of on the 
crystallinitylinity. Furthermore, detailed information about the hybridization of electronic states inat the 
valence band was obtained combining the atom specificity of soft x-ray absorption (XAS) and emission 
spectroscopy (XES) with the surface sensitivity of hard x-ray photoelectron spectroscopy (HAXPES, 
XPS). The study was completed comparing the spectroscopic results with diffraction and microscopy 
measurements, where in which the heterogeneous nature of the iridium oxide-based materials is 
revealedconfirmed, discerning contributions from a rutile-type structure and an amorphous phase. The 
latter being discussed to be responsible for tThe latter being discussed to  which can be be responsible for 
trelated to itshe high  good OER catalytical activity of these materials.. 
*This work was funded by the German Federal Ministry of Education and Research (BMBF) in the 
framework of the Kopernikus P2X project. 
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Figure: XES/XAS measurements at the O K-edge (ALS, BL 8.0.1, iRIXS).  The high-resolution 

spectroscopic fingerprint around 529 eV is characteristic of the crystalline nature of the electrocatalyst 
and its catalytical activity. 

Commenté [BM4]: Above it is stated (or at least I 
understood it in this way) that the amorphous part is the 
active one?! 
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Direct ethanol fuel cells (DEFC) have been evaluated as a possible alternative source of renewable 
energy, because it can reach high current densities with minimal pollutant production [1]. In this work, we 
report the synthesis of Pd1Nb1 (20% wt) electrocatalysts supported on different kind of black carbon (80% 
wt) by the sol-gel method [2]. It was used Pd1Nb1 (50:50% wt) supported on black carbon since this metal 
ratio was indicated to be the best for Ethanol Oxidation Reaction (EOR) according to our previous work 
[3]. These synthesized electrocatalysts were physically characterized by XRD, EDS, ICP-MS, XPS, 
Contact angle technique, Raman spectroscopy and SEM techniques. The electrochemical activity for 
EOR of the prepared nanoelectrocatalysts was studied by Cyclic Voltammetry (CV) and 
Chronoamperometry (CA).  

 
 

Figure 1. Electrochemical evaluation of Pd1Nb1/C electrocatalysts in 1.0 mol L−1 KOH solution at room temperature. (a) Cyclic 
voltammograms using 1.0 mol L−1 ethanol and 1.0 mol L−1 KOH, measured in the potential range from −0.80 to +0.20 V vs. SCE, at 
scan rate of 20 mV s−1. (b) Chronoamperometry 1.0 mol L−1 ethanol with applied potential of -0.4V for 1800 seconds. 

 

The current density peak for EOR using Pd1Nb1/Printex 6L is the highest concerning all electrocatalyts 
used for EOR (Figure 1a). In addition, Pd1Nb1/Printex 6L has the lowest positive onset potential for EOR, 
as shown in Figure 1a. Pd1Nb1/Printex 6L (37 mA mg-1

Pd) for EOR presented similar values of current 
densities for the same process using commercial Pd/C (43 mA mg-1

Pd) in CA experiments (Figure 1b). 
Pd1Nb1/Printex 6L was much better than Vulcan XC72 and Vulcan XC72R, 6 and 2 mA mg-1

Pd, 
respectively. These results are interesting given that the Vulcan XC72 carbon is the most used support for 
DEFC. We propose that Nb decreases the CO poisoning on Pd surface due to the bifunctional mechanism, 
where Nb supplies oxygenated species to the active sites of the Pd with adsorbed CO for oxidation to 
CO2, as reported in our previous work [3]. Therefore, Niobium is a promising co-catalyst to Pd for EOR 
in alkaline medium. Additionally, the Raman results suggest that Printex 6L black carbon has more 
defects in structure and increased the degree of disorder in the sp2 graphite carbon structure [4]. These 
results indicate that the use of Printex 6L black carbon is promising for DEFC. 
 
Acknowledgments: The authors are grateful to Fapesp (2015/10314-8, 2017/00819-8, 2017/22976-0 and 
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References: 
[1] Geraldes, A. N., et al. (2015). Journal of Power Sources, 275, 189-199. 
[2] Souza, F. M., et al. (2017). Journal of Solid State Electrochemistry, 1-12. 
[3] Souza, F. M., et al. (2018). International Journal of Hydrogen Energy, 43 (9),4505-4516. 
[4] Pawlyta M., et al. (2015). Carbon N Y, 84,479–490 .  



PtCuAu/C catalysts of different structures for oxygen electroreduction 
and methanol electrooxidation reactions 

 
 

Belenov S.V., Menshchikov V.S., Nevelskaya A.K., Pryadchenko V.V., Avakyan L.A., Srabionyan 
V.V., Gerasimova I.A. 

Chemistry Faculty, Southern Federal University, Rostov-on-Don, Russia  
Zorge st., 7, Rostov-on-Don, Russia, 344090 

sbelenov@sfedu.ru 
 

Carbon-supported platinum-based catalysts are currently the most important component of the 
various types of low-temperature fuel cells. To reduce the cost of power produced by low temperature 
fuel cells, it is necessary significantly reduce the noble metal loading in the catalyst layer, without 
reducing the catalyst's specific characteristics and durability. Composite materials containing Me@Pt (Me 
= Ag, Cu, Ni, Co, Cr) nanoparticles with «core-shell» structure deposited onto supports are most 
promising solutions of this problem [1-3]. In this case, the desire to reduce the size of the nanoparticles is 
no longer a crucial factor in ensuring a high activity (high surface area, m2/g of the noble metal) of the 
catalyst. The decisive factors become the thickness and continuity of the shell, the stability of core-shell 
structure during operation and aging. All these factors are strongly depended on the type of the core 
metal. That is why the formation of bimetallic nanoparticles with a gradual increase in the concentration 
of platinum from the core to the shell has both practical and fundamental interest.  

On the other hand, doping of bimetallic particles with even a small amount of Au in several cases 
makes it possible to increase the activity of catalysts in ORR and MOR, due to the segregation of Au 
atoms on the edges and facets of nanoparticles surface [3]. 

The aim of this work is to obtain PtCuAu nanoparticles with different architecture of 
nanoparticles, deposited on a highly disperse carbon carrier, as a highly efficient material for low-
temperature fuel cells. 

 Synthesis of PtCuAu/C catalysts with different architecture of nanoparticles (from uniform solid 
solutions to nanoparticles with core-shell and "gradient" structures) by methods of joint and sequential 
metal reduction developed earlier in our laboratory [1-2] was carried out. Post-treatment of obtained 
PtCu/C and PtCuAu/C catalysts with different nanoparticle architecture was held in order to remove the 
alloying component from "defective" nanoparticles with an imperfect platinum shell. 
The characterization of prepared PtCuAu/C materials was performed by HRTEM, XRD, CV, LSV and Pt, 
Au L3- and Cu K-edge extended X-ray absorption fine structure (EXAFS). 

Prepared "gradient" PtCu/C and PtCuAu/C materials demonstrated higher corrosion-
morphological stability and activity in oxygen redaction reaction (ORR) and methanol electrooxidation 
(MOR) compared to Pt/C. This fact may relate to high concentration of Pt or Pt and Au in the surface 
layers of NPs. Thus, catalysts based on PtCuAu nanoparticles are of fundamental and applied interest and 
these materials are promising for further study. 

This work was supported by Russian Scientific Foundation (project no. 16-19-10115). 
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Increasing attention over last decades is being paid to research on dichalcogenide materials, including 
MoS2, as promising electrocatalysts for the hydrogen evolution reaction (HER) [1]. Unlike platinum, it is a 
non-precious metal catalyst, as both molybdenum and sulfur are relatively plentiful and inexpensive. MoS2 
has a graphene-like structure of S—Mo—S layers, connected by weak van der Waals bonds [2]. The 
material is semiconducting, its bandgap value has been reported as approx. 1.2 eV, and its dielectric 
constant was found to change with the applied electric field [3].  
 
In this study we use electrochemical deposition to obtain amorphous thin films (up to ~ 1 µm) of non-
stoichiometric MoS2-x from an ammonium tetrathiomolybdate (MoS4

2-) solution. By varying the parameters 
of the bath (precursor concentration, solution pH) and the electrodeposition conditions (potentiostatic, 
galvanostatic, pulse deposition) we could obtain films of different morphologies – from smooth and 
featureless to coarse microstructures. The films’ HER catalytic activity then were studied in 0.5 M H2SO4 
by linear sweep voltammetry. Generally longer deposition times resulted in thicker films and better catalytic 
performance (see Fig. 1) in terms of onset overpotential, Tafel slopes, and mechanical stability. 
Electrochemical impedance spectroscopy was also used to characterize the films and evaluate the 
catalytically active surface area. Finally, the films were tested for photoelectrochemical activity under 365 
nm wavelength illumination. It was found that electrodeposited MoS2-x exhibits good catalytic properties. 
 

  
Fig. 1. (a) – iR-corrected HER polarization curves of electrodeposited MoS2-x in 0,5 M H2SO4, scan speed 

10 mV s-1; (b) – respective Tafel slopes. 
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Stoichiometry of gases in a fuel cell is governed by Faraday’s law, which states that the amount of a 
substance consumed or produced at one of the electrodes is directly proportional to the amount of 
electricity (electrons) that passes through the cell. Thus, the hydrogen consumption rate is proportional to 
the current in the fuel cell. Though, overfeeding of gases is usually made to avoid transient starvation in 
non-steady operations. Nevertheless, direct hybridization of PEMFC and supercapacitors (SC), proved to 
reduce this hydrogen overfeeding [1]. 
The work discussed in this paper was focused on the effect of reduced hydrogen stoichiometry on the 
dynamic behavior of a PEMFC directly hybridized with SC, using the European standard cycling protocol 
(FC_DLC) for transport applications. 
According to the half-cell stoichiometry, 2 moles of electrons are produced per mole of hydrogen 
consumed (Equation 1). 

H2 → 2H+ + 2e-  (1) 
Thus, in theory, stoichiometry can be reduced to 1.0 (minimum), however this minimum does not 
correspond to optimum condition for effective operation. Rather, hydrogen stoichiometry is maintained in 
the range of 1.2 to 1.5 times the minimum required for the reliable system [2]. Hence, altering 
stoichiometry allows optimizing the hydrogen consumption.  
The present paper investigates the durability of the hybridized system by comparing the long term cycling 
operation for 1000 h on two hydrogen stoichiometric conditions, viz., 1.2 and 1.1, which corresponds to 
20 % excess and 10 % excess of hydrogen respectively. 
As expected, decreasing the hydrogen stoichiometry results in reduced hydrogen consumption, with 
hydrogen saving up to 8% over one cycle. In addition, after 1000 h of cycling operation, the comparison 
made from two stoichiometric conditions did not reveal significant differences. The electrical 
performance at the end of 1000 h was similar for the two conditions. The membrane resistances (ohmic 
resistance, charge transfer resistance, and diffusion resistance) evolution revealed comparable results. 
Additionally, in both the cases, the ECSA decreased 69 % and hydrogen crossover increased 50 %. Thus, 
the direct hybridization enables to reduce this hydrogen overconsumption without impacting the 
durability of the hybridized system.  
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Hydrogen production from methanol electrolysis is a very interesting process. The success of 
this method depends on the low operating potential that can accomplish the hydrogen production (0.02 V 
vs SHE), compared to water electrolysis (1.23 V under standard conditions). Methanol can be 
economically mass-produced mainly by synthesis gas process. A gas mixture of hydrogen and carbon 
monoxide, known as synthesis gas (syngas) is the basis for almost all methanol production pathways 
today. It is important to consider that methanol electro-reforming can take place even at ambient 
temperature and pressure. The electro-reforming of methanol is not a spontaneous reaction, so the 
supplying of electric power (DC) is fundamental for the splitting of chemically-bonded species. Methanol 
is electro-oxidized via a dehydrogenation step to produce mainly carbon dioxide (CO2), protons (H+) and 
electrons (e-) at the anode of a PEM electrolytic cell. Due to the applied potential, the produced protons 
are transferred to the cathode through the conducting membrane. Methanol has been the first and the most 
studied alcohol for hydrogen production because of its good reactivity and simplicity. However, methanol 
has high toxicity and solubility in water, and this can lead to environmental hazards. Besides that, other 
serious disadvantages of methanol electrolysis are the slow kinetics of the anodic methanol electro-
oxidation, the loss of fuel due to methanol crossover, as well as the corrosion and poison of the Pt 
containing anode. Due to the insufficient activity of pure Pt for methanol oxidation, many studies have 
been focused on Pt modification using other metals. Addition of a second metal to Pt-catalyst (Pt-M or Pt-
MOx, M=Co, Ru, Sn, Ti, Ir, etc) tends to improve the drawback of carbon monoxide poisoning. The state 
of the art and the most thoroughly investigated catalysts in literature are Pt-Ru-based catalysts deposited 
mainly on carbon supports. The main role of Ru is to offer the active sites for water oxidation at lower 
potentials. Despite their effectiveness, the high cost of these electrodes is one of the major drawbacks for 
their further commercialization. Previous studies report that TiO2 can be used to modify Pt or Pt-Ru 
electrodes in an effective way without any activity loss. Metal-based electrodes modified with TiO2 are 
considered advantageous to use due to their cost effectiveness and acid stability. In addition, Pt and/or Ru 
nanoparticles can create a uniform dispersion in the presence of TiO2. During this study, Pt-Ru catalysts 
modified with TiO2 were deposited on a Ti foam instead of classical carbon-based supports as it can act 
both as a current collector and a liquid/gas diffusion layer. In addition, Ti foam can offer an extra flow 
field for methanol fuel maintaining its stability in the strong corrosive environment prevalent within the 
fuel cell. Pt-Ru binary and Pt-Ru-TiO2 ternary electrodes with metal loadings of 1.3±0.1 mg cm-2 were 
prepared and studied as anodes for methanol electro-reforming. The cathode of the electrolytic cell was 
connected with a mass spectrometer (MS) and the hydrogen production rate (rH2) was measured in real 
time, parallel with current density for the TiO2-modified 
anodic electrode at all temperatures. 

The current densities achieved with Pt-Ru-TiO2 
electrode were higher than those observed with Pt-Ru. The 
observed higher electro-catalytic performance of TiO2-
modified electrode was mainly attributed to the enhanced 
metal dispersion as well as to the formation of smaller metal 
particles. The recorded cyclic voltammetry (CV) and the mass 
spectrometric signals (MS) for m/z=2 (hydrogen), m/z=44 
(carbon dioxide) and m/z=31 (methanol) for the TiO2-
modified electrode at 60oC are shown in Figures 1 (a) and (b). 
The observed current density as well as the hydrogen 
production rate were increased more than 5 times by 
increasing the temperature from 25oC to 60oC. The ratio of 
the calibrated hydrogen signal (m/z=2) of the MS to the 
proton flow rate (I/2F), which provides the efficiency of the 
process is presented in the inset of Figure 1. At both 
temperatures the observed values of this ratio were very 
close to unity. 

 
 

Fig. 7. Simultaneously recorded CV and MS 
signals for m/z=2, m/z=44 and m/z=31, for 
the case of the methanol solution 3M. 
Operating conditions: temperature 60ºC 
scan rate=20 mV s-1. 
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The demand for renewable energy sources and conversion systems has been increasing over the past few 
years due to the rapid depletion of the traditional energy sources, and the concern about the negative 
environmental impact of their use. Therefore, new energy resources and technologies are rapidly being 
developed to reach this objective. Electrochemistry can offer new technologies that can achieve greener 
energy alternatives and storage. For example, hydrogen which is very abundant and has high power 
density, can serve as a (surplus) energy storage media and be produced by water electrolyzers coupled to 
wind, hydro or solar power. Electrical energy can also be stored in electrochemical capacitors, which are 
very often coupled with energy conversion/storage systems (fuel cells, batteries). 
 
This research presents results on the investigation of the potential use of Ni-Mo-Ir-oxide electrodes as 
cathodes in acidic water electrolyzers and as electrochemical capacitor electrodes. Ni-Mo-Ir-oxide 
electrodes of different compositions were fabricated by a thermal decomposition method. The SEM 
analysis showed that the surface morphology of the metal oxide coatings depends on their chemical 
composition. The oxide electrodes were found to be of a semi-crystalline structure, yielding the surface 
morphology characterized by relatively high surface roughness factor. Linear potentiodynamic and 
potentiostatic electrochemical measurements revealed that the Heyrovsky reaction step controlled the 
kinetics of the hydrogen evolution on all the Ni-Mo-Ir-oxide cathodes. Electrochemical measurements 
revealed that the electrocatalytic activity of the metal-oxide electrodes is dependent on both the coating 
composition (intrinsic effect) and coating roughness (i.e., true electrochemically-active area). The Ni0.36 
Mo0.24Ir0.4-oxide and Ni0.24 Mo0.16Ir0.6.-oxide were identified as the best electrodes materials candidate 
among the investigated metal oxides, approaching closely to the activity of pure iridium oxide. 
 
On the other hand, when used as electrochemical capacitors, these electrodes show excellent surface 
stability and large specific capacitance values, yielding a capacitance value of 220 F c m-2 (for the Ni0.36 
Mo0.24Ir0.4-oxide electrode) in a three-electrode cell. Based on these findings, the authors recommend the 
use of the Ni-Mo-Ir-oxide electrodes for hydrogen production and as electrochemical supercapacitors.   
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Considering the need for alternative energy sources, Proton Exchange Membrane Fuel Cell (PEMFC) are 
among the most promising systems for reliably and efficiently converting hydrogen into electric power. 
This technology is based on a proton conductive membrane which is composed of perfluorinated polymer 
and electrodes including gas diffusion and catalytic layers. Traditionally, the cathodic catalytic layer in a 
PEMFC is composed of platinum-based nanoparticles (Pt-NPs) dispersed on a high surface area electron 
conductive carbon-based support impregnated with proton-conducting ionomer in order to achieve the 
three-phase boundaries. The three-phase boundaries corresponds to a site at platinum surface where the 
reactant, the ionic conductor (ionomer) and the electronic conductive substrate are in contact, allowing 
the electrochemical reaction to occur [1]. However, the large-scale commercialization of PEMFC is still 
hindered by issues concerning electrodes cost and durability. Moreover, the use of perfluorinated ionomer 
in the electrode formulation involves exhaust of toxic compounds and prevent the platinum recycling. In 
order to overcome these limitations, several approaches have been developed such as alloying Pt with 
non-precious metal, developing non-Pt catalysts and new materials supports, optimizing the catalytic 
layer architecture [2,3]. 

In this context, the proton-conducting polymer grafting at the surface of carbon-supported platinum 
nanoparticles leads to the formation of new catalytic layer architectures (Figure 1) that ensures the 
protons transport from the solid electrolyte to Pt active sites. This innovative design is a promising way to 
enhance electrocatalyst efficiency and reduce the Pt loading in electrodes. Moreover, platinum surface 
grafting allows decreasing the ionomer amount in the catalytic layer as well. The catalyst activity can be 
optimized by controlling the nature and structure of the grafted polymer. The morphology and 
composition of the catalysts are characterized by physical methods such as thermogravimetric analysis 
and transmission electron microscopy. Electrocatalytic properties are determined by cyclic voltammetry 
and oxygen reduction reaction measurements as well as in operating conditions in PEMFC system.   

 
Figure 1 - Chemical architecture of the carbon supported platinum nanoparticles grafted by a proton-conducting polymer (PSSA) 
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Electrochemical reduction of CO2 using renewable energy is a promising method to reduce CO2 emission 
and curb our dependence on fossil fuels.1 Among the commonly reported CO2 reduction products, 
HCOOH stands out due to its wide use as liquid fuel and in chemical, textile and agricultural industries.2 
Electrochemical reduction of CO2 has been studied extensively. However, the mechanism of 
electrocatalytic CO2 is still unclear and the by-products during CO2 reduction process are difficult to 
avoid.  
 
Numerous research efforts have been focused on copper electrodes owing to its unique ability to produce 
various kinds of products (CO, HCOOH, CH4, C2H4, etc.) from CO2 electroreduction.3 In CO2 reduction 
system, it is widely accepted that the formation of H2, CO and HCOOH can be achieved after the first two 
proton-electron transfer, and CO can be further reduced to other products.4,5 Therefore, it is meaningful to 
know the mechanism of the first two proton-electron transfer process. In this work, we will show tunable 
selectivity of electroreduction CO2 to either HCOOH or CO on polycrystalline Cu electrode modified by 
different organic additives. Furthermore, the fundamental mechanism study on this electrode will be 
discussed.   
 
 

1. Davis, S. J.; Caldeira, K.; Matthews, H. D. Science 2010, 329, 1330−1333. 
2. Pérez-Fortes, M., Schöneberger, J. C., Boulamanti, A., Harrison, G., & Tzimas, E. Int, J. 

Hydrogen Energy 2016, 41, 16444-16462. 
3. Kuhl, K. P.; Cave, E. R.; Abram, D. N.; Jaramillo, T. F. Energy Environ. Sci. 2012, 5, 7050-

7056. 
4. Kortlever, R., Shen, J., Schouten, K. J. P., Calle-Vallejo, F., & Koper, M. T. J. Phys. Chem. 

Lett., 2015, 6, 4073-4082. 
5. Yoo, J.S., Christensen, R., Vegge, T., Nørskov, J.K. and Studt, F., ChemSusChem 2016, 9, 358-

363. 
 
 
 
 
 
 
 



Preparation of nanostructured CuxCoyOz anodes by magnetron 
sputtering for anion exchange membrane water electrolysis 

 
A. de Lucas Consuegra1*, E.López-Fdez2, J. Gil-Costra2, J. P. Espinós2, F. Yubero2, A. R.González-Elipe2 

1Department of Chemical Engineering, School of Chemical Sciences and Technologies, University of 
Castilla-La Mancha, Spain. *Email: Antonio.Lconsuegra@uclm.es 

2Laboratory of Nanotechnology on Surfaces, Institute of Materials Science of Seville (CSIC), Spain 
 

In recent years, hydrogen is considered as a feasible alternative energy source. It can be obtained by 
different processes using a great variety of materials. Water electrolysis is a sustainable and 
environmentally friendly process. Alkaline water electrolysis and proton exchange membrane (PEM) 
electrolysis are the most used types of electrolysis despite anion exchange membrane (AEM) electrolysis 
solves the associate problems with the other two technologies. Besides increasing its electrical efficiency, 
other requirements such as decreasing the amount of material in the electrodes or the possibility of using 
water without potassium hydroxide are critical points to expand the possibilities of the AEM electrolysis.  
On this study different anodes from copper-cobalt mixed oxide have been prepared by magnetron 
sputtering at oblique angles for the purpose of using them in AEM electrolysis cells. The different 
electrodes have been initially tested in a 3-electrode glass cell under 1 mol dm-3 KOH solution prepared 
with deionized water under room condition. The influence of the Co/Cu ratio, the crystallization 
temperature or the thin film thickness have been investigated on the electrocatalytic performance of the 
system. A thorough characterization of the thin films deposited before and after the electrocatalytic 
experiments were also performed in order to evaluate the stability of the anodes.  
Fig. 1.a) shows a diagram of the electrode manufacturing process using magnetron sputtering, Fig. 1.b) 
compared the cyclic voltammetry curves of different prepared Cu/Co anodes in a 3-electrode glass cell 
configuration and Fig. 1.c) shows the SEM images of the electrode prepared with a power of 50-150 W of 
Cu-Co respectively. The obtained results demonstrate that among the different prepared anodes the Cu/Co 
50-150 W, which corresponds to a Cu/Co molar ratio of 1/9, led to the best electrocatalytic activity. The 
SEM images revealed that the used preparation technique allows to prepare a well adhered thin film 
which keep the macroporosity of the carbon paper support.  

 Figure 1. a) Diagram of the Magnetron Sputtering Process; b) Voltametric curves of different Cu/Co 
ratios anodes; c) SEM images of the Cu/Co (50/150W) deposited on Carbon paper support 

a) 

b) 

c) 
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The electrochemical reforming of alcohols (or electrolysis of water-alcohols mixtures) is a very interesting 
method for hydrogen production with lower energy requirements vs. conventional water electrolysis. This 
technique allows to produce a pure hydrogen stream from different kind of aqueous solutions of biomass 
derived molecules such as: alcohols, aldehydes, organic acids, etc [1]. In previous studies of 
electrochemical reforming, anodic catalyst based on Pt, Pt-Ru or Pt-Sn supported on commercially 
available Carbon Vulcan have been used [2]. However, electrochemical reforming reaction was found to 
be influenced by the support nature. Hence, the aim of this work was to synthesize different anodic catalyst 
based on Pt-Sn (3:1 molar ratio) and 20 % of total metal loading, supported on different carbonaceous 
supports, e.g. graphite oxide, functionalized low-density nanofibers, expanded graphite oxide, graphene 
flakes and commercial non-functionalized low-density nanofibers, β-SiC and carbon Vulcan. 
Physicochemical characterization of the synthetized catalyst was performed by means of N2 
adsorption/desorption, XDR, TEM, pulse H2 chemisorption and conductivity measurements. In addition, 
electrochemical characterization was conducted in a 3-electrode cell in order to calculate the 
electrochemical active surface area (ECSA) and the ethanol electro-oxidation activity. Among the different 
synthesized materials, Pt-Sn supported on non-functionalized low-density nanofibers (CNF LS) showed 
the highest electro-catalytic activity, which was attributed to the combination of different properties such 
as the higher basicity of the support, a high BET specific surface area, a high electrical conductivity and 
ECSA values. Therefore, this anodic catalyst was chosen for the development of a Membrane Electrode 
Assembly (MEA) to be tested for the electrochemical reforming of ethanol. Fig. 1 (left) shows the overall 
experimental procedure followed on this study while Fig. 1 (right) shows some of the electrochemical 
reforming results obtained in a MEA composed by Pt-Sn/CNF LS as anode and Pt/C as cathode. 
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Figure 1 (Left) Overall experimental procedure. (Right) Polarization curves obtained at different temperatures on the 
electrochemical reforming with a MEA based on Pt-Sn/CNF LS-Nafion-Pt/C. Conditions: Anode chamber (4 mol·L-1 

ethanol-water solution, feeding rate of 3 mL·min-1) and cathode chamber (water, feeding rate of 3 mL·min-1). 
 
It can be observed that the developed MEA based on selected Pt-Sn/CNF LS provides a high electro-
catalytic activity in comparison with previous studies (130 mA·cm-2 at 1.4 V and 80 ºC) leading to energy 
consumption values below 30 kWh·kgH2

-1. In addition, in view of its practical application for the renewable 
hydrogen production from ethanol reforming, studies on the stability of the system in mild-term 
performance tests and its further regeneration (not shown here) were also carried out. The obtained results 
show the potential of using Carbon Nanofibers as anodic catalyst supports as an alternative to Carbon 
Vulcan materials.  
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One of the most promising technologies for the increasing demand of energy are the polymer electrolyte 
membrane fuel cells (PEMFCs). The main challenge for the final commercialization of PEMFC is the 
cathode side oxygen reduction reaction (ORR), which is extremely slow also at the state of the art Pt 
based catalyst. Furthermore, the utilization of Pt based catalyst is slowed down by the high cost and low 
availability of Pt.  
Recently, the preparation of Pt bimetallic systems has attracted considerable attention because the amount 
of Pt could be reduced while the catalytic activity and stability may be maintained or even improved, due 
to the so called "geometric effect" and "ligand effect". From theoretical calculations Pt3Y exhibits the 
second highest ORR activity ever measured on a polycrystalline electrode, surpassed only by single 
crystal Pt3Ni (111) and, above all, it has a catalytic activity greater than pure platinum. 

A new approach to the synthesis of faceted Pt alloy nanocrystals was subsequently developed based on 
the use of CO gas. This CO-based method is capable to produce Pt bimetallic nanocrystals with a range of 
compositions and morphologies (figure 1a). 
In this paper, we describe the synthesis and characterization of PtxY nanoparticles (NPs) supported on a 
commercial carbon black graphitized. The PtxY NPs were prepared following a solid state synthesis in a 
quartz tubular furnace, under H2/CO flow. The influence temperature, synthesis time and H2/CO gas 
reduction on NPs shape, dimension , distribution and PtxY formation was investigated by TEM, XRD and 
XPS analysis. The catalytic activity for ORR was rationalized in terms of NPs shape, dimention and alloy 
amount. Figure 1b compares the preliminary results on PtxY with a commercial standard (TKK 46 % Pt) 
and Pt@C synthetized by H2-CO gas. 

 
Fig. 1. a) TEM image of PtxY on CB synthetized at 228°C for 3 h b) Linear sweep voltammetry of PtxY@CB and the commercial 
standard Tanaka 50% Pt on rotating disk electrode at 1600 rpm, 20 mV s-1 in 0.1 M HClO4. 
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The electrochemical oxygen reduction reaction (ORR) is one of the most important reactions with regards 
to sustainable energy conversion. However, commercialization of proton exchange membrane fuel cells 
(PEMFC) is hindered due to the slow kinetics of the ORR and therefore the requirement of large 
quantities of precious metals.  Among the most promising non-precious metal catalysts (NPMCs) are the 
transition metal and nitrogen doped carbon nanocomposites (Me-N-C) [1]. However, due to the high 
heterogeneity of Me-N-C catalysts, several controversies in the understanding of the active sites apply. 
More than ten years ago, Dodelet’s group proposed that micropores are required for the formation of 
ORR active sites [2]. However, in some papers, depending on the preparation route, a correlation of the 
kinetic current density with either the microporous or mesoporous surface area was found [2-4]. 
Porphyrin-based catalysts have proven to be suitable reference systems for systematic studies [5].  
In this work, two series of catalysts were prepared by the pyrolysis of carbon-supported 
chloroirontetramethoxyphenylporphyrin (FeTMPPCl). In the first series, the FeN4 coverage on the 
mesoporous surface area of the different carbon-supports was kept constant. It was assumed that, due to 
the size of the porphyrins, a coverage of the microporous surface area is not likely. The constant coverage 
of different carbon blacks leads to a variation in the weight percentage of FeN4 sites in this series. In the 
second series, the overall weight percentage of FeN4 sites was kept constant for all carbon supports 
similar to the catalysts discussed by Herranz et al. [3] but at a higher loading. Specific surface areas and 
pore size distributions of the supports and catalysts were determined from N2-sorption measurements. The 
N2-isotherms were analyzed with the help of a recently developed heterogeneous etched model for 
carbonaceous materials [6]. The presence and abundance of Fe species in the bulk of these catalysts was 
studied with Mößbauer spectroscopy. Coordinating species of Fe and N on the surface were studied with 
X-ray photoelectron spectroscopy (XPS). The overall C- and N-content was determined with elemental 
analysis. TEM pictures showed the absence of nanoparticles and revealed the graphene layers of the 
carbon black in the catalyst. 
The activity and selectivity of the catalysts in both series were measured in acid and alkaline media with a 
rotating ring-disk electrode (RRDE) setup. The hydrogen peroxide reduction reaction (HPRR) was 
measured in acid media and correlations with Fe loading and specific surface area were investigated. Both 
the activity and selectivity for the ORR and activity for the HPRR show strong correlations with 
FeTMPPCl loading and surface area. In order to verify the influence of specific surface regions and / or 
iron species, a profound analysis with N2 sorption as well as Mößbauer spectroscopy was performed.  
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Oxygen evolution reaction (OER) is a crucial component in advancing sustainable technologies, 

such as water electrolyzers and metal-air batteries. Due to the complexity of OER mechanism and 
sluggish reaction rates, researchers have paid special attention to the understanding of the electrocatalysis 
occuring at the electrode/electrolyte interface. Many efforts have been put on developing OER 
electrocatalysts with high efficiency and stability. However, in alkaline conditions, there is also a lack of 
fundamental understanding on the role of the electrolyte, which directly participates in OER reaction by 
supplying OH-. In this work, we investigate the effect of adding a supporting electrolyte on the OER 
activity of IrO2 catalyst. Specifically, two types of supporting electrolytes with alkali metals (Na+ and K+) 
at different molar concentrations are added to 1 M KOH electrolyte. We perform linear sweep 
voltammetry (LSV) and electrochemical impedance spectroscopy (EIS) testing on a rotating disk 
electrode (RDE). Our preliminary LSV result suggests that adding a supporting electrolyte of either Na+ 
or K+ leads to a decrease in OER activity. From EIS data, adding alkali metals in the electrolyte reduces 
ionic resistance but increase charge transfer resistance, which is consistent with our LSV observation. We 
suspect that the reduced catalytic activity is due to the interaction of the cations (Na+ and K+) with the 
OH-, which slows down OH- adsorption in the electrical double layer. The higher loss of catalyst activity 
from Na+ indicates that Na+ has a stronger interaction with OH- as compared to K+ in the electrolyte. 
Understanding the roles of electrolyte on catalyst performance helps elucidate OER mechanism in 
alkaline media, which contributes to designing more efficient water electrolyzers and metal-air batteries. 
 



Porous Transport Electrodes - 
The Influence of Depositing Electrodes on Porous Transport Layers on 

the Polarization Behavior of PEM Water Electrolyzers 
 

Melanie Bühler1,2, Friedemann Hegge2,3, Simon Thiele1,2,3,4 

 

1Hahn-Schickard, Georges-Koehler-Allee 103, 79110 Freiburg, Germany 
2Laboratory for MEMS Applications, IMTEK Department of Microsystems Engineering, Georges-

Koehler-Allee 103, University of Freiburg, 79110 Freiburg, Germany  
3Forschungszentrum Jülich GmbH, Helmholtz-Institute Erlangen-Nürnberg for Renewable Energy (IEK-

11), Forschungszentrum Jülich, Egerlandstr. 3, 91058 Erlangen, Germany 
4Department of Chemical and Biological Engineering, Friedrich-Alexander-Universität Erlangen-

Nürnberg, Egerlandstr. 3, 91058 Erlangen, Germany 
 

melanie.buehler@hahn-schickard.de 
 
To establish PEM water electrolyzers (PEMWEs) in large-scale applications durability, performance and 
cost still have to be improved. Particularly the interfaces between the porous transport, catalyst and 
membrane layers are supposed to be a crucial source for polarization losses [1]. In this contribution we 
present a comparative study that focuses on changing the interface between membrane and catalyst layer 
by fabricating porous transport electrodes (PTEs) instead of catalyst coated membranes (CCMs).  
State-of-the-art catalyst coated membranes (CCMs) are fabricated via depositing catalyst layers on a 
transfer substrate and then hot pressing them onto a free standing proton exchange membrane [2]. 
Therefore membrane and catalyst layers are intimately connected to each other but the contact to the 
external electrical circuit has to be realized by pressing porous transport layers (PTLs) onto the CCM 
which can result in non-optimal contact resistances. On the other hand, by depositing the catalyst layer 
directly on the PTL, its contact to the catalyst layer is improved, but the contact to the membrane 
deteriorates since it has to be established by the compression of the cell. 
For PEM fuel cell applications, the ionic interface between membrane and catalyst layer plays a central 
role [3]. However, it has so far not thoroughly been investigated whether this is also the case for a 
PEMWE. In a PEMWE, the pores of the anode catalyst layer are filled with water, as is the interface 
towards the membrane. Therefore protonic pathways via the interface between membrane and electrode 
might be much better as compared to a fuel cell. Consequently in this work we investigate different 
manufacturing modes from full CCMs to half coated CCM / PTEs to full PTEs (Fig. 1). Thus we try to 
unravel different loss mechanisms along the interfaces between transport, catalyst and membrane layers 
and discriminate between interface effects on the anode and cathode sides, which due to different wetting 
behaviors and materials compositions, might play a different role for cell polarization. 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 1: Development of porous transport electrodes (PTEs) for PEM water electrolyzers. 

 
References 
[1] P. Lettenmeier, S. Kolb, N. Sata, A. Fallisch, L. Zielke, S. Thiele, A.S. Gago, K. A. Friedrich, Energ. 
Environ. Sci., 10(12) (2016), pp. 2521-2533. 
[2] D. Bessarabov, H. Wang, H. Li, N. Zhao (Eds.), PEM electrolysis for hydrogen production: principles 
and applications, CRC press (2016). 
[3] M. Klingele, M. Breitwieser, R. Zengerle, S. Thiele, J. Mater. Chem. A., 3 (2015), pp. 11239-11245. 



NMR and EPR Spectroscopies as Valuable Tools for the Investigation 
of Membrane Degradation in PEM Fuel Cells 

 
Philipp Frühwirt, Georg Gescheidt 

Institute of Physical and Theoretical Chemistry, Graz University of Technology 
Stremayrgasse 9/II, 8010 Graz, Austria 

philipp.fruehwirt@tugraz.at 
 

Owing to their high chemical and mechanical stability and their excellent proton conductivity 
perfluorosulfonic acid (PFSA) membranes such as Nafion® are commonly used in proton-exchange 
membrane fuel cells (PEMFCs). However, their stability against attack of reactive oxygen species (ROS) 
like ·OH radicals is limited [1,2].  
 
The source of these ROS is believed to be hydrogen peroxide which is generated at both cathode and 
anode side [2]. H2O2 then diffuses into the membrane where it can react with transition metal impurities 
(e.g. Fe2+) to yield ·OH radicals in the Fenton reaction [3,4].  
 
Under certain conditions metallic platinum present in the catalyst layer is dissolved on the cathode side. 
The resulting ionic species (Pt2+ and Pt4+) migrate into the membrane and are reduced by crossover 
hydrogen yielding platinum particles [5]. These nanoparticles are known to convert H2O2 to ROS [6,7].   
 
Using electron paramagnetic resonance (EPR) spectroscopy the question if ionic platinum species can 
also participate in Fenton or Fenton-like reactions is addressed. Due to the extraordinary reactivity of ·OH 
radicals a spin trap (DMPO) [8] has to be employed in ex-situ experiments.  
 
Furthermore, the attack of these highly reactive radical species on the Nafion® membrane is also 
investigated by nuclear magnetic resonance (NMR) spectroscopy. A 19F NMR spectroscopic analysis of 
the effluent water allows the assessment of the functionality of the membrane.   
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Water oxidation, or the oxygen evolution reaction (OER), is a key half reaction of many electrochemical 
processes for sustainable energy production such as water splitting and CO2 reduction. The energy 
efficiency of an electrolyzer is to a large part determined by the performance of the OER electrocatalyst. 
To increase the efficiency, the use of active and stable electrocatalysts is needed, especially under acidic 
conditions, where polymer electrolyte membrane (PEM) electrolyzers are operated.  
Nowadays, high loadings of precious metal electrocatalysts, such as Ir, are used to minimize the 
overpotential. [1-5]. To reduce the content of precious metals and increase their active surface, new and 
more sustainable electrocatalysts have to be developed. 
 
Herein, we use a simple and fast microwave synthesis to produce Ir-based nanoparticles (Fig. 1A). High 
reproducibility and size control is achieved and confirmed by transmission electron microscopy (TEM). 
Several alloys with transition metals are synthesized, e.g. IrFe. The nanoparticles show narrow size 
distribution and diameters around 1.5 – 2.5 nm.  
The nanoparticle performances are evaluated for OER. Cyclic voltammetry is used to evaluate the 
overpotential at 10 mA cm-2 (Fig 1B). The electrochemichally active surface area (ECSA) is calculated by 
hydrogen underpotential deposition on metallic Ir-based nanoparticles. Stability tests are performed by 
controlled current electrolysis, holding a current density of 10 mA cm-2 for 2 hours. Promising 
electrocatalysts are successfully developed, showing low overpotential and suitable stability as well as 
minimized Ir content. 
 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

Fig. 1. (A) General synthesis via microwave reaction and electrode preparation scheme of the nanoparticles. 
(B) Cyclic voltammetry of Ir and FeIr nanoparticles between 1.0 V and 1.6 V vs RHE recorded at a scan of  
10 mV s-1. The working electrode used is a GC-RDE rotated at 1600 rpm using 0.5 M H2SO4 bubbled with Ar 
as electrolyte. 
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Global warming and the huge production of the greenhouse gases are very actual concerns. A new 
paradigm for energy production must be followed, and in this context the possibility to increase the usage 
of renewable energies and the development and research on new technologies for efficiency energy 
production and storage are very actual issues. Fuel cells and metal air batteries are possible solutions to 
the worldwide energy requirements, but, to date, the Oxygen Reduction Reactions (ORR) still remain a 
bottleneck for a wide spread and use of these technologies. 
 
For this reason, in the last 50 years a huge amount of work has been done on this reaction, in term of 
understanding the possible reaction mechanisms of the process and of investigating new cathodic 
materials to reduce the overall overpotential 
 
To date, platinum metal group, finely dispersed on suitable carbon support, are the best materials 
commercial available[1,2]. However, some important drawbacks are connected with the use of Pt as 
catalytic metal: i) high cost; ii) scarcity; iii) stability of micro- and nano- particles on carbon support; iv) 
poisoning with CO[3]. Therefore, obtaining new catalytic materials able to improve the activity, 
selectivity, and durability of the ORR reactions is desirable. 
 
In this context, we have synthetized different carbonyl Pt clusters, either belonging to the [Pt3n(CO)6n]2- 
series (Chini-type clusters), or based on fcc close packed metal cores, to prepare nanostructured 
electrocatalyst, supported on black carbon (Vulcan XC72R®) powder, to be employed as positive pole in 
fuel cells and metal air batteries. The synthesis and physico-chemical characterization will be briefly 
presented and discussed. The electrochemical characterization of composite electrocatalytic powders has 
been carried out using Rotating Ring Disk Electrode in order to investigate the reduction route: 4 or 2 
electrons pathway.  
 
The values of ORR onset potentials and limiting currents for these new Atomically precise metal clusters 
are very interesting, especially for [Pt15(CO)30]2- and [Pt24(CO)30]2- which exhibits higher limiting currents 
than a commercial Pt-loaded carbon powder, despite the lower amount of noble metal. Moreover, these 
powder show a very low production of H2O2, thus indicating a preferential route for 4-electrons pathway 
reduction reaction. The results are presented in term of specific activity and mass activity. 
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The fast increase of the demand for energy inevitably leads to the pollution of the global environment. In 
order to overcome the environmental problems and achieve sustainable development, green renewable 
energy storage and conversion systems, such as regenerative fuel cells and rechargeable metal-air batteries, 
have attracted more and more attention over the past years. Among the related research, enormous research 
effort has been devoted to develop highly efficient, stable and earth-abundant catalysts, which may catalyze 
the key electrochemical reactions i.e. oxygen reduction reaction (ORR) and the oxygen evolution reaction 
(OER). In the past resource-limited noble metals, such as Pt, Ir and Ru have been utilized as electrocatalysts 
for reversible oxygen electrodes. However, their high-cost and scarcity have limited their wide scale 
application as ideal electrocatalytic materials. Heteroatom-doped carbon materials (e.g. graphene, carbon 
nanotubes and carbon black) and transition metal/metal oxides (e.g. Fe, Mn and Co) are promising 
alternative electrocatalysts for oxygen electrodes, but under certain harsh conditions (e.g. high temperature, 
strong corrosion), non-precious metal catalysts are very easy to be deactivated. Herein, we demonstrate a 
novel method to use mesoporous silicon as a template, followed by using chemical vapour deposition 
method to encapsulate the transitional metal oxide particles in the heteroatom-doped graphene cavity which 
effectively prevents the catalytic core from contacting the reaction medium directly. Their electrocatalytic 
performance for both the ORR and OER in alkaline solution has been improved by the three-dimensional 
structure and rich active sites of the heteroatom-doped graphene. 
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Given the high specific energy density and potentially clean production, hydrogen is a promising energy 
carrier to replace the traditional fossil fuel-based energy. Some major application bottlenecks so far are 
the low hydrogen conversion efficiency and the high cost. It is thus of high interest to design highly active 
and cost-effective electrocatalysts to increase the hydrogen fuel generation by water electrolysis. Here, we 
show that by modifying the structure and studying interfacial cause-effect-relationships in the hydrogen 
evolution reaction (HER) and the oxygen evolution reaction (OER) in Ni-based nano-catalysts. It is 
noteworthy that the performance can be drastically improved after the modification. Based on different 
pH conditions during synthesis of NiO nanoflakes (NFs), the crystal growth direction and morphology of 
the NiO nanostructure can be altered according to different surface charges, which control the exposure of 
the surface active sites, resulting in much improved catalytic performance. Additionally, by incorporating 
a redox active dopant (Fe), NiO can be tuned into higher catalytic efficiency and becomes bi-functional 
with respect to the OER and the HER processes under alkaline conditions. Exploring the 3D synergistic 
NiFe nano-layered double hydroxide, we find improved catalytic performance after prolonged use, where 
the current density increases from 9.3 mA cm-2 to 12.7 mA cm-2 during 100 h running at 1.7 V without iR 
compensation in a 2-electrode system. In order to understand the function and precise mechanism of 
metal doping and the synergistic effect to improve the catalytic property after prolonged use, we use in 
situ Raman spectroscopic and electrochemical impedance spectroscopy (EIS) to monitor the interfacial 
redox species and reaction dynamics. The structural and physical characterization on 3D ultrathin NiFe 
nano-layered double hydroxide were also investigated with XRD, SEM, TEM and XPS before and after 
100 h electrolysis in a two electrode configuration in 1 M KOH at room temperature. The results show 
that structure changes after the oxygen evolution reaction are minor, while, after the hydrogen evolution 
reaction, the catalyst undergoes recrystallization as observed by selected area electron diffraction 
(SAED), with markedly improved electrocatalytic activity. The successful identification of the underlying 
reason for the electrocatalytic improvement offers possibilities for a rational design of Ni-based nano-
catalysts, and possibly also for other material systems for use as efficient electrocatalysts for practical 
alkaline HER and OER processes. 
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Cyclic voltammetry has already been used to characterize the reducibility of the B site and formation of 
oxygen vacancies within perovskite type ABO3 metal oxides at high temperature [1–3]. Previous studies 
of the porous Co-rich compound, La0.7Sr0.3Co0.8Fe0.2O3-δ, deposited on CGO have been carried out by 
cyclic voltammetry [4] and Raman spectroscopy measurements, under applied dc voltage [5]. A 
reversible phase transition from perovskite (ABO3) towards the brownmillerite (ABO2.5 or A2B2O5) was 
observed under cathodic polarization leading to the existence of two cathodic peaks on the 
voltammograms under air tentatively attributed to the reduction of Co4+ to Co2+. On the contrary, for the 
porous Fe-rich LSCF compound, Kournoutis et al [6] have concluded that no peak was observed under air 
at high temperature. However, by decreasing of the partial oxygen pressure, current peaks appeared both 
in the forward and backward scans. 
In the present work, La0.6Sr0.4Co0.2Fe0.8O3-δ deposited on CGO was studied by cyclic voltammetry and dc 
bias impedance measurements in the temperature range of 300 to 700 °C and oxygen partial pressures 
equal to 0.21 and 1.8×10-4 atm. LSCF was deposited with two different microstructures: (i) porous film 
with a thickness of 10 μm prepared by Screen Printing (SP) and (ii) dense thin film (1.8 μm in thickness) 
deposited by Electrostatic Spray Deposition (ESD) [7]. The purpose of the study was to understand the 
role of the microstructure and the oxygen partial pressure on the shape of the voltammograms and the 
variation of the series resistance, Rs, as a function of the dc bias. 
We demonstrate that the LSCF microstructure has a strong influence on the shape of the voltammograms 
(see figure above) and on the variation of the series resistance, Rs, as a function of the dc bias. For the 
dense thin film, one cathodic peak and one reverse anodic peak were evidenced under air whatever the 
temperature. Rs was also found to increase with the dc cathodic bias. On the contrary, no peaks and no Rs 
increasing were observed with the porous thick film under the same conditions. Decreasing the oxygen 
potential pressure allowed the peaks to be evidenced. Concomitantly, Rs was found to increase. The 
results are discussed in terms of oxygen exchange rate at the LSCF/gas interface, which depends on the 
LSCF specific surface area and the oxygen partial pressure. 

 
Figure: Typical cyclic voltammograms (v = 20 mV/s, 500 °C); dense sample (a) and porous sample 

under pO2 = 0.21 atm (b) and pO2 = 1.8×10-4 atm (c). 
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The main challenge for the final commercialization of proton exchange membrane fuel cells (PEMFC) is 
the cathode side oxygen reduction reaction (ORR), which is extremely slow, also at the state of the art Pt 
based catalyst. Furthermore, the utilization of Pt based catalyst is slowed down by the high cost and low 
availability of Pt. To overcome this shortcoming, large efforts are currently devoted to test platinum 
group metal (PGM) alloys with rare earth metals, in order to reduce the content of the PGM, while 
maintaining a sufficient catalyst activity and durability [1]. Bearing this in mind, we have considered Pd-
Y as a potentially innovative catalyst for ORR in PEMFC.  

In this paper, we describe the synthesis and the characterization of Pd-Y nanoalloys supported on 
a commercial carbon black Vulcan XC-72. The Pd-Y nanoparticles (NPs) were prepared by Laser 
Ablation in Liquid (LAL), by focusing the pulses of a Q-switched Nd-YAG laser (1064 nm, 6 ns, 50 Hz, 
100 mJ/pulse) with a 10 cm focal lens, up to a fluence of 9 J/cm2, on a bimetallic Pd3Y target dipped in, 
either ethanol, acetone or n-hexane. After the synthesis, the colloids obtained in ethanol and acetone were 
reduced in volume by using a rotating evaporator. The colloid in hexane, which was not stably dispersed 
in the liquid over several hours, was centrifuged, separated by the pristine liquid and resuspended in 
acetone. Ethanol, acetone and hexane were selected because of their ability to prevent oxidation of 
transition metals during laser ablation synthesis of bimetallic nanoparticles, as previously demonstrated 
with LAL of other nanoalloys containing noble and not-noble metals [2].  

TEM and XPS analyses revealed a strong effect of the solvent employed during LAL on both 
NPs dimension and surface composition (Figure 1a and b). Pd-Y NPs were supported on a Vulcan XC-72 
(Pd-Y/C) in order to obtain a Pd loading of 30% (w/w). The resulting catalyst was dispersed in an 
isopropanol/Nafion solution and drop-casted on a GC RDE tip for full electrochemical characterization in 
both Ar purged and O2 saturated 0.1 M HClO4 electrolyte. The catalytic activity of Pd-Y/C for ORR was 
rationalized in terms of NPs shape, dimension and alloy amount.  

 
 

Fig. 1. a) TEM image of Pd-Y synthetized by LAL in hexane. b) XPS spectra of Pd-Y prepared by LAL in the three different 
solvents. 
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We introduce a simple and scalable preparation method for colloidal precious metal nanoparticles (NPs) 
that overcomes the typical restrictions in catalyst synthesis, i.e. the independent control of individual 
parameters such as size, size-distribution, and particle density (metal loading). Our Co4Cat (Colloids for 
Catalysts) synthesis concept uses alkaline low-boiling point solvents without the use of additional 
surfactants. The Co4Cat concept is an advancement of our “toolbox” synthesis approach consists that was 
previously applied to Pt based PEM fuel cell catalysts and can be applied to different mono- and 
multimetallic precious metal NPs as well as different support types. 

In the presentation, the general idea of the Co4Cat concept, as well as the individual synthesis steps are 
discussed in detail. Ir based NPs are prepared and tested as oxygen evolution reaction (OER) catalysts for 
water electrolysis under acidic conditions. The electrochemical testing is benchmarked against literature 
values as well as commercially available OER catalysts. In electrochemical half-cell tests, it is shown that 
due to the very high surface area, exceptional mass activities can be achieved. 
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Polymer electrolyte membrane (PEM) water electrolyzers producing hydrogen are promising storage 
systems for renewable energy. Reducing the capital cost of PEM electrolyzers without sacrificing 
efficiency is one of its most pressing challenges. Gas diffusion layers (GDL), such as felts, foams, meshes 
and sintered plates, are key stack components, but these are either inefficient or expensive. Therefore a 
new type of GDL produced via vacuum plasma spraying (VPS) is presented, which offers a large 
potential for cost reduction. With this technology, it is possible to introduce a gradient in the pore-size 
distribution along the thickness of the GDL by varying the plasma parameters and titanium powder 
particle sizes. This property was confirmed by cross-section scanning electron microscopy (SEM). The 
porosity, pore radii distribution and pore entry distribution were determined by using X-ray computed 
tomography (CT) and mercury intrusion porosimetry. Pore radii of ca. 10 Pm could be achieved in the 
layers of the GDL close to the bipolar plate, while those in contact with the electrodes were in the range 
of 5 Pm. PEM electrolyzer performances achieved by the thermally sprayed Ti-GDLs were comparable to 
those of the state-of-the-art sintered plates and far superior than those of meshes. Moreover, a numerical 
model showed that the reduced capillary pressure and tortuosity eliminates mass transport limitations at 2 
A/cm2. The results presented herein demonstrate a promising solution to reduce the cost of one of the 
most expensive components of the stack [1] [2]. 
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Fuel cells are recognized as high efficiency, environmentally friendly future power sources. 
Since using hydrogen as a fuel has its disadvantages concerning the storage safety issues, some small 
organic molecules can be used as a fuel instead, keeping the process environmentally harmless, with 
water and carbon-dioxide as side products. Noble metal based nanomaterials are very convenient as 
catalysts for these reactions owing to highly developed surface area - increasing noble metal utilisation, as 
well as high corrosion stability and excellent conductivity. Platinum is a state of the art material for fuel 
cells anode catalysts, both for oxidation of hydrogen or small organic molecules. However, its activity 
and stability can be improved in various ways. Improvement of the catalytic performance can result in the 
reduction of noble metal loading, enabling the lower total fuel cells costs, since it is the key issue that 
prevents mass commercialization of this promising green technology. 

In this research, carbon supported platinum nanoparticles were synthesized by water-in-oil 
microemulsion method, with addition of certain surfactants and capping agents in order to produce 
nanoparticles of a predetermined shape [1,2]. This method includes the formation of nanodroplets, that 
contain precursor and capping agent, which act as nanoreactors when the reducing agent is added. 
Formation of cubic Pt nanoparticles (≈8nm) supported on Vulcan XC-72R resulted in increased activity 
and improved stability towards the oxidation of formic acid, due to the higher contribution of (100) 
oriented planes at the catalyst surface. To further improve the catalytic properties, the same synthesis 
method was used to produce the bimetallic platinum-gold nanoparticles. PtAu systems are known for their 
good performance in the formic acid electrooxidation, but have not been synthesized with water-in-oil 
microemulsion method so far. Using different synthesis conditions resulted in the formation of PtAu 
nanoparticles with diverse structure, composition and morphology. 

Tuning the catalyst properties at 3D level has resulted in improved electrochemical behaviour. 
Effect of altered structure and composition is detectable electrochemically (Fig1a,b), and by different 
physical techniques, such as High Resolution Transmission Electron Microscopy (Fig1a inset), 
Electrodispersive X-ray Spectroscopy (Fig1b inset), X-ray Diffraction and X-ray Photoelectron 
Spectroscopy. The improved catalytic properties for formic acid electrooxidation were confirmed by 
cyclic voltammetry and chronoamperommetry in HCOOH-containing electrolyte (Fig1c).  

 
Fig. 1: a) Short range CV recorded at Pt catalyst with preferentially cubic NPs with HRTEM inset; b) CV 
recorded at PtAu nanocalyst with EDS map inset; c) FAO at shaped Pt and PtAu catalysts, anodic sweep;  
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The excessive use of fossil energy sources during the last 100 years is considered to be one of the main 
factors for global warming, as a result of excessive exhaust of CO2 into the atmosphere. This has led to 
development of alternative energy conversion technologies throughout the world.  Hydrogen produced 
from the easily accessible natural source water is a nearly perfect candidate for green energy conversion 
and storage. In the last decade the electrical conversion of water to hydrogen (H2) and oxygen (O2) has 
become a main field of interest for research, industry and environmental policies motivated by the rapid 
increase of global warming. 
The oxidation of water to O2 is a complicated 4 electron transfer process with a minimum thermodynamic 
energy requirement of 1.23 V vs the reversible hydrogen electrode (RHE). Although the reaction pathway 
and kinetic parameters have been investigated in great detail, the interplay of kinetics and mass transport 
at real catalysts is still not fully understood today. Here we suggest that a deeper understanding in 
reaction pathway, limiting steps and kinetic behavior of a specific catalysts for the oxygen evolution 
reaction (OER) can be obtained by studying single nanoparticles electrocatalysis instead of large 
ensembles.[1] 
Transition metal oxide nanoparticles with high catalytic activity for the OER were reported by numerous 
groups throughout the world based on ensembles measurements.[2] However, applying different amounts 
and types of binders and additives the different catalysts data are difficult to compare directly.  To 
overcome this issue, here we demonstrate single nanoparticle electrochemistry based on “nano-impact”[3] 
studies of OER in alkaline media and using nanocatalysts of less than 10 nm in diameter. This new 
approach uses the random collision of nanoparticles, resulting from their Brownian motion, on an inert 
ultramicroelectrode surface controlled potentials to drive the desired reaction during the “impact” time of 
the nanoparticle on the electrode surface. This transient impact results in step-like steady state current 
response in the chronoamperometric measurement. Multiple such events can be studied to obtain 
statistically relevant information on the activity of different particles within the dispersed ensemble.[4] 
In this study, we show the investigation of OER at single CoFe2O4 nanoparticles in KOH solution to 
demonstrate this new approach. Furthermore, we investigate the limiting steps of OER at these single 
nanoparticles in the absence of overlaying effects of neighboring particles, which allows us to identify the 
reaction limiting steps under various experimental conditions (pH, potential, particle size). 
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Fuel cells with polymer electrolyte (PEM FCs) represent a promising device for efficient conversion 
of chemical energy carried by fuel (hydrogen) into electrical energy. They possess several important 
advantages, such as high efficiency, high flexibility, silent operation, nontoxic reaction products (pure 
water) or absence of moving parts. The main application of this type of fuel cell in nowadays foreseen 
in car propulsion or in other mobile applications. Old generation of electric car used motors with 
operation voltage of 48 to 76 V. It was a reason, why maximal speed of these cars was 90 km per hour. 
Modern electric cars operate typically with voltage in a range of 300 to 400 V. Hydrogen fuel cell 
can provide maximal voltage of 1.223 V. It is clearly insufficient for desired applications. 
Using of voltage convertor to increase this value is possible. Nevertheless, such a high difference between 
original and target voltage decrease efficiency of conversion and increases complexity of converter. 
Fuel cells are therefore arranged into stacks to increase resulting operation voltage and to simplify 
the voltage conversion. Bipolar plates represent one of the vital components in such fuel cell stack.  
Bipolar plates have to be made of material with high chemical resistance, high electronic conductivity, 
high mechanical strength and low permeability. Chemical resistance is necessary, because corrosion 
of the cell would poison the cell. Low permeability of the material is necessary due the safety reasons 
(prevents mixing of hydrogen and oxygen). High electronic conductivity is essential to maintain 
the ohmic losses low. High mechanical strength of the material is necessary to minimize amount 
of material needed and thus to reduce the weight of stack.  
Both sides of bipolar plate are provided by gas distribution channels. They ensure homogeneous 
distribution of fuel and oxidation across the electrodes surface. Construction of bipolar electrode 
have to allow sealing and insulation of individual electrodes in stack. Bipolar plates are currently 
produced mainly from the carbon-based materials or from metals. Carbon based materials used in the fuel 
cells industry can be divided into two groups. First group represent high-density microcrystalline graphite 
with density in range 1.9 – 2.1 g cm-3. Second group represents composite material based on carbon black 
particles blended with suitable polymer. Second group has a lower density, lower permeability for gases, 
better machinability and mechanical properties. Negative aspect represents higher ohmic resistance 
of this composite in comparison with high densities graphite.  
Finally, the membranes used to produce the fuel cells in a stack typically allow high current densities 
at low ohmic loses. This is typically achieved by choosing membranes of low thickness. 
One of disadvantages of thin membranes is low mechanical stability and tendency for rolling. 
Both problems is possible to solve by using fixation frame. T has to respect during its design properties 
of the electrodes to be used to assembly the MEA.  
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Hydrogen production from renewable sources is vital for future energy storage and supply. While platinum is a 
good catalyst for the hydrogen evolution reaction (HER), the low abundance and associated high cost of 
platinum are the major obstacles for its comprehensive usage. Hence, new molecular catalysts have been 
proposed and studied in recent years.1  
 
We present our studies concerning H2 production by a series of cobalt complexes, coordinated by a redox-active 
macrocyclic biquinazoline ligand (Mabiq).2 The Mabiq unit supports formal metal valencies from 0 to +3.3 The 
series of compounds was successfully isolated and characterized using various spectroscopic methods, as well as 
magnetic susceptibility studies. Our current study focuses on H2 production by a Co(II)-Mabiq complex (see 
Scheme 1a). The possible pathways of H2 production upon reduction of protons by molecular catalysts have 
attracted great attention in recent years.4 Whether the reaction proceeds via homolytic or heterolytic pathways is 
still debatable (see Scheme 1b). In our work, we also aim to bring a perspective to solve this issue. We employ 
the rotating (ring) disk electrode (R(R)DE) technique and on-line electrochemical mass spectrometry (OEMS) to 
verify H2 evolution in acidic media by Co(II)-Mabiq, to assess the extent of homolytic and heterolytic reaction 
pathways, and to examine potential intermediates. Understanding the reaction mechanism will allow further 
optimization of the system to improve the faradaic yield, calendaric life-time, and specific activity of the 
catalyst-complex.  
 

 
Scheme 1: a) Co-Mabiq system b) potential pathways for H2 production5 
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Proton exchange membrane fuel cells (PEMFCs) are a promising technology for electric vehicles while 
one of the main factors slowing down their commercialization is the amount of Pt needed as an 
electrocatalyst on both the anode and the cathode side. The DOE has set a target for PEMFCs to reach 
1.0 W/cm2 at 150 kPa and 80 °C with 0.125 gPt/kW loading on both electrodes by 2020,1 which may be 
challenging to reach with current commercial Pt/C catalysts.2 
In order to meet this target, two parameters must be optimized, namely the ORR activity of the catalyst, 
which affects the cell performance mainly at low current density and, secondly, the mass transport 
resistance that limits the performance in the high current density region (> 2 A/cm2). In previous studies it 
was shown that de-alloyed, bimetallic Pt alloys, in this study Cu, have higher Pt-surface specific activity 
for the oxygen reduction reaction compared to Pt/C catalysts,3 thereby increasing the low current-density 
performance in an MEA. 
Our group has previously shown that the mass transport resistance can be influenced by a surface 
modification of the carbon support and optimized ink manufacturing, leading to superior high current 
density performance.4 Another way to affect the mass transport resistance is variation of the carbon 
support between high surface area carbon (Ketjen Black like) and low surface area carbon (Vulcan like). 
To indicate the performance of the PEMFC at high current density, the limiting current method developed 
by Baker et al.5 can be used. By this method, one can differentiate transport limitations in the gas phase, 
e.g., diffusion media, from transport limitations in the catalyst layer, e.g., in small pores or the ionomer 
film. From these results it is possible to optimize the catalyst layer towards a lower mass transport 
resistance.  
In this study, both parameters were addressed simultaneously by using a PtCo/C catalyst with a low 
surface area carbon support at a nominal platinum loading of 0.1 mgPt/cm2

MEA on the cathode and an 
anode loading of 0.05 mgPt/cm2

MEA, applying a standard Pt/C catalyst. The implementation of the alloy 
catalyst showed an increased performance in 5 cm2 MEAs at low current density compared to the 
standard Pt/C catalyst, while the kinetic improvement does extend into the high current density region, in 
which additional mass transport resistance compared to pure Pt/C seem to dominate. To further optimize 
the mass transport at high current density, a gas diffusion layer with an advanced microporous layer was 
implemented that was developed in our group.6 In this talk, results of simultaneous optimization of 
catalyst specific properties, e.g., mass activity, and transport related properties, e.g., catalyst layer 
structure with the aim of reaching the DOE’s target will be shown. 
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Biomass-derived alcohols such as ethanol are an attractive alternative to methanol in direct fuel cell 
because of their low toxicity and well-established distribution infrastructure [1]. The development of non-
noble metal (NNM) catalyst with improved performance is essential in order to reduce the use of Pt as a 
catalyst for the oxygen reduction reaction (ORR). In this work, an experimental synthesis was carried out 
using Zeolitic imidazolate framework (ZIF_8), Iron(III)-phthalocyanine chloride (Pc) and Sulfur as raw 
materials. The chemical synthesis was divided into two main parts: a reaction carried out in an autoclave 
in which the materials were mixed in n-Hexane followed by two pyrolysis steps under inert (N2) and 
forming (N2 / 50% H2) gas respectively. Catalysts with varying different concentrations of sulfur in the 
precursor mixture were analysed. The presence of Sulfur produces iron monosulfide (FeS) instead of iron 
carbide (Fe3xC) during the heat treatment. The absence of Fe3xC slows the graphitization of the pyrolysis 
products and as a result, the catalytic active centres are preserved [2]. 
The electrochemical activity and durability were first investigated with rotating disk electrode (RDE, 
BAS Instrument, glassy carbon 0.1256 cm2) using a 0.1 M KOH alkaline electrolyte. The tolerance of the 
catalysts to the presence of ethanol was examined by performing LSV using a step size of 10 mV with 
time increments of 10s/step by rotating the electrode at 900 rpm in O2-saturated 0.1M KOH solution with 
varying ethanol concentration from 0.01M to 2M. Furthermore, the catalysts were tested in a single 
DEFC; the polarization curves were recorded from open circuit potential (Eoc) down to 0.01V. The 
surface electronic states of the catalysts were studied with XPS in order to determine the active centres 
composition. The results (Fig. 1), obtained using a molar concentration of sulfur approximately 3 times 
higher than that of the Iron(III)-phthalocyanine chloride, are comparable to or in some cases higher than 
the best current results present in literature for this class of catalysts [3]. 
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On of the key components of the PEM fuel cell stack is the membrane-electrode assembly (MEA). MEA 
composed from a polymer electrolyte membrane and gas diffusion electrodes containing catalytic layer 
(GDE). The performance of a MEA depends critically on the conductivity of membrane and activity 
of the catalytic layer. GDE can be based on carbon cloth, or on carbon paper. Both materials 
have a different level of porosity, electric conductivity and mechanical properties. Their selection strongly 
depends mainly on the membrane properties. Catalytic layer is mechanically stabilized by Nafion binder 
creating at the same time three-phase contact. Prepared electrodes can be assembled with the membrane 
either directly in the fuel cell, or by pressing them onto each side of proton exchange membrane under 
high pressure and temperature (hot-pressed MEA). The method of the MEA preparation plays 
an important role in the final performance of fuel cell. Different properties of electrodes and different 
membrane materials, as well as parameters of MEA fabrication represent a broad field for optimization. 
In the present study, the impact of membrane thickness and material on fuel cell performance and water 
management was investigated. Membranes commercially available under name Nafion, Fumapem 
and CTPEM were used. Porosity and wettability of electrode material have a crucial influence 
on transport properties of electrodes for water and gases. Carbon paper is representative of low porosity 
and ohmic resistance material characterized by high rigidness. On the other hand, carbon cloth represents 
material with high porosity, ohmic resistance and flexibility. These parameters may influence stability 
of the gas diffusion electrode during pressing. Carbon paper is more sensitive to string compression 
than carbon cloth. Therefore, homogeneous contact between electrode and bipolar plate in whole area 
electrode area may be unsafe. This is also a reason why in the case of using carbon paper as GDE 
material, requirements on sealing of the cell increase. Alternative solution of this problem represent 
addition of woven material based on carbon fibers on the back-side of the carbon paper 
and thus to prepare sort of hybrid carbon paper/cloth GDE. Another issue represents glass transition 
temperature of the membrane. It has to be approached during hot-pressing to connect well the catalytic 
layer and membrane. Increasing time of the hold-up at this temperature improves the ionic contact 
between these two components. At the same time, it affects internal structure of the polymer 
and subsequently ionic conductivity of the membrane on one side and its permeability to hydrogen 
on the other side. Second problem represent risk of damage of membrane by electrodes during application 
of hot-press. Membranes with thickness less than 150 µm, have an insufficient mechanical properties 
and it is easy to perforate them. This problem can be solved by using reinforced membranes. 
Unfortunately, fibers of polytetrafluoroethylene are distributed in mass of membrane not fully 
homogeneously. They thus cause spontaneous rolling of membranes resulting again in imperfect contact 
between the electrode and membrane. The target of this study is to provide more insight into above-
mentioned problems for the selected membranes.  
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Large-scale commercialization of fuel cells is threatened by the high cost due to platinum and its alloys 
used as catalysts in the electrodes. FeNC catalysts are intensively studied as alternative cathode materials 
due to their high activity toward the oxygen reduction reaction (ORR), related to FeN4-moieties covalently 
integrated in carbon and also possibly to carbon-encapsulated metal nanoparticles1. The principal drawback 
of this class of catalysts is the hitherto low stability in the acidic medium of proton exchange membrane 
fuel cell (PEMFC)2. Two general strategies are currently pursued to overcome this challenge: (1) switching 
from PEMFC to anion exchange membrane fuel cell (AEMFC); (2) identifying the fundamental reason  to 
the low stability of FeNC materials in acidic medium and then modifying such materials by design to 
stabilize them in PEMFC. Here, we will describe the behaviour of FeNC and Fe-Metal2-NC catalysts 
comprising only Metal-Nx moieties, comparing their durability in acidic and in alkaline medium. 
 
The catalysts were prepared using ZIF-8 as sacrificial support and iron salt as precursor, followed by either 
one or two heat treatment (a first one in argon and then, optionally, a second in ammonia). Rotating disk 
electrode (RDE) and inductively-coupled plasma mass spectroscopy (ICP-MS) coupled with scanning flow 
cell (SFC) were used to evaluate the activity of the catalysts and the dissolution of iron during cycling 
voltammetry (CV). For all catalysts, we study the difference in the ORR activity before and after a load-
cycling accelerated stress test (AST), either in alkaline or acidic medium. The results were then interpreted 
in light of operando mass spectroscopy. Figure 1 reports typical results obtained with one of the catalysts 
studied, a FeNC catalyst prepared via a first heat treatment in Ar and then in ammonia. In alkaline 
electrolyte (solid lines), the catalyst does not show any change in initial activity, while in acid (dotted lines) 
there is a measurable activity decay. The higher durability in alkaline medium than in acidic could be 
explained by the lower amount of iron dissolved during cycling (not shown). 
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Fig. 1 AST treatment made with 5000 cycle between 0.6-1V of potential in N2-saturated electrolyte using a loading of 
0.2 mg cm-2. (a.) Activity plot before and after AST in alkaline (lines) and acidic (dotted-line) medium at 1 mV s-1 of 
scan rate and 1600rpm in O2-saturated electrolyte; (b.) Tafel plot before and after the AST. 
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The recovery of phosphorus (P) from wastewater sources has been recognised as a strategic and 
sustainable solution to meet not only the constant high demand for clean water but also to address the fast 
depletion of our limited P resources. Electrochemical separation technology, based on Anion-Exchange 
Membranes (AEMs), can be used for the selective removal of target anions from wastewater. In this 
study, we have investigated AEMs blended with different amounts of a guanidinium (Gu) modified 
poly(allylamine hydrochloride) polyelectrolyte (PAH-Gu) for phosphate removal under electrodialysis 
conditions. The Gu moiety acts as an oxyanion receptor.1 The electrochemical properties of the AEMs 
were investigated using electrochemical impedance spectroscopy.2 The selective permeation of phosphate 
over sulfate was investigated in detail. Phosphate and sulfate have similar diffusion coefficients and, at 
the chosen pH~4.5, phosphate is a monoanion and sulfate is a dianion. In Figure 1a, the resistance of a 
membrane (Rm), in contact with a 0.5 M NaH2PO4 solution, as obtained from impedance spectroscopy, 
decreases with increasing amounts of PAH-Gu in the range of 0 to 5 wt%. This reduction is likely due to 
the increased amount of anion-exchanging sites by the added PAH-Gu. The somewhat higher Rm 
observed for 8 wt% compared to 5 wt% might originate from some demixing of the blended system. The 
AEM containing 5 wt% PAH-Gu was investigated in more detail since this composition showed the best 
performance. To our surprise, for the Fuji_AEM the ion flux of sulfate and phosphate monoanion were 
found with similar values of 1.9 and 2.0 × 10-8 mol cm-2 s-1, hence no selectivity was observed. This 
similarity indicates that most probably phosphate in the membrane turns from monovalent (H2PO4

  ̶) to the 
divalent form (HPO4

2  ̶ ), having the same valency and diffusion coefficient of sulfate. Hydroxyl groups, 
often present inside AEMs, are responsible for the increase of the local pH in the membrane. The 5 wt% 
PAH-Gu showed favourable permeation of phosphate respect to sulfate (1.8 versus 1.5 × 10-8 mol cm-2 s-

1). The larger reduction of permeability for sulfate can be associated to a higher affinity towards the PAH-
Gu compared to phosphate. We can summarize that PAH-Gu blended in the membrane inhibits the 
transport of sulfate making phosphate more permeable, Fig. 1b shows an increased selectivity of 25%.  

 

Figure 1. a) Rm values obtained from electrochemical impedance spectroscopy. The line serves as a guide 
for the eye; b) Selectivity values of H2PO4

  ̶versus SO4
2  ̶ for Fuji_AEM and 5 wt% PAH-Gu. 
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Size-controlled gold-palladium bimetallic alloy nanoparticles (NP) (1.8 nm, High Resolution-
Transmission Electron Microscopy, HR-TEM) were prepared by a MVS (Metal Vapor Synthesis) 
technique.  The Au-Pd NP were effectively immobilized by impregnation of a conductive porous carbon 
support (Vulcan XC-72) with the MVS-derived Au-Pd/acetone solution at 25°C.  XRD and High Angle 
Annular Dark Field -STEM EDS analysis confirm alloy formation during the synthesis with an estimated 
average atomic ratio of 76 Pd wt. % and 24 Au wt. % and X-ray Adsorption Near Edge Spectroscopy 
(XANES) confirms that the Pd in the alloy exists as metallic Pd(0). Individually, both gold and palladium 
are active metals for the electroreduction of CO2 but they differ significantly in their adsorption energy 
for CO. This bimetallic catalyst was characterized and tested for the CO2RR in electrochemical cells and 
also in a complete electrolyzer cell. Various parameters were investigated including electrolysis cell 
potential, catalyst loading and Nafion ionomer content in the electrode. Careful analysis of the reduction 
products shows a selectivity of the CO2RR to CO of 100%. The faradaic efficiency (FE) for the CO2RR 
with respect to H2 evolution is influenced by the Nafion ionomer (I) content of the electrode. A FE of 
90% for CO formation was obtained with an I/C ratio of 0.1. The catalyst was stable over prolonged 
testing with no deactivation during the electrolysis process over prolonged testing (> 6 hours).  
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Carbon dioxide (CO2) is the chief culprit of the global warming but also the most abundant and cheapest 
carbon source in the atmosphere. CO2 electro-reduction (ER) using aqueous electrolyte as the proton 
donor is a cost-effective approach to turn this “waste” into fuels, valuable chemicals, and chemical 
feedstock. CO2 ER reaction is commonly carried out in a traditional two chambers (TC) cell where CO2 is 
purged into aqueous electrolyte for the reactant supply. However, due to the low solubility of CO2 in 
aqueous solution, mass transport of CO2 to the reaction interface is limited, resulting in hydrogen 
evolution reaction (HER)1 more favorable.  

In this study, with a mass-transport-developed system using a 3D printed gas diffusion (GD) cell, CO2 ER 
in aqueous electrolyte to CO with high yield is investigated. 

A gas diffusion (GD) cell for CO2 ER fabricated by 3D printing was compared with a traditional two 
chambers (TC) cell with the same dimensions, CuxO catalyst, and KHCO3 catholyte. The GD cell has a 
less negative onset potential (-0.17V vs RHE) for CO2 ER than the TC cell. Under a wide range of 
applied potentials, the GD cell generally performed more than 10-folds faradaic efficiency (FE) of 
carbonaceous products than TC cell. As a conclusion, the GD cell improved the CO2 ER reaction kinetics 
by enhancing CO2 mass transport. With using strong alkali catholyte (2M KOH) in GD cell, CO2 ER 
reaction rate was greatly developed, about 200mA/cm2 overall current density and >60% carbonaceous 
FE could be achieved at -1.0V (vs RHE). 

Further optimization for CO production was carried 
out in the GD cell based on the previous study2 using a 
bimetallic Cu-In catalyst with high selectivity towards 
CO. Cu-In bimetallic gas diffusion electrode (GDE) 
was fabricated using spontaneous electro-deposition. 
The fresh electrode morphology (Fig.1) shows Cu 
particles inserted in amorphous In with reticular 
structure. ~90% FE towards CO was achieved under a 
wide range of applied potentials (-0.17V~-0.97V vs 
RHE). Combined with the high overall current density, 
CO2 conversion rate and CO yield were largely 
improved and reached over 20% and 3mg/min 
respectively (with CO2 supplying at 15.8ml/min) at -
1.17V vs RHE, which is comparable to the CO2 
thermal hydrogenation reaction. The high activity of 
this catalyst was stable for more than 5 hours. 

The use of GD cell has strongly enhanced the CO2 ER 
reaction selectivity and reaction rate. It is promising 
for large-scale production and commercialization. 
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Fig.1 SEM images of Cu-In GDE, and its stable catalytic 
performance for CO2 ER in GD cell with 1M KOH 
catholyte at a wide range of cathode potentials.  
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Hydrogen is a promising fuel and energy storage solution, due to its highly efficient conversion between 
H2 and electricity and good energy density in comparison to most batteries. However, 95 % of the 
hydrogen is generated from non-renewable sources and 5% from electrolysis due to high cost of these 
systems[1,2]. Around 50% of the cost of the electrolyser system comes from the precious metal catalyst 
used in proton exchange membrane system due to acidic environment[3,4]. However, if alkaline anion 
exchange membrane water electrolyser AAEMWE is used, non-precious metal can be used for catalyst, 
flow fields and bipolar plates, reducing the cost significantly. It is estimated that replacement of PEM 
electrolysers wth AAEM electrolysers offers a 43% reduction in cell stack [5]. 
 
Oxygen evolution reaction (OER) which is the slowest of the reaction in the electrolyser systems and thus 
require more attention. Higher performances can be achieved using high alkaline concentration feed but 
this in turn reduces the lifetime of the system due to degradation of AEM membrane/ionomers. Thus in 
order to reduce the degradation and improve the lifetime, low alkaline concentration should be used as 
feed solution for AEMWE i.e. deionised water. We have shown previously [4] that a current density of 
100 mA cm-2 at 1.65V using NiCo2O4 for OER could be achieved at 60 °C [4]. The current research is 
focused on MnO2 as very effective OER catalyst in the alkaline anion exchange membrane electrolyser. 
The catalyst has been characterized using XRD and SEM. Using low cost LDPE based membranes 
radiation grafted AEM, a very promising performance electrolyser was obtained of 1.59 V at 100 mA cm-

2 and  a current density of 1 A cm-2 at a potential of 1.78 V in 0.01 M NaOH at 60 °C (Figure 1).   
 

 
Figure 1: Polarisation curve of MnO2 in 0.01 M NaOH solution at different temperature. 
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To solve severe environmental problem, hydrogen, an environmentally friendly energy, has been 

attracted as an alternative energy for near future. The most promising way to produce hydrogen is 
electrolysis of water, which has high energy efficiency and can produce pure hydrogen. When electrolysis 
of water is connected with renewable energy such as sunlight and wind, it becomes entirely clean process. 
Recently, proton exchange membrane water electrolysis (PEMWE) has been mainly considered as the 
hydrogen production method. However, huge use of noble metals such as Pt, Ir, and Ru limits its realization. 
To this end, it is essential that the development of new catalyst is required to replace noble metal catalysts. 

In this study, electrochemical dealloying was applied to electrodeposited NiP catalyst to improve activity 
and stability of hydrogen evolution reaction (HER) in acidic condition. The NiP catalyst was prepared by 
electrodeposition on carbon paper with an electrolyte containing varied Ni and P precursor concentration. 
Based on the potentiodynamic curve, several potentials were chosen to dissolve the relatively less-active 
metal through selective leaching, thereby improving the stability in the acidic condition and increasing the 
activity with high surface area. Furthermore, employing the dealloyed NiP catalysts as a cathode, the 
performance of proton exchange membrane water electrolyzer (PEMWE) was tested. 
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 Due to the global warming caused by the huge use of fossil fuels, various efforts have been conducted on 
the development of eco-friendly hydrogen energy. Among them, water electrolysis is promising 
technology that can produce high purity hydrogen without pollutants. Platinum is known as the most 
active catalyst for hydrogen evolution reaction (HER). However, the practical use of this noble metal is 
still limited, because of its scarcity and excessive cost. To solve this problem, a transition metal-based 
material combined with a non-metal such as phosphorus or sulfur have been investigated as catalysts for 
HER. 

In this study, we have examined the catalytic activity of Fe-based transition metal phosphide (Fe-TMP) 
for HER in the acidic electrolyte. The composition and morphology of the electrodeposited Fe-TMP were 
controlled by deposition conditions. The properties of prepared Fe-TMP were characterized by field 
emission scanning electron microscopy and energy dispersive X-ray spectroscopy, respectively. 
Furthermore, transmission electron microscopy was utilized to examine the crystal structure and surface 
composition of Fe-TMP at the surface. All electrochemical measurements to explore the HER activity 
were conducted by using conventional three electrodes cell system with N2-purged 0.5 M H2SO4 
electrolyte. The HER catalytic activity and electrochemical surface area of Fe-TMP was measured by 
using cyclic voltammetry. Especially, the electrochemical surface area was estimated by double layer 
capacitance measurement varying the scan rates. Also the HER performance of the catalyst having the 
highest intrinsic activity was improved by using electrodeposited lab-made Cu foam as metallic support 
to provide larger electrochemical surface area. As a result, the HER activity of prepared Fe-TMP has 
significant relationship with composition and active site. 
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Polymer electrolyte membrane fuel cell (PEMFC) is a promising power source which features high power 
density, low operating temperature, fast start-up, and compact system configuration compared with other 
fuel cell technologies. In PEMFC, electricity is generated by direct electrochemical reaction of hydrogen 
and oxygen while producing water as a by-product. Water management is essential to achieve stable 
operation and high performance of PEMFC. At low current density and/or dry gas condition, the polymer 
electrolyte membrane should be sufficiently hydrated to obtain high ionic conductivity through the 
membrane. In contrast, at high current density, liquid water tends to accumulate inside the gas diffusion 
layer (GDL). If this excess water is not properly exported from GDL, it could deteriorate the performance 
by limiting the oxygen transport pathways towards the catalyst layer (CL). 
 
Because of the importance of water management problem in PEMFC, many theoretical and experimental 
studies have been conducted to understand the water transport in GDL. The pore-network model is known 
to be one of the successful theoretical methods to investigate the water transport mechanism in the porous 
GDL [1]. One importance result found by the pore-network model is that liquid water saturation inside 
GDL is significantly affected by how water is introduced from CL into GDL [2]. Two ideal inlet 
boundary conditions are generally considered, i.e., the uniform pressure boundary condition (UPBC) and 
uniform flux boundary condition (UFBC). The UPBC refers to a situation when liquid water is introduced 
into GDL from single continuous liquid water reservoir (of uniform pressure) located at the CL/GDL 
interface, while UFBC refers to a situation when liquid water is directly injected into each randomly-
selected inlet pores of GDL. It is shown that the water saturation level inside GDL is much lower with 
UPBC, compared with UFBC. The real situation encountered in GDL is believed to be in between the two 
ideal situations; liquid water is introduced from many reservoirs of uniform pressure which are randomly 
distributed at the CL/GDL interface [3]. 
 
In this study, we use lattice Boltzmann method (LBM) to investigate the effects of different inlet 
boundary conditions on the water transport and saturation distribution in GDL. It was found that LBM 
could capture more detailed transport mechanism during the liquid water transport in GDL than the pore-
network model [4]. The model porous GDL is generated by randomly placing circular solid particles in 
two-dimensional domain and then the LBM simulations are conducted with the inlet conditions of UPBC, 
UFBC, and more realistic ones. The evolution of liquid water phase in GDL and the distribution of water 
saturation are presented, focusing on the effects of different inlet boundary conditions. 
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Even though polymer electrolyte fuel cells (PEFCs) are excellently suited for the automotive sector, their 
market share remains very low. This is mainly due to their high cost, resulting to a large extent (≈ 50%[1]) 
from the expensive platinum-based catalysts typically employed in these devices. Especially high 
loadings are required at the cathode to catalyze the sluggish oxygen reduction reaction (ORR). In an 
attempt to significantly reduce the contribution of the cathode catalyst to the overall device’s cost, 
research focuses on substituting platinum with materials based on abundant metals like iron. Such 
non-noble metal catalysts have been proven to be a valid replacement in terms of initial activity,[2] but a 
fast and poorly understood deactivation prevents wide-spread application.[3]  
Several of the proposed degradation mechanisms are believed to be linked to the inorganic agglomerates 
(e.g. carbides, oxides) formed during synthesis alongside the FeIIN4-moieties, which are typically 
regarded as the active sites.[4] To elucidate the influence of such composition-related degradation 
mechanisms, a synthesis procedure offering composition-control is of high interest. In this work, we 
present a new synthesis approach[5] that relies on the use of Na2CO3 and polyacrylonitrile as a pore 
inducing agent and the N-/C-precursor, respectively. Changing the temperature of the heat treatment step 
in this novel preparation route allows fine-tuning of the catalysts’ iron speciation, assessed by 
transmission electron microscopy (TEM) and X-ray absorption spectroscopy (XAS). As an example, a 
catalyst prepared at 650 °C with an initial iron loading of 0.5 wt.% is virtually agglomerate free (cf. TEM 
image in Fig. 1A), as confirmed by the absence of significant Fe-Fe scattering contributions (at ≈ 2.2 Å) 
in the Fourier-transformed EXAFS spectra in Fig. 1C; however, the equivalent catalyst synthesized at 
750 °C features iron predominantly as agglomerates (see Fig. 1B and the Fe-Fe scattering peak in 
Fig. 1C).  
In summary, this contribution presents a novel route for the preparation of iron-based ORR-catalysts with 
controlled composition. Chiefly, XAS characterization of these catalysts complemented with 
electrochemical results from rotating disc electrode voltammetry and polymer electrolyte fuel cell tests 
relate their initial composition to their catalytic performance and durability.  
 
 

 
Figure 1. Transmission electron microscopy images of iron-based catalysts prepared at 650 vs. 750 °C (A vs. B), 

along with the corresponding Fourier-transformed EXAFS spectra (C).  
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The reduction of CO2 emissions is a big issue to handle the problem of global warming. One possibility to 
reduce CO2 emissions and simultaneously use them as feedstock for chemicals or fuels could be the 
electrocatalytic reduction of CO2 (CO2RR). Special attention needs to be paid to improving activity and 
selectivity, especially towards non-C1 species. The catalyst is key for boosting both and tuning active metal, 
alloys and nanostructure are in focus of the research [1]. It was shown that for obtaining C2+ hydrocarbons 
copper is one of the most interesting active metals, while foam structures give a further shift in selectivity 
towards non-C1 species [2, 3]. Besides the influence of catalysts, it was also documented that replacing the 
conventional aqueous solution with ionic liquids (ILs) as electrolytes improves activity for the 
electrochemical CO2 reduction [4]. Nevertheless, using pure ILs as electrolyte would be too expensive for 
industrial applications.  
In this work the immobilization of ILs within the pore structure of cupper foam catalysts is studied, which 
allows to alter the catalytic properties with minor amounts of IL, while working with classical aqueous 
electrolytes. Similar, IL modifications of solid catalysts were e.g. applied for oxygen reduction [5]. 
Copper foams were prepared trough electrodeposition under hydrogen evolution conditions following a 
literature protocol [3]. SEM measurements show that copper foams with average pore sizes ranging from 
35 to 78 μm can be obtained by varying the electrodeposition time and/or copper precursors. 
A semi-batch CO2-electrolytic cell was employed for the studies, while the liquid phase products were 
analyzed with NMR spectroscopy and the gas phase products through GC-MS. To ensure that products are 
stemming from CO2, isotope labeling was employed. For pristine and IL modified catalysts polarization 
curves and chronoamperometric studies were conducted, while ohmic drop caused by the solution 
resistance was compensated for all the measurements. 
We found that the reduction current was increased by 14 % @-1.05 V vs. RHE after IL modification, 
indicating that the presence of IL could accelerate the reduction processes on the copper foams. More 
interestingly, the presence of IL can impose any impact on the product distribution. For instance, 
[Oct3NBuSO3H][NTf2] could promote the formation of formate during electrolysis. 
 
 

 
 

Fig.1: SEM images of Cu foam at 15s (a), 40s (b) and polarization curves (c). 
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Reacting gases in a polymer fuel cell supplied via the bipolar plates, have to diffuse through the gas 
diffusion layer (GDL) to reach the catalytic layer, then the catalytic sites. Therefore, it can be imagined 
that through-plane transport of the gas solely occurs in the gas-diffusion layer. As a matter of fact, 
depending on various factors, in addition to the above transport, the gas can also flow from one channel to 
the neighbouring one: the overall transport phenomenon can then be represented as a combination of 
through-plane and in-plane transport. The significance of such gas by-pass depends on various factors e.g. 
surface properties of the GDL components, compression in the cell and local (over)compression, or state-
of-health of the cell components [1]. In addition, the design of the bipolar plates is to have a significant 
impact too. Besides, the presence of water droplet is to make such transport phenomena far more 
complex. Nevertheless, accurate description of these phenomena in the highly anisotropic GDL medium, 
is however important for optimal fuel cell operation, and crucial in the development of physically 
descriptive models.   
Regardless of the presence of liquid water, transport phenomena in fuel cells are often characterised by 
gas diffusion and permeability within the GDL porous layers as presented in [2-4]: these significant 
properties, involved in Fick’s or Darcy-Forscheimer’s laws, are usually measured in small dedicated cells 
either along the main direction of fibers (in-plane), or perpendicular to the fibers (through planes). In the 
present investigation focused on the case of dry gases, gas permeability has been measured in various 
systems from the variations of the pressure drop versus the flow rate of permeating gas. First, in order to 
validate the experimental technique, measurements were carried out in a dedicated cell, whose design 
derives from those in [2-4] and interpretation of the data with Darcy-Forscheimer’s equation. Second, 
comparable measurements were done in real fuel cells without membrane electrode assembly: the 
investigated GDL was simply placed between two bipolar plates, with measurement of the gas flow rate 
leaving the cell at a given pressure drop. The area of the bipolar plate, the nature of the commercial GDL 
and the flow pattern (single channel, multiple channels with flow collection on both sides, square ribs 
with the gas circulating around etc.) have been varied. The data obtained with real fuel cells actually 
correspond to real transport phenomena in GDL, and can allow empirical transport laws to be established. 
The results of the investigation will be used in two directions (i) comparison of “fundamental” in-plane 
and through-plane permeabilities; (ii) use of the laws generated in reliable but reasonable computing-time 
demanding models of fuel cell dynamics as developed in [5].   
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In proton exchange fuel cells (PEFC) the hydrogen oxidation reaction and oxygen reduction reaction are 
catalysed by platinum-based catalysts. However, for economic reasons it is anticipated to replace 
platinum on the cathode for the oxygen reduction reaction (ORR). Fe-N-C catalysts are the most 
prominent substitute. Molecular FeN4 centres were identified by different groups as ORR active sites [1-
5]. However, the oxidation state and structure remains under debate, but it is crucial for further 
improvement of Fe-N-C catalysts. Recently, we were able to show that sulphite ions can be used as 
poison for Fe-N-C catalysts [6]. The comparison of different catalysts gives indications of systematic 
changes in the iron signature. However, due to the ambident character of sulphite ions the interpretation is 
not straight forward. 

In order to get additional insights, temperature dependent Mössbauer spectroscopy and Nuclear Inelastic 
Scattering (NIS), as well as EPR-spectroscopy were used to refine our model of iron sites present in these 
catalysts. DFT calculations are used to modulate the partial density of iron states (pDOS) whereby the 
model is verified by the different spectroscopic techniques.  

On the basis of this we are able to identify some identic and some changing iron sites in the as-prepared 
and poisoned catalyst, that gives new insights on the nature of ORR activity in Fe-N-C catalysts. 
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It has generally been known that carbon support corrosion is one of the major causes of polymer 
electrolyte membrane fuel cell (PEMFC) degradation. During the las decades, significant progresses have 
been made in understanding the mechanisms of performance loss by carbon corrosion in membrane-
electrode-assembly (MEA) components. However, the mechanisms reported in the literatures were 
insufficient to sufficiently explain the performance loss by carbon corrosion. In this work, we firstly 
suggested that the rearrangement of binder in the catalyst layer has influence on the significant increase of 
resistance in oxygen transport. Specifically, the re-arranged ionomer binders seem to cover the catalyst 
surface and block the mass transport of oxygen, thereby drastically decreasing performance of PEMFC. 
In order to substantiate the suggestion, an inhibitor against ionomer plastic deformation was introduced 
and performance degradation of PEMFC after carbon support corrosion was measured. Addition of 1~3 
wt.% of inhibitor effectively depressed performance degradation of PEMFC by carbon support corrosion. 
It was attributed to the suppression of plastic deformation of ionomer binders. 
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Proton exchange membrane fuel cells (PEMFCs) can directly convert chemical energy to electricity 
with high efficiency and environmental friendly, and have received a lot of attention. The main voltage loss 
of fuel cells comes from cathode oxygen reduction reaction (ORR) due to the sluggish kinetics. ORR 
usually requires Pt electrocatalysts. However, the high cost, scarcity, and susceptibility to fuel crossover of 
Pt catalysts severely impede the large-scale applications of PEMFC.1 Therefore, many efforts have been 
devoted to exploring inexpensive non-precious metal (NPM) ORR catalysts to replace Pt-based catalysts. 
However, the activity of NPM catalysts is yet far away from that of Pt.2 

In this study, we reported the preparation of a highly active Co-N-C catalyst with uniform distribution 
of Co and N by only one-step thermal treatment of ZIF-8 and ZIF-67.3 The as-prepared Co-N-C catalyst 
possesses a high ORR catalytic activity in both acid and alkaline media. In the PEMFC test, the Co-N-C 
catalyst yielded a high power density of 0.52 W cm-2. This approach makes ZIFs‐based electrocatalysts 
easy to scale up.  

 
 
 

 
 
 
 
 
 
 
 
 
 
 

Fig. 1 (a) TEM image of Co-N-C catalyst; (b) ORR polarization curves of Co-N-C composite and Pt/C 
catalysts in O2-saturated 0.1 M NaOH. 900 rpm; 10 mV s-1. 
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Herein, in contrast to the conventionally used method, reinforced composite membranes were 
fabricated by simultaneous electrospinning and spraying. A hydrophobic polysulfone (PSf) was 
used as a non-conducting substrate to enhance membrane mechanical strength, and hydrophilic 
sulfonated poly(arylene ether sulfone) (sPAES) was used as an electrolyte. The properties and 
performance of a reinforced micro-composite membrane comprising electrospun PSf/sprayed 
sPAES were compared with those of (i) sPAES homogeneous membrane, (ii) sprayed 
PSf/electrospun sPAES membrane, and (iii) PSf/sPAES blend membrane. Despite slight higher 
durability of electrospun PSf/sprayed sPAES compared with the others, we think that the 
developed membrane fabrication method holds great promise and can be further improved by 
utilising more compatible materials. 
 

      
Figure. Cross-sectional and surface FE-SEM image of the PSf(ES)+sPAES(SP) membrane. 
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1-ethyl-1-methylpyrrolidinium bromide (MEPBr) is one of the most promising bromine-complexing 
agent for redox flow batteries (RFB) which forms a water-immiscible organic phase of MEPBr3. A series 
of images obtained by in situ confocal microscopy acquired at an interval of tens of milliseconds allows 
visualization of how MEPBr3 emulsion droplets form and collide with the electrode surface. We carried 
out the experiments with two types of electrodes, i.e. a platinum microdisk of 10 μm diameter (UME) and 
a 2.5 mm long platinum wire of 25 μm diameter, to show a distinct correlation between electrochemical 
behavior and the confocal images. At the potential at which bromide starts to be oxidized, growth of 
droplets begins on the electrode surface. As the overpotential increases, the droplets keep growing 
adhered at the electrode surface from which small droplets eventually detach at 0.925 V or higher 
potential. Some of the droplets that left the surface are suspended to drift around the solution and happen 
to move back and collide with the electrode surface. At the moment of collision, a current spike pops up 
in chronoamperogram. In situ confocal microscopy completely visualizes creation, growth, detachment, 
and collision/burst out of droplets. More importantly, it confirms that the collisions of microdroplets with 
the electrode surface are responsible for the spikes that appear in cyclic voltammogram and 
chronoamperogram. This study paved the way to deeper understanding of solid conductor-redox molten 
salt-electrolyte solution and thus of what happens on the electrode surface in bromide redox flow battery 
system. 
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Proton-exchange membrane (PEMFCs) and alkaline fuel cells (AFCs) are promising energy conversion 
devices, generating electric power from chemical fuels with applications for clean transportations. 
Expensive noble metal catalysts, typically platinum or its alloys, are however necessary to catalyze 
sluggish oxygen reduction reaction (ORR) in cathode. Alternatively, metal-nitrogen-carbon materials 
(Me-N-C) based on abundant Fe and Co are promising ORR catalysts. Despite tremendous progress in 
their initial activity and site-structural understanding, improved durability is the next challenge for Me-N-
C catalysts while it suffers from insufficient understanding of their degradation mechanisms during 
operations. Demetallation, protonation of nitrogen-functional groups, electrochemical carbon corrosion 
and hydrogen peroxide-induced surface oxidation have been considered as possible degradation routes. 
We have recently shown that demetallation of active FeNxCy moieties does not occur in a potential below 
<1 VRHE but bulk carbon can be corroded to carbon dioxide when temperature and potential are 
simultaneously high [1, 2], conditions encountered during fuel cell start/stop and that can be avoided via 
system-based strategies. In contrast, hydrogen peroxide-induced degradation is material-intrinsic. While a 
few studies have suggested hydrogen peroxide as a primary cause of Me-N-C catalyst degradation during 
ORR, the deactivation mechanism remains highly elusive. Here, we have studied that exposure of Fe-N-C 
catalyst to hydrogen peroxide leaves iron-based catalytic sites untouched but decreases their oxygen 
reduction kinetics via formation of oxygen-functional groups on carbon surface, leading to disrupted π-
electron network and decreased oxophilicity of iron-based sites. Their turnover frequency is revived upon 
electrochemical reduction of the carbon surface, supporting the proposed deactivation mechanism. 
Observed in acidic and alkaline electrolytes, these insights suggest that durable iron-nitrogen-carbon 
catalysts are within reach if strategies minimizing the amount of hydrogen peroxide or reactive oxygen 
species produced during oxygen reduction are developed.  
 

 
Figure 1. Understanding of activity degradation mechanism induced by H2O2-treatments. a, 
Atomistic structures of oxidized active site where the hydroxyl and epoxy functional groups are located 
on the adjacent carbon atoms to the FeN4 site (C: black, N: blue, O: red, Fe: orange, and H: white). b, The 
changes of O2 adsorption energy on pristine and oxidized (hydroxyl and epoxy) FeN4 site. 
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An increasing energy demand and the ongoing depletion of fossil fuels require the development of new 
technologies based on renewable and emission free sources that guarantee a reliable and inexpensive 
supply of energy. Hydrogen is one of the most promising future energy carrier, however, it does not 
naturally occur in its molecular form, but must be generated from hydrogen binding sources like water or 
hydrocarbons. Up to now, H2 is mainly produced by steam reforming of natural gas which involves 
massive emissions of greenhouse-gases, leading to severe environmental damages. 
Water electrolysis is an alternative hydrogen generation method that decomposes water into its 
constituents, i.e. hydrogen and oxygen. Due to the low efficiency and high power consumption of the 
overall reaction, the costs of water electrolysis are not yet competitive, therefore this method is rarely 
used for large-scale energy storage. [1] 
The essential step is to understand the underlying multi-step mechanism of the hydrogen evolution 
reaction (HER). Although the HER is an electrochemical process that has been well investigated at 
different materials, its reaction mechanism is not yet fully understood. [2] As no steady-state conditions 
can be obtained due to the gas evolution, the HER cannot be investigated by means of classical stationary 
impedance spectroscopy. For this reason, in this work we have investigated the dynamic electrochemical 
impedance spectra by means of dynamic multi-frequency analysis (DMFA), a method that was recently 
proposed by our group. [3] By superimposing a multi-sinusoidal wave on a quasi-cyclic voltammogram, 
we gained access to a full impedance spectrum at each point in potential throughout the HER. With the 
help of this method, we can observe the evolution of the reaction mechanism, including also adsorption 
processes. 
Dynamic impedance spectra were recorded at homemade 25 µm Pt microelectrodes in acidic electrolytes, 
where the impedance spectra that were obtained in the different regions of the voltammogram were fitted 
with suitable electrical equivalent circuits (EECs) to extract the different kinetic parameters. Figure 1 
shows the recorded impedance spectra and their corresponding fitted spectra at different potentials 
throughout the HER. Given the presence of two time constants, a two-step reaction mechanism was 
assumed. Data fitting was achieved with χ2 equal to 7.4·10-4. 
 

 
Fig.1. (a) EEC used for data fitting, (b) Nyquist plots at different potentials throughout the HER recorded 

in 1mM HClO4 at 100 mV/s and fitted spectra. 
 

References  
[1]  K. Mazloomi; C. Gomes; Renewable and Sustainable Energy Reviews 16 (2012) 3024-3033. 
[2]  G. Jerkiewicz; A. Zolfaghari, Journal of the Electrochemical Society, 143(4) (1996) 240-1248. 
[3]  D. Koster, G. Du, A. Battistel, F. La Mantia, Electrochim. Acta 246 (2017) 553-563. 



Efficient CO2 reduction from gas phase at low temperatures in a 
bipolar like co-electrolysis cell configuration – comparison of different 

CO selective catalysts 
Bernhard Pribyl1, Alexandra Pătru1, Tobias Binninger, Saša Bjelić1, Peter Ruettimann1, and Thomas J. 

Schmidt1,2 
1 Paul Scherrer Institut, CH-5232 Villigen PSI, Switzerland  

2 ETH Zürich, Laboratory of Physical Chemistry, CH-8093 Zürich, Switzerland 
bernhard.pribyl@psi.ch 

 
In a global energetic context, reducing carbon dioxide emissions and recycling the already produced CO2 
is of crucial importance in combating climate change and its effects. The electrochemical reduction of 
CO2 is a very attractive option for minimizing the level of atmospheric CO2, reutilizing CO2 emissions 
from fossil fuel sources, and energy storage when coupled with intermittent renewable energy sources 
such as wind and solar PV. CO2 can be reduced electrochemically to valuable products such as alcohols, 
formate and syngas [1], [2].  Technically, the reduction of CO2 to CO can take place in a co-electrolyzer 
device, feeding humidified CO2 gas at the cathode side and oxidizing water to oxygen at the anode side. 
 
The presented work compares the selectivity and efficiency of metallic catalysts (i.e. Au and Ag) [3] for 
syngas production from CO2 in gas phase. The catalyst experiments were performed in a newly in-house 
developed co-electrolysis cell which utilizes a modified bipolar membrane configuration [4]. Current 
densities of up to 300 mA/cm2 where achieved in this system, operating the cell at 40°C and ambient 
pressure. 
 
The composition of the reaction products were monitored by on-line using mass spectrometry. A new 
calibration method for the mass spectrometer system was developed, in order to enable the precise 
quantification of a gas mixture at nominal resolution, containing interfering gases that contribute to the 
same mass-to-charge ratios (i.e. mixture of CO2, CO and N2). 
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Introduction 
For the hydrogen energy based society, the effective introduction and utilization of renewable energy 

has been the prime task to reduce carbon dioxide emission. Hence, the large-scale transport and storage 
system of hydrogen has been considered as the important technology. We have studied the high-efficient 
electrolytic direct-hydrogenation of toluene with water decomposition for the organic hydride system.1 
The electrolytic method has the advantages of small theoretical decomposition voltage and no exothermic 
heat loss compare with the conventional 2-step hydrogenation with the water electrolysis. In this study, 
we have developed the electrochemical property of toluene electrohydrogenation electrolyzer by the 
improvement of cathode flow field, diffusion layer and anode structure. 
Experimental 

A conventional or fine mesh DSE® electrode for the oxygen evolution (De Nora Permelec ltd), a 
carbon paper (35BC or 10BC, SGL carbon ltd.) applied 0.5 mg-PtRu cm-2 of PtRu/C (TEC61E54, TKK) 
catalyst with ionomer, and Nafion 117® (Du Pont) were used for the anode, the cathode, and the proton 
exchange membrane (PEM), respectively. The carbon paper as the diffusion layer was loaded 0.02 mg-Pt 
cm-2 of Pt particles by the impregnation method. The cathode was hot-pressed on the PEM at 120 oC and 
0.1 MPa for 3 min to fabricate a membrane cathode assembly. The cathode flow fields were parallel with 
the 35BC of the carbon paper or porous-carbon flow path of the 10BC.2 During the operation of the 
electrolyzer at 60oC, the anode and cathode compartments were circulated 1 mol dm-3 H2SO4 at 10 ml 
min-1 and 10 or 100% toluene/methylcyclohexane at 10 ml min-1, respectively. The electrochemical 
measurements were conducted for the linear sweep voltammetry (LSV), the electrochemical impedance 
spectroscopy (EIS), the current efficiency and the conversion measurements. 
Results and discussion 

The applications of the porous-carbon flow-field, the Pt loading flow-
field and the fine mesh anode decreased the cell voltage from 2.11 to 
1.80 V at 0.4 A cm-2. The current density at the 95% of hydrogenation 
current efficiency increased from 0.09 to 0.30 A cm-2. 

Figure 1 shows the dependence of the cell voltage and conversion to 
methylcyclohexane on toluene flow rate for one-through operation with 
100% toluene feed at 60oC and 0.4 A cm-2. The cell voltage was constant 
in all flow rate range, and the toluene - methylcyclohexane conversion 
achieved to 92-95% at 0.5 ml min-1 for the developed electrolyzer. 

The applied new technologies of the electrolyzer structure would 
enhance the toluene mass transfer to the catalyst layer, especially, Pt 
particle in flow-field would work as the indirect hydrogenation catalyst 
of toluene with the generated hydrogen to reduce hydrogen bubble. The fine mesh anode would improve 
the utilization ratio of cathode catalyst due to the uniform contact between the membrane and the cathode. 
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Sustainable oxygen evolution reaction (OER) and oxygen reduction reaction (ORR) electrocatalysts 

are desirable for many energy storage and conversion systems. Australian dairy industry generates a large 
amount of expired milk powders every year, which are often dumped as food wastes. Here, we report a 
highly efficient bifunctional O2 electrocatalyst by incorporating mixed metal oxide (NiFeOx) 
nanoparticles into N (8.5 at%) and P (1.9 at%) dually doped carbon materials derived from milk powders.  
This catalyst demonstrates an onset potential of 0.90 V vs. reversible hydrogen electrode (RHE), a kinetic 
limiting current density of 12.9 mA cm−2 at 0.4 V vs. RHE, and an electron transfer number of 3.86 for 
ORR, it also shows an onset potential of 1.48 V vs. RHE, an overpotential of 0.32 V at 10 mA cm−2, a 
Tafel slope of 59.03 mV/dec in 1.0 M KOH for OER. Its catalytic performance is comparable to that of 
the best metal-free carbon-based ORR electrocatalysts and OER electrocatalysts based on hybrids of 
metal oxides and carbon materials. Rechargeable Zn-air batteries were also fabricated using air electrodes 
made of this catalyst, demonstrating an open-circuit potential of 1.39 V, a specific capacity of 
688 mAh g−1 (corresponding to an energy density of 853 Wh kgZn

−1), and excellent rechargeability over 
150 cycles with a small performance loss. The milk powder-derived carbon materials can be used to 
produce eco-friendly and high value-added electrocatalysts for energy conversion and storage 
applications while reducing food wastage. [1] 
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Recently, production of hydrogen and oxygen through water splitting has attracted much attention for 
clean energy source. However, oxygen evolution reaction (OER) is mainly considered as a rate-
determining step in water splitting and requires high overpotential to reach a substantial current density in 
water electrolysis system. Over the past fifty years, considerable effort has been performed to synthesize 
and develop OER anode materials with efficient reaction rate and lower overpotential. IrO2 and RuO2 
have been frequently reported showing highly electrocatalytic OER activity. As the use of these noble 
metals limits their widespread applications, identifying cheap and efficient electrocatalysts for OER is 
essential. In this study, OER activity of transition metal hydroxides and oxyhydroxides based on 
relatively earth-abundant elements like nickel and cobalt have been extensively measured. Ni or Co 
electrocatalyst thin films containing iron elements were also prepared through aging in KOH solution, 
electrochemical cycling and studied for OER. Finally, we estimated the reaction efficiency and rate from 
turnover frequency and Tafel slope values on these thin films. 
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The oxygen evolution reaction (OER) plays a crucial role in energy conversion technologies such as 
electrochemical water splitting and rechargeable metal-air batteries. In this presentation, we report the 
record-low OER overpotential (~150 mV at 10 mA/cm2) for oxide catalysts using Hg2Ru2O7 

[1]. Hg2Ru2O7 
adopts a special kind of metallic state called non-fermi liquid state, at room temperature. Non-Fermi 
liquid systems (sometimes called abnormal metal) are metallic systems characterized by strong electron-
electron interactions that prevent entry into the Fermi liquid ground state (the normal state for metallic 
compounds). The OER activity of Hg2Ru2O7 was studied in comparison with Ca2Ru2O7, Cd2Ru2O7, and 
RuO2 on glassy carbon disk electrodes. The OER measurements were conducted in 0.1 M KOH aqueous 
solutions and the current densities were normalized to the glassy carbon disk electrode area. Hg2Ru2O7 
exhibited a remarkably low overpotential of ~150 mV at 10 mA/cm2 in Fig.1 even after 1000 OER cycles 
with an excellent durability and a low Tafel slope of ~30 mV/dec. The outstanding OER performance of 
Hg2Ru2O7, originates from the coexistence of localized d-bands with the metallic state that is unique to 
non-Fermi liquids. The strong link between the electronic structure and the activity in Hg2Ru2O7 indicate 
that the exploration of metallic compounds with unique electronic structures could greatly improve the 
design of efficient OER catalysts. 
 

 
Fig.1 OER activity of Hg2Ru2O7 and other pyrochlore ruthenates. 
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With the aim of understanding the mass transport in polymer electrolyte membranes (PEMs) for direct 
methanol fuel cells, we experimentally investigated the mass diffusion of aqueous methanol solutions in 
Nafion 117 with the equivalent weight (EW) of 1100 and Aquivion E87-12S with the EW of 870. 
Measurements were performed by the infrared Soret forced Rayleigh scattering method (Figure 1), which 
has been developed to apply the optical holographic grating technique of the Soret forced Rayleigh 
scattering (SFRS) employing visible light lasers [1,2] to the measurement of solutions in PEMs. 
 
Figure 2 shows an example of the detected signal of Nafion 117 containing aqueous methanol solution 
with the mass fraction of 0.1 at a temperature of T = 298.2 K. We detected the decaying signals due to the 
mass diffusion in PEMs. From the decaying time constant of the signals, we determined the mass 
diffusion coefficient. Figure 3 shows the preliminary result of the mass diffusion coefficient in Nafion 
and Aquivion. The mass diffusion coefficient in Aquivion were a bit larger than that in Nafion in the low 
methanol concentration, which is considered to be reasonable by taking into account of the difference of 
the equivalent weight. 
 

  
Figure 1. Experimental apparatus of infrared Soret forced Rayleigh scattering method.  
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Figure 2. Example of detected signal.            Figure 3. Mass diffusion coefficient of aqueous methanol  

solutions in Nafion and Aquivion at T = 298.2 K. 
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We propose a computational fluid dynamics (CFD) model for solid oxide fuel cells (SOFCs) which can 

accurately consider both the microscale charge transfer process inside the electrodes and the macroscale 
heat transfer and fluid flow, by incorporating the numerical framework of the CFD software and the 
electrochemical effectiveness concept [1]. The electrochemical effectiveness model enables accurate 
prediction of the current generation in thin active functional layers without performing complicated 
calculation for the charge transfer process in the electrodes. This new integrated approach is believed to 
help overcome the limitation of expensive computation cost and low numerical stability involved in the 
development of CFD models for SOFCs with detailed microscale consideration. 

 
The present CFD model is developed using FLUENT as the calculation platform and applied to two-

dimensional simulations of planar, anode-supported SOFCs operated with methane reformate gas. The 
heat transfer, mass transfer, electronic conduction, chemical reactions and fluid flow are calculated by the 
validated solution procedure of FLUENT. The electrochemical effectiveness model is responsible for the 
determination of the current generation rate considering ionic conduction and Butler-Volmer reaction 
kinetics in thin active functional layers. The effectiveness model is combined with FLUENT using user-
defined function (UDF), user-defined scalar (UDS), and user-defined memory (UDM) capabilities. The 
properties, variables and source terms required for the conservation of mass, species, charge, momentum, 
and energy are communicated between the macroscale calculation and the effectiveness model via various 
UDFs, UDSs, and UDMs.  

 
The preliminary study on hydrogen-fueled SOFCs showed excellent agreement between the results of 

the conventional micro/macroscale model [2] and the present CFD model. In this study, we present the 
CFD model development for methane-fueled SOFCs with direct internal reforming (DIR) of methane. 
Three global reaction steps of steam reforming, water-gas shift reaction, and reverse methanation on the 
nickel catalyst surface are additionally considered. First, the reliability of the present model is 
demonstrated by comparing the results with those of the conventional micro/macroscale model for 
methane-fueled SOFCs [3]. Then, the results of several parametric studies are presented, including the 
effects of electrode microstructural parameters and reformate gas composition. 
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Stable tantalum carbide doped carbon blacks (Vulcan XC-72) supports were prepared as the composite 
catalyst support for low-load PtRu alloy nanoclusters with uniform dispersion. Combined with the results 
from in-situ electrochemistry-surface-enhanced infrared absorption spectroscopy (in-situ EC-SEIRAS), 
we illustrate the cause enhancement in methanol electrooxidation as follows: The TaCxOyFz additive 
could effectively suppress the CO adsorption on metal particles to urge the COad stripping, and 
significantly decrease the activation energy of methanol oxidation. 
 

 
Fig. 1 CV results in 0.5mol L-1 H2SO4 + 1.0 molL-1 CH3OH and DMFC performance of catalysts 

 
Fig. 2 In-situ EC-SEIRAS results of CO stripping voltammetry in 0.5 M H2SO4 solution: 

 (a)PtRu/C-H; (b) PtRu/TaCxOyFz-C,  
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 Electrochemical CO2 reduction (ECR) has been widely studied as one of the method to covert 
CO2 to valuable substances, such as CO and various hydrocarbons. ECR products were mainly 
determined by cathode materials: for example, Au and Cu have high selectivity for CO and CH4, 
respectively [1]. Recently, it has been reported that alloy catalysts exhibit higher ECR properties than 
pure metal catalysts [2]. However, the effect of surface atomic arrangements, which is one of the crucial 
factor to determine the electrocatalytic properties, has been unclear. Furthermore, in-situ analysis for 
ECR product is important, because the selectivity also significantly depend on the applied potential [3]. 
In this study, we studied ECR properties of Co- and Sn-deposited Au single crystal surfaces by using 
online electrochemical mass spectrometry (OLEMS). 
 
 Au(110) single crystal (ø10mm×t1mm) was used as a substrate. The substrate surface was cleaned by 
Ar+ sputtering and subsequent annealing at 1073 K. 0.1 ML-thick of Co and Sn were deposited onto the 
cleaned substrate by an electron-beam evaporation method at room temperature (denoted as Co/Au(110) 
and Sn/Au(110)). Then, the prepared samples were transferred without air exposure to an N2-purged 
glove box and set to a H-type electrochemical cell. After that, the electrochemical cell was connected to 
the home-made OLEMS system. Linear sweep voltammetry (LSV) was conducted at a scan rate of 1 
mV/sec in CO2-saturated 0.1 M KHCO3 solution. During the LSV measurements, ECR products were 
simultaneously detected by quadruple mass spectrometry 
(Q-mass) through porous Teflon inserted PEEK-made-tip 
which located near the sample.  
 
First, we observed the topmost surface structures of the Co 
and Sn deposited surfaces and found that the deposited 
metal atoms are segregated on the “trench” of (1×3) surface 
reconstructed surface structures. Fig.1 summarizes the 
cathodic LSV curves for ECR and the corresponding 
OLEMS results for H2, CO and CH4. The current densities 
for both the Co and Sn deposited surfaces slightly increased 
in compared with the Au(110). In contrast, OLEMS results 
present clear difference in reaction behaviors on the two 
surface alloys. For H2, Sn/Au(110) show much larger ion 
current intensity and lower onset potentials than the 
Co/Au(110) and  Au(110). On the other hand, Co/Au(110) 
show larger intensity for CO, while the current for H2 
slightly decrease relative to the Au(110). The results 
demonstrate that slight amount of dissimilar metal atoms 
influence on the ECR properties of Au(110) surface and Co 
is effective to increase ECR activity and selectivity for CO.  
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Fig.1 LSV curves (a) and ion currents 
for H2 (b), CO (c) and CH4 (d). 

-12
-10
-8
-6
-4
-2
0

-1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2

(d)

(c)

(b)C
ur

re
nt

 d
en

si
ty

 / 
m

A
 c

m
-2

 Au(110)
 0.1ML-Co/Au(110)
 0.1ML-Sn/Au(110)

H2

(m/z = 2)

CO
(m/z = 28)

CH4

(m/z = 15)
6  10-12

6  10-12

6  10-12

(a)

io
n 

cu
rre

nt
 / 

A

E / V(vs.RHE)



Investigation of the Rrole of Iinterfacial Iinteractions on Mo-based 
Eelectrocatalysts for Hhydrogen Eevolution Rreaction  

 
Nicolas DUBOUIS†,§,*, Chunzhen YANG†,§, Robin BEER†,§, Lucie RIES‡, Damien VOIRY‡ and Alexis 

GRIMAUD†,§ 
† Chimie du Solide et de l’Énergie, Collège de France, 11 Place Marcelin Berthelot, 75231 Paris Cedex 

05, France 
§Réseau sur le Stockage Electrochimique de l’Energie (RS2E), FR CNRS 3459, 80039 Amiens Cedex, 

France 
‡ IEM, University of Montpellier, CNRS, ENSCM, 34095 Montpellier, France 

 
*nicolas.dubouis@college-de-france.fr 

 
The design of cost-effective heterogeneous catalysts for the hydrogen evolution reaction (HER) is a key 
challenge for large scale electricity storage trough electrochemical water splitting1. Based on hydrogen 
adsorption as a factor governing the electrocatalytic properties, MoS2 was proposed to possess large HER 
activity to potentially replace expansive Pt-based electrocatalysts. A diversity of “MoS2” based catalysts 
exist, with among them the 1H-MoS2 metallic nanosheets and the amorphous electrodeposited a-MoSx 
showing strikingly similar properties. However, the precise nature of the active sites in these catalysts 
remains unclear. A fundamental understanding of the nature of the active site of these Mo-based catalysts 
and how their electrocatalytic behavior is modified with the electrolyte composition would thus help to 
the design of more active and stable catalysts for the hydrogen evolution reaction. 
 
To tackle these fundamental questions, we compared, using rotating disk electrodes experiments, the 
activity of MoS2-based catalysts such as electrodeposited a-MoSx, 1T-MoS2 nanosheets with other Mo-
based compounds and Platinum, widely recognized as the state-of-the-art catalyst for electrochemical 
HER,. We demonstrated that MoS2-based catalysts exhibit a greater activity only in strong acidic 
conditions. Comparing experimental results with calculated polarization curves, we could attribute this 
strong pH-dependence activity to the existence of two mechanisms for the HER in low pH (proton 
reduction) or at higher pH (water reduction), alike what was reported earlier for noble metals2. We took 
profit of a pH region in which proton diffusion is limiting the HER activity to investigate how interfacial 
interactions could be used to differentiate active sites on the surface of those catalysts. As the specific 
interaction between cations and a catalyst surface can by inhibiting impact the catalytic activity of some 
of these sites. Hence, we decided to performed static cyclic-voltammetry experiments in the presence of 
different alkali cations. to Analyzing the interactions of the catalysts surface with different cations, 
Hence, we revealed the presence of different active sites for 1T-MoS2 and a-MoSx catalysts. catalysts that 
could be explain by specific interaction between cations and catalyst surfa ce. Furthermore, the use of 
deuterated electrolytes also drastically modified electrochemical behavior of 1T-MoS2 nanosheets while 
a-MoSx and Pt were less impacted. This confirmed the fundamental difference existing for the active sites 
of those MoS2-based catalysts3. 
 
(1)  Midilli, A.; Ay, M.; Dincer, I.; Rosen, M. Aet al. On Hydrogen and Hydrogen Energy Strategies. 

Renew. Sustain. Energy Rev. 2005, 9 (3), 255–271. 
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A. P.; Stamenkovic, V. R.; Markovic, N. M.et al. Improving the Hydrogen Oxidation Reaction Rate 
by Promotion of Hydroxyl Adsorption. Nat. Chem. 2013, 5 (4), 300–306. 
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Catalysts for the Hydrogen Evolution Reaction. ACS Catal. 2018, 8 (2), 828–836. 
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The search for efficient conversion of water to O2 (oxygen evolution reaction – OER) catalysts is of 
fundamental importance to solar-to-fuels devices. Identifying efficient electrocatalysts OER remains a 
key challenge in the production of solar fuel generator. In that context, many new materials have been 
reported in the literature. However, comparing the efficiency of different catalysts is complicated by the 
lack of standardization both in the measurement and reporting of electrocatalytic data[1]. For example, 
several papers reporting on the activity of OER state that it is necessary to saturate the electrolyte with 
oxygen gas before measurement, in order to “fix the equilibrium potential” [2], while many other papers 
discusses the effect of different electrolytes towards the OER. NiOOH and Ni-Fe-OOH electrocatalysts 
have been under study because they are the most active and stable catalysts in alkaline solution [3]. This 
work presents a more detailed discussion about the effect of an oxygen saturated electrolyte as well as an 
in situ Surface Enhanced Raman Spectroscopy (SERS) study to study how electrolyte cations affect the 
catalyst activity of NiOOH. We show that oxygen dissolved in the electrolyte has no significant effect on 
the (intrinsic) OER activity (at least not on Pt-oxide and Ni-oxyhydroxide surfaces) and that in the 
standardization of  best practices for OER studies, care should be taken in employing a proper (placement 
of the) reference electrode, and in taking measures that small oxygen bubbles are efficiently removed 
from the electrocatalyst surface, for instance by rotation.  

 
Figure 1: (A) Cyclic voltammograms of 
NiOOH in the region of oxygen evolution in 
different electrolytes in pH13. Scan rate 
10.0 mV s-1 and 1600 rpm. (B) Raman 
spectra for NiOOH in different electrolyte. 

Cyclic voltammograms in the OER region for unpurified 
electrolyte (containing Fe traces) show a clear 
enhancement effect of the cations in terms of onset 
potential (~100 mV from Li+ to Cs+) following the trend 
Cs+ > K+ > Na+ > Li+ which suggest the bigger cation the 
higher activity. However, our results show only a slight 
shift in the current-potentials curves for Fe-free 
electrolyte. It may suggest that any improvement in terms 
of overpotential by cations is more related to Fe content 
of the different alkali salts rather than by a significant 
intrinsic cation effect. However, it remains unclear 
exactly how electrolyte species affect the catalyst activity 
in Fe-doped and undoped NiOOH.  Since the pH-
dependence of the OER on NiOOH was shown to be 
related to the “active oxygen”, an intermediate of the 
reaction, which was observed by SERS [4], we also 
performed systematic in situ SERS study of the cation 
and Fe impurity effect on the catalytic activity of NiOOH 
towards O2 generation. 
The spectra (Figure 1B) show that the incorporation of Fe 
(present in the electrolyte) into the NiOOH interlayer 
does not cause changes in the active specie (OO-), 
however there is a significant effect in terms of cations 
which suggest bigger cations can stabilize the 
intermediate, which could explain the enhancement in the 
OER activity in Cs2+ electrolyte in comparison to Li2+. 
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Electrochemical reduction of carbon dioxide (CO2) in aqueous electrolytes is always accompanied with 
the presence of a concurrent hydrogen evolution reaction (HER). However, there is a scarcity of studies 
that distinguish between the two branches of HER i.e. proton reduction and water reduction and their 
selective inhibitory role with respect to the CO2 reduction reaction (CO2RR) (1). With this in mind, we 
studied CO2RR under proton diffusion-limited conditions (bulk pH =2.5) in order to gain better insight 
into the role of proton transport on the reaction kinetics of CO2RR and the accompanying HER. More 
precisely, we carried out rotating disk electrode measurements on polycrystalline Au and Ag  in different 
electrolytes, in order to establish the reaction pathway of HER that competes with the two electron 
reduction of CO2RR. This acts as a model system to understand the role of local concentrations of 
different reactants (CO2, H+, H2O) on the CO2RR reaction kinetics and the eventual product selectivity. 
Our studies suggest that the branch of HER that competes with the CO2RR is dependent on the applied 
overpotential and hence, it is imperative to distinguish between these two branches while looking into 
CO2RR product selectivity in different aqueous electrolytes. Moreover, we also see a dependence on the 
nature of the electrolytic anion in the overall selectivity of the reaction system and our preliminary studies 
suggest that more strongly adsorbing anions tend to promote HER over CO2RR, irrespective of the 
reactant (H+ or H2O) involved. Furthermore, our work also explores the role of local concentration 
gradients on the HER and CO2RR competition, wherein we study both buffered and unbuffered 
electrolytic systems. This work emphasizes the importance of doing electrocatalytic studies on CO2RR 
under the hydrodynamic flow of electrolyte, as it can give a more clear picture of the reaction systems 
that involve more than one competing reactions. 
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There is a growing interest in transition metal chalcogenide as electrocatalyst for water splitting due to its 
abundance and low cost. Understanding the mechanism of electrodeposition of this class of catalyst is 
essential since it is the most economical and safest route to selenide synthesis. The co-deposition of Ni, 
Fe and Se was studied in rotating disk electrode (RDE) using a Ti substrate. Cyclic voltammetry (CV), 
electrochemical impedance spectroscopy (EIS) and linear sweep voltammetry (LSV) were employed to 
study the mechanism of electrochemical reactions. The co-deposition of Ni-Fe-Se is diffusion-controlled 
and depends on the rate of Se4+ transport to the electrode surface through the following reaction 
H2SeO3 + 6H+ + 6e− → H2Se + 3H2O. Below -0.7V vs SCE, co-deposition of Ni, Fe and Se occurs 
through the electrochemical reaction 3H2SeO3 + xNi2+ + (2 − x)Fe2+ + 12H+ + 16e− → 
NixFe2−xSe3 + 9H2O.  At more negative potential below -1.0V vs SCE Ni2+ reduction, Fe metal 
deposition, and hydrogen evolution occurs through the following electrochemical reactions, Ni2+ +
 2e− → Ni , Fe2+ + 2e− → Fe , 2H+ +  2e− → H2 ↑ , respectively. LSV shows that the electrocatalytic 
activity of Ni2-xFexSe3/Nickel foam (NF) in 1.0 M KOH solution is 290 mV at 10 mA/cm2 current 
density. Ni2-xFexSe3/NF has superior catalytic activity than NiSe/NF and pristine nickel foam, which have 
overpotential of 333mV and 459mV, respectively. It has better activity than RuO2/Ti, which registered 
342 mV overpotential at 10 mA/cm2. SEM micrographs reveal the presence of coral-like microstructures. 
Various characterizations using XRD, XPS and Raman confirm the presence of Ni-Fe chalcogenides. 
This study demonstrates that Fe2+ enhances the co-deposition of Ni2+ and Se2- ions and improves the 
catalytic activity of nickel selenide. 
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Transition metal chalcogenides have been recently used to catalyze the sluggish kinetics of the oxygen 
evolution reaction (OER) in water electrolyzers. While the applications of metal selenides in OER have 
been studied, there is still a knowledge gap in the understanding of the electrocatalytic property of its 
many forms. In this work, we demonstrate the high electrocatalytic activity of NixFe2-xSe3 films 
electrodeposited on Cu disk. The electrodeposition of chalcogenides and the OER performance of the 
films were investigated with cyclic voltammetry (CV), linear sweep voltammetry (LSV) and chrono 
potentiometry (CP). The concentration of Fe in the deposition bath was varied to control Fe content in 
films. A 5%-7% Fe (atomic%) in films showed the best catalytic activity, exhibiting overpotential of 318 
mV at 10 mA/cm2, an onset potential of 260 mV at 0.5 mA/cm2 and a Tafel slope of 58.3 mV dec-1.  On 
the other hand, Fe-free Ni2Se3 films with the same Ni and Se contents showed 395mV and 386mV 
overpotential at 10mA/cm2. Coral-like microstructures were observed through SEM, demonstrating the 
catalyst’s high surface area and rough morphology. Energy dispersive X-ray spectroscopy reveals that Ni, 
Fe, Se and O were uniformly distributed within the catalyst. XRD diffractograms show the presence of 
NiSe (makinenite), FeSe2 (ferroselite) and Fe2O3 (lepidocrocite) phases. X-ray photoelectron 
spectroscopy (XPS) and Raman spectra further confirmed results validating the presence of Ni, Fe, Se and 
O in the film. This work shows the viability of NixFe2-xSe3 electrodes as anodic electrocatalyst for water 
splitting. 
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The integration of carbon materials in appropriate nanostructures has been recognized as a very powerful 
approach to improve the performance of state-of-the-art catalytic materials.1 In the context of energy 
conversion, the peculiar properties of carbon nanotubes, graphene and other derivatives are widely used 
to boost the rate of electrocatalytic reactions.2 
 
Graphite intercalation compounds (GICs) can be readily exfoliated to monolayer graphene in organic 
solvents, and the resulting GICs solutions are composed of charged graphene layers. Due to their size and 
surface area, graphitic nanocarbons are an interesting and promising carbon starting material for GICs. 
 
By using the redox potential of different types of GICs, different metal nanoparticles (NPs) like Fe, Cu 
and Mo are attached to the carbon frameworks. Up to date, the vast majority of examples published on the 
generation of NPs/graphene composites rely on surfactant/water based dispersions of graphene or 
graphene oxide and on the addition of metal salts as well as reducing agent to that dispersions. The direct 
reaction of GICs with metal salts has advantages over the above mentioned process, as the reduction of 
the metal takes place in close proximity of the carbon lattice. This results in NPs with a unique 
distribution in size, and a preferential growth near the edges of the GICs.3  
 
The Fe/nanocarbon composites have been thoroughly measured as cheap, earth-abundant electrode 
materials for the oxygen reduction reaction and oxygen evolution reaction in basic solutions. The 
composites show high mass activities as well as good stabilities over time. A detailed electrokinetic 
analysis by the RDE technique shed light into the reaction mechanism, providing insights for the role of 
Fe in the catalytic area. 
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Fuel cells offer a promising transportation solution, improving urban air quality and reducing CO2 
emission. Ideally, they run on renewable fuels (e.g. solar hydrogen) and emit only water. The cathode 
reaction in fuel cells – the oxygen reduction reaction (ORR) – is typically catalyzed by platinum, an  
expensive prone to poisoning. Nitrogen doped, highly porous carbons are an intriguing alternative.1  They 
are cheap and durable, yet still inferior in catalytic activity to platinum. 

A common challenge for high surface area carbons is limited mass transport through the tortuous 
porosity. Thus, many strive to achieve multi-modal (“hierarchical”) porosity, with macro- (>50 nm), 
meso- (2<d < 50), and micro-pores (<2 nm).2 This arrangement provides both high surface area, and good 
flow through the material. However, this multi-modal porosity is still far from optimized flow. In nature, 
optimal flow solutions include lungs, veins, and river deltas.3 All such systems include a branching 
(dendritic) channel pattern.  

We now report carbon catalysts with a lung-type internal porosity. We grew dendritic ZnO rods 
on various substrates and with various morphologies (trunks / trees). We used these as sacrificial hard 
templates to deposit N-doped carbon structure. The result is a carbon with porosity that closely follows 
the structure of the zinc oxide, enabling a careful tuning and manipulation of the (truly!) hierarchically 
porous structure. This approach introduces both interconnectivity and directionality to the pores in the 
material. This in turn, boosts the mass transport and the ORR performance of these novel metal-free 
carbon catalysts. 
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The electrochemical reduction of carbon dioxide, forming valuable products has attracted a great 
attention as a smooth step towards a sustainable development.1-2 This appealing approach has a dual benefit 
of mitigating CO2 emission and providing a pathway for renewable energy storage and utilization, and thus 
enable us to reduce the dependence on traditional fossil fuel.3 Suitable catalysts are necessary and required 
for efficient conversion of CO2 in aqueous electrolytes at lower overpotential, thus minimizing the energy 
associated with CO2 reduction reaction and achieving tunable product distributions as well.4 Bimetallic 
particles in the nano-size range are potential candidates, where the binding strength of intermediates on a 
catalysts surface can be tuned via alloying, resulting in an enhancement in the activity and selectivity of 
CO2 reduction. 4 To date, the activity of Au-Sn bimetallic system has not been studied as a function of its 
composition. In this work, we report the synthesis of Au-Sn bimetallic nanoparticles (NPs) with well-
defined morphology and different compositions. We aimed to investigate their composition-dependent 
catalytic activity towards CO2 electrochemical reduction. Furthermore, the advantage of the intermetallic 
phase (AuSn and AuSn2) formation was demonstrated by comparing the activity of Au-Sn bimetallic NPs 
with a tunable partially oxidized surface layer to a system consisting of a physical mixture of pure Au and 
Sn NPs. The formed products were carbon monoxide, formic acid, and hydrogen gas in all cases, but with 
notably different ratios. While CO was produced steadily with a Faradaic efficiency of 10%, the formate 
ratio increased from 10% to 50% with the increasing Sn-content (H2-formation accounted for the rest of the 
charge in all cases). In this poster I will present structure-property relationships on the example of Sn-Au 
nanoparticles, which can help in the rational design of electrode materials for CO2 reduction.  
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Fuel cells are regarded as environmentally friendly energy converters. This, in combination with national 
and global intentions of energy transition from fossil based resources to renewable ones, makes fuel cells 
a possible key technology regarding the future energy economy.  
Because of their advanced state of development, proton exchange membrane fuel cells (PEMFCs) are 
considered to be the most promising type of fuel cells in terms of commercial use in automotive 
propulsion. Nevertheless, the high requirements of precious platinum metal for the cathodic oxygen 
reduction reaction (ORR) is one major reason that still prevents a wide-spread use of this technology to 
this day. An attractive alternative to platinum based materials are the so-called non-precious metal 
Me-N-C catalysts. However, these significantly more cost-effective materials, need further enhancement 
regarding their catalytic activity and long-time stability.  
In this work, the preparation and characteristics of a novel carbon nanotube (CNT) based non-precious 
metal catalyst for oxygen reduction reaction (ORR) is presented. In comparison to common carbon 
blacks, CNT based materials benefit from a higher electronic conductivity [1] and a better 
electrochemical durability [2]. Furthermore, the tubular three-dimensional morphology results in an 
enhanced diffusion of the fuel and the products [3]. For the commonly applied platinum based ORR 
catalysts the positive impact of using CNTs as carbon support has already widely been proven [4-6]. 
Here, a preparation method is presented where iron and nitrogen are introduced directly on the surface of 
the CNTs via a preceding surface modification step of the CNTs. ORR activity is achieved after a 
subsequent heat treatment of these functionalized CNTs. TEM pictures are presented in order to show the 
structural morphology of the resulting catalysts and the nature of the iron nitrogen active sites is studied 
via Mößbauer spectroscopy. ORR activity and durability of the resulting CNT based materials in acidic 
electrolyte is investigated. Differential electrochemical mass spectrometry (DEMS) is applied to study the 
carbon corrosion.    
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The catalytic activity and stability of platinum are mainly depended on its morphology, size, 

composition and surface structure. To improve the performance of electrocatalysts, common strategies 

are including: (1) synthesis of Pt-based alloy by introducing other metals such as nickel, cobalt and 

copper, which can effectively improve the intrinsic activity and atomic utilization; (2) preparation of 

well-defined shapes, which can optimize the arrangement of Pt atoms on the surface; and (3) synthesis 

of hollow, porous or open nanostructures, which can effectively reduce the amount of buried Pt atoms. 

Specially, nanoframe is a three-dimensional (3D) open nanostructure constructed by interconnected 

edges. This architecture favors the 3D contact of active molecules and exhibits good structural stability. 

In addition, nanocage is a special hollow nanostructure that is constructed by nanosheets with a few 

atomic layers. This unique morphology greatly improves the atomic utilization of Pt. Recently, 

Pt-based alloy nanoframes and nanocages have emerged as the hotspots of research. However, the 

reported research on those catalystsis still very limited, and their preparation processes are often 

complex and difficult to control. Thus, introducing simple, economical preparation method for the 

controllable synthesis of nanoframe catalysts is of great interest. 

This article explores and develops a simple yet efficient preparation method, resulting in the 

successful synthesis of various Pt-based alloy nanoframes and nanocages. The novel nanostructures 

have been fully characterized, the formation mechanism is analyzed and discussed in detail, and their 

catalytic performance is studied. This article provides effective guidance for the preparation of complex 

multimetallic nanoframes and nanocages. 
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INTRODUCTION 
The Solid Oxide Fuel Cell (SOFC) has attracted much attention because of low environmental load and 

high power generation efficiency. However, materials which can be used for SOFC are limited due to the 
high temperature operation, i.e. 1000℃, and therefore lowering of the operating temperature is required. 
In recent decades, La-Ni-O type layered perovskite type oxides with superior mixed ionic and electron 
conduction have been investigated actively as an air electrode material. From such background, we 
focused on La2NiO4+δ and La4Ni3O10-δ . It was also reported that conductivity characteristics were 
improved by substituting Sr for La site in both the samples1), but detailed structural changes by the 
substitution are still unclear. Therefore, in order to elucidate the substitution effect of Sr in (La,Sr)2NiO4+δ 
and (La,Sr)4Ni3O10-δ, the average and local structural analysis was carried out by diffraction and total 
scattering measurement using neutron and synchrotron X-ray sources. Diffusion coefficients of O2- were 
also investigated by an electrical conductivity relaxation method. 
EXPERIMENTAL 

La2-xSrxNiO4+δ(x=0, 1/4, 1/3) and La4-xSrxNi3O10-δ(x=0, 0.1) were synthesized by a citric acid method. 
The samples were identified by X-ray diffractions. The metal compositions were evaluated by inductively 
coupled plasma spectroscopy (ICP). Cross-section morphologies of the bulk samples were observed by 
scanning electron microscopy (SEM). Electrochemical characteristics were evaluated by the conductivity 
relaxation method in which time dependences of total conductivities at the moment of PO2 change were 
measured. In order to clarify the conduction path of oxide ions, possible distributions of O2- were 
estimated by a bond valence sum (BVS) mapping based on the crystal structure obtained by the Rietveld 
analysis. Furthermore, we performed synchrotron X-ray total scattering measurement (BL04B2, SPring-8, 
Japan) and conducted local structural analysis (RMCProfile) by reverse Monte Carlo (RMC) modelling 
using the results of total scattering measurement and neutron diffraction measurement. 
RESULT AND DISCUSSION 

From the results of XRD, it was confirmed that all the 
samples synthesized by the citric acid method can be attributed 
as a single phase of a layered perovskite type structure. 
Composition analysis by ICP confirmed that the compositions 
of metal ions were controlled according to the nominal values. 
Conductivity relaxation measurement was also carried out to 
investigate the conductivity characteristics of the sample. As a 
result, improvement of the total conductivity was observed with 
Sr substitution in La2-xSrxNiO4+δ , and an increase in the 
diffusion rate of oxide ions was further suggested. We 
performed the Rietveld analysis with the diffraction patterns obtained from the neutron diffraction 
measurements in order to investigate this characteristic change from the viewpoint of change in crystal 
structures (average structure). We also investigated local structures by the RMC modelling using the 
neutron Bragg profile and the structural factor F(Q) obtained by synchrotron X-ray total scattering 
measurement (Fig. 1). As a result, the bonding distance between La and O3 (interstitial O2-) increased by 
the Sr substitution, suggesting expansion of conduction pathway of oxide ion. This is thought to increase 
the diffusion rate of oxide ions. Furthermore, BVS mappings were investigated from the crystal structures 
obtained by the Rietveld analysis for La2NiO4+δ and La4Ni3O10-δ. As a result, it was suggested that the 
conduction path of La4Ni3O10-δ were larger than La2NiO4+δ.  
1) T. Inprasit, S. Wongkasemjit, S. J. Skinner, M. Burriel, and P. Limthongkul, RSC Advances, 5, 2486 
(2015). 
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Metal borides and phosphides exhibit unique bonding and structural diversity and have recently emerged 
as very promising low-cost catalysts for the oxygen evolution reaction (OER) in alkaline electrolytes. 
Studies on these materials have in the past focused mainly on enhancing the OER activity through 
optimization of syntheses, meanwhile, the origin of the enhanced electrocatalytic O2 evolution remains 
unclear. In addition, the dependence of the OER activity on alloy stoichiometry and crystal structure have 
been reported but not clarified. Understanding the origin of activity enhancement in these compounds is 
an important step to further improve their properties and use them as models for the development of new 
advanced electrocatalysts. 

In this presentation, we shall present insight into the role of B and P in enhanced electrocatalysis of the 
OER by cobalt/nickel borides and phosphides. Substantially lower apparent activation energies of the 
OER activation were observed when using Ni2P and Ni2B as OER catalysts compared to pure Ni nanopar-
ticles (Fig. 1A), thus revealing that both B and P affect the intrinsic OER activity of nickel. However, 
XPS data revealed that B and P induce opposite electronic effects on the surface electronic structure of 
Ni, thus rendering electronic structure modification or ligand effect inconsequential in explaining the 
origin of the OER activity enhancement. The geometric changes induced by B and P on the lattice 
structure of Ni, notably, the Ni-Ni bond distances, as well as the Ni-P and Ni-B bond distances (Fig. 1B), 
thus appear to be the decisive factors for the enhanced OER activity in Ni2B and Ni2P.  
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Fig 1. (A) Schematic illustration of the influence of the presence of B and P (guest elements) on the activation energy 
of the OER by Ni (host element). The inset shows EELS elemental mapping of an activated particle of a NiP catalyst, 
and (B) Unit cell structures of Ni3B, Ni2B and NiB showing the influence of the Ni:B ratio and crystal structure on 
the Ni lattice and atomic order.  
 
Moreover, under OER conditions, surface B and P get oxidized to form their respective oxo-anions, 
borates and phosphates. These anions obviously introduce unique interactions at the electrode/electrolyte 
interface, which are not present on pure Ni electrodes. Therefore, in addition to discussing the complex 
interplay between the electronic and geometric factors of these compounds on the OER, insight into the 
nature of the electrode/electrolyte interactions, specifically, how the B and P oxo-species contribute to 
these interactions, and the ultimate effect on the mechanism and kinetics of the OER will be presented.  
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High surface area platinum nanoparticle catalysts are universally incorporated in commercial energy 
conversion technologies such as low temperature fuel cells (LTFC). The electrocatalytic reduction of 
oxygen is a fundamental process occurring at the cathode of LTFC where humidified reactant air is passed 
over an active Pt electrode to overcome the kinetic barriers associated with efficient fuel cell operation. By 
studying the oxygen reduction reaction (ORR) on the millisecond timescale at Pt microdisc electrodes, 
Perry and Denuault1,2 recently confirmed the presence of an oxygen-containing species (Oads) which adsorbs 
rapidly and irreversibly on Pt exposed to dissolved O2 in neutral electrolytes at potentials negative of oxide 
formation. The authors showed that these species were distinct from oxides grown electrochemically and 
found that the coverage of Oads on metal electrodes (Ni, Cu, Pt, Pt alloys, Pd, Ag, Au) exposed to dissolved 
O2 could be directly correlated with the electrocatalysts’ activities for oxygen reduction. Nevertheless the 
exact identity of Oads and its role in the Pt-catalyzed ORR remains uncertain. The authors’ findings exploited 
the unique properties of microelectrodes which have rapidly decaying double layer charging currents and 
high mass transport properties, allowing the study of processes at sub-second timescales. The current study 
has extended this work and demonstrated results in good agreement with those obtained previously by using 
methods appropriate to planar macroelectrodes of approx. 104 cm2 larger surface area, employing linear 
sweep voltammetry (LSV) on a polycrystalline Pt rotating disk electrode (RDE). 
 
Although the Pt-catalyzed ORR is well understood, comparatively less attention is given to the effect of O2 
on the state of the catalyst surface which can thereby impact Pt surface processes occurring in aqueous 
media. The steady state operation of LTFC allows controlled cathode and anode reactions to proceed within 
the FC, however imbalanced conditions such as those experienced on startup/shutdown or those due to 
uneven gas flow can lead to local O2-starvation or O2-surplus in the electrode layers which is known to alter 
their polarization behavior and ultimately cause degradation of the electrocatalyst.3,4 The results obtained 
as part of this investigation have included measurements of open-circuit potential (OCP) transients of a Pt 
RDE in oxygen-saturated and oxygen-depleted electrolyte. These results have demonstrated the sensitivity 
of the OCP to the presence of O2 which causes a dramatic positive shift in potential and hence oxidation of 
the Pt electrode under conditions of zero net current 
flow (Figure 1). The dynamics of Pt oxide growth 
have been shown to depend on the concentration of 
oxygen in the electrolyte and its mass transport to the 
electrode surface. There is reported evidence that the 
mechanism of oxygen reduction on Pt is altered by an 
initial coverage of oxide4 and that catalyst oxidation 
accelerates degradation, so it is therefore of interest 
to be able to elucidate the precise way in which 
conditions leading to varying oxygen exposure 
control the surface electrochemistry of Pt. The use of 
RDE will facilitate the extension of this work to 
investigate similar processes at high surface area Pt 
and Pt/C catalysts using well-established 
methodologies for catalyst thin film deposition.5 
Current investigations into the effect of pH on Pt 
surface processes are also underway to establish 
similar conclusions with direct application to the 
operating conditions of acid and alkaline-based FC. 
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Figure 1: Transients of the OCP (left axis) of a 
4.6 mm Pt RDE in degassed and oxygenated 
0.1 M KClO4 under rotation at 600 RPM 
overlaid with CV in degassed electrolyte at 
100 mV s-1 (right axis). 
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There has been an increased effort to replace the expensive and rare platinum (Pt) and platinum group 
metals to reduce the overall cost of fuel cells (1). Recently, the focus of recent research for Pt-alternative 
catalysts for oxygen reduction reaction (ORR) has shifted to metal-free halogen-doped catalysts. It has 
been found that upon doping the graphene with halogens, its electronic structure is modified significantly 
(2). Herein, Br-doped and I-doped graphenes were synthesized via ball-milling and its electrocatalytic 
activity for ORR was tested. The high speed rotation of zirconia (YSZ) balls during ball-milling 
generated sufficient kinetic energy that caused the bond cleavage of graphitic C-C framework. As a result, 
active sites for halogen doping can be formed at the edges of the graphene (3). SEM images showed 
change in morphology and size reduction from graphene to ball-milled graphene, Br-graphene and I-
graphene implying C-C bond breakage that generates active sites for halogen doping. The presence of Br 
and I in the resultant halogen-doped graphene are evident in the energy dispersive x-ray (EDX) with 
elemental mapping. Graphene displayed dominant peaks at 310, 52.50 and 64.80 in the XRD pattern. The 
latter peaks disappeared upon introduction of Br and I into graphene, which may be due to the distortion 
of its crystalline structure. N2 sorption Type III isotherms exhibited hysteresis loops, indicating that 
graphene, Br-graphene and I-graphene contain mesopores (2-50nm) and macropores (>50nm). This was 
supported by the Barrett-Joyner-Halenda (BJH) pore size distribution. The synthesized halogen-doped 
graphene showed higher electrocatalytic activities compared to pristine graphene. The limiting current 
densities for graphene, ball-milled graphene, Br-graphene and I-graphene were -1.30 mA/cm2, -1.44 
mA/cm2, -1.45 mA/cm2 and -1.81 mA/cm2, respectively. I-graphene also showed good stability after 1000 
cycles of cyclic voltammetry. Thus, metal-free halogen (Br, I) –doped graphene can be alternative 
electrocatalysts for alkaline fuel cells due to their excellent activity and stability. 
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Recently, there is active researches and developments applied to new energy sources. One of the most 
perspective system on electricity production is the proton exchange membrane fuel cell (PEMFC). 
PEMFC is potentially beneficial for a wide range of applications, thanks to its attractive advantages, such 
as high efficiency, high power density, zero greenhouse gases emissions, low temperature range 50-80°C 
operation. However, there are still two barriers: the reliability and durability, which imped the wide 
application of PEMFC. Fault diagnostics can be an efficient solution to overcome these barriers. In this 
field, method based on informational properties of electrochemical noise is promising [1-3]. Indeed, it 
allows to develop a diagnostic of the system without perturbation in operation mode. In frame of the 
present work, electrochemical noise analysis (ENA) was applied to study the effect of the relative 
humidity, current density and temperature in a single PEMFC cell. It has been found that diagnostic 
features can be extracted by Short Time Analysis (STA) of the FC electrochemical noise [2]. STA 
methodology allows to calculate statistical descriptors considered that any signal (even if there is a drift) 
is stationary on a short period of time (Fig. 1a). Thanks to this methodology we applied (as standard 
deviation (STD) calculation to voltage and pressure signal under normal, flooding and drying conditions. 
Under flooding or drying conditions, short time analysis shows an explosion of the voltage fluctuations 
(noise) due to inoperative conditions (Fig. 1b).   

                        
Fig.1: a Voltage drift at OCV RHa = RHc = 100%         b Voltage and STD fluctuations with different cell  

                       temperature (Thumidifier = 46°C)    

In conclusion, ENA added to STA is very sensitive to changes of operating conditions of the FC and can 
be a powerful tool for the detection of an incorrect water balance. 
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Carbon dioxide coming from the use of fossil fuels accounts for about 65 % of the global greenhouse gas 
emission, and it plays a critical role in global climate changes. Among the different strategies that have 
been considered to address the storage and reutilization of CO2, its transformation into chemicals or fuels 
with a high added-value is considered a winning approach. This transformation can reduce the carbon 
emission and induce a “fuel switching” that exploits renewable energy sources (e.g. sunlight). Among all 
the proposed methods, the electrocatalytic reduction of CO2 is considered an interesting technology for 
the storage and reutilization of CO2 from both economic and environmental points of view. It can be used 
to transform CO2 into CO, formic acid, alcohols or higher molecular weight hydrocarbons, such as oxalic 
acid. However, the main challenge for the establishment of this technology, at an industrial level, is to 
find suitable electro-catalysts as well as optimized process conditions for the selective production of a 
single compound with a high conversion efficiency. Since the electrochemical reduction of CO2 is 
generally performed in aqueous media, the hydrogen evolution reaction (HER) from the reduction of 
water or protons (H+) is in inevitable rivalry with the CO2 conversion. Hence, the intrinsic nature of the 
electrolysis process could be exploited, in a competitive approach, by combining CO2 reduction and HER 
to produce syngas (see Fig. 1). The great advantage of syngas with respect to other direct CO2 reduction 
products, are the several established technologies that can be used to generate ammonia or more reduced 
products, like alcohols and hydrocarbons (via Fischer-Tropsch catalysis), depending on the H2/CO ratio 
of the mixture. [1] 
In such context, recently, our group have critically reviewed and analyzed the main efforts that have been 
made and results that have been achieved concerning the electrochemical reduction of CO2 to produce 
CO. [1] In the present work, the different methods, catalysts 
and reactor systems that have been used for this purpose are 
outlined. We have seem that, although remarkable activities 
have been undertaken and scientists have achieved high 
efficiency and selectivity with acceptable kinetics, there are 
still some serious obstacles to overcome before this process 
can become viable. In fact, the most efficient catalysts for the 
reduction of CO2 to CO are still based on noble metals; long-
term tests and a complete understanding of the deactivation 
mechanisms have still not been investigated for the most 
promising catalysts, as well as, proposed systems so far only 
produce CO in μmoles per minutes, which is quite far from 
industrial productivity levels. Thus, challenges and 
prospective trends towards a practical application of this CO2 
conversion technology are highlighted and future research 
directions on this topic are envisaged. 
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Nanomaterials are nowadays at the forefront of materials science research. The design and realization of 
hierarchical nanoarchitectures, in which selected components are arranged to leverage their expected 
mechanistic functions are obtaining a wide range of applications, from the aerospace industry to bio-
medicine, and as benchmarks for many catalytic reactions.  
Carbon-based nanomaterials have been the main actors of nanotechnology since their very first discovery, 
and their unique morphological/electronic properties are particularly suited to be used in electrocatalytic 
applications. CNTs and graphene are indeed ideal supports in catalysis as they have an optimal electronic 
conductivity and provide percolation routes for charge transfer reactions to occur. The integration of 
nanocarbons into hierarchical materials is an effective strategy to further boost the potentiality of 
nanostructured catalysts. The generation of multiple interfaces in such hierarchical assemblies is 
responsible for their exceptional activity, whose origin is however only rarely understood.  
We will show that, once embedded within 
nanoarchitectures made of multi-wall carbon 
nanotubes or graphene and metal oxide shells, the 
catalytic properties of nanoclusters [1,2,3] and metal 
nanoparticles [4,5] can be dramatically enhanced 
according to mechanisms which likely involve the 
concerted and synergic participation of all 
component building blocks in the electrocatalytic 
steps. 
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The search for achieving a better performance in proton exchange membrane fuel cells (PEMFC) has 
heavily relied on the improvement of the catalyst activity, especially for the Oxygen Reduction Reaction 
(ORR). In this regard metal carbonyl cluster complexes have had special attention due to their structure: a 
metal core surrounded by CO groups, and because their catalytic activity can be modified and improved 
by thermal treatment in different atmosphere synthesis [1-3]. 
This work presents two novel IrRuOs-based materials obtained by pyrolysis of 
Ir4(CO)12/Ru3(CO)12/Os3(CO)12 mixture (1:1:1 in weight), using two different atmosphere synthesis: 
neutral (N2) and reductive (H2). The products were structurally characterized by FTIR, EDS, XRD and 
SEM, and evaluated as electrocatalysts of the Oxygen Reduction Reaction in the absence and presence of 
methanol in different concentrations by the rotating disk electrode (RDE) technique.  
The ORR polarization curves for both materials, in the absence and presence of methanol are very 
similar, which is an indicative of their tolerance to this contaminant and exhibiting a good catalytic 
activity for ORR, even in the presence of 2.0 molL-1 CH3OH solutions, which is a clear evidence of their 
high selectivity to oxygen reduction (Fig. 1). This property is a great advantage over Pt-based commercial 
catalysts, which are easily deactivated by the presence of minimal concentrations of CO species 
originated by methanol oxidation. 
These materials exhibit a good behavior as electrocatalysts for the ORR, even in the presence of 
methanol, thus being interesting novel candidates to be evaluated as cathodes in PEMFC. 
 
 
 
 

Fig.1. Current-potential curves of a tri-metallic catalyst, for 
oxygen reduction, in 0.5 mol L-1 H2SO4, in the absence and 
presence of methanol in different concentrations; the scan 
rate was 5 mV s-1 and the rotation rates were 100, 200, 400, 
600 and 900 rpm. 
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High performance catalysts for the oxygen evolution reaction in water electrolysis are usually based on 
expensive and rare elements. Here, mixed-metal borides are shown to be competitive with established 
electrocatalysts like noble metal oxides and other transition metal(oxide)-based catalysts. Nanoscaled 
dicobalt boride was doped with iron ((Co1-xFex)2B) and nickel ((Co1-xNix)2B) (both 0 ≤ x ≤ 0.5) to form 
the OER catalysts, which show excellent activity and stability in alkaline solutions. Figure 1 illustrates the 
benefit of the incorporation of iron and nickel into the cobalt boride phase, each showing a different 
impact on the performance of the catalyst. While the iron doping leads to a strong reduction of the onset 
potential of cobalt boride (Δ ~ 100 mV), the nickel incorporation strongly improves the slope of the CV 
curve. Hereby, (Co0.7Fe0.3)2B shows an overpotential of 1.56 V (η = 0.33 V) at 10 mA/cm2 in 1 M KOH 
and a very low onset potential of ~1.5 V, which is comparable to the performance of rare metal oxides 
like IrO2 and RuO2. X-ray photoelectron spectroscopy shows, that the original catalyst is modified under 
reaction conditions and indicates that CoOOH and Co(OH)2 are formed as active surface species. The 
nanoscale borides are obtained by a one-step solution synthesis, calcined, and characterized by X-ray 
diffraction and energy-dispersive X-ray spectroscopy. Single crystals of (Co1-xFex)2B grown under 
chemical transport conditions were used for an unambiguous specification of the nanoscale particles by 
relating the cobalt/iron ratio to the lattice parameters. 
 

 
Figure 1: Cyclic voltammograms of pure Co2B (red), (Co0.7Fe0.3)2B (green) and (Co0.9Ni0.1)2B (blue) with a 

scan rate of 10 mV/s in 1 M KOH solution. 
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Pd-doped lanthanum strontium ferrite La0.6Sr0.4Fe1-xPdxO3-δ with x=0.05, 0.1 (LSFPd4005 and 
LSFPd4010) were synthesized by citrate-nitrate auto-combustion method and investigated as 
electrocatalyst for SOFCs. X-ray diffraction (XRD), surface area (BET) and temperature programmed 
reaction (TPR) analyses were performed on LSFPd powders. Electrical measurements both in oxidizing 
and reducing conditions were carried out on sintered pellets at 1250 °C. Electrolyte 
(La0.8Sr0.2Ga0.8Mg0.2O3-δ) supported cells were prepared using LSFPd powders (70 wt.%) and gadolinium 
doped ceria (GDC) (30 wt.%) mixture as electrodes. The electrochemical performances were evaluated in 
hydrogen and methane-based mixtures. The catalytic activities of LSFPd and LSFPd-GDC for the dry 
reforming of methane (DMR) and partial oxidation of methane (POX) were measured to investigate the 
catalytic role of Pd as noble metal dopant. 
Fig. 1 (a) shows the I-V and power density curves of LSFPd4005+GDC/LSGM/LSFPd4005 cell at 
different temperatures in 100 cm3min-1 of H2. The performance was remarkable in comparison to similar 
cells [1, 2]. Fig. 2 (b) shows the cell performance at T= 850 °C in different methane mixtures. An OCV of 
0.87 V and a power density of 177 mW∙cm-2 was measured in pure CH4 while slightly lower performance 
was revealed in CH4/Ar and CH4/CO2 mixtures, indicating that likely the main reactions are total and 
partial oxidation of methane. The microstructural analysis after cell tests confirmed good tolerance to 
carbon deposits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 (a) I-V and power density curves of LSFPd4005+GDC/LSGM/LSFPd4005 in H2 in the temperature 
range 850-650 °C and (b) at T= 850 °C in different methane mixtures. 
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Nanoparticle-supported perovskite oxides seem to be the most attractive for redox stable anodes for 
SOFCs. Conventional methods such as wet impregnation method suffer from coarsening and 
agglomeration of metallic catalysts, thus, an advanced approach is highly required. Exsolution based on in 
situ growth of metal nanoparticles from the parent perovskite has been successfully proposed [1]. A 
composite anode based on La0.6Sr0.4Fe0.8Mn0.2O3-δ (LSFMn) (60wt.%) and Ce0.85Sm0.15O2-δ (SDC) 
(40wt.%) was investigated. It has already been reported that La0.6Sr0.4FeO3-δ (LSF) undergoes phase 
transition: from cubic perovskite (ABX3) to Ruddlesden-Popper (RP) phase (An+1BnX3n+1) switching from 
oxidizing to reducing atmosphere and Fe nanoparticles exsolve providing more oxidation active sites [2]. 
Nevertheless, the main limitation of LSF is the phase instability at low pO2. To improve the redox 
stability the addition of Mn was evaluated being La0.6Sr1.4MnO4 a highly stable RP structure with poor 
electrocatalytic properties [3]. SDC was added to provide a highly ionic conducting phase, enhancing the 
triple phase boundary (TPB) length and minimizing the TEC difference with the GDC based electrolyte.  
Electrolyte supported cells were fabricated and tested using three different fuels: hydrogen, ethanol and 
methane. La0.6Sr0.4Fe0.8Co0.2O3-δ (LSFC) (70wt.%) and GDC (30wt.%) was used as cathode. Fig. 1 shows: 
I-V curves along with power density curves (a) and Nyquist plots (b) of LSFMn-SDC/GDC/LSFCo-GDC 
cell at 800 °C using three different fuels. Morphological and chemical analyses of electrodes were 
performed by scanning electron microscope (SEM) and energy dispersive analysis (EDS). Furthermore, 
to promote the direct oxidation of methane and enhance cell performance, a minimum amount (5 wt%) of 
Ni was homogeneously included into SDC. An improvement of performance and a long-lasting stability 
of the cell was measured. 
 

 
Figure 1 IV and power density curves (a) and Nyquist plot (b) of LSFMn-SDC/GDC/LSFCo-GDC cell in 

at 800°C fueled by different fuels. 
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The oxygen reduction reaction (ORR) is of great importance for different energy conversion devices. 
Finding cost-efficient alternatives for Pt-based electrocatalysts remains one of the most overriding 
challenges in the field of electrochemistry [1]. Carbon-based materials emerge as one of the promising 
candidates due to their remarkable advantages of low cost, abundant structural variety, tailorable surface 
chemistry, and good conductivity. Tremendous efforts have been made to improve the performance of 
carbon-based materials for ORR, mainly through modifying the inherent structures of carbon by doping 
heteroatoms (e.g., B, N, P) or combining with metal/metal oxides. However, these systems often show a 
poor stability during electrochemical cycling and therefore still need to be improved in order to replace 
state-of-the-art noble metal catalysts.  
Quite recently we have demonstrated the modifying the microenvironment at the surface of Pt/C catalysts 
by a minor amount of ionic liquid ([Bmim][NTf2], [MTBD][NTf2]) would significantly boost the 
catalytic activity of Pt/C for ORR [2,3]. While, the mechanism of the activity enhancement is not fully 
understood, effective preventing the poisoning of the active centers by oxygenated species through the 
ionic liquid seems to be crucial. 
Inspired by this work, herein we intend to transfer this strategy to the non-precious metal catalysts 
(NPMC) [4]. Since transition metal-nitrogen-carbon catalysts are among the most promising 
representatives of this catalyst class, Fe-N-C catalysts were chosen for this study. The catalysts were 
prepared by thermal decomposition of phenanthroline and iron acetate and extensively analyzed by means 
of Raman spectroscopy, X-ray induced photoelectron spectroscopy, Mössbauer spectroscopy, and high-
resolution nitrogen sorption measurements.  
The Fe-N-C catalyst was modified by partially filling its pores with different portions of the ionic liquid 
[Bmmim][NTf2]. To prove the successful modification of the catalyst, infrared spectroscopy was used. 
The evaluation of the ORR activities was performed with a conventional Rotating Disc Electrode (RDE) 
setup. It was found that for small amounts of IL both the double layer capacitance and the ORR activity 
of Fe-N-C could be enhanced. The boosting effect is highly sensitive to the pore filling degree of IL in the 
pores of the catalysts. Moreover, the presence of ionic liquid phase could also improve the stability of Fe-
N-C as shown by accelerated stress test. We anticipate these results will form the basis for an 
unprecedented perspective in developing high-performing NPMCs for fuel cell applications.        
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Huge efforts have been done in the last years on electrochemical and photoelectrochemical reduction of 
CO2 in order to offer a sustainable route to recycle CO2[1]. Hence the goal is to electrochemically reduce 
CO2 to CO which, by combination with hydrogen, can be used as a feedstock to different added-value 
products. Herein, vertically oriented TiO2 nanotubes (NTs) were grown by anodic oxidation of titanium 
substrate and then decorated by low loading of silver nanoparticles deposited by sputtering. Due to their 
quasi one-dimensional arrangement, TiO2 NTs are able to provide high surface area for Ag adhesion and 
superior electron transport properties. The aim is to enhance the stability of CO2

- intermediate formed 
thanks to Titania oxidation as well as to improve CO production in presence of silver nanoparticles being 
sputtered on nanotubes. Thorough electrochemical (CV, EIS, ECSA) and morphological analysis 
(FESEM, TEM, EDS) confirmed the advantages of Titania in form of nanotubes as a substrate for Ag 
nanoparticles.  Particular attention has been devoted to reduce the noble metal loading in the electrode 
and to increase the catalyst`s active surface area in order to decrease the required overpotential. 
 
 
 
 

 
Figure 1. Schematic mechanism for electrocatalytic reduction of CO2 over Ag decorated Titania 
nanotubes 
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Electrochemical water electrolysis has attracted increasing attention for producing highly pure hydrogen 
and oxygen. Water splitting is also a promising technique to store intermittent electrical energy from 
renewable resources such as solar and wind energy in the form of H2 fuel. Water electrolysis consists of 
two half-reactions: hydrogen evolution reaction (HER) and oxygen evolution reaction (OER). For HER, 
efficient non-precious catalysts are required to replace the rare and expensive Pt-based catalysts. For 
OER, more efficient low-cost catalysts should be designed to improve the sluggish reaction rate of OER 
and reduce the reaction overpotential.  

The electrocatalytic activity of nanocatalysts can be improved when they are decorated on conductive 
supports with high surface area because the number of active catalytic sites can be increased and the 
charge transfer is facilitated. Among current catalyst supports, carbon nanotubes (CNTs) are excellent 
candidates for heterogeneous catalysts because of their high surface area, high thermal and chemical 
stability, excellent electrical conductivity, and commercial availability. Here, modified CNTs are 
proposed as promising novel materials for efficient catalytic activity toward HER and OER [1-4].  

We have developed a one-step floating catalyst chemical vapor deposition growth process to 
simultaneously synthesize CNTs, as catalyst support, and carbon-encapsulated iron nanoparticles (CEINs) 
as electrocatalytic active materials. In CEINs, the active metallic core is protected from atmospheric-
oxygen-induced degradation and agglomeration with neighboring nanoparticles. CEIN/CNT has exhibited 
a high catalytic activity for HER in acidic media comparable to that of platinum [1]. CEIN/CNT has been 
further electrochemically modified for the fabrication of an active and durable electrocatalyst for alkaline 
OER [2].  

We have shown small diameter single-walled CNTs (SWNTs) are promising supports to stabilize 
individual atoms or subnano clusters of Pt. An atomic-scale Pt catalyst system allows minimizing the Pt 
loading. Activated SWNTs with pseudo-atomic scale Pt, including mostly the active surface atoms exhibit 
a similar activity toward HER in acidic media to that of commercial Pt/C with much higher Pt loading [3].   

We have introduced multi-walled CNTs (MWNTs) as suitable supports to improve electrocatalytic 
performance of organometallic compounds. A synthesis method has been developed to covalently 
functionalize MWNTs with Ni bipyridine complexes. The complexes immobilized on the MWNTs 
exhibit considerably improved electrocatalytic activity toward alkaline OER [4].   
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The release of carbon dioxide (CO2) and other greenhouse gases (GHGs) into the atmosphere due to 
human activities affects severely the global climate. Among the GHGs, CO2 accounts for 82.2% of the 
total emission and e.g. reached 5.4 BMT in 2015 in US alone.[1] Nevertheless, from a chemical point of 
view CO2 can be considered as a non-toxic, highly available, and cheap C1 feedstock. In particular, the 
electrochemical carbon dioxide reduction reaction (eCRR) is a scalable approach that can be powered by 
renewable energy sources and offers the generation of a plethora of products, i.e. CO, CH4, CH3OH, 
HCOOH, and longer-chain hydrocarbons.[2] A key issue consists of identifying the highly selective and 
active catalysts that will lower the energy barrier and exert control on the product distribution. Gold 
nanoparticles (Au NPs) have shown outstanding catalytic activity in CO2-to-CO conversion.[3] In 
addition Au NPs can be produced in a wet chemical reduction approach in the presence of stabilizing 
agents, although the risk is that these agents block the catalytic active sites.[4] In this work we present a 
ligand free synthesis of Au NPs supported on mesoporous carbon (MC) in which the MC template 
governs the growth and therefore the size and the catalytic activity of the Au NPs. The material is 
synthetized in a one-step process in water (Fig. 1A), typically producing Au NPs with Ø = 2 nm. The 
templating role of MC was evidenced through transmission electron microscopy, gas sorption, and 
electrochemical measurements. The Au NPs size distribution and coverage, which can be controlled by 
the mass ratio of the Au and MC precursors, were optimized for the eCRR process. Electrolysis carried 
out at –1.3 V vs Ag/AgCl in 0.5 M KHCO3 using the Au NPs gave a faradaic efficiency of >80% for the 
CO2-to-CO conversion with a current density of 1.20 mA cm-2 after 15 min (mass activity = 12.8 A g-1). 
The stability of the electrocatalytic material was studied, revealing a deactivation process related to the 
loss of gold during the reaction with a possible reconstruction of the surface of the nanoparticles. 

 

 
 

Fig. 1. A) Synthesis protocol of Au NPs supported on MC, B) TEM picture of Au NPs with Au/MC = 3. 
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The release of carbon dioxide (CO2) and other greenhouse gases (GHGs) into the atmosphere due to 
human activities affects severely the global climate. Among the GHGs, CO2 accounts for 82.2% of the 
total emission and e.g. reached 5.4 BMT in 2015 in US alone.[1] Nevertheless, from a chemical point of 
view CO2 can be considered as a non-toxic, highly available, and cheap C1 feedstock. In particular, the 
electrochemical carbon dioxide reduction reaction is a scalable approach that can be powered by 
renewable energy sources and offers the generation of a plethora of products, i.e. CO, CH4, CH3OH, 
HCOOH, and longer-chain hydrocarbons.[2] A key issue consists of identifying selective and active 
catalysts that will lower the energy barrier and exert control on the product distribution. Recently, 
nitrogen doped carbon materials containing MNx (M= Fe, Co, Ni) have shown high activity and 
selectivity towards the electrochemical reduction of CO2 to CO.[3] The main draw backs of these 
syntheses are the numerous steps involved and the low atom efficiency, nullifying the low-cost catalyst 
claim. In this work we developed a green and low-cost catalyst for the electrochemical CO2-to-CO 
conversion. The material is based on hemin, a highly available, green, and cheap Fe(III) protoporphyrin 
IX that is directly obtainable from animal blood extractions and supported on commercially available 
carbon powder. The synthesis involves only aqueous solvents and one pyrolysis step without further 
processing (Fig. 1A). Electrolysis carried out at –1.2 V vs Ag/AgCl in 0.5 M KHCO3 using this material 
gave a Faradaic efficiency of >99% for the CO2-to-CO conversion with a current density of 3.15 mA cm-2 
after 15 min, declining to 98% and 1.90 mA cm-2, respectively, after 4 h. Analysis by X-ray 
photoemission spectroscopy, transmission electron microscopy, X-ray diffraction, and electrochemical 
methods revealed the specific effects that the hemin absorption on the carbon support and the pyrolysis 
protocol had on the catalytic activity. Finally, the Fe(II)NxC centers were identified as the catalytic sites. 
 

 
Figure 1. A) Synthesis protocol of FeNxC materials from the pyrolysis of hemin and B) faradaic 
efficiency (left axis) and current density (right axis) recorded in a 4 h electrolysis at –1.2 V vs Ag/AgCl in 
0.5 M KHCO3. 
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Air pollution and global warming have become more and more serious. There is an urgent need to replace 
fossil energy with green energy. Hydrogen is a clean energy source that does not release environmentally 
harmful by-products after use. If we can effectively convert solar energy into hydrogen energy to replace 
fossil energy, air pollution problems will be alleviated. Numerous attempts have been made to develop 
photocatalysts for hydrogen evolution.1 Unfortunately, the photocatalytic efficiency is still too low to be 
commercialized. In contrast, solar cell-driven alkaline water electrolysis (AWE) for hydrogen evolution is 
considered a feasible method due to the rapid development of solar cells. Based on the energy conversion 
efficiency of 16-17% for commercial polysilicon solar cells, if the electricity-to-hydrogen conversion 
efficiency of AWE can be higher than 60%, the solar-to-hydrogen efficiency will be greater than 10% 
which is much higher than that of the current photocatalytic water splitting. The aim of this work is to 
improve the conversion efficiency of electricity-to-hydrogen by reducing the overpotential of AWE. 
It is known that the structure and material of the electrodes directly affect the reaction surface area, 
surface activation ability, ion adsorption and bubble desorption capacity, and are the main factors 
affecting the overpotential of water electrolysis. In this study, we prepared nanopillar-array Pt and Ni 
electrodes for AWE and found that the threshold voltage for hydrogen evolution can be significantly 
lowered by nanopillar-array Pt electrode. However, for oxygen evolution, Ni electrodes have lower 
threshold voltage than Pt electrodes, and the nanopillar-array structure can slightly lower the threshold 
voltage. Figure 1 shows the images of Pt nanopillar arrays. The diameter of Pt nanopillars is 
approximately 150 nm. The diameter of Ni nanopillars is similar to that of Pt nanopillars and is not shown 
here. Figure 2 show the linear sweep voltammograms of various electrodes for hydrogen and oxygen 
evolution in AWE cell. The nanopillar-array Pt electrode has around 0.15 V lower threshold voltage than 
Pt sheet electrode for hydrogen evolution. 

   
Fig. 1 Top (a) and cross-sectional (b) SEM images of Pt nanopillar arrays 
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Fig. 2 linear sweep voltammograms of various electrodes for  hydrogen (a) and  oxygen (b) evolution in 
AWE cell. 
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Abstract 
Electrochemical water splitting to produce hydrogen has been considered as a promising strategy for 
renewable clean energy, which requires efficient electrocatalysts to reduce the energy barrier and boost 
energy conversion [1]. Noble-metal-based materials, such as Pt for hydrogen evolution reactions (HER) 
and Ir/Ru oxides for oxygen evolution reactions (OER), are proved to be the most active catalysts for 
water electrocatalysis because of neutral thermal Gibbs free energy. However, low earth storage and high 
cost restrict them in industrialized application. Consequently, it remains severe challenge to explore 
nobel-metal-free catalysts with high performance and robust durability for both HER and OER. Transition 
metal phosphides (TMPs), as potentially alternative earth-abundant catalysts, have recently drawn intense 
attention because of their outstanding electrocatalytic performance [2, 3]. In this work, NiCoP nanosheet 
arrays were prepared on carbon cloth via a typical electrodeposition technique, followed by a 
low-temperature phosphorization process. The vertically grown nanosheet arrays can maximize the 
number of exposed active edge sites, enhance the diffusion of charge and electrolyte, as well as the facile 
desorption of produced gas bubbles. The ternary phosphides exhibited composition-dependence 
electrocatalytic activity, which was enhanced significantly compared with nickel or cobalt phosphides. 
The electrode with Ni/Co ratio of 1:1 possesses the most superior performance with the overpotentials of 
57 mV for HER in 1M KOH to afford 10 mA cm-1, which has placed the material at the top of most 
existing nonnoble metal catalysts. The outstanding performance is mainly attributed to the alloying effect 
between Ni and Co atoms. This study provides a new approach for the development of non-noble metals 
catalyst toward electrochemical water splitting. 
Keywords: electrochemical water-splitting; HER; OER; non-noble metals catalyst; NiCoP. 
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Abstract 

Ammonia is being widely considered as a future renewable energy carrier or fuel if the 
energy efficiency of the process can be made viable. Electrochemical nitrogen reduction 
reaction (NRR) under ambient conditions is an alternative to the traditional energy-
intensive Haber-Bosch process to produce ammonia. The challenge is to achieve a 
sufficient energy efficiency, yield rate and selectivity with a robust catalyst to make the 
process practical. [1, 2] 

Herein, we have demonstrated that metal nanoparticles can enable NRR in 0.01 M HCl 
at a very high energy efficiency, i.e., very low overpotentials. Remarkably, the NRR 
occurs at potential close to or even above H+/H2 reversible potential, also significantly 
enhancing the NRR selectivity versus the production of hydrogen. NH3 yield rates as high 
as ~5.5 mg h-1 m-2 at 20°C and ~17.8 mg h-1 m-2 at 60°C were achieved at E = -100 mV 
versus RHE while a highest Faradaic efficiency of ~5.4% is achievable at E = 10 mV (vs. 
RHE). The ability of catalysing NRR at potential above RHE is imperative in improving 
the NRR selectivity over the competing hydrogen evolution reaction (HER). The 
fundamental study of the NRR mechanisms on this catalyst using density functional 
theory (DFT) calculations will also be presented. 
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Nitrogen-doped carbons (N-C) are emerging catalysts in the field of electrochemical CO2 reduction, 
because of their high activity, tunable structure, yet significantly lower cost compared to precious metal 
catalysts. Several studies investigated the role of different types of N atoms on the CO2 reduction activity 
and selectivity recently 1. Many questions, however, remain open as changing one synthesis parameter to 
tune the N-content and/or N-type will affect other properties such as porosity, conductivity, etc.  
By systematic studies we aim to elucidate the effect of the N/C precursor as well as the porosity on the 
CO2 reduction performance of these metal-free catalysts. On one hand, we start from different precursors, 
but develop very similar pore structures during synthesis; hence the effect of the chemical structure of the 
catalyst can be explored. On the other hand, we employ the same starting material, but obtain catalysts 
with systematically varied porosity, unveiling the role of differently-sized pores. These two synthetic 
approaches might give a comprehensive picture about how to optimize the properties of an N-C catalyst 
to simultaneously tune the product distribution and the activity. 
In my presentation I am also going to point out the importance of isotopic labeling studies. Such 
experiments are important in confirming the reduction products being originated from CO2, and also 
furnish mechanistic insights into the reduction process. In our recent study, by using non-equilibrated 
solutions of the selectively labeled the initial carbon sources (i.e., 13CO2 and H13CO3

-), bicarbonate anion 
was identified as the predominant source of the carbon monoxide reduction product.2 
Better understanding of the above-listed parameters is very important in designing new electrodes, such 
as the metal-nitrogen doped carbons, and new electrochemical cell configurations to scale up this 
technology. 
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It is well known that cracks are observed on the surface when Ni is left in the atmosphere after hydrogen is 
charged to it1). Though it has been considered to be due to decomposition of nickel hydride generated during 
hydrogen charging, the relation between crack initiation and hydride decomposition is not clear. If that is 
true, no crack should initiate during hydrogen charging. In the present work, the crack initiation site was 
investigated immediately after electrochemical cathodic hydrogen charging to pure Ni. 
A basal plane of a cylindrical specimen (diameter: 9 mm, thickness: 6 mm) of pure Ni (99.99% pure) was 
polished by alumina powder (grain size: 0.05 Pm). Hydrogen was charged electrochemically to the plane, 
which was a cathodic electrode, in 0.05 mmol/m3 sulfuric acid added 1.4 kg/m3 thiourea. Platinum plate 
was used for an anode electrode. Cathodic current density was 100 A/m2. A specimen was immersed into 
liquid nitrogen immediately after hydrogen charging to inhibit both decomposition of hydride and diffusion 
of hydrogen. The surface was observed using an optical microscope and analyzed using X-ray diffraction 
(Co-KD) in the atmosphere. Moreover, surface observation and X-ray diffraction were carried out following 
that the surface layer, which thickness was a few micrometer, was eliminated by polishing with alumina 
repeatedly. The specimen was cooled frequently by liquid nitrogen during this procedure to keep it to low 
temperature. 
No crack was observed immediately after hydrogen charging on the surface of specimens to which 
hydrogen was charged for less than 7 hours. In these specimens, there was a crack at the depth than 1 Pm 
from the surface as shown in Fig.1. In the hydrogen-charged specimen for 16 hours, some cracks were 
observed on the surface and number of cracks increased as polishing the surface. These observations 
indicate that cracks initiates not at the surface but internal of specimens and grows toward both the surface 
and the internal. 
Nickel hydride was formed about to 2 Pm under the surface in 5 hours hydrogen-charged specimen as 
shown in Fig.2. Then, the crack in the specimen initiated near the boundary between nickel hydride and 
matrix. It is considered that cracks are caused in the matrix by lattice expansion of hydride. 
 

 
 

 
 

 
 
 
 
 
Reference 
1) S. Kitagawa, Proc.2nd JIM Int.Symp, Hydrogen in Metals, 1980, pp.497-500. 

Fig.2 Integral intensity of nickel hydride (111) 
divided by that of Ni (111) in X-ray diffraction 
profile at the depth from the surface at 5 hour 
(red line), 7 hour (blue line) and 16 hour 
hydrogen charged specimen (black line). 

Fig.1 Crack length at the depth from the surface at 5 
hour (red line), 7 hour (blue line) and 16 hour 
hydrogen charged specimen (black lines). 5 cracks 
were observed in the 16 hour charged specimen 
(solid line, dashed line, dotted line, Dash-dotted line, 
Two-dot chain line). 
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Hydrogen has been regarded as an ideal energy carrier for storage and utilization of renewable energy 
sources. Searching for efficient and inexpensive non-noble metal catalysts is the bottleneck problem for 
water splitting. To enhance electrochemical catalytic performance of catalyst, a series of 3D porous 
monometallic (NiP, FeP and CoP), binary metallic (NiFeP, FeCoP and NiCoP) and ternary metallic 
(NiFeCoP) phosphides were deposited on nickel mesh (NM) via hydrogen bubbles electroplating 
technique. The electrocatalytic performances of as-prepared metal phosphide composites in alkaline 
solutions for HER were investigated and the synergistic effects between metal elements were also 
explored. It is found that the optimal 3D microporous NiFeCoP/NM electrode exhibits remarkable 
catalytic activity for HER, delivering a current density of 10 mA cm-2 only required an extremely low 
overpotential (32 mV) and a small Tafel slope of 71.1 mV dec-1 in 1.0 M KOH solution. The 
NiFeCoP/NM electrode also shows outstanding strong durability and robustness in alkaline water 
electrolysis. Meanwhile, the NiFeCoP/NM electrode also exhibits superior catalytic performance towards 
oxygen evolution reaction (OER). In a two-electrode water electrolytic cell, the bifunctional 
NiFeCoP/NM electrodes can obtain current densities of 10 and 50 mA cm-2 at an overall cell potential of 
only 1.64 and 1.82 V, respectively. The remarkable electrocatalytic activity of the NiFeCoP/NM electrode 
is attributed to the synergistic effect of metal elements in phosphides and the super-large electrochemical 
surface area. 
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PtNi alloy catalyst is seen as a potential commercial catalyst for the development of proton exchange 
membrane fuel cells (PEMFCs). However, poor durability seriously limits its practical large-scale 
application. Good durability of PtNi alloy catalyst while maintaining its superior activity is particularly 
urgent and necessary. 
 
Herein, we have successfully synthesized N-doped carbon shell-coated PtNi alloy catalyst by a two-step 
method. Figure 1a clearly shows the thickness of the carbon shell is at ca.1nm. N1s peak in Figure 1b 
indicates the existence of intermedium polydopamine layer. (111) peak position of PtNi3@Cshell/Csupport 
moves to the right comparing to PtNi3/C, which illustrates that heat treatment and carbon shell have 
obvious influence on PtNi3/C NPs. 
 
As shown in Figure 2a, oxygen reduction reaction (ORR) performance of PtNi3@Cshell/Csupport is better 
than that of PtNi3/C in O2-saturated HClO4 solution. In addition, excellent durability of 
PtNi3@Cshell/Csupport is also presented in Figure 2b, even after 50k potential cycles. We think that the high 
durability of PtNi3@Cshell/Csupport originates from their special structure, in which N element-caused 
Pt-skin and the carbon shell can hinder the loss of Ni and NPs coalescence, and thus improve their ORR 
activity and durability. 

Figure 2. Electrochemical oxygen reduction reaction activity and long-term durability test. (a) ORR 
polarization curves of PtNi3/C and PtNi3@Cshell/Csupport. (b) Durability test of PtNi3@Cshell/Csupport 
before and after different potential cycles. 

Figure 1. Characterizations of N-doped carbon shell-coated PtNi alloy catalyst. (a) HRTEM images 
of single PtNi3@Cshell/Csupport NPs. (b) XPS characterization of polydopamine-coated PtNi3/C NPs. 
(c) XRD data of PtNi3/C and PtNi3@Cshell/Csupport. 
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Electrocatalysis for the oxygen evolution reaction (OER) is of great interest for improving the 
effectiveness of water splitting devices.[ 1 ] Decreasing the anodic overpotential and simultaneously 
changing the anodic reaction selectively to produce valuable chemicals instead of O2 would be a major 
improvement of the overall cost efficiency. Some amines, when present in aqueous electrolytes, were 
recently shown to change the selectivity of the anodic process to generate H2O2 rather than O2 on MnOx at 
pH 10.[2] This results in unusually high apparent “anodic activities”. In this work, industrially relevant 
OER catalysts, oxyhydroxides of cobalt (CoOx), nickel-iron (NiFeOx), and nickel (NiOx) all show more 
pronounced effects. Moreover, as anodes they also selectively catalyzed the production of n-butyronitrile 
from n-butylamine at higher pH as an easily retrievable valuable product (Figure a). The pH dependence 
of the activity was investigated at pH values closer those at which alkaline electrolyzers operate. The 
highest activities were observed for NiOx thin-film electrodes at pH 12 in the presence of 0.4 M n-
butylammonium sulfate, without poisoning the active sites of Pt electrocatalysts at the hydrogen evolution 
electrode. 1H NMR spectroscopy showed that n-butylamine is selectively oxidized to n-butyronitrile, an 
organic chemical with numerous applications (Figure b). However, measurements using rotating ring-disk 
electrodes also indicated that some H2O2 is also generated at the surface of the oxide anodes.[3] 
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Figure: (a) In electrocataltic water splitting devices, decreasing anodic overpotential and simultaneously 
changing the anodic reaction to produce valuable chemicals instead of O2 would be a major improvement 
in overall cost efficiency. Oxyhydroxides of cobalt, nickel/iron, and nickel are industrially relevant 
electrocatalysts that, as anodes, can selectively catalyze the production of n-butyronitrile from n-
butylamine as an easily retrievable valuable product. (b) Shows the 1H-NMR spectrums after running the 
experiment for 48h. Inset of the graph shows the 1H-NMR spectrum before the start of the experiment. 
Shifts corresponding to the butyronitrile are shown in red color. 
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Pt catalysts are used in PEFC (polymer electrolyte fuel cell). The rate of oxygen reduction reaction 

(ORR) (O2 + 2H+ + 4e⁻ → 2H2O) at Pt surface is relatively lower. Quite a large amount of Pt catalysts is 
required to increase O2 reduction rate, which is a serious problem for cathode electrodes. Accordingly, 
non-Pt catalysts are considered necessary for promoting widespread commercialization of PEFC. Our 
research group has reported that amorphous carbon with high hardness and higher physical stability could 
be a conductive material by incorporating nitrogen atoms (N-doped a-C). It worked as a polarizable 
electrode with higher overpotential for water discharge, and excellent resistance to electrochemically-
induced corrosion compared to graphite. However, N-doped a-C did not show electro-catalytic activity 
for ORR. In this study, a-C based catalysts are designed for having higher ORR activity by introducing 
catalytic active site onto N-doped a-C surface and controlling the distribution of quinone and carboxy 
groups on the surface. Quinone groups on graphite surface have been reported to improve the rate of 
electrochemical oxygen reduction to hydrogen oxide. Graphene nanoparticles functionalized by 
carboxylic acid are known to show a four-electron transfer at high voltage in ORR process. 

N-doped a-C catalysts (N-a-C catalysts) were fabricated by cathode-coupling type radio frequency 
plasma enhanced chemical vapor deposition system. (RF-PeCVD) (13.56 MHz, SAMCO Co., Ltd. Model 
BP-1) Acetonitrile + pyridine (6:4 at a molar ratio) mixture was used as a source material. 

XPS C1s peaks spectra at N-a-C catalysts deposited at various r. f. power were measured at a scan 
rate of 1 eV min-1. C=O component was very small (1.425) at N-a-C synthesized at 75 W. Figure 1 shows 
that carboxy groups (C=O) could be introduced onto N-a-C catalyst surface at 150 W and, in addition to 
C=O, carbonyl groups (C(=O)OR) could be formed on N-a-C catalyst at 350 W. Hydrodynamic 
voltammetry measurements were carried out using rotating disk electrode at N-a-C catalysts deposited at 
various r. f. power in O2 saturated 0.1 M KOH solution. The results are shown in Fig. 2 (500 rpm and 
sweep rate 5 mV s-1). Voltammogram of N-a-C catalyst at 75 W is featureless, however, voltammograms 
at N-a-C catalyst at 150 W shows single wave at ca. -0.3 V vs. RHE. The number of electron n calculated 
from the Koutecky-Levich plots was 2.040, indicating a two electron reduction process (O2 reduction to 
H2O2). At N-a-C catalyst at 350 W, the cathodic currents increase in all potential region and the second 
wave is clearly seen at ca. 0 V vs. RHE.  The n value at the second wave (-0.233 vs. RHE) was 3.777, 
indicating a four electron reduction process. Further reduction of H2O2 to water might occur at the second 
wave. Since atom% of C=O at N-a-C catalysts linearly related with the current densities of the first waves, 

the quinone groups might play an important role in electro-activity for O2 
reduction to H2O2. The second wave became strongly apparent when the 
peak height of C(=O)OR was close to that of C=O (Fig. 1). For 
enhancing H2O2 reduction, higher density of C(=O)OR is required. The 
carboxy groups played an important role in H2O2 reduction. This is the 
instance that clearly shows the contribution of carboxy groups to H2O2 

reduction and has been reported for the 
first time. 

There is an issue that the 
difference between onset potential for 
oxygen reduction and peroxide reduction 
is still large at N-a-C catalyst at 350 W. 
Controlling the location of C=O, 
carboxy groups and N atoms of 
quaternary N will be discussed with the 
aim of decreasing the gap between the 
onset potentials and realizing N-a-C 

         Fig. 1. C1s XPS spectra    Fig. 2. Hydrodynamic voltammograms  catalysts with higher activity for ORR. 
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Due to the large overpotentials on both cathodic hydrogen evolution reaction (HER) and anodic oxygen 
evolution reaction (OER) during the process of water splitting,[1] the large-scale production of hydrogen is 
limited. Therefore, it is crucial to find earth-abundant, low-cost and efficient bifunctional catalysts for 
such process.[2] We have developed a simple and novel method to prepare Fe-Co composite films on 
carbon fiber papers by electroreductive deposition with ferric salt and cobalt salt in acetate buffer (pH 
5.0), which showed highly efficient electrocatalytic activities and strong durabilities for both OER and 
HER in 1.0 M KOH. The preparation of the composite films for OER need not use N2, which could 
further lower the cost. The results suggest that hydroxides and/or oxides of cobalt and iron in the 
composite films are beneficial for OER and zerovalent cobalt and iron are helpful for HER. Meanwhile, 
electrodeposition of zerovalent cobalt and iron provides good conductivity. Uniform and ordered structure 
of the composite films results in outstanding stability. To reach a current density of 10 mA cm-2, the 
overpotentials are only 283 mV for OER and -163 mV for HER with small Tafel slopes of 34 and 51 mV 
dec-1, respectively. And the Fe-Co composite films used as bifunctional catalysts for water splitting could 
achieve a current density of 10 mA cm-2 at 1.68 V, which could be comparable with most of bifunctional 
catalysts containing Ni.[3-5] The excellent bifunctional activities, superior stability, and low-cost 
characteristics of the Fe-Co composite catalysts will make them serve as efficient bifunctional 
electrocatalysts for full water splitting.[6]  
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A novel binder-free three-dimensional (3D) Ni-Co based nanowires (Nws) are successfully grown on a 
carbon fiber fabric utilizing a simple hydrothermal method and then annealing under argon condition for 
two hours. The crystalline structure and surface morphology are investigated by a combination of X-ray 
diffraction (XRD), transmission electron microscopy (TEM) and scanning electron microscopy (SEM). 
The electrocatalytic activity of Ni-Co electrode toward urea electrooxidation in KOH solution is 
investigated by cyclic voltammetry (CV), chronoamperometry (CA) and electrochemical impedance 
spectroscopy (EIS) tests. The novel 3D open nanostructure provides more catalyst active sites and enable 
easy access of reactants to the catalyst surfaces, resulting in a remarkable catalytic and stability toward 
urea electrooxidation. In a solution of 5 mol L-1 KOH and 0.33 mol L-1 urea, the Ni-Co nanowires 
electrode exhibit a peak current density of 550 mA cm-2 and an open circuit voltage of 0.18 V. 
Additionally, the urea/H2O2 fuel cell also demonstrates considerable stability during short term duration 
test. The electrode displays a great promise as the anode of direct urea fuel cell due to its low cost, high 
activity and stability.[1-3]  
 

 
Scheme 1. Schematic illustration of the fabrication procedure of Ni-Co nanowires electrode. 
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Direct ethanol fuel cells (DEFCs) have attracted great interests because of the high theoretical energy 
density, high conversion efficiency, easy storage and transportation, and most importantly, renewability 
of ethanol. Despite their great potential, the development of DEFCs is still impeded by sluggish kinetics 
of anodic oxidation on electro-catalysts. In this study, we report a facile one-pot hydrothermal approach 
for the synthesis of cyclic penta-twinned Rh icosahedral nanocrystals. Growth mechanism studies reveal 
that apart from regulating the surface free energy by changing the concentration or category of the 
capping agents, the solvent might influence the adsorption ability of the surfactant on the Rh crystal 
surface, which results in a change in the surface free energy and thus allows the formation of Rh cyclic 
penta-twinned nanostructures. Due to their unique electronic and geometric structures, the Rh icosahedral 
nanocrystals exhibit superior catalytic activity and stability for the electro-oxidation of ethanol alkaline 
solution. Besides, the ethanol oxidation process is carefully studied at a molecular level by means of in 
situ FTIR, which reveals the high selectivity of as-prepared Rh icosahedral nanocrystals.  
 

 
Figure 1. (a) TEM image of as-prepared CPT icosahedral Rh nanocrystals, (b) CVs of ethanol 
electrooxidation by CPT Rh icosahedral nanocrystals, Rh tetrahedral nanocrystals, and commercial Rh 
black in 1.0 M ethanol and 1.0 M NaOH (scan rate: 50 mV s–1), (c) In situ FTIR spectra of ethanol 
electro-oxidation on CPT Rh icosahedral nanocrystals at different potentials (ES) in 1.0 M ethanol + 1.0 
M NaOH solution.  
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Hydrogen evolution reaction (HER) is of paramount importance for both fundamental and applied 
electrocatalysis. However, many issues related to understanding of this reaction still remain unclear. 
These, for instance, include a surprising pH-dependence of the electrode activities and non-Tafel 
dependences of the HER-associated current for various electrocatalysts. Even the dominating mechanism 
for this reaction at different potentials is often difficult to reveal. In this manuscript, we use 
electrochemical impedance spectroscopy to estimate relative contribution of the Volmer-Heyrovsky and 
Volmer-Tafel pathways to the overall hydrogen evolution process at polycrystalline Pt electrodes at 
pH=0, pH=1 and pH=2 as a function of the electrode potential. In order to facilitate impedance 
measurements at high current densities (up to 0.4A∙cm-2 in 1M HClO4) and overcome common 
complications due to the fast kinetics of this reaction, Pt-microelectrodes were used. Our results show that 
it is possible to distinguish different reaction pathways experimentally using impedance measurements 
and demonstrate that the relative contribution of the Volmer-Heyrovsky and Volmer-Tafel pathways is 
comparable (see Figure 1), both mechanisms contribute differently to the total current at different 
electrode potentials and none of them can be considered as absolutely dominating at a given complex Pt 
surface apart from different kinetics. These findings can be particularly used for elaboration of theoretical 
models and interpretation of non-Tafel behavior of polarization HER-curves in acidic media. 
 
 

(A) (B) 

  
Figure 1. The ratio Rct,1/Rct,2, illustrating relative contribution of Volmer-Heyrovsky and Volmer-Tafel 
pathways into the overall current due to the hydrogen evolution reaction at different pHs as indicated in 
the Figure. The bold symbols designate maxima where the relative contribution of the Volmer-Tafel 
pathway is maximal for the corresponding pH values. The data obtained in (A) Ar-saturated, and (B) H2-
saturated HClO4 electrolyte solutions. 
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In the R&D for improving reliability of SOFC, Central Research Institute of Electric Power Industry 

(CRIEPI) has operated several types of Solid Oxide Fuel Cells (SOFCs). New basic R&D has been 
initiated in the NEDO’s projects, “development of system and elemental technology on SOFC” (FY2008-
FY2012) and “Technology development of SOFC commercialization promotion, Basic study on rapid 
evaluation method of SOFC durability (FY2013-FY2019)”. In these studies, we operated several types of 
SOFCs and stacks, which are developed by MHPS, Kyocera, TOTO, NTK, NGK, Murata and Denso, in 
order to understand their performance under the various conditions (temperature, current density and gas 
conditions) and the behavior during long term operations. 

For instance, segment-in-series tubular type SOFC stacks fabricated by MHPS were operated. CRIEPI 
has been developing an electrode polarization model for SOFC performance which is able to express 
SOFC performance under various conditions with high accuracy. SOFC durability has been analyzed by 
the developed electrode polarization model. Voltage drops by performance factors such as Nernst loss, 
ohmic potential drop and polarizations of the anode and cathode, were determined by electrode model 
which is derived by using electrochemical consideration. Other types of SOFCs have been operated for 
long time. Same performance factor analysis was performed for obtained data. 

Long-term durability tests lasting from 5,000 to 30,000 h and performance factor analyses of seven 
types of SOFCs were performed by applying performance factor analysis. As a result, the dependency of 
the electrode polarization on the gas partial pressure was determined and the voltage decay rates for all of 
the performance factors of each SOFC were revealed. 
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Among enzymatic biofuel cells, biofuel cells using an NADH-dependent dehydrogenase as an anodic 
catalyst possess high electromotive forces because the formal redox potential of NAD+/NADH is 
relatively negative.   Unfortunately, however, the direct electrochemical conversion of NADH to NAD+ 
using conventional electrodes results in an extremely large overpotential, so that sufficient cell current 
cannot be obtained while discharging.   To restrict this problem, the use of redox mediators is probably an 
effective approach.   The mediators act by lowering the working potential to the redox potential of the 
mediator, because the NADH is mainly chemically oxidized in solution instead of electrochemically on 
the electrode surface.   As a result, the overpotential is decreased and the electrode fouling is prevented. 

Take bioelectrochemical system into consideration, in this study, we employed favins as the redox 
mediators.   Flavins, whose redox potential is fairly close to that of NADH, play an important role in the 
electron transport chain NADH dependent enzymatic processes.   Without doing anything else, however, 
flavins are unsuitable as the redox mediator for the electro-oxidation of NADH because the reaction rates 
between NADH and oxidized flavins are not very fast.   As we have shown in a previous paper, however, 
the redox reaction between the NADH model compound (BNAH) and riboflavin (RF) was significantly 
accelerated by light irradiation.1)   The acceleration of the BNAH oxidation with the mediator RF and the 
light irradiation enables us to build a photogalvanic cell.1)   The overall cell reactions can be written as the 
following reactions: 

 BNAH ＋ RF       BNA+ ＋ RFH- (1) 
 

 RFH-         RF ＋ H+ ＋ 2e- (2) 

 2H+ ＋ 2e-       H2
 (3)  

 
, where BNA+ is the oxidized form of BNAH and RFH- denotes the reduced form of RF.   This 
photogalvanic cell can be utilized for a biofuel cell only if both biofuels and enzymes are added to the 
cell.   As can readily be seen in eq. (3), H2 gas is obtained during the discharge, which is an advantage 
over other enzymatic biofuel cells. 

The overall reactions (eqns. (1) to (3)) are considered to be composed several elemental reactions.   
If we know the reactions, we can fabricate the enzymatic biofuel cell with high performance.   In this 
study, the relationship between the concentration of produced BNA+ and the passed charge, the light 
wavelength dependence on the current, the decay of the concentration of RF, and the absorption spectra 
change of the anoolyte solution were examined.   The obtained results strongly suggest that the anodic 
reactions were composed of the following reactions: the photo-excitation of RF (eqn. (1)), the attack of 
the excited RF to BNAH and the generation of the radical species of BNAH and RF (eqns. (5) and (6)), 
and the chain reactions between the radical species (eqns. (7) to (. 

 RF   RF* (4)  

 RF* ＋ BNAH      RFH• ＋ BNA• (5)  

 RF* ＋ BNAH      RF•– ＋ BNAH•+ (6)  

 RF•– ＋ BNAH•+    RFH ＋ BNA• (7)  

 RFH• ＋ BNAH    RFH– ＋ BNA• ＋ H+ (8)  

 RF•– ＋ H+ ＋ BNA• RFH ＋ BNA+ (9)  

 RFH• ＋ BNA•    RFH– ＋ BNA+ (12)  

1) J. Yano and A. Kitani, J. Electroanal. Chem., 799, 431-435 (2017).  
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Unitized regenerative proton exchange membrane fuel cells (UR-PEMFC) are electrochemical devices 
that can be used for both energy conversion and storage1. The major bottleneck of the UR-PEMFC is the 
electrocatalyst employed in the oxygen electrode, due to the high overpotentials for the both oxygen 
evolution (OER) and oxygen reduction (ORR) reactions. In acidic media, iridium oxide is the preferred 
choice as the OER catalyst, while for the ORR, platinum-based materials are the state-of-the-art catalysts. 
Combinations of Pt and IrO2 have shown satisfactory electrocatalytic activity in both operation modes of 
UR-PEMFC2. However, the stability of such catalysts under bifunctional operation conditions is still 
relatively little explored. 
 
In this contribution, two bifunctional oxygen electrocatalysts were obtained by the direct deposition of Pt 
over amorphous iridium oxide (Pt/IrOx) and rutile iridium oxide (Pt/IrO2) nanoparticles. To evaluate ORR 
and OER activity of the electrodes, the rotating disk electrode approach was used.   Moreover, dissolution 
stability of the prepared electrodes was investigated in-situ during potential cycling tests by using a 
scanning flow cell inductively coupled plasma mass spectroscopy (SFC-ICP-MS) setup3. Three aging 
protocols were employed to evaluate electrocatalyst stability in different UR-PEMFC operation modes: 
(a) only during the ORR; (b) only during the OER; and (c) during both ORR and OER, including 
potential transitions between the two reactions (Fig. 1).  
 
Dissolution data show that both bifunctional catalysts are quite stable in either ORR or OER potential 
ranges. When a potential program includes transitions from is ORR and OER and vice versa, however, 
the dissolution rate of both platinum and iridium oxide increases dramatically. The latter is systematically 
studied in this work. These new results must be considered in the future design of advanced oxygen 
bifunctional electrocatalysts for use in UR-PEMFC. 
 

 

 
 
Figure 1 – (a) Schematic drawing of the scanning flow cell (SFC)3, and (b) dissolution profile of the 
Pt/IrO2 catalyst cycled between 0.6 – 1.6 V, at a sweep rate of 5 mV s-1. 
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In this study cathodes for Solid Oxide Fuel Cells obtained by mixing Ba0.5Sr0.5Co0.8Fe0.2O3 and 
La0.6Sr0.4Co0.2Fe0.8O3 were investigated. After a previous study [1] showing good performance for a 
sample made by 50% of BSCF and 50% of LSCF (%v/v) (named BL50), other two different volume ratio 
were produced through a ball milling process: BSCF 70% - LSCF 30% (BL70) and BSCF 30% - LSCF 
70% (BL30). Cathodes were deposited on a Samaria-doped Ceria electrolyte according to a half-cell 
configuration. XRD-analysis after a sintering stage at 1100 °C for 2 hours showed a structure change in 
two new perovskite phases: a rhombohedral La0.4Sr0.6FeO3-type and La0.5Ba0.5CoO3-type cubic-phase. 
Electrodes were electrochemically tested by electrochemical impedance spectroscopy (EIS) at different 
temperature (500-650 °C) and cathodic overpotential (0-300 mV). BL70 showed an extremely low 
polarization resistance (0.021 Ω cm2 at 650°C), lower than pure BSCF electrode [2], suggesting a very 
high electrocatalytic activity for oxygen reduction reaction, while for BL30 an acceptable value of 0.044 
: cm2 was measured. Both BL30 and BL70 impedance spectra were strongly affected by temperature, as 
reported for sample BL70 in Fig. 1a. Under these conditions, it was impossible to identify a unique and 
reliable equivalent circuit able to describe experimental data in the whole temperature range. To 
overcome this limitation and give stronger bases on data interpretation, the calculation of the distribution 
of relaxation time (DRT) was performed, as shown in Fig.1b. By means this tool, which does not require 
any physical hypothesis on the systems, the frequency and magnitude of the main phenomena were 
highlighted. DRT allowed identifying a transition in the kinetic mechanism from low (500 °C) to high 
temperature (650 °C). At lower temperature the system was clearly dominated by a co-limited process, 
namely the oxygen surface exchange coupled with bulk diffusion, pointing out a Gerischer-like 
behaviour. This was described by a main peak at low-medium frequency, followed by a tail at higher 
frequencies (Fig.1b) [3]. Increasing the temperature, the main DRT-peak shifted at medium-high 
frequency with a more symmetrical shape, indicating a process mostly controlled by capacitive 
phenomena (inset Fig. 1b). Starting from these results two different and reliable equivalent circuits were 
selected to complete the electrochemical discussion: at low temperature (500°C) the circuit chosen was 
(was) G1, while at high temperatures (600-650 °C) it was R1(R2Q1)(R3Q2), where Ri is a resistance, Gi a 
Gerischer element, and Qi a constant phase element. 

 
Figure 1 (a) Electrochemical impedance spectra for the sample BL70  (BSCF 70% - LSCF 30% v/v) at different 
temperature. (b) Distribution of relaxation time for BL70 at different temperature 
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The water-splitting reaction (2 H2O → 2 H2 + O2) has a bottleneck that arises from the sluggish kinetics 
of its oxidative half-reaction, the oxygen evolution reaction (OER). Tremendous efforts are thus required 
to develop new low cost OER catalysts in order to achieve production of hydrogen fuel at a practicable 
rate and at large scale.  
Herein we report a new amorphous cobalt vanadium oxide catalyst for OER. Our material was designed 
on the basis of a volcano plot of metal-OH bond strength and activity where the most active catalysts 
reaching the top of the volcano are composed of mixed transition metal oxides whose single components 
are on a different branch of the volcano2,3. Unary cobalt and vanadium oxides being on different branches 
of the volcano plot, we hypothesized that a binary oxide composed of those two metals could yield to 
high OER activity. Moreover vanadium-containing oxides are seldom explored in the literature as OER 
catalysts.  
In this study we described and developed a facile hydrothermal synthesis of a cobalt vanadium oxide in 
the amorphous phase which exhibited high OER activity in alkaline conditions (1M KOH). Our method 
also allowed us to deposit this material directly on a high surface three dimensional nickel foam substrate. 
Characterization of the electrochemical water oxidation activity, structural morphology, phase and 
elemental composition as well as stability of the catalyst will be presented. We also explored the mass 
activity change of our catalyst with different Co:V atomic ratios. This allowed us to show that different 
Co:V ratios correlated with the M-OH bond strength in a volcano-type plot. 
 

           

 
1 Liardet, L. & Hu, X. Amorphous Cobalt Vanadium Oxide as a Highly Active Electrocatalyst for 
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Figure 3: Volcano-type 
correlation of the mass activity 
and M-OH bond strength of our 
catalyst with different Co:V 
ratios.   

Figure 1: Volcano-type 
correlation of the mass activity 
and M-OH bond strength of 
different mixed metal oxides. 
 

Figure 2: 
Morphology of 
our amorphous 
cobalt vanadium 
oxide. 
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This study was aimed at the preparation of an electrode for alkali water 
electrolysis, which had excellent catalytic activity by use of electroplating of alloys 
made of abundant metal, such as Fe and Ni.  The hydrogen overvoltage of the Fe-Ni-
W alloy plated electrode was the smallest through the measurement, moreover the 
hydrogen overvoltage was reduced after a long electrolysis.  The elemental 
composition and the enlargement of the surface area were confirmed by SEM and 
EDX analysis.  Involvement of Fe and W of Fe-Ni-W alloy plated electrode will be 
one factor for its high catalytic activity.  Thus plated Fe-Ni-W alloy electrodes were 
compared with the Fe alloy plated electrodes considering of their water electrolysis 
performance.  The catalytic activity of Fe-Ni-W plated electrode showed the best 
performance comparing to Fe-W-P or Fe-Ni alloy plated electrodes as both anode and 
cathode.  Also comparing to the stainless steel which had been widely used in the 
field of industrial water electrolysis, the Fe-based alloy plated electrode showed better 
performance as the electrodes for water electrolysis as shown in figure 1 and 2.   
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Fig. 1  Cathodic polarization curves 

 
Fig. 2  Daily Change of Hydrogen Overvoltage 
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The electrochemical reduction of CO2 combined with a clean energy sources is a promising approach for 
recycling CO2 and building a carbon neutral world with great economic and environmental benefits.1 
Different materials and optimization strategies have been explored to discover an optimal electrochemical 
CO2 reduction strategy. However, the enormous variety of approaches and still immature mechanistic 
understanding make it challenge to assess the maximum potential of each concept.2 Therefore, intrinsic 
understanding of a catalyst which has both high selectivity toward a single product at low overpotential 
and the ability to inhibit the competing hydrogen evolution reaction is of great importance. 
 
Bi, as a non-toxic and inexpensive electrocatalyst, has attracted a great deal of scientific interest for CO2 
reduction because it can achieve a relatively high faradaic efficiency towards formate formation in 
aqueous electrolyte media and CO formation in organic electrolyte media at a moderate overpotential. So 
far, the morphology effect (nanostructuring strategy) of Bi-based catalysts has been well studied while the 
true active site of the catalytic reaction of these catalysts has rarely been discussed. 
 
In this work, a sulphide-derived Bi catalyst has been synthesised from a one-pot hydrothermal reaction 
followed by electrochemical reduction and can be used as an excellent heterogeneous catalyst for 
converting CO2 into formate in aqueous bicarbonate medium with high activity, selectivity and durability. 
The maximum faradaic efficiency of formate formation was 84.0 % and was achieved at an overpotential 
of 670 mV. Structurally, we observed that the formation of defect-rich Bi during electrochemical 
reduction process and proposed that this defect-rich sulphide-derived Bi engenders positive effects on 
catalytically reduction of CO2.3 

 
Figure1. Scheme of synthesis procedure of Bi2S3 derived Bi and overall performance of Bi2S3 derived Bi 
catalysed electrochemical CO2 reduction.  
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This work proposes an alternative route of synthesis of catalysts for oxidation reactions of 
methanol and ethanol to be applied in fuel cells, these being the base of oxides and mixed precursors of 
pure niobium and tantalum, obtained from the base mineral, a columbite/tantalite. Initially, the total 
purification of this ore was carried out, the synthesis of the oxalate precursor was carried out and for both 
thermal treatments were obtained in three different temperatures (110, 400 e 600 ºC). The catalysts were 
analyzed by X-ray diffraction (XRD), X-ray excited photoelectron spectroscopy (XPS) and scanning 
electron microscopy (SEM), which showed strong evidence of catalytic properties for oxidation due to its 
rapid reduction. In the electrical characterization, these catalysts were evaluated by the differential pulse 
voltammetry (DPV) technique through sensors in reaction for the oxidation of the alcohols. The analysis 
showed that these materials are excellent conductors because they increased the electric current flow of 
the working electrode in order of magnitude relative to the gold electrode. The best performances for the 
reactions were observed mainly with the thermal treatment oxide at 600 ° C, followed by the precursor at 
400 ° C, oxide at 400 ° C, then at 110 ° C and finally the precursor at 600 ° C, precursor at 110 ° C did 
not react satisfactorily. Considering in this way that the materials obtained have characteristics 
appropriate for application in fuel cell electrodes. 
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The oxygen reduction reaction (ORR) at platinum, iridium and rhodium single crystalline electrodes, 
in acid solution, was studied using cyclic voltammetry, potential step chronoamperometry and DFT 
calculation, in order to understand the structure-activity relationship and the long-term stability. We found 
that i) The kinetics for ORR on Ir(111), Rh(111) are significantly slower than those on Pt(111), the onset 
potential and half-wave potential for ORR are more negative than those on Pt(111), the kinetics decrease 
in the order that Ir(111) < Rh(111) < Pt(111); ii) Incomplete reduction of O2 to H2O2 occurs in a wider 
potential region on Ir(111), Rh(111) than on Pt(111); iii) Ir(332) exhibits lower ORR activity than Ir(111), 
and incomplete reduction of O2 to H2O2 occurs in a wider potential region at Ir(332), which is opposite to 
the case on Pt(111), Pt(332) and Pt(331); iv)The deactivation rate for the ORR increases in the order of 
Pt(111)<Pt(332)<Pt(331), which leads to the opposite trend of ORR activity at longer reaction time 
during potential step measurements or under slow-scan CV. The faster dissociative adsorption of O2 and 
slower desorption of O-containing intermediates at stepped surfaces, result in higher coverage O-
containing intermediates at stepped surfaces; v) Similar significant decay of ORR current are also 
observed on Ir(111), Ir(332) and Rh(111). The structure-activity relationship of well-defined single 
crystalline electrodes (Pt, Ir, Rh) toward ORR will be discussed. 
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The electrocatalytic oxygen evolution reaction (OER) represents a process limiting widespread storage of 
renewable electricity in hydrogen. Catalysis of the OER, in contrast to the complementing HER 
(hydrogen evolution reaction), is difficult to optimize due to the well-known scaling relation restriction.1 
An alternative to a search for a catalyst breaking this restriction2,3 is to improve the current state-of-the-art 
catalyst’s feasibility. In such an effort, one may aim at either optimizing the surface orientation or 
reducing the costly catalyst components.  
This paper outlines the later approach on the benchmark oxygen evolving systems for acid media, based 
on oxides of ruthenium and iridium. A decrease of noble metal content can be conveniently achieved if 
one moves from tetragonal oxides of rutile type (typical for RuO2 and IrO2) to cubic pyrochlores of the 
A2B2O7 type. In this arrangement, one may expect the surface structure to deviate just moderately from 
those of rutile or perovskite investigated previously.  
The cubic pyrochlore structure can be described as two interpenetrating networks: a cubic diamondoid 
A2O lattice and a lattice of corner connected BO6 octahedra. This highly flexible structure allows for 
different combinations of A-site and B-site cations. The smaller cation typically resides in the B-site. For 
catalytically active Ru or Ir occupying B-sites, the A-sites can be occupied by many lanthanides. The rare 
earth elements are subject to the effect of lanthanide contraction, differing in ionic radius. Hence, 
different lanthanide cations change the unit cell parameter and, consequently, the metal-to-metal distance 
between the transition metal cations. This again influences the position of the catalyst’s d-band center.  
This paper presents synthesis, characterization, and OER activity of a range of ruthenium and iridium 
pyrochlores incorporating different Lanthanides (Yb, Gd, Nd). The catalysts were synthesized via spray-
freeze freeze-dry approach. The phase pure materials, however, require prolonged annealing at 
temperatures above 1000°C. The obtained nanostructured catalysts (Figure 1a) were characterized by 
XRD, SEM/TEM and EDX, and EXAFS. Differences in unit cell parameter can be clearly seen from the 
shift of reflection in the XRD patterns (Figure 1b). The catalytic activity of the oxides towards OER is 
related to the experimental distances of the transition metal cations (Figure 1c) and compared with the 
theoretical predictions obtained from DFT calculations. 
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Figure 1: a) SEM image of Yb2Ru2O7, magnification 50.0k b) powder diffractograms (PXRD) of ruthenium 
pyrochlores c) metal-to-metal distance as function of lanthanide radius RA, determined from unit cell parameter. 
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The sluggish nature of oxygen reduction reaction and cost associated with Platinum based catalysts 

have long been regarded as the major impediment to the commercialization of polymer exchange 
membrane fuel cells (PEMFCs). Therefore, enormous research efforts have been devoted to search for 
non-noble metal catalysts with comparable electrocatalytic performance of Pt, including carbon-supported 
transition metal/nitrogen compounds, heteroatom-doped carbon materials and nitrogen-doped carbon with 
transition metal/metal carbide encapsulated in graphitic layer structure [1-2]. Among the vast non-
precious metal catalysts, our research group is particularly interested in the M/N/C catalysts due to its 
respectable activity. 

Herein, we present a microporous metal-organic-framework-confined strategy to precisely control the 
material’s structure at atomic level, preferentially forming single-atom dispersed Fe-N-C structure. As 
shown in Figure 1, the catalyst shows excellent ORR performance with an onset potential of 0.92 V in 
acidic electrolyte, which outperformed most non-precious-metal catalysts reported to date. The 57Fe 
Mössbauer spectrum and X-ray absorption spectroscopy for Fe L-edge revealed the high-spin Fe3+-N4 
configuration in the pyrolyzed Fe-N-C catalyst. In-situ X-ray absorption spectroscopy showed a Fe3+/Fe2+ 
redox transition at a low potential, demonstrating that the active site structure was the in-situ reduced non-
planar Fe2+-N4 moiety embedded in distorted carbon matrix. The five coordinated OH-Fe2+-N4, which 
resembles the D3 structure, owns ultra-high turn-over frequency (TOF) of 3.98 e s-1 sites-1. The ultra-high 
TOF of our catalyst can be ascribed to its optimized Fe2+/Fe3+ redox potential that balanced the site-
blocking effect and O2 dissociation. 

 

 
   
Figure 1. ORR activities of the different catalysts in O2-saturated 0.1 M HClO4 at scan rate of 5 mV/s and 
rotation speed of 1600 rpm. 
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The need of a clean, efficient and reliable energy vector has led to the development of fuel cell 
technology. Fuel cells (FCs) are electrochemical devices that transform the chemical energy contained in 
a fuel, directly into electricity. In recent years, PEM fuel cells (PEMFCs) has been considered a very 
promising alternative for power generation devices for automotive, portable and distributed applications. 
Though PEMFC technology is a rather mature technology, there are still some open research lines in the 
field. One of them is the diagnosis and control of PEMFC systems. This work is framed in the 
aforementioned research line: its aim is to develop a dynamic model of an individual cell of a commercial 
300W PEM fuel cell stack. Electrochemical Impedance Spectroscopy (EIS) was used to here to 
investigate the dynamics of the system: the electrochemical impedance spectrum of the individual cell 
was experimentally measured at different operation currents. 
 
The proposed model is based on an electric equivalent circuit (EEC) of the individual cell, developed in a 
previous work, and shown in figure 1. The advantage of the selected EEC is that besides fitting perfectly 
the experimental spectra, all its elements have a clear mechanistic meaning: Resistance 𝑅𝑖𝑛𝑡 includes all 
the ohmic losses of the cell, mainly the protonic resistance of the PEM membrane. Inductance 𝐿𝑐𝑎𝑏𝑙𝑒𝑠 is 
associated to the measurement system cabling. The generalized finite length Warburg element represents 
the distributed resistance within the cathodic catalyst layer (CL). 𝐶𝑑𝑙 models the double layer; while the 
R(R+L) subcircuit is related to the ORR kinetics. This subcircuit is responsible for the presence of an 
inductive loop at low frequencies due to the adsorption and desorption of ORR intermediates. Finally, the 
finite length diffusion Warburg element is associated to oxygen diffusion in the cathodic CL. The first 
step was to relate the parameters of the EEC to relevant physical properties of the system (i.e. double 
layer thickness, thickness of the water film on the cathodic CL, etc…). Then, the experimental EIS 
spectra (for different 𝐼𝐷𝐶) were fitted to the EEC shown in figure 1, and the relevant physical properties 
were calculated from the EEC parameters. In this way, the evolution with 𝐼𝐷𝐶  of the 11 relevant 
parameters was obtained. Empirical models were proposed to model the observed evolutions.  
 
The resulting 23-parameter dynamic model consisted in an EEC coupled with 11 empirical models that 
encapsulate the evolution of the different parameters of the EEC with the operation point. This model is 
able to perfectly fit the EIS spectra obtained for different polarization currents. Moreover, the different 
parameters of the dynamic model have physical interpretations. Therefore, the proposed model is useful 
for diagnosis and control applications. 
 

 
Figure 1. Electric equivalent circuit considered in this work 

 
Keywords: Empirical Dynamic Model, Electrochemical Impedance Spectroscopy (EIS), PEM Fuel Cell, 
Electric Equivalent Circuit, DC Current Effect. 
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The selection of oxide materials for catalyzing the oxygen evolution reaction in acid-based electrolyzers 
must be guided by the proper balance between activity, stability and conductivity—a challenging mission 
of great importance for delivering affordable and environmentally friendly hydrogen. Here we report that 
the highly conductive nanoporous architecture of an iridium oxide shell on a metallic iridium core, 
formed through the fast dealloying of osmium from an Ir25Os75 alloy, exhibits an exceptional balance 
between oxygen evolution activity and stability as quantified by the activity-stability factor. On the basis 
of this metric, the nanoporous Ir/IrO2 morphology of dealloyed Ir25Os75 shows a factor of ~30 
improvement in activity-stability factor relative to conventional iridium-based oxide materials, and an ~8 
times improvement over dealloyed Ir25Os75 nanoparticles due to optimized stability and conductivity, 
respectively. We propose that the activity-stability factor is a key “metric” for determining the 
technological relevance of oxide-based anodic water electrolyzer catalysts. 
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Platinum is an extremely active electrocatalyst for the oxygen reduction reaction (ORR) with the 
well-known drawbacks of scarcity and high cost. Its more effective and durable utilisation is thus 
paramount to PEMFC development. The replacement of nanoparticles with 2D extended structures of this 
metal is a successful strategy to maximize Pt exploitation and then electroactivity, while enhancing its 
stability by minimising the agglomeration and protecting the support surface1. 

With this aim, we developed a high overpotential electrodeposition method to prepare 2D 
conformal Pt structures on carbon nanofibers2. The latter were prepared by electrospinning3, leading to 
self-standing webs with high mechanical stability and electrical conductivity. The obtained 3D 
electrocatalyst layers can be characterised directly, and used as such in membrane electrode assemblies. 
Furthermore, the porous structure of the electrospun web can promote the efficient reactant mass 
transport.  

To further tune the lacunarity of these structures, and engineer the surface area distribution along 
the electrode thickness, and in turn the Pt content distribution, carbon nanotubes were selectively grown 
on a section of the self-standing nanofibrous electrodes4. The metal nanoparticles catalysing the tubes 
formation on the fibres were in situ grown during the carbonisation step from the thermal reduction of the 
corresponding salt added directly to the electrospinning solution5. Furthermore, the modulation of the 
electrospinning solution allows tailoring the web morphology and thus maximising the surface area of the 
electrode at the membrane interface.  

Pt 2D structures were electrodeposited onto the obtained hierarchical structures and the resulting 
electrodes characterised for their morphological, structural and ORR electrocatalytic properties. Finally, 
these hierarchical nanofibrous electrodes were used directly as self-standing electrocatalyst layers in a 
membrane electrode assembly and characterised in single fuel cell.  
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Recently, Pd-based nanomaterials as catalysts for ORR have attracted much attention because of the 

similar properties to Pt. However, the poor durability of palladium in the harsh environment of fuel cell 
cathodes renders its commercial future bleak. Based on this, a combination of selected 3d-transition 
metals M (M = Co, Fe, V, Cu) with Pd would usually yield compressive strain in the lattice, and then 
weaken the bonding between Pd and oxygenated species relative to those of a pure Pd, and consequently 
enhance the ORR activity and stability. Another promising tactics to enhance the ORR stability is to 
design structure sensitivity catalyst with Pd-based core surrounded by ultrathin Pt or Au shell, which can 
exhibit excellent durability through the interaction between the shell and the core, such as ligand effect 
and strain effect. Based on this, carbon supported Pd3V@Pt/C, Pd2FeCo@Pt/C, Pd8CoZn@Pt, 
Pd6CoCu@Pt and Pd6CoCu@Au core-shell structure nanoparticles have been systematically synthesized 
via a simple impregnation-reduction method, followed by a spontaneous displacement of Pt/Au. 
Elemental analysis indicates that Pt atoms are decorated on the surface of Pd-based particles, while Au 
atoms could not only distributed on the surface, but also penetrate through the Pd-Co-Cu lattice and 
distributes within the particles (Figure 1). Electrochemical tests reveal that Pt decoration can enhance 
both the ORR activity and durability, while Au decoration can enhance the ORR activity only. We 
believe that the facile synthetic strategy could be extended to other multi-metallic nanocrystals, making it 
possible to design highly active catalysts beyond fuel cell applications. 
 

 
Figure 1. (a) EELS-mapping of Pd, Pt, Co, overlapping of Pd, Co and Pt for one Pd6CoCu@Pt/C 
nanoparticle. (a) Model diagram and EELS-mapping of Pd, Au, Co for one Pd6CoCu@Au/C nanoparticle. 
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The oxidation of organic molecules on platinum electrodes is directly associated to the presence 
of OH species on the surface as Pt-OH. However, this is the same species that is oxidized to PtO. In the 
presence of organic molecules, since both processes are happening at the same time, it is difficult to 
separate the current/charge of the organic molecule oxidation from the current/charge of Pt surface 
oxidation, but it has been assumed that there is no change in the surface oxidation. However, considering 
that both reactions depend on the same species, it is reasonable to believe that a competition must take 
place. In this way, the goal of this work was to investigate if the Pt surface oxidation is influenced in the 
presence of different alcohols. 

The defects created on a well ordered Pt(111) surface as a result of oxide formation have been 
reported before [1-2] and the idea of this work is to use this information to measure the extension of Pt 
surface oxidation. In this way, the (110) defects created on Pt(111) electrode after cycling in the absence 
and presence of different alcohols (methanol, ethanol, ethylene glycol, 1,2-propanediol, 1,3-propanediol 
and glycerol) were evaluated in order to quantify the oxide formation.  

It was observed that in the presence of alcohol molecules bigger than methanol, the formation of 
(110) defects is inhibited (Figure 1). The existence of vicinal hydroxyls seems to enhance this behavior. A 
relation between the end of alcohol oxidation (offset potential) and the disordering of the surface was 
observed. These results are in agreement with those obtained for Pt polycrystalline oxidation.  
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Figure 1: (a) Voltammetric profile of Pt(111) in 0.1 M H2SO4 before (black) and after 30 cycles in 
absence (red) and presence of  methanol (green), 1,3-propanediol (dark blue), ethanol (soft blue), 1,2-
propanediol (pink), ethylene glycol (yellow) and glycerol (beige). Alcohol concentration: 0.01 M. Scan 
Rate: 50 mV s-1. (b) offset potential of alcohol oxidation (black circles) and total charge of Pt(110) 
defects after 30 cycles in the presence of alcohol (red squares). 

From these experiments, it was possible to observe that the offset of the alcohol oxidation is 
inversely related to the number of Pt atoms oxidized. The surface oxidation extension in the presence of 
alcohols follows the order: methanol > 1,3-propanediol > ethanol > 1,2-propanediol > ethylene glycol > 
glycerol. More work is in progress in order to better quantify the surface oxidation. 
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The independence from Platinum-Group Metal (PGM) is one of the major goals towards the 
commercialization of Proton Exchange Membrane Fuel Cells (PEMFCs), due to the limited availability of 
PGMs and their high loading required for Oxygen-Reduction-Reaction (ORR), increasing their cost 
contribution to the overall system. On the other hand, the challenges for PGM-free ORR catalysts are an 
activity similar to Pt and a long-term operational stability in the strong acidic environment of a PEMFC. 
Low-cost FeNC catalysts fulfill the high activity requirement, but they still face fast degradation in acid 
[1, 2]. On the contrary, pure valve-metal oxides as non-PGM ORR catalysts need a significant 
improvement in ORR activity and H2O yield, but they are very stable during PEMFC operation [3, 4]. 
The aim of this contribution is the combination of the intrinsic high ORR activity of Fe with the stability 
of valve-metal oxides, via partial substitution of Zr4+ with Fe3+ in the ZrO2 structure [5]. As confirmed by 
theoretical calculation, the formation of a solid solution of oxides of the two aliovalent metals provides 
oxygen vacancies or uncoordinated metal sites at the oxide surface, hypothesized to be correlated to an 
increased ORR activity of valve-metal oxides [6, 7]. 
Fe-substituted ZrO2 was synthesized as described in [8, 9]. XRD and TEM characterizations show that 
our catalysts consist of nanometric ZrO2 particles. Mössbauer spectroscopy reveals that the Fe moieties 
are isolated and in high-spin Fe3+ electronic configuration, typical of an oxidic environment. This is 
confirmed by soft XAS data at the Fe L-edge and XPS data, pointing to the desired FexZr1-xO2-δ phase. 
Thin-film rotating (ring) disk electrode (R(R)DE) voltammetry was used to complete the ORR mass 
activity and H2O2 yield in [9] of the preferred catalyst Fe0.07Zr0.93O2-δ as a function of loading. The mass 
activity was much higher than pure ZrO2 and the H2O2 yield even lower than an FeNC catalyst [10]. The 
possible nature of active sites and ORR mechanism was evaluated using theoretical calculations. The 
catalyst mass activity and its activation energy from Arrhenius analysis in a single PEMFC is compared 
to the RDE results. Stability tests and loading optimization in PEMFC have also been performed. 
Acknowledgements: This work was supported by the Bayerische Forschungsstiftung (Project ForOxiE², 
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The hydrogen oxidation/evolution reaction (HOR/HER) is a central reaction in both fundamental 
electrocatalysis and in electrochemical energy conversion devices, viz., in proton exchange membrane 
(PEM) H2/air fuel cells as well as in PEM water electrolyzers. Platinum is the most active monometallic 
catalyst for this reaction and, in acidic electrolytes, its intrinsic HOR/HER kinetics, quantified by the 
exchange current density, are so facile that the reaction rates determined by the commonly used rotating 
disk electrode (RDE) technique turned out to be compromised by unaccounted mass-transport resistances. 
Recently, it was revealed that the true HOR/HER kinetics of Pt in acidic electrolytes are actually about 
two orders of magnitude larger than previously assumed [1], explaining why ultra-low Pt loadings in 
H2/air PEM fuel cell anodes or in PEM water electrolyzer cathodes are sufficient to sustain very high 
rates at very low overpotentials.  

This presentation will also discuss the HOR/HER activity of other platinum-group metals (PGMs), 
whereby Pd is a particularly interesting case due to its ability of absorbing hydrogen, forming a bulk 
hydride phase in the presence of gaseous hydrogen. Even more interestingly, the transition from Pd-
hydride to Pd is typically observed well within the HOR potential range, opening the question whether the 
HOR occurs on a Pd surface (as assumed in [2]) or on a Pd-hydride surface. This behaviour will be 
investigated by operando X-ray absorption spectroscopy in a fuel cell [3]. Moreover, the HOR/HER 
activity of modified Pt catalysts will be presented, i.e., either Pt monolayers supported on Ru [4] or Pt 
deposited on a conductive oxide support.  Finally, the stability of anode catalysts during start up/shut 
down events of a PEM fuel cell will be examined [5]. 
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For polymer electrolyte fuel cells, Pt-based alloy catalysts, such as Pt-Co 
and Pt-Ni, have attracted much attention as alternative electrocatalysts to 
pure Pt nanoparticles because of their higher activity towards the oxygen 
reduction reaction (ORR). Pt-based alloy single-crystal electrodes are 
important for a better understanding of the mechanism for the ORR 
enhancement. Recently, we have established a facile, usable technique to 
make Pt-Co alloy single crystals with desired alloy ratios [1]. In this way, 
we have found a strong dependency of the ORR activity on the Co content 
at Pt100-xCox(111) electrodes prepared by annealing under a pure H2 
atmosphere [2]. The maximum kinetically-controlled current density at 0.9 
V was found to be 25 times larger than that on pure Pt(111) [2]. Such an 
enhancement was approximately two times larger than those reported for 
Pt-based alloy (111) single-crystal electrodes prepared under ultrahigh 
vacuum [3]. In the present study, we report the surface structure and 
composition of Pt-Co alloy single-crystal electrodes prepared under H2 
atmosphere. ßFigure 1a shows spectra obtained by low energy ion 
scattering (LEIS) on a Pt4Co(111) surface before and after the heat 
treatment in H2. The Co signal around 280 eV disappeared after the heat 
treatment in H2, demonstrating the formation of a Pt-skin layer. Low-
energy electron diffraction (LEED) pattern on Pt3Co(111) (Fig. 1b) clarified 
a hexagonal (1 × 1) structure of the Pt-skin layer. In-situ observation by 
scanning tunneling microscopy (STM) revealed an atomically-flat terrace 
with Pt atoms forming a (1 × 1) structure in N2-purged 0.1 M HClO4 
solution (Fig. 1c). Figure 1d shows the atomic ratios of Pt and Co between 
the topmost (Pt-skin) and fourth layers with 0.34 ML of the adsorbate 
(ClO4

−) layer obtained by in situ surface X-ray scattering (SXS) in N2-
purged 0.1 M HClO4 solution. The topmost surface (Pt-skin) layer 
consisted of pure Pt with one atomic layer thickness. Co was considerably 
enriched in the second layer up to 98 at.%. The Co contents in the third and 
fourth layers were 21 at.% and 19 at.%, respectively, slightly lower than 
that of the bulk crystal (25 at.% Co). Unprecedented activity for the ORR 
on Pt3Co(111) is ascribed to the specific composition gradient of Co. 
Further analyses are in progress with different electrodes under different 
conditions. 
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The rise in energy demand coupled with depleting fossil fuel sources and increased awareness of 
associated environmental and safety issues necessitates sustainable energy solutions. Polymer electrolyte 
membrane fuel cells (PEMFCs) are a promising option but the sluggish oxygen reduction reaction (ORR) 
at the cathode often uses a noble metal-based catalyst, usually platinum (Pt), and thus commercialization 
greatly depends on reducing electrocatalyst cost. Traditional electrocatalysts, Pt nanoparticles supported 
on high surface area carbon (Pt/HSC), suffer performance losses and do not meet DOE targets for 
durability and cost. Recently developed nanowire (NW)-based PtNi extended surface catalysts, 
synthesized using spontaneous galvanic displacement (SGD), demonstrated initial ORR activities over 10 
times greater than Pt/HSC and substantially improved durability when tested in rotating disk electrode 
(RDE) [1-3], motivating further studies targeting optimization of the electrodes. Optimization of the 
catalyst performance in MEAs using PtNi extended surface catalysts produced via galvanic displacement 
is hindered by the issues with reproducibility and limited batch sizes. Therefore, current efforts are 
focused on development of efficient PtNi nanowires using atomic layer deposition (ALD) as a more 
easily scalable route. 
 
The similarities and differences in the composition and morphology of the PtNi nanowires obtained with 
both methods were elucidated using a set of microscopy and spectroscopy methods. Scanning 
transmission electron microscopy (STEM) with energy dispersive x-ray spectroscopy (EDS) 
hypermapping and Atom Probe Tomography (APT) were employed to track distribution of platinum and 
nickel and X-ray spectroscopies (X-ray photoelectron spectroscopy and X-ray absorption spectroscopy) 
are used for characterization of Pt and Ni states.  Near-Ambient Pressure XPS (nAP-XPS) was used to 
study effect of surface composition on oxygen adsorption behavior. Further, the composition and 
morphology of the catalyst at various stages relevant to MEA preparation and testing (as prepared 
powder, ink, fresh MEA, and tested MEA) were examined. The distribution of the catalyst in the 
electrodes and impact of Nafion ionomer content and addition of carbon black on the distribution of 
catalyst and ionomer within the electrode were assessed and correlated to performance. 
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Oxygen reduction reaction (ORR) is one of the most important reaction in the low temperature fuel cells 
e.g. PEMFC and DMFC. Because of the slow ORR kinetics and the stability issues of the catalyst in the 
electrochemical environment, expensive precious metal catalysts (including platinum) are often used in 
these electrochemical devices to catalyse the ORR. Polycrystalline platinum Pt(hkl) electrode could be 
considered as a model system to study the ORR. 
 
Electrochemical impedance spectroscopy (EIS) is an excellent tool to elucidate the individual components 
of ORR e.g. charge-transfer, mass-transfer and adsorption processes [1]. Using this technique there is 
unique possibility to study the electrical double layer (edl) structure and ORR simultaneously.  
 
In this work, the edl structure and ORR was studied at the Pt(hkl) rotating disk electrode (RDE) using EIS 
in the 0.1 M HClO4 solution at various potentials. RDE was used to get well-defined mass transfer 
conditions. 
 
The electrochemical measurements were carried out in a three-electrode electrochemical cell. The working 
electrode was polycrystalline platinum (Pine Research Instrumentation, Inc.). The cyclic 
voltammetry (CV), RDE and EIS measurements were performed with an Autolab PGSTAT 302N with 
FRA32M. The ORR kinetics data and the value of the electrochemically active surface area were estimated 
using the protocols proposed by Shinozaki et al. [2]. EIS data were obtained within ac frequencies from 
0.5 to 10 000 Hz at electrode potentials from 0.025 to 1 V vs. reversible hydrogen electrode at 1600 rpm in 
the N2 or O2 atmosphere. 
 
The EIS data in the oxygen-saturated solution was modelled 
using the equivalent circuit presented in Fig. 1 [3, 4]. The 
electrolyte resistance Rel was independent of potential and gas 
atmosphere. The edl structure was modelled using edl 
capacitance Cedl, adsorption resistance Rads and adsorption 
capacitance Cads. The edl parameters were same in the N2 or O2 
saturated solution. There was an agreement between the edl 
capacitance CCV calculated from the CV data and EIS data 
(Cedl + Cads). ORR was described with the charge transfer 
resistance Rct and diffusional Warburg impedance Rw. The ORR 
parameters were directly related to the ORR parameters 
calculated from the RDE data using the Koutecký-Levich 
analysis. 
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Figure 1. The equivalent circuit 
describing the EIS response of the 
rotating Pt(hkl) electrode (1600 rpm) 
in the oxygen saturated 0.1 M HClO4 
solution. 

Rel Cedl

Rads Cads

Rct Rw

Element Freedom Value Error Error %
Rel Fixed(X) 0 N/A N/A
Cedl Fixed(X) 0 N/A N/A
Rads Fixed(X) 0 N/A N/A
Cads Fixed(X) 0 N/A N/A
Rct Fixed(X) 0 N/A N/A
Rw-R Fixed(X) 0 N/A N/A
Rw-T Fixed(X) 0 N/A N/A
Rw-P Fixed(X) 0.5 N/A N/A

Data File:
Circuit Model File:
Mode: Run Simulation / Freq. Range (0.001 - 1000000)
Maximum Iterations: 100
Optimization Iterations: 0
Type of Fitting: Complex
Type of Weighting: Calc-Modulus
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A new family of “Pt-free” electrocatalysts (ECs) for the oxygen reduction reaction (ORR) is presented, 
exhibiting a “core-shell” morphology. A hierarchical graphene-based support (H-GR) “core” is covered 
by a carbon nitride (CN) “shell” stabilizing the active sites in “coordination nests” [1]. The “core” 
comprises two main components: (i) ZnO nanoparticles supporting highly defected graphene 
nanoplatelets; [2] and (ii) carbon black nanoparticles, to improve the charge and mass transport 
phenomena associated to EC operation. The active sites of the ECs, that are bonded on the CN “shell”, 
are based on Fe (the “active metal”) and Sn (the “co-catalyst”) [1]. The ECs are obtained by a complex 
synthesis process [1], comprising both: (i) multiple pyrolysis steps, carried out at 400 < T < 900°C; and 
(ii) chemical etching steps, by means of different acids such as CH3COOH and HF. This work is focused 
on the study of the interplay between: (i) the preparation parameters, the morphology, the pore structure, 
the chemical composition and oxidation states of the surface; and (ii) the ORR performance and reaction 
mechanism. In particular, it is studied in detail the impact of the selective chemical etching of: (i) the H-
GR supports; (ii) the “active metal”; and (iii) the “co-catalyst”. Indeed, it is revealed such etching has a 
dramatic effect on the pore structure and on the surface chemical composition and oxidation states of the 
ECs, with important repercussions on the ORR performance.  
 
An extensive characterization campaign is executed, with the purpose to elucidate the chemical 
composition, morphology, structure, and porosity features of the ECs. The CV-TF-RRDE technique 
(cyclic voltammetry with the thin-film rotating ring-disk electrode) is adopted to study: (i) the ORR 
kinetics and reaction mechanism, by means of the Tafel analysis; (ii) the average number of electrons 
exchanged during the ORR, in order to determine the reaction pathway. Finally, CV-TF-RRDE studies 
are carried out as a function of the pH of the environment, to study the interplay between: (i) the chemical 
composition and oxidation states of the surface; (ii) the concentration of the H3O+ and OH- species; and 
(iii) the electrochemical kinetics and pathway of the ORR.   
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Electrolysers are expected to play a major role in the green hydrogen economy, as they offer a clean and 
sustainable approach to the production of hydrogen fuel. These devices utilize (renewable) energy to split 
water, with catalysts required to efficiently generate oxygen at the anode and hydrogen at the cathode. In 
the latter case, platinum is regarded as the benchmark due to its high activity and stability.1 However, there 
is a need to substitute this critical metal catalyst with earth-abundant alternatives, in order to reduce device 
costs and improve sustainability. In recent years, molybdenum disulfide has received much attention as one 
such alternative to platinum for the hydrogen evolution reaction (HER).2  
 
Chemical synthesis of MoS2 is commonly carried out by chemical vapour deposition. However, this 
approach requires high temperatures, as well as the supply of additional sulfur during the reaction.  
Recently, electrodeposition has been shown to be a viable alternative approach for the preparation of MoS2 
electrodes under ambient conditions using an aqueous precursor solution.3 In this work, we explore the 
electrodeposition of MoS2 onto glassy carbon electrodes using a variety of electrochemical techniques, 
including cyclic voltammetry and constant potential electrolysis. The films were characterized by a range 
of techniques, including Raman spectroscopy, atomic force microscopy and optical microscopy. The 
electrocatalytic performance of the films towards HER was found to be dependent on both the deposition 
approach, as well as the film thickness. 
 
Rapid, square-wave potential pulsing4 was also explored as a novel approach to the electrodeposition of 
MoS2, with a view to controlling the film morphology, and hence catalytic activity, by pulsing between 
potentials in which either deposition or reductive dissolution processes occur.3 The electrocatalytic 
performance of these films was found to be highly dependent on the two potentials between which the 
electrode was modulated during the electrodeposition; applying cathodic potentials typically led to films 
with higher activity towards HER. 
 
Having identified the electrochemical deposition parameters which led to the best performing MoS2 films, 
the potential for scale-up was explored. MoS2 was successfully electrodeposited onto carbon paper 
substrates using cyclic voltammetry and rapid potential pulsing methods, and then tested for its hydrogen 
evolution activity in a half-cell using a three-electrode configuration.  
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Finding cost-effective alternative electrocatalysts for the oxygen reduction reaction (ORR) is considered 
as one of the most important challenges in the development of electrochemical technologies such as fuel 
cells and metal-air batteries. Although significant progress has been made in developing non-precious 
metal based ORR catalysts such as Fe- and Co-N-C, they still lack sufficient performance in H2-Air fuel 
cell rather than Pt as well as a limited stability under typical operating conditions.[1–4] In terms of 
activity, even though it is still necessary to optimize cell configuration and operating condition, it is 
usually accepted that higher loading of electrocatalysts can compensate for their lower activity because of 
their low cost and high abundance. In order to improve the stability, there are several approaches to 
achieve the still necessary improvements.[5–7] One of them is to load ultra-low amounts of Pt onto/into a 
well-characterized Fe-N-C material, which shows increased performance.[6,7] However, the mechanistic 
investigation of the Pt loaded Fe-N-C electrocatalyst is still necessary for a  better understanding of the 
underlying processes. 

Here, we prepared ultra-low amount Pt decorated Fe-N-C electrocatalyst and investigate the mechanistic 
origin of improved activity and stability. Based on the detailed physicochemical analysis, we show that 
the hydrogen peroxide production rate varies with the addition of Pt, which might be related to the 
enhanced activity and stability. This mechanistic understanding can contribute to the rational 
development of further non-precious metal based ORR electrocatalysts to improve their performance as 
economically feasible fuel cell catalysts. 
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Bioavailable multicopper enzymes and proteins capable to catalyze spontaneously and reversibly the 
oxygen reduction reaction (ORR) [1] have been taken as paradigm models for the biomimetic of catalysts 
with copper sites active for the ORR. As in MN4-type macrocyclic complexes [2], the activity of the 
copper-based catalysts is determined by the accessibility of the Cu(I)/Cu(II) redox couple without change 
the structure and therefore, the active species.  

In this work two series of CuI-phen derivatives complexes 
(phen= 1,10-phenanthroline) with different peripheral 
substituents (Figure 1a) were synthesized and 
experimentally characterized. The electrochemical 
behavior of both series, called electronic and steric series, 
were tested demonstrating the Cu(I)/Cu(II) reversibility of 
the studied structures. For the electronic series the 
reduction formal potential values (E0’

Cu(II)/Cu(I) vs NHE) 
were associated with the respective ORR onset potentials, 
determined by linear polarization in an O2 saturated 
medium (pH=5). On the other hand, this tendency 
changed for the steric series which complexes have a 
structural disposition of the additional substituents that 
hinders the conformational change caused by the 
Cu(I)/Cu(II) redox process.  In this case after the O2 
reduction, the initial species are degraded into different 
active species for the ORR.  
The experimental results were supported by theoretical 
calculations (DFT). Based on the calculated electronic 
structure of the electronic series it was possible to explain 
the effect of the substituents over the experimental formal 
potential; halogen substituents displace the E0’

Cu(II)/Cu(I) to 
more positive values. Additionally, the obtained dioxygen 
energy adsorption (Ead) follows the tendency shown in 
Figure 1b, which linearity with the activity (represented as 
log(j)) shows a negative slope (inset Figure 1b), with the 
higher active species showing the most negative Ead. The 
O2 adsorption mechanism was studied by means of the 

intrinsic reaction coordinate method (IRC) [3]. The results allow to explain theoretically the change of the 
catalytic species of the steric series after the dioxygen adsorption, compared with the electronic series, 
which maintain their structures.  
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Transition-metal oxides, either pure or mixed with carbon, as supports of noble metal nanoparticles might 
promote improvements in the activity towards reactions relevant to fuel cell development, such as the 
oxidation of methanol and ethanol [1]. The enhancing effects of transition-metal oxides are usually 
attributed to electronic effects resulting from metal-support interactions and/or to changes in the 
availability of oxygenated species. Even though improved activities are explained, more often than not, 
invoking electronic effects, experimental assessment of the electronic properties of the catalytic metal is 
rather uncommon. The effects of electronic changes on ethanol oxidation in alkaline solution were 
recently analyzed for Pt nanoparticles on hybrid supports containing different oxides [2], revealing that 
the electrocatalytic activity increases as the metal-support interactions induce an increase in the electronic 
vacancy of the Pt 5d band. In contrast, the increase in electronic occupancy of the Pd 4d band was shown 
to correlate with the enhanced ethanol oxidation activity on Pd nanoparticles [3]. A comparative study of 
the effects of C-SnO2/Sb2O5 and C-TiO2 hybrid supports containing different amounts of transition-metal 
oxides on the activity of Pd nanoparticles for ethanol oxidation is presented in this work. For this 
investigation, each set of catalysts was prepared using fractions of the same colloidal dispersion of Pd 
nanoparticles, i.e., keeping identical the Pd particles and varying only the composition of supports. The 
electronic properties of the Pd particles were investigated by X-ray absorption spectroscopy (XAS) 
around the Pd L3 edge (3173 eV) at the Soft X-rays Spectroscopy (SXS) beamline of the Brazilian 
Synchrotron Light Laboratory (LNLS). The activity for ethanol oxidation was assessed by 
chronoamperometry while the reaction products were determined by in situ FTIR at different potentials. 
Results revealed that the interaction of Pd nanoparticles with the hybrid supports induced changes in the 
electronic occupancy of the Pd 4d band, and that such changes are related to the variations of the catalytic 
activity of Pd nanoparticles for ethanol oxidation. 
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Electrocatalytic hydrogenation (ECH) reactions have been carried out since 1800’s using different types 
of electrochemical cell, electrode materials1 and organic molecules.2 Although attractive for 
pharmaceutical and petrochemical industries, it has never kicked off as an alternative for commercial 
route of manufacturing organic compounds. As much as the material price has been reduced by using 
noble metal nanoparticles instead of bulk electrodes, the electrocatalytic activity and selectivity as 
function of the crystallographic facets remains unexplored. 
The unselective hydrogenation of aromatic ketones by a competitive co-adsorption process of the organic 
molecule and the reducing agent (adsorbed hydrogen) has been observed using massive palladium 
electrodes.3 More recently, quasi-spherical palladium nanoparticles have been employed as electrocatalyst 
improving thus the selectivity towards the alcohol formation and preserving the faradaic efficiency.4 
We will show experimental evidences of acetophenone preferential adsorption on low-index Pd 
monolayers (freshly prepared by electrodeposition of the metal precursor) as primary factor controlling 
the selectivity of ECH. Simultaneously, the electrocatalytic activity towards Hads+HER in presence of 
the organic target will be determined (electrochemical-chemical reaction mechanism). Pt and Au single 
crystals were used as a substrate due to their different affinities for Pd deposition and also to understand 
the role of absorbed hydrogen. By-products of acetophenone ECH were monitored by in situ Online 
Electrochemical Mass Spectroscopy under two bias conditions: hydrogen under potential deposition and 
reductive desorption. Finally, we will carefully distinguish the palladium hydride influence on the 
selectivity/efficiency of ECH by comparison with the result obtained on bulk polycrystalline and single 
crystalline palladium electrodes. However, further studies are required to fully understand the 
contribution on each crystallographic facet and it may presented in a future work. 
These results constitute basic information in order to optimize the reaction process by reducing the energy 
necessary to carry out the reaction in a very selective way and scaling up to a mass production. 

 
Graphical abstract: Co-adsorption of acetophenone and hydrogen atom electrochemically formed on the 

surface showing which orientation adsorbs stronger the organic molecule. Two competitive processes 
take place thus the selectivity depends on the adsorption energy of the by-products while the efficiency 

depends on the amount of effective encounter between reagents. 
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In view of the transfer from fossil fuels to renewable energies, electrochemical reactions offer the chance 
of a fast and environmentally friendly production of chemicals or the transfer of chemical energy into 
electric energy (e.g. via fuel cells). Metal-nitrogen-carbon (Me-N-C) materials are intensively investigated 
as promising alternative for Pt/C catalysts on the cathode in PEM (Polymer-electrolyte membrane) fuel cell 
applications [1]. In general, the active sites in Me-N-C catalysts compose of a metal center that is square 
planar coordinated by nitrogen atoms and embedded in the carbon structure.[2, 3] One of the main 
challenges developing Me-N-C catalysts represents the engineering of the carbon structure and morphology 
especially with respect to porosity. The use of template materials like MOFs, SiO2 or metal oxalates turned 
out as successful strategies to engineer the carbon morphology[4-7]. In previous publication we have shown 
that the use of DCDA as a template has a beneficial effect for the ORR activity of Fe-N-C catalysts [8, 9]. 
The catalysts were prepared using phenanthroline as nitrogen and carbon precursor. 
 
In this work, we present a new synthesis approach, whereby the template is impregnated with a polymer. 
The structure and morphology of the final catalyst can then be adjusted by varying the particle size of the 
template as well as by the template/polymer ratio. Especially the template/polymer ratio turned out to have 
a significant effect on the resulting ORR activity. 
The effect of the template structure and size on the carbon morphology and composition of the final Fe-N-
C catalyst was evaluated by the particle size distribution, N2-sorption measurements, Raman spectroscopy 
and Photoelectron-Spectroscopy. Rotating ring disk (RRDE) studies were performed to investigate the 
effect of the template on the resulting ORR activity of the Fe-N-C catalysts.  
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Developing cost-effective, active and durable electrocatalysts for cathodic oxygen reduction reaction (ORR) is a 
prerequisite for the broad market penetration of low temperature fuel cells (LTFCs). A major barrier is stemming 
from the poisoning of surface active sites by non-reactive oxygenated species (e.g., OHad) and the sluggish ORR 
kinetics on the state-of-the-art Pt catalysts.[1] Modifying Pt catalysts using hydrophobic ionic liquids (ILs) has 
been demonstrated as a facile approach to boosting the performance of Pt catalysts for ORR.[2-5] Here in the 
current contribution, attempts were made to better understand how Pt activity gets improved after IL 
modification by rationally tuning structure of ILs at a molecular level. To achieve this, Pt/C catalysts were 
modified using a wide variety of 1-alkyl-3-alkylimidazolium bis(trfluoromethanesulfonyl)imide 
([R1R2im][NTf2], R = methyl (C1), ethyl (C2), butyl (C4), hexyl (C6), decyl (C10)) ILs with varying alkyl chain 
lengths in imidazolium cations, and their electrocatalytic properties (e.g., electrochemically active surface area, 
intrinsic activity and stability) of the resultant catalysts were systematically investigated.  

 
Figure 1. (a) Structures and abbreviations for ILs investigated in this work. (b) ORR polarization curves, and (c) 
comparison of Pt activity for ORR (@0.9 V) on pristine and IL-modified Pt/C catalysts. 
 
The ORR performance of the pristine and IL-modified Pt/C catalysts were evaluated at room temperature in O2-
saturated 0.1 M HClO4 solution. We found that IL modified Pt/C catalysts prepared from IL with short alkyl 
chain (C2C1im, C4C1im) possess comparable electrochemically active surface area (ECAS) values (96.0 and 94.6 
m2 g-1

Pt) as pristine Pt/C catalyst (99 m2 g-1
Pt), but further elongation of the alkyl chain length leads to dramatic 

drop in ECAS values, to be specific, from 94.6 m2 g-1
Pt on Pt/C-[C4C1im][NTf2], to 61.9 m2 g-1

Pt on Pt/C-
[C6C1im][NTf2], and then 41.0 m2 g-1

Pt on Pt/C-[C10C1im][NTf2]. More importantly we have discovered for the 
first time that the electrocatalytic activity of these IL-modified Pt/C catalysts towards ORR can be regulated by 
rationally tuning the structures of ILs at a molecular level, and proper length of the cationic alkyl chain holds the 
key to obtain promising ORR catalyst. Specifically, the IL with too short alkyl chain (i.e., [C2C1im][NTf2]) could 
not fully boost the activity of Pt for ORR because its limited hydrophobicity cannot efficiently suppress the 
formation of non-reactive oxygenated species on Pt, while IL with too long alkyl chain (e.g., [C6C1im][NTf2], 
[C10C1im][NTf2]) would lead to dramatic loss in specific activity of Pt probably due to the formation of rigid 
micelle-like structures, which would cause additional mass-transfer resistance. Moreover, ILs with proper 
cationic structure also show great promises to improve the electrocatalytic stability of Pt/C catalysts. As 
evidenced by the identical-location TEM analyses, despite its inability to protect particles in close vicinity from 
coalescence, the presence of ILs could effectively suppress the Pt dissolution which is supposed to be the major 
cause for the degradation of the pristine Pt/C catalyst. We believe that these findings could be exploited to 
develop active and stable Pt-saving electrocatalysts for fuel cell catalysis and may also have broad implications 
for constructing other high-performing catalytic systems by using ionic liquid modifications.  
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Hydrogenases interconvert H2 and protons at high rates and with high energy efficiencies, providing 

inspiration for the development of molecular catalysts.  Studies designed to determine how the protein 

scaffold can influence a catalytically active site have led to the synthesis of amino acid derivatives of 

[Ni(PR
2NR'

2)2]2+ complexes, [Ni(PCy
2NAmino acid

2)2]2+ (for H2 oxidation) and [Ni(PPh
2NPh-Amino acid

2)2]2+ (for 

H2 production).  For H2 oxidation catalysts, the amino acids render the complexes water soluble, and the 

resulting catalysts have faster rates and significantly lower overpotentials than the unmodified complexes.  

Reminiscent of enzymes, reversibility is achieved while fast rates are maintained, with acidic conditions 

optimal for best performance. We will present studies showing conditions optimized for fuel cell 

performance and some preliminary data of complexes bound to surfaces.  
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Pt-Cu nanoparticulate carbon supported Oxygen Reduction Reaction (ORR) electrocatalysts in particular 
have been subject of our high interest in recent years not only on the account of its enhanced ORR 
activity, but also due to the recent developments of our gram batch scale water based patented synthesis 
process [1] of PtCu3/C electrocatalyst. As described in the patent, the process involves partial galvanic 
displacement of copper on carbon support with a Pt salt. Obtained PtCu+CuO/C composite (Figure 1a) is 
then further thermally annealed in order to obtain the PtCu3/C electrocatalyst (Figure 1b). The process of 
thermal annealing is the key step responsible for obtaining high ORR activity and improved stability via 
already known effect of ordering.[2] 

In general, thermal annealing processes are usually based and developed upon iterative and empirical 
findings by employment of ex-situ characterization of pre and post-annealed samples. Without the 
employment of advanced in-situ characterization tools, important details are left poorly understood. 
However, only in recent years due to the advancements in transmission electron microscopy (TEM) and 
heating TEM grid/chip development, we are able to combine both high resolution imaging with ‘real’ 
thermal annealing experiments. The contribution presented in this work is set to provide new insight into 
the thermal annealing process of our in-house designed PtCu3/C electrocatalyst. By combining both ex-
situ characterization such as X-ray diffraction (XRD), TEM and thin-film rotating disc electrode (TF-
RDE), as well as identical location and in-situ annealing characterization with TEM we are able to gain 
additional understanding behind the ORR activity enhancement, impact of temperature on nanoparticle 
growth as well as the key mechanisms behind it. 

 
Figure 1:  Identical location TEM images (a) prior to thermal annealing of the PtCu+CuO/C composite 
(red arrows indicate the CuO phase) and (b) after thermal annealing step of the PtCu3/C electrocatalyst. 
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The world is experiencing a slow transition from fossil fuels to intermittent based sources of energy. Such 
trend leads to instability of the network grid and unpredictable production rates which might contribute to 
power shortage at demand peaks. To establish the sustainable energy supply model it is necessary to back 
up the renewable sources of energy with storage devices. A promising technology is the PEMWE (Proton 
Exchange Membrane Water Electrolysis) which excels at its relatively simple and compact design, its 
ability to operate under high differential pressure conditions, and it’s very short reaction time. The 
PEMWE is based on the solid polymer electrolyte membrane which conducts protons significantly better 
than alkaline solution yielding better performance than liquid alkaline electrolysers.  
 
The PEMWE design, however, has to be improved in order to make it competitive on the market. One of 
the limiting factors of the PEMWE is the poisoning of the membrane by ion-exchange with metal 
contaminants present in the feed water which reduce the conductivity of the PEM (Proton Exchange 
Membrane). The necessity of using ultrapure water excludes the possibility of building efficient plants in 
remote areas where coupling with intermittent energy sources would benefit the most.  
 
Wang et al. [1] showed that the cation contamination is substantially reducing the electrolyser stack 
performance and Sun et al. [2] proved that it is possible to regenerate the CCM (Catalyst Coated 
Membrane) almost entirely by boiling it in acid. Such method is however very expensive on stack scale. 
In attempt to improve the durability and to avoid the necessity of cell disassembly, novel regeneration 
strategies need to be developed. Tracking the cation contamination using neutron imaging techniques 
gives insight into membrane poisoning mechanisms. The impact of the contamination concentration 
profiles within the membrane under various operating conditions and possibilities of in situ regeneration 
will be discussed. 
 

 
Figure 1: Contaminant accumulation on the cathode catalyst layer area. Gadolinium was used to emulate 
contaminant cations due to its adequate oxidation state (3+) and it extremely large neutron cross section. 
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Proton exchange membrane fuel cells (PEMFCs) are receiving much attention because of their high 
energy efficiency and the fact that they do not emit carbon dioxide. However, the use of expensive 
platinum as a catalyst to overcome the slow oxygen reduction reaction (ORR) at low temperature is 
recognized as one of the obstacles to commercialization. To solve this problem, many studies have been 
conducted to reduce the amount of platinum used and simultaneously increase the catalytic activity. A 
modified protective coating method has been developed to produce Pt-Ni alloys with a Pt-rich shell using 
a carbon protective layer and ozone treatment. The carbon protective layer prepared by carbonization of 
polydopamine suppresses the aggregation of particles during high temperature heat treatment. Later, this 
carbon layer should be removed because it blocks the reaction site where the oxygen reduction reaction 
takes place. Ozone is a highly oxidative gas and can selectively remove the amorphous carbon layer 
without affecting the catalytic properties. In addition, ozone is environmentally friendly with a short half-
life, and it is suitable for mass production because it takes 7 minutes at room temperature. The Pt2Ni1/C-
ozone catalyst prepared by this method exhibited excellent ORR activity and performance in PEMFC 
compared to commercial Pt/C catalysts.  
 

 
Fig. 1. Carbon protective layer, which prevents agglomeration during annealing, was formed by 
carbonization of polydopamine and selectively removed by ozone treatment. 
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In fuel cells, Platinum (Pt) and its alloys have been widely used as the best electro-catalysts for the 
oxygen reduction reaction (ORR) owing to its intrinsic catalytic activity and stability, but its high price 
and scarcity limit among many major technical barriers of proton exchange membrane fuel cells 
(PEMFCs) still needs to be overcome in the development of electrochemical catalysts for widespread 
commercialization of PEMFCs [1]. In response to these issues, many researchers have been exploring 
novel catalyst with superior ORR activity that can effectively lessen the dependence on noble metal Pt in 
order to reduce the cost of fuel cells [2]. 
In this study, we have demonstrated a novel strategy to prepare Platinum-Iron-Iridium (PtFeIr) ternary 
catalyst by the polyol process in microwave reactor. Overlapping the two-dimensional mapping of each 
element from a scanning transmission electron microscope (STEM) in a single particle of PtFeIr confirm 
the iron, Iridium–scare and platinum-rich content near the particle surface with average size around 
4.9nm and X-ray diffraction patterns (XRD) of the PtFeIr catalyst suggest structural ordering formation of 
alloy without presence of individual Pt, Fe, and Ir nanoparticles as shown in Fig. 1, which was indicating 
to structurally ordered intermetallic core-shell structure. The electrochemical surfae areas (ECSAs) and 
ORR activities of Ordered PtFeIr catalysts were measured using a rotating disk electrode technique with 
cyclic voltammetry and the linear sweep method. Ordered PtFeIr catalysts in ECSAs and ORR showed 
the higher activity and durability after 3000 cycle potential sweeps compared to platinum (Pt) catalysts 
and Ordered PtFe binary catalysts, which might be ascribed to the change of lattice constant by the 
addition of Ir atom in the ordering structure of PtFe, increasing the degree of alloy. Furthermore, The 
PEMFCs single cell performance employing ordered PtFeIr catalyst exhibits an enhanced cell 
performance compared to a single cell using the Pt and Ordered PtFe catalysts, demonstrating the 
importance of chemical structure and composition control of Pt alloy nanoparticles that can improve the 
catalytic activity and stability. This synergistic combination of the promoter effect for anchoring the iron 
by Ir and structural effect for Ordering PtFe binary alloy could provide the direction of development of Pt 
catalyst toward the oxygen reduction reaction. 

(b) XRD patterns of O-PtFeIr(a) STEM image of O-PtFeIr
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Fig. 1 (a) STEM image and XRD patterns of PtFeIr catalyst. 
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Durability of automotive MEAs is usually studied using the FC-DLC protocol which corresponds to a test 
covering operation from OCV to high current densities. Hence, in such a test the impact of the different 
current density ranges on degradation is not distinguished. Therefore, in this study, individual degradation 
tests have been performed at low and high current density with and without additional cycling. The tests 
have been supported by current density distribution measurements to monitor local operation conditions 
and evaluate local degradation issues.  
Reversible as well as irreversible performance losses were studied by performing electrochemical 
analysis and subsequent ex-situ physico-chemical investigations. 
As degradation processes loss of proton conductivity and increase in charge transfer resistance was 
observed. ECSA losses were observed after all tests. Cycling at low current density leads to Pt dissolution 
and migration to the membrane. Interestingly, MEA areas exhibiting high local performance exhibit 
particularly high Pt concentration in the membrane as shown in Figure 1. Under constant operation strong 
performance losses due to water management issues were observed associated to inhomogeneity of 
current density distribution along the flow field.  
Generally, cycling tests have shown lower degradation compared to constant current operation which is 
also linked to partial recovery of reversible degradation losses upon cycling conditions. 

 

 
Figure 1: Evaluation of Pt deposition in membrane by SEM and linking of high amounts of Pt 
deposits to cycling operation and regions exhibiting high local current density. 
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In the face of challenges such as climate change, significant and continuous increase of environmental 
pollution and decrease of fossil fuels, the research for new cleaner energies is of vital importance for the 
forthcoming years. The development of novel renewable energy storage and conversion technologies, has 
therefore been extensively studied both from the fundamental to the practical point of view.1-3 Among 
these technologies, fuel cells have been acknowledged as efficient and viable alternative energy sources. 
The most effective known ORR electrocatalysts, are the platinum-based ECs, however, there are still 
some relevant drawbacks like  scarcity,  high cost, poor stability/durability, and probable Pt deactivation 
by methanol poisoning that have hampered the application of  Pt-based FCs in a large-scale, motivating 
the search for other alternative that are more stable and cost-effective.   
Thus, this work reports the design, preparation and characterization of a new set of ORR electrocatalysts. 
Graphene flakes were doped with different precursors containing both nitrogen and sulphur and several 
experimental conditions were used in order to achieve an optimum ORR performance. Additionally, 
cobalt and manganese oxides were prepared in situ in the presence of N, S-doped GF. The prepared 
nanomaterials were fully characterized by FTIR, XPS, XRD and Raman which confirmed their successful 
preparation. Their electrocatalytic properties were evaluated in alkaline media using cyclic (CV) and 
linear sweep voltammetry (LSV). All nanomaterials exhibited good overall electrocatalytic activity with 
onset potentials (0.73 – 0.98 V vs. RHE) comparable to commercial carbon supported Pt (0.91 V vs. 
RHE). High diffusion-limiting current densities were also obtained (-6.85 ≥ jL, 0.26V, 1600rpm ≥ -3.63 
mA cm-2). Chronoamperometric tests revealed that the as-prepared nanomaterials also rendered a 
significant improvement in tolerance to methanol (no significant changes in current density) in 
comparison with Pt/C (current densities decreases to half the value after methanol addition) and good 
long-term electrochemical stability.  
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Due to high price of platinum, alternatives for it are sought for application as cathode catalyst in polymer 
electrolyte membrane fuel cells. Silver has proven to be suitable alternative for oxygen reduction reaction 
(ORR) catalyst in alkaline media [1]. In this study Ag was chemically deposited onto different carbide-
derived carbons (CDC) as well as onto Vulcan carbon XC72R support. 
These catalysts were prepared by simple one pot reduction method using sodium borohydride as a 
reducing agent. The scanning electron microscopy images showed similar Ag particle size for both CDC 
materials. Thermogravimetric analysis revealed both Ag/CDC catalysts to be almost with nominal Ag 
loading, whereas the materials behaved differently during the thermogravimetric analysis as a result of 
variations in initial carbide-derived carbons. 
The electrochemical testing was conducted in 0.1 M KOH solution and the rotating disk electrode method 
was utilized for the electrocatalytic performance evaluation. Both tested Ag/CDC materials possessed 
enhanced electrocatalytic activity towards the ORR in comparison to Vulcan carbon supported 
counterpart and to bulk Ag. The analysis of ORR kinetics revealed that the Tafel slope value is slightly 
depending on the support material and is slightly higher for nanostructured Ag than that for bulk Ag. The 
testing also revealed that Ag/CDC materials are good electrocatalysts for peroxide reduction in alkaline 
media. 

 
Figure 1. Comparison of ORR polarization curves of various carbon supports, bulk Ag and prepared 
Ag/C catalysts in O2-saturated 0.1 M KOH. ω = 1900 rpm, v = 10 mV s-1. 
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Platinum nanoparticles (PtNPs) supported on high surface area carbon materials such as multi-walled carbon 
nanotubes (MWCNT) have been intensively investigated for the oxygen reduction reaction (ORR) in polymer-
electrolyte membrane fuel cell (PEMFC) in the past few decades. However, it is revealed that degradation of the 
carbon support at working conditions of the fuel cell greatly affects its performance and lifetime of the cathode 
catalyst. Many research groups have reported that introducing semiconductor oxides such as TiO2, SnO2 and WO3 
inhibit degradation of the carbon support due to their corrosion resistant properties. 
In the present work [1], acid-treated MWCNTs were coated with TiO2 NPs using the atomic layer deposition (ALD) 
technique. The prepared composites were then used for the sputter-deposition of PtNPs. Different loadings of Pt and 
TiO2 were applied to observe change in the ORR activity and durability of the catalysts. Scanning electron 
microscopy (SEM) and high-angle annular dark-field (HAADF) scanning transmission electron microscopy (STEM) 
confirmed uniform distribution of PtNPs on TiO2-coated MWCNTs. X-ray photoelectron spectroscopy (XPS) was 
used for quantitative surface analysis. Electrochemical decontamination and characterisation of the electrode surface 
were performed by CO-stripping and cyclic voltammetry in 0.05 M H2SO4 solution. The ORR activity of the 
Pt/TiO2-MWCNT catalysts was investigated using a rotating disk electrode. Long-term durability was studied by 
repetitive potential cycling. The electrochemical results obtained were compared to that of commercial 20 wt% Pt/C. 
 

 
 

Figure. (a) Comparison of RDE polarisation curves for oxygen reduction at 1900 rpm in O2-saturated 0.05 M H2SO4 
solution. (b) Percent loss in the real surface area of Pt/TiO2-MWCNT catalysts with respect to number of cycles 
during accelerated stability test. 
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It is of great importance to decrease Pt usage in PEFCs for total cost reduction.  Carbon supported Pt 
shell-Pd core structured catalyst (Pt/Pd/C) is a promising candidate for the decrease owing to high Pt 
utilization and ORR activity [1,2].  We found that ORR specific activity of Pt/Pd/C catalyst was 
drastically enhanced with an accelerated durability test (ADT) performed at 80°C although 
electrochemical surface area (ECSA) of the catalyst largely decreased, which moderately enhanced ORR 
mass activity of the catalyst [3].  Based on this fact, we developed a high activation protocol (HAP) to 
mitigate the ECSA decay and largely enhance ORR mass activity of the catalyst [4].  Furthermore, we 
developed Cu-O2 and H2-O2 chemical activation treatment methods to activate a large amount of Pt/Pd/C 
core-shell catalysts using the principle of the electrochemical HAP. 
 
We developped a modified Cu-UPD/Pt 
displacement method for mass production of 
Pt/Pd/C [2-4]; however, this method uses 
metallic Cu sheet and the process is a little 
complicated.  Hence development of a new 
simpler synthetic method of the catalyst 
suitable for mass-production is highly 
important.  In this study, Pt/Pd/C catalyst was 
synthesized via a direct displacement (DD) 
method in which Pd core was directly 
displaced with Pt precursors in an acidic 
solution, which is a much simpler synthetic 
method than the modified Cu-UPD method.  
TEM images of Pt/Pd/C catalyst synthesized 
by the modified Cu-UPD/Pt displacement 
method and the DD method are shown in Fig. 
1. In the catalysts prepared by the DD method, 
fine catalyst particles disappeared and particle 
density decreased compared with Cu-UPD 
method, which improved the durability of the 
catalyst as depicted in Fig. 2.   
 
ORR mass activities of Pt/Pd/C catalyst after 
HAP are summarized in Fig. 3.  The highest 
initial ORR mass activity was obtained when 
K2PtCl4 was used as a Pt precursor at 70°C.  
The activity increased to 876 A/g-Pt after 
HAP, which was 2.7-fold of a reference Pt/C 
catalyst (TEC10E50E, mean diameter: 2.8 nm, 
metal loading: 48 wt.%, TKK).   
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Fig. 1. TEM images of Pt/Pd/C catalysts. 

 
Fig. 2. ECSA decay of Pt/Pd/C during ADT at 80qC. 

 
Fig. 3. Mass activity of Pt/Pd/C catalysts prepared by 
DD method. 
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The search for renewable energy resources to replace the use of fossil fuels has become the major focus in 
research and in the industrial sector in the past decades. Direct alcohol fuel cell is predicted to be a good 
solution for green vehicles. Previous findings have shown that bimetallic PdPt nanostructures exhibit 
higher activity and stability toward ethanol oxidation compared to their monometallic counterparts.1  
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Figure (a): scheme of hexagonal mesophases. 
Figure (b): TEM images of PdPt  (75/25) nanoballs with O/W = 2 (Pore size: 20 nm) 

 
Porous PdPt nanoballs have been synthetized and optimized for the ethanol oxidation reaction in alkaline 
media. Hexagonal mesophases made of oil-swollen surfactant-stabilized tubes arranged on a triangular 
lattice in water and doped with metallic salts are used as templates for the radiolytic synthesis of 
nanostructures.2 The diameter of the oil tube can be controlled by swelling the oil/water (o/w) ratio thus 
allowing us to control the pore size of the nanoballs. These mesophases are very versatile templates for 
the synthesis of nanomaterials allowing a control of the composition and the pore size of PdPt nanoballs.2  
 
The ethanol oxidation activity is strongly affected by the pore size of nanoballs. The electro active surface 
(EAS) of the catalyst and the ethanol oxidation activity can be highly enhanced with the increase of pore 
size. 
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Due to their remarkable activities towards oxygen reduction reaction (ORR) octahedrally shaped 
Platinum-alloy based nanoparticles have attracted increasing attention in the last years. Despite high 
activities, good long term stabilities are needed in order to become an attractive and promising candidate 
for industrial applications.  
In this work we present a study on Rh-doped Pt-Ni octahedral nanoparticles as a possible strategy to 
improve long term stability performances of such catalyst materials. Rh-doped Pt-Ni octahedral particles 
show high ORR activities up to 1.14 A mgPt

-1 and an improved long term performance in comparison to 
the bimetallic Pt-Ni particles1.  
The synthesis, electrocatalytic performance towards ORR and atomic degradation mechanisms are 
investigated to gain deeper understanding of strategies to stabilize the morphological particle shape and 
their resulting performance. Rh surface doped octahedral Pt-Ni particles were synthesized with different 
Rh surface concentrations. At 3 at.% Rh the octahedral nanoparticle shape was maintained even after 
30k potential cycles in contrast to the un-doped Pt-Ni references, which lost its shape already after 8k 
potential cycles. To further investigate the impact of Rh, additional stability tests with higher upper 
potential limits were performed. Again, the Rh-doped particles were mostly stable in shape even after 30k 
potential cycles, only a small fraction of the particles lost their shape.  

 
Figure 1 Illustration of octahedral particle degradation after extended numbers of electrochemical potential cycles. PtNiRh particles 
maintain their octahedral shape in comparison to PtNi particles.  
 
Detailed atomic insights on these observations were obtained from aberration-corrected scanning 
transmission electron microscopy (STEM) and energy dispersive X-ray analysis (EDX). Using small 
amounts of Rh we were able to suppress the migration of platinum atoms and consequently sustain the 
octahedral shape.  
Our analysis shows, that the primary origin of the octahedral shape loss for Pt-Ni nanoparticles is the 
migration of Pt surface atoms, not, as commonly thought, the dissolution of Ni.  
To support our findings, in situ electrochemistry electron microscopy was performed. Using this powerful 
tool, we are able to real time image the discussed catalyst materials in their native catalytic environments. 
Thereby, we track structural and morphological changes, image electrochemical dissolution of catalyst 
parts and obtain deeper insights into degradation mechanisms. With the combination of all applied 
methods we are able to draw pioneering conclusions in terms of degradation processes on Pt-alloy based 
particle systems.  
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The recent developments in nanoparticles synthesis and characterization have enabled the design of 

electrocatalysts with improved performance for different electrochemical reactions. Some of these 
nanocatalysts properties resembles the ones of enzymes, such as their size and the reactions they catalyze. 
One feature of enzymes is to have the catalytic site located down a substrate channel, spatially separated 
from the solution environment, which positively influences the reaction kinetics and selectivity. Such an 
approach applied to metallic nanoparticles could influence both the electronic properties of the catalytic 
site1 and the transport of reactants and products2-3 with benefits to the electrocatalytic performance. 

 
Inspired by enzymes architecture, in this work we have developed nanoparticles with isolated, not 

interconnected channels and with the surface outside of those channels electrochemically passivated with 
a surfactant. With this approach, we were able to evaluate the effect of having the electrocatalytic reaction 
happening exclusively inside those channels on the catalytic activity. For this study, we have chosen PtNi 
nanoparticles for the oxygen reduction reaction (ORR), but this approach can be further extended to other 
systems and reactions.  

 
The results show that with Pt2.4Ni nanoparticles of around 8 nm of diameter containing isolated 

channels with around 1.5 nm and 2 nm width and depth respectively, the specific activity for the ORR is 
three times higher than when the area outside the channels is also participating in the reaction. With that 
we have shown that recessing the active sites in nanoparticles has a great potential for improved 
electrocatalysis and introduce a new concept to study electrocatalytic reactions that can be further 
extended beyond the ORR. 
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The oxygen reduction reaction (ORR) is a key electrochemical reaction that enables the conversion of 
oxygen and hydrogen to water in fuel cells and metal-air batteries. N-doped carbonaceous materials are 
promising low-cost, metal-free ORR catalysts that could offer affordable and durable fuel cells. Although 
numerous carbonaceous materials have been developed and their ORR activities tested with ex situ 
electrochemical measurements (e.g. rotating disk hydrodynamic voltammetry), the evaluation of 
performances in actual fuel cells is less widespread. Particularly the testing of the performance of the 
ORR catalysts in anion exchange membrane fuel cells (AEMFC) has been scarce. This is due to the 
limited choice and availability of anion exchange membranes (AEM) and anion-exchange ionomers 
(AEI) with adequate performances. This situation has recently been addressed by researchers at the 
University of Surrey, with high performance AEM and ionomers developed [1–2]. 
 
In this paper, tubular halloysite is used as the template to direct the structure of the resulting carbonaceous 
catalysts. Two different carbon precursors, glucose and furfural, were used and urea was chosen as the 
nitrogen source. By tailoring the synthesis processes with the same template, N-doped carbonaceous 
materials with flaky and rodlike morphology were obtained, which can be directly applied as metal-free 
electro-catalysts for ORR in alkaline electrolyte. The electrocatalytic activity, durability and methanol 
tolerant capability of the N-doped carbon catalysts in the oxygen reduction reaction (ORR) were studied 
using rotating ring disk electrode in alkaline medium. Importantly, compared with a benchmark Pt/C 
(20wt%) catalyst, the as-prepared carbon catalysts demonstrate higher retention in diffusion limiting 
current density (after 3000 cycles) and enhanced methanol tolerances.  
 
At last, the produced carbonaceous catalysts are used as cathodes in the single cell H2/O2 anion exchange 
membrane fuel cell (AEMFC) testing. The rod-like outperformed the flaky, and achieved a peak power 
density as high as 703 mW cm-2 (vs. 1106 mW cm-2 with a Pt/C benchmark cathode catalyst) [3], 
indicating the importance of materials morphology in real fuel cells.  The performances achieved in this 
study is competitive with the state-of-the-art and demonstrate what can be achieved when high 
performance metal free nitrogen-doped carbonaceous ORR electrocatalysts are combined with high 
performance AEM electrolytes. We also show that, to achieve the best fuel cell performance using 
nitrogen doped carbonaceous ORR catalysts, optimization of the electrode formulation (such as catalyst 
loading, catalyst layer thickness, ionomer loading etc.) is required.  
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The slow kinetics of the oxygen reduction and evolution reactions (ORR and OER) limits the 
performance of sustainable energy conversion devices such as low-temperature fuel cells, metal-air 
batteries and water electrolysers. Model studies are essential to elucidate the factors governing the ORR 
and OER electrocatalysis and design more efficient materials. Herein we present our results using in situ 
synchrotron-based studies on Gd/Pt(111) for ORR and thin films based on Ru oxides for OER. 

Pt-alloys are the most active and stable ORR catalysts in both acidic and alkaline electrolytes [1-3]. 
Polycrystalline Pt-lanthanide alloys present up to a 6-fold activity enhancement over pure polycrystalline 
Pt [1]. The best activity-stability performance is achieved by Pt5Gd. The active surface phase consists of a 
Pt overlayer formed by acid leaching [1,4,5]. The overlayer structure has been studied on well-defined 
Gd/Pt(111) single-crystal electrode surfaces [4,5], which are both highly active and stable (see Figure 1A) 
[5]. We used in situ surface X-ray diffraction (see Figure 1B) to study the formation and stability of the 
compressed Pt overlayer on Gd/Pt(111) [5]. The overlayer forms upon exposure to the acidic electrolyte 
under open circuit conditions. The compressive strain relaxes slightly upon repeated electrochemical 
cycling between 0.6 and 1.0 V vs. the reversible hydrogen electrode (RHE) [5]. 

Ru-based oxides are highly active OER electrocatalysts; however, they suffer from low stability. We have 
explored the OER activity and stability of oxides based on Ru and Ir. Sub-monolayer amounts of IrOx on 
top of RuO2 thin films minimise Ru dissolution [6]. This strategy may enable tuning the stability of active 
OER catalysts. 

 
Fig. 1. (A) Tafel plots (and anodic sweep of the cyclic voltammograms) on Gd/Pt(111) before and after 10 000 
stability test as well as Pt(111) in O2-saturated 0.1 M HClO4 at 50 mV/s and 1600 rpm. (B) Schematic 
representation of the in situ surface-sensitive X-ray diffraction setup used at Stanford Synchrotron Radiation 
Lightsource (SSRL) to evaluate the Pt overlayer formation and evolution during the electrochemical 
measurements on Gd/Pt(111). 
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Currently, the biggest drawback on the road to commercialization of the low temperature fuel cells 
is the sluggish rate of the oxygen reduction reaction (ORR) at the cathode. Pt and Pt alloys with transition 
metals are known to be the best catalysts for the ORR. Despite decades of intensive scrutiny, there is still 
no absolute consensus over the ORR mechanism. From the viewpoint of many computational 
electrochemists, there is an optimum binding energy designated by volcano maximum, beyond which the 
activity is no longer controlled by the oxygenated species coverage but the inability to activate the O-O 
bond. On the other hand, experimental electrochemists attribute activity decrease to the build-up of 
spectator species and therefore acknowledge only the strong (left) binding side of the volcano. 

In order to elucidate the above point of contention we have investigated in detail the 
thermodynamics and kinetics of the ORR on Pt(111). We map out the free energy diagrams for the 
associative and dissociative pathway at stable surface coverages that develop in the 0 – 1.0 V potential 
range. A rather small energy difference in the O2 and OOH activation energies at different coverages, i.e. 
potentials, points to the fact that surface kinetics plays only a minor role in Pt deactivation at potentials 
above 0.8 - 0.9 V. Furthermore, we show that the free energy barrier for O2 adsorption is approximately 
0.4 eV higher than the free energy barrier for O2/OOH dissociation in the stability range of co-adsorbed 
OH and H2O, corresponding to the butterfly peak in the cyclic voltammograms on Pt(111). At higher 
potentials, where the surface becomes hydrophobic (O replaces OH/H2O), the O2 adsorption is hampered 
by a high oxygen coverage, which agrees well with surface science experiments under UHV conditions.  

Based on the obtained results we conclude that in the mixed kinetic-diffusion controlled region 
(hydrophilic surface), the rate determining step (RDS) is given by a low reaction prefactor, owing to a 
lengthy process of exchange between the water molecules co-adsorbed with OH and oxygen 
molecules. On the other hand, in the kinetically controlled region (hydrophobic surface) O acts as a 
spectator species that effectively blocks O2 adsorption and its subsequent dissociation. As the O2 
adsorption probability is strongly dependent on the surface coverage, the RDS is governed by the 
potential determining step (PDS). This result explains why the left leg of the conventional ORR 
activity volcano provides good activity predictions, without explicitly taking kinetics into account. 
This finding opens a question regarding the ORR on active Pt alloys, i.e. whether the activity is 
inhibited by the OH coverage as assumed by many experimental electrochemists or is governed by 
the inability to activate O2 to OOH as believed by many computational electrochemists. To tackle 
this problem we use the same rationale to study some of the most active Pt-alloys. The results we 
arrive at give rise to a completely new interpretation of the ORR activity. 
   

mailto:tripce@gmail.com


Platinum Group Metal-free Anode Catalysts for  
Alkaline Membrane Fuel Cells 

 
Plamen Atanassov, Alexey Serov, Kateryna Artyushkova, Ivana Matanović and Iryna V. Zenyuk* 

Center for Micro- Engineered Materials (CMEM) and Chemical & Biological Engineering Department,  
University of New Mexico, Albuquerque, NM 87131, USA 

*Department of Mechanical Engineering and Department of Chemical & Biological Engineering,  
Tufts University, Medford, MA 02155, USA  

plamen@unm.edu 
 

UNM team, in close collaboration with Daihatsu Motor Co. scientists has been developing a series of 
Platinum Group Metal-free (PGM-free) catalysts for the emerging field of Alkaline Membrane Fuel Cells 
(AMFC). Both cathode (oxygen reduction catalysts) and anode (selective hydrazine oxidation catalysts) 
have been designed and deployed.1-3 Anode catalysts were metallic type and consist of Ni allowed with 
oxide forming second metal (Zn, La, etc.).  Main function of this second metal/metal oxide was to 
enhance the selectivity of the catalysts by promoting hydrazine dehydrogenation with respect to N-N 
bond splitting.4,5 These Ni-based electrocatalysts were further developed to include Ni alloys with 
refractive metals6 (Mo, W, Cr) and demonstrated exceptional dehydrogenation selectivity. This second 
generation of hydrazine anode catalysts became the base for hydrogen oxidation catalysts for AMFC. Ni-
Me anode HOR electrocatalysts were synthesized as nanoparticles supported on carbon blacks and 
modified carbon blacks with loadings from 5 to 50 % wt. and mean particle size from 5 to 15 nm. Both, 
standard (as received KetjenBlack and Denka) and N-doped carbon blacks were used as supports. 
 The catalyst were characterized by spectroscopy and microscopy methods (XRD, BET, SEM, TEM 
and XPS) ex-situ, nano X-ray computed tomography (CT) with XAS in-situ, and operando micro X-ray 
CT. Electrochemical activity of the catalysts was studied with Rotating Disk Electrode (RDE) technique 
and in a single membrane electrode assembly (MEA) AMFC with Tokuyama membrane (A201) and 
ionomer (AS4). MEA design was optimized with respect to critical fabrication parameters such as: 
catalyst layer thickness (loading), catalyst-to-ionomer ratio, and catalyst deposition as Catalyst Coated 
Membrane (CCM) vs. gas-diffusion electrode (GDE). It was found that NiMo/C electrocatalyst has a 
mass activity similar to palladium supported on carbon.7 The MEA performance obtained in H2/O2 single 
MEA fuel cell demonstrated peak power density above 120 mW.cm-2 at relative humidity (RH) of 70 %. 
X-ray micro-CT had shown clearly the effect of anode catalyst layer “flooding” and 100 % RH, 
confirming the critical importance of water management for successful operation of AMFC.7 

This paper will introduce the results obtained with our 
new Ni-Cu catalyst for HOR. These materials are nano-
dispersed Ni-rich true allows with Cu not forming any 
aggregates or shell. When Ni0.9Cu0.1 supported on 
KetjenBlack catalysts was used a record high peak power 
density up to 350 mW.cm-2 was achieved. Detailed 
spectroscopy study, combined in-situ nano X-ray CT 
with simultaneous XAS with DFT modeling of catalysts 
reactivity was used to establish relevant structure-to-
property correlations at chemical (atomistic), 
surface/interface and materials levels of catalysts 
function. This catalyst was found be less dependent on 
RH and demonstrated substantially shorter break-in time 
when used in in H2/O2 AMFC. Intrinsic hydrophobicity 
of the catalyst may be in the core of this advantageous 
properties provides for its successful integration in MEA. 
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Fig: Polarization curve (no IR-corrections) of 
AMFC MEA with NiCu/KB, 4 mgcm-2 anode, 
Pd/XC72R, 0.2 mgcm-2

(Pd) cathode; RH=100%, 
H2 and O2 backpressure = 20 psig,  
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To overcome the high cost of the catalyst in Polymeric Electrolyte Fuel Cells (PEMFC) technology, 
research is moving towards the reduction in the Pt loading in the electrodes by increasing the 
electrochemical surface area through a proper catalyst support. To date, the state of the art of catalyst 
supports is dominated by mesoporous carbon, which shows high conductivity but suffers from stability 
issues especially on long term operation. As shown in various works in the literature, titanium nitride 
(TiN) has a metal-like conductivity with an outstanding chemical stability, making it a possible candidate 
to replace carbon. 
In this contribution, we report about Pt-TiN catalysts support with self-assembled, hierarchical 
mesoporous nanostructure, grown by Pulsed Laser Deposition. This approach controls the gas dynamics 
of the nanoclusters-inseminated supersonic jet in order to differentiate the resulting impaction deposition, 
affecting the growth of the film. We demonstrate that with our technique, morphology can be controlled 
at the nanoscale to tune the pore size to a mesoporous range, already proven to be effective in fuel cell 
electrodes. Platinum catalyst is deposited on the tree-like structures by means of pulsed electrodeposition, 
where it shapes into high-surface laminar structures upon potential cycling in acidic medium, due to the 
local electric fields generated in the scaffold. 
Electrochemical characterization towards ORR is carried out and shows it is possible to reach good value 
of the ECSA while controlling the porosity and the morphology of the material down to the nanoscale, 
reaching good current values. Stability is evaluated according to DOE Accelerated Stress Test (AST) 
standard protocols, and the ECSA loss is registered to be around 7% with respect to the 40% goal. 
The thin films fabricated this way are then transferred by decal method to a Nafion® membrane, to 
demonstrate their applicability to a fuel cell cathode. Despite the currents are fairly low, further 
optimization, focused in particular towards a better ionomer contact in the electrode, will improve the cell 
performance in the future. 
Our results show the potential of a PVD based technique that opens the doors of the nanoscale to the 
fabrication of highly stable electrodes whose morphological and electrochemical properties are easily 
tuned. This approach holds promises for a high platinum utilization and lower costs for PEMFC 
technology. 
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Cathode catalyst degradation is known as one of the limiting factors for the durability of polymer 
electrolyte fuel cells (PEFCs). Besides loss of active catalyst material, corrosion of the carbon support is 
one of the major causes for the performance loss of PEFCs.[1] Carbon corrosion causes a reduction of 
electrochemical active surface area due to detachment of support and catalyst particles. Carbon corrosion 
also increases the transport losses by changing the microstructure and hydrophobicity of the catalyst 
layer.[1] In this work we use an accelerated stress test (triangle sweep cycle in between 1.0 and 1.5 V, 
cycle time 2s,  as proposed by the US DOE [2]) to accelerate catalyst support corrosion while minimizing 
degradation of the catalyst itself. The potential range used in this protocol is similar to that which would 
occur in an unmitigated system start-up or shutdown [2]. We then analyze the changes in the carbon 
support microstructure by ZnO contrasted FIB-SEM tomography [3]. First, we reconstruct the cathode 
3D-microstructure of the pristine and aged samples and calculate morphological and transport parameters 
(Fig. 1a). We include the results in a simple model and compare it to polarization curves of the aged Pt/C 
samples (Fig. 1b). By this, we can identify the influence of changes in porosity, tortuosity and the contact 
angle on performance loss. 
 

 
Figure 1: a) Performance loss operating on air at 80 °C and 70 % RH after AST cycling of the samples. 
b) 3D-microstructure of the pristine cathode catalyst layer reconstructed with FIB-SEM tomography. 
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Carbon materials are a wonderful example of precious metal-free electrocatalysts. In the alkaline oxygen 
reduction reaction (ORR), for example, many carbons compete successfully with the best platinum 
catalysts. Their high porosity exposes many active sites, yet creates a tortuous pathway through which 
reagents (O2) and products (OH–) cannot diffuse fast enough. To this end, many seek “hierarchically” 
porous carbon, containing a random combination of micropores (for maximum active site exposure) with 
meso- and macro-pores, for improved flow. 
 
Hierarchical porosity is hard to produce. The ‘brute force’ method involves sequential templating, yielding 
well-designed, yet highly expensive structures. At the other extreme, the ‘serendipitous’ approach relies on 
pyrolyzing various biomass types (from bacteria to oxen), occasionally stumbling on excellent 
electrocatalysts. We seek the golden path: starting from simple and well-crafted precursors and/or 
templates, and driving towards full control of structure, composition, and activity.  
 
First, we study simple yet carefully designed metal-organic frameworks (MOFs), whose structure includes 
both self-templating elements (e.g. nanoparticle forming elements) and all chemical components of the 
ultimate carbon. This unique class of new MOFs is based on alkali earths (Mg, Ca, Sr, Ba). Upon pyrolysis, 
a range of tunable nanometric structures are produced, self-templating the carbon structure. By careful 
design of MOF structure and synthetic conditions, we obtain excellent ORR electrocatalysts with high 
degree of functional control. 
 
Second, we report an entirely new class of carbon porosity: the lung-type carbon. Using dendritic and 
tunable ZnO microstructures, we introduce – for the first time, to the best of our knowledge – fully 
interconnected, directionally aligned pores into the carbon catalyst. When tested for alkaline ORR, these 
materials show a critical advantage in mass transport, and an improved overall performance. This concept, 
proven by electrochemical and microscopic methods, has broad implications for electro- and catalysis in 
general. 
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Polymer electrolyte membrane fuel cell (PEMFC) can convert chemical energy into 
electrical energy efficiently, and is a promising power source for electric vehicles. 
PEMFC needs high-purity H2 as fuel. Such H2 usually has to be prepared from water 
electrolysis, a high energy-comsuption process. Alternatively, H2 can be supplied by 
cost-efficiently by reforming fossil fuels in industry. However, H2 produced by this 
process contains some impurities like CO and H2S, which can poison severely anode Pt 
catalysts. Thus, it is significant to find a practical approach to preventing Pt catalysts 
from being poisoned by CO and H2S. To increase the CO tolerance, traditional strategy 
is to prepare Pt-based alloy, such as PtRu. The second metal can promote the CO 
oxidation through bifunctional mechanism, or weaken the CO adsorption. 

Herein, we reported a new strategy for anti-CO electrocatalysts. The Pt surface was 
modified with 2, 6-diacetylpyridine (DAcPy), a pyridine derivative. This molecule can 
be adsorbed strongly on Pt through three coordination sites (two Pt-C bonds and one 
Pt-N bond), to construct a steric hindrance to protect the Pt vacancy sites under the 
pyridinc ring. Such protected Pt vacancy sites are still accessible for small-sized H2, but 
not for CO and H2S (Fig.1).[1] As a result, DAcPy-modified Pt can tolerate 100 ppm 
CO or 1 ppm H2S for H2 oxidation.  

 
 

Fig. 1 Anti-CO and H2S poisoning Pt catalysts for H2 oxidation by surface 
modification of 2, 6-diacetylpyridine (DAcPy) 
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Mesoporous carbons (MCs) are highly porous materials, which offer high surface area and a porous 
network able to improve mass transfer in chemical or electrochemical reactions [1]. In previous papers we 
demonstrated that Pt NPs on nitrogen or sulfur doped mesoporous carbons are highly active and show 
high mass activity towards oxygen reduction reaction (ORR) [2,3]. The aim of this paper is to define 
whether the sulfur heteroatoms present as thiophenic like group affect the Pt nucleation and growth, and 
afford a better material, in terms of dimension and dispersion of Pt nanoparticles, and a better 
electrocatalytic activity towards oxygen reduction. Four mesoporous carbons with the same 
morphological structure, but different S contents (4%, 6%, 8% and 12%) were prepared and were 
modified with Platinum nanoparticles (Pt@S-MC) by solid state reduction, by H2 at high temperature. 
Electrochemical characterization showed that Pt@S-MCs are highly catalytic materials for ORR in terms 
of both E1/2 and mass activity. A clear correlation between sulfur content and the shift of the half wave 
potential during ORR catalytic test was observed, i.e. the higher the sulfur content, the higher the catalytic 
activity (Fig. 1a). On this regard, DFT calculations on three thiophenic groups sited close to each other 
are indicative of a clear stabilization of Pt nucleus of at least 50 KJ/mol with respect to a perfect graphene 
layer (Fig. 1b).  
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Figure 1: a) LSV at RDE of Pt@S-MC catalysts with different sulfur contents, in O2 saturated 0.5 M 

H2SO4 electrolyte. b) DFT optimized structure of Pt atom on S-MC.  
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Platinum-Nickel bimetallic alloy has attracted enormous attention in the field of proton exchange 
membrane fuel cells (PEMFC) [1, 2]. It was suggested to replace seemingly indispensable platinum 
cathode catalyst. Along with reducing the cost, addition of Ni to Pt induces catalyst electronic structure so 
that it improves a sluggish kinetics of the oxygen reduction reaction (ORR) [2]. However, besides activity 
and cost, durability is another important issue which needs to be considered for the successful 
commercialization of fuel cells. The cathode catalyst in PEMFCs needs to withstand corrosive conditions 
under sometimes high potentials, especially during fuel cell startup/shutdown [3]. Thus, the degradation 
of catalyst under specified operating conditions has become one of the most critical issues in fuel cell 
research. Despite numerous works, the detailed mechanisms that govern catalyst degradation are still 
poorly understood. This is because catalysts were mainly investigated before and after the reaction, 
leading to rather superficial knowledge about its actual operando behavior. In recent years, a renewed 
interest to this problem emerged due to the development of in situ techniques which are expected to 
advance understanding of the degradation mechanisms [4, 5]. 

Herein, we apply in situ grazing incidence small angle X-ray scattering (GISAXS) complemented 
with in situ electrochemical atomic force microscopy (EC-AFM) techniques to investigate the potential-
dependent restructuring of PtNi catalyst prepared by magnetron sputtering during potentiodynamic 
cycling. These methods allow comprehensive determination of the structural evolution of PtNi catalyst. 
Electrochemical cycling was performed to different upper potentials EU (0.6 VRHE, 1.0 VRHE, 1.3 VRHE and 
1.5 VRHE) that represent significantly different modes of fuel cell operation. The results demonstrated a 
correlation between the upper potential, number of cycles and morphology of the catalyst. 
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The high cost of the electrode materials and manufacturing and low power outputs are of the major 
concerns to the commercialization of Microbial Fuel Cells (MFCs). By using heavily recycled aluminum 
alloys, we employ aluminum alloy casting technology to develop a cost-effective method to manufacture 
metallic aluminum anodes for MFCs. This facilitates the manufacturing of the anodes and significantly 
reduces the cost of materials and manufacturing. Furthermore, every metal includes a large number of 
defects such as grain boundary and porosity within the microstructure that have an effect on the properties 
of a metal. These defects can be used to tailor the properties of metals for any specific applications. For 
example, tailoring the grain boundary character (grain boundary miss-orientation angle) can improve the 
corrosion properties of the anodes for MFCs. On the other hand, the alloying elements and the impurity in 
the recycled aluminum alloys create open porosities in the microstructure to effectively host microbes in 
the anodes. In this study, we manufacture cast aluminum anodes containing different amounts of alloying 
elements in order to tailor the properties of anodes to increase the power output of MFCs and improve the 
corrosion resistance of aluminum anodes. A preliminary comparison of different anodes in MFCs 
indicates that the open circuit voltage and power generation are considerably higher on the cast aluminum 
anodes compared to the optimized conventional carbon anode. The effect of different alloying elements 
on the properties of the anodes are discussed and are correlated with MFC power production. 
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Anion exchange membrane fuel cells (AEMFCs) offer several important advantages with respect to 
proton exchange membrane fuel cells (PEMFCs), which can contribute to overcoming the high cost of 
fuel cell systems that has largely slowed large-scale implementation. The poor kinetics of the hydrogen 
oxidation reaction (HOR) and other limitations in performance such as the instability of membranes have 
stalled AEMFC development. Replacing Pt at the anode with a cheaper catalyst that has also enhanced 
activity for the HOR is a key objective for those working in the field of AMFCs. We recently reported a 
new class of HOR catalyst based on Pd nanoparticles supported on carbon and CeO2 that allowed us to 
achieve 0.5 W cm-2 peak power density in a Pt-free AEMFC.1,2 In this presentation, we report further 
enhanced HOR kinetics due to a maximized Pd-CeO2 contact between these two phases on the nanoscale. 
To date, this is the only alternative non Pt HOR catalyst yet reported that matches state of the art fuel cell 
performances (> 1 W cm-2). We present here a reproducible synthesis (on the gram scale) that consists of 
the addition of CeO2 to carbon using an organometallic precursor followed by Pd deposition. With this 
catalyst more than 1.4 W cm-2 peak power density in fuel cell testing is achieved (Figure 1). 

 
 
Figure 1: Power curves of AEMFCs equipped with a Pd/C-CeO2 anode (0.3 mg cm-2); A Pd/C-CeO2 
described in this work and B the Pd/C-CeO2 catalyst reported previously.1 
 
 (1) Miller, H. A.; Lavacchi, A.; Vizza, F.; Marelli, M.; Di Benedetto, F.; Acapito, F. D. I.; Paska, Y.; 

Page, M.; Dekel, D. R. Angew Chem Int Edit 2016, 55, 6004. 
 (2) Miller, H. A.; Vizza, F.; Marelli, M.; Zadick, A.; Dubau, L.; Chatenet, M.; Geiger, S.; Cherevko, S.; 

Doan, H.; Pavlicek, R. K.; Mukerjee, S.; Dekel, D. R. Nano Energy 2017, 33, 293. 
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Toward the practical application of polymer electrolyte fuel cells (PEFCs) in fuel cell vehicles (FCV), 

the enhancement of the cathode catalyst activity for the oxygen reduction reaction (ORR) and the 
improvement of the durability are required. Carbon support degradation is one of the key issues for the 
durability. Electronically conductive oxide nanoparticles provide several advantages, such as chemical 
stability, electronic interaction and specified morphology, in comparison with conventional carbon 
supports, and are thus considered to be promising alternative supports for PEFC cathodes. The use of 
electronically conductive oxide supports, without the use of carbon, 
has been proposed to aid the achievement of high durability [1,2]. We 
have been focusing on Pt catalysts supported on SnO2 nanoparticles 
(Pt/SnO2) as an alternative to Pt/C. The higher oxygen reduction 
(ORR) activity, startup/shutdown durability and load cycle durability 
compared with commercial Pt/C were clarified by membrane-
electrode assembly (MEA) and rotating disk electrode (RDE) 
measurements [3-8]. In particular, the higher cell performance using a 
Pt/SnO2 cathode in the MEA is dependent both on a strong interaction 
between the Pt catalyst and the SnO2 and on the characterized 
microstructure of the SnO2 support. In the near future, the cathodic 
activity of the FCV must be improved further. Therefore, we sought 
to synthesize PtCo catalysts supported on SnO2 (PtCo/SnO2) and 
evaluated the ORR activity and load cycle durability by RDE. 

 The Ta-SnO2 support was synthesized by the flame oxide synthesis 
method and was confirmed to be single-phase rutile with with a fused aggregate network structure. The 
Ta-SnO2 nanoparticles were single crystallites (particle size 20-30 nm), fused partially with nearest 
neighbors, and constructed a network structure, a so-called “fused aggregate network structure.” The 
network structure has the unique ability to construct both electronically conductive pathways, originating 
from the nanoparticle network, and mass transport pathways for reactant gases (oxygen, hydrogen), from 
open pores (diameter 10 - 50 nm) surrounded by the nanoparticle network [3-8].  The PtCo alloy catalysts 
(Pt100-xCox, ca. 3 nm in diameter) were synthesized by a colloidal method and were loaded as a high 
dispersion on the Ta-SnO2 (Pt100-xCox/Ta-SnO2). The Pt100-xCox catalysts were also hemispherical in shape, 
with the lattice well aligned with that of the Ta-SnO2 support, suggesting a strong interaction between the 
two. The ORR activity increased with increasing Co content and reached a level more than three times as 
high as that of a commercial Pt/C catalyst (c-Pt/CB, TEC10E50E, Tanaka Kikinzoku Co.) at x = 25 (Fig. 
1). The ORR activity obtained after an accelerated durability evaluation utilizing load cycles (0.6 - 1.0 V, 
3 s, 50,000 cycles) was also higher than that of a commercial PtCo catalyst supported on graphitized 
carbon black (c-Pt73Co27/GCB, TEC36EA32, Tanaka Kikinzoku Co.) 

This work was partially supported by funds for the “Superlative, Stable, and Scalable Performance Fuel 
Cell” (SPer-FC) project from the New Energy and Industrial Technology Development Organization 
(NEDO) of Japan, and JSPS KAKENHI Grant Number 17H03410 from the Ministry of Education, 
Culture, Sports, Science and Technology. 
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Fig. 1  Apparent mass activity 
at 0.85V of Pt100-xCox/Ta-
SnO2 as a function of Co 
content (x). 
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Recent advances in the development of the anion exchange membrane /ionomer (AEM/AEI) have opened up the 
possibilities of constructing alkaline fuel cells that operate without liquid electrolyte. Alkaline membrane fuel cells 
(AMFCs) are a promising alternative over proton exchange membrane fuel cells (PEMFCs) as they allow the use 
of non-precious metal catalysts for oxygen reduction reaction (ORR) and hydrogen oxidation reaction (HOR). 
Even though the power obtained by AMFC in the last decade has impressively improved by one order, the present 
best performance is about half that of PEMFC even with Pt/C as anode and cathode catalyst at similar operating 
conditions [1]. Several studies indicate that the low AMFC performance is due to the low ionic conductivity of 
AEM/AEI [2] and early anode flooding [3]. While all of these factors reduce the performance to some extent, the 
performance is also severely hampered by low catalyst activity of Pt/C towards ORR in AMFC in comparison to 
ORR in PEMFC [1].  
 
Often ORR in AMFC is largely overlooked and believed to be the non-hindering part in the overall performance 
when at least Pt/C is used as catalyst. Much of these conclusions are drawn based on rotating disk electrode studies 
comparing ORR activity in acidic and alkaline media at ill-defined conditions. For instance, above a critical 
loading the catalyst layer may be too thick for complete catalyst utilization, improper charge double layer 
correction for thicker catalysts can shift polarization curves to more positive values leading to over estimation of 
catalytic activity, lack of mass transfer correction can lead to under estimation of catalytic activity. Ignoring some 
of these factors in addition to experimental error associated with various samples measured multiple times can 
lead to erroneous conclusions about catalytic activity.  
 
At this conference, systematic ORR data generated with emphasis on critical loading and reproducibility will be 
presented.  The ORR behavior of several reference catalyst materials such as Pt, glassy carbon, Ni in alkaline 
media are studied at various concentrations of O2. Besides these, several Ni based catalysts such as Ni nanowires 
and Ni-Pd alloys prepared by a novel route [4] are evaluated. Observing the trends in the Tafel slopes and exchange 
current densities with respect to O2 concentration, catalyst material and catalyst loading gives insights into the 
generalized behavior of the catalyst towards ORR. This paves the path for understanding the reaction mechanism 
and for optimizing the catalyst design in AMFC considering mass transfer properties of catalyst.  
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Proton exchange membrane fuel cells (PEMFCs) have the potential to become a vital part of a sustainable 
energy system, provided that cathode catalysts with higher activity and stability are developed. A very 
promising group of materials to carry out the oxygen reduction reaction (ORR) is the family of platinum 
and rare earth elements alloys [1, 2].  
We have recently showed that sputtered thin films of Pt3Y have specific activity for ORR up to seven 
times higher than polycrystalline Pt in rotating disk measurements, which is similar to that of bulk alloys 
[3]. In addition, sputtered thin films of Pt3Y with thicknesses about 3 nm show a mass activity more than 
an order of magnitude higher than state-of-the-art Pt nanoparticles. However, in order to become realistic 
alternative catalysts these materials need to prove an increased activity also under real fuel cell 
conditions. 
By sputtering thin films of Pt3Y on gas diffusion layers we are able to construct full membrane electrode 
assemblies (MEAs) and evaluate these in single cell measurements [4]. The fuel cell measurements show 
that the Pt3Y MEA has a specific activity about 2.5 times higher than pure Pt. Detailed characterization 
reveals important materials properties of the thin films and indicates that the catalyst structure of the films 
on GDL is not optimized. This suggests that even higher activities should be possible in fuel cells if the 
electrode and catalyst structure is improved. 

 
Figure. a) Electrochemical single cell characterization of Pt and Pt3Y sputtered catalysts in H2/O2, 80 °C, 
1.5 bar absolute pressure, 100% RH, 20 mV s-1. b) Bright-field TEM micrograph of as-sputtered Pt3Y thin 
film on GDL. The scale-bar is 50 nm. c) Atomic percentage of Pt and Y detected by EDX along a line in a 
high-angle annular scanning TEM (HAADF-STEM) micrograph for an as-sputtered Pt3Y film on GDL. 
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The development of highly active, durable, and low-cost electrocatalysts is critical to rendering 

renewable energy conversion devices, such as fuel cells and electrolyzers, economically viable. In this 
context, tremendous efforts have been devoted to develop non-precious metal electrocatalysts that can 
replace precious metal (Pt, Ir, or Ru) based catalysts for energy conversion reactions. Among various 
classes of non-precious metal electrocatalysts, transition metal and nitrogen codoped carbon (M–N/C) 
catalysts with M–Nx moieties as active sites have demonstrated highly promising electrocatalytic 
performances. In this direction, we have made efforts toward the design of highly active M−N/C catalysts 
based on the understanding of active sites in M−N/C catalysts [1-9].  

We have recently developed a generalized route to M–N/C (M=transition metal) catalysts comprising 
a high density of atomically dispersed, active M–Nx sites using “silica-protective-layer-assisted” method 
[5,6]. This method consists of an adsorption of metal and nitrogen precursors on a carbon support, low-
temperature annealing, silica layer overcoating, high-temperature pyrolysis, and silica layer etching. The 
method is applicable to various types of carbon supports as well as metal and N precursors. One of 
resulting catalysts, consisting of carbon nanotube (CNT) coated with thin iron porphyrinic carbon layer 
(CNT/PC) showed very high ORR activity in both alkaline and acidic media, which is superior to that of 
the catalyst prepared without the silica coating step. The CNT/PC-based cathode demonstrated excellent 
performances in both alkaline anion exchange membrane fuel cell as well as acidic proton exchange 
membrane fuel cell. Furthermore, the synthetic strategy was further extended to generate highly active 
M–N/C (M=Co or Ni) catalysts for hydrogen evolution reaction and CO2 reduction reaction [8,9]. 
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The storage of electricity from intermittent renewable energy sources in the form of hydrogen via water 
electrolysis is an attractive approach to reducing CO2 levels, as well as powering future transportation 
with hydrogen fuel cells. In particular, the formation of a non-precious metal catalyst that is active for the 
hydrogen evolution reaction (HER) over a wide pH range is of significant interest as it opens up the 
possibility of use in different electrolyser technologies. MoS2 is one of the most studied materials in this 
area for the HER but in the majority of cases it has only been studied under acidic conditions and lacks 
stability at high pH. In this work we address this issue and investigate a mixed anion electrocatalyst, 
namely amorphous molybdenum sulfide films containing phosphorus which are produced via a simple 
and rapid electrochemical process allowing the composition and morphology of the film to be controlled. 
Sodium hypophosphite was used as the phosphorus source while thiourea was used as an additional sulfur 
source during the electrodeposition process. The material shows a homogeneous distribution of Mo, S, P 
and O throughout the electrodeposit (Figure 1) with a high number of active sites due to its amorphous 
state. Significantly, the electrocatalyst was active for the HER in both acidic and alkaline media with 
Tafel slope values of 36 mV dec-1 and 122 mV dec-1 respectively while also demonstrating long term 
stability in both media. In this work the role of electrochemical deposition protocol, composition and 
morphology is discussed in relation to the activity of the electrocatalyst and how this electrochemical 
approach can be used to fabricate a variety of other less commonly studied mixed anion electrocatalysts.  
 
 

 
 
Figure 1: Elemental mapping of an electrodeposited molybdenum phosphosulfide electrocatalyst  
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Polymer electrolyte fuel cells are expected for the residential and transportable applications, 
especially for the automobile use, due to their high power density and low operating temperature. In order 
to commercialize the fuel cell vehicles widely, the development of a non-noble metal cathode is strongly 
required. We focused on group 4 and 5 metal oxides, which are well known as valve metals, as stable 
oxygen reduction reaction (ORR) catalysts because they are stable even in acidic and oxidative 
atmosphere. However, these oxides are generally insulators. In order to create active sites for oxygen 
reduction reaction, these oxides should be modified by the formation of the oxygen vacancies and/or the 
substitution of foreign atoms. In this study, we have tried to apply niobium-doped titanium oxides to the 
cathode catalysts to clarify the generation of the ORR activity.  

 We used carbon nano-tubes (CNTs) as supports to have sufficient electronic conductivity of the 
catalyst powder. Nb-doped TiO2 nano-particles were 
dispersed on the CNT by hydrolysis method to make the 
precursor. The weight ratio of CNT: TiO2:Nb2O5 was 
adjusted to be 20 : 4 : 1. The precursor was heat-treated 
for 10 min under 4%H2/Ar at 600, 700, 800 and 900oC. 
The crystalline structure of the catalysts was analyzed by 
XRD (Rigaku Ultima IV, X–ray Source: Cu Ka). In order 
to estimate the distortion of the crystalline structure, the 
lattice volume of the anatase phase was calculated. The 
ORR activities were measured in an acidic electrolyte of 
0.1 M H2SO4 using a three-electrode cell (reference 
electrode is a reversible hydrogen electrode, RHE; 
counter electrode is a glassy carbon).  

Figure 1 shows the the dependence of the ORR 
current at 0.6 and 0.7 V of the catalysts prepared at 
several temperatures for 10 min under 4%H2/Ar in 0.1M 
H2SO4 at 30 oC. The Nb-doped TiO2/CNT prepared at 
800oC had highest activity among them. Figure 2 shows 
the dependence of the ORR current density at 0.7 V on 
the lattice volume of the anatase phase of the samples. 
The ORR current increased with increasing lattice 
volume, indicating that the distortion of the anatase phase 
might be essential for the generation of the ORR activity 
of the titanium oxide-based cathodes.  
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Figure 1. Dependence of ORR current at 0.6 
and 0.7 V of catalysts prepared at several 
temperatures under 4%H2/Ar.

Figure 2. Dependence of ORR current at 0.7 
V on lattice volume of anatase phase of Nb-
doped TiO2/MWCNTs.
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Molybdenum based nanomaterials as non-noble electrocatalyst for hydrogen evolution reaction 

(HER) have attracted tremendous attentions due to its low-cost, excellent catalytic performance and 

durability. We first prepared reduced graphene oxide supported molybdenum phosphide (MoP-RGO) 

as efficient catalyst for HER. RGO plays an important role on enhancing the catalytic performance. 

Carbon support various molybdenum based materials (MoP, Mo2C, MoS2) also have been 

systematically synthesized via a simple solvothermal-high temperature treatment strategy. 

Electrochemical tests revealed that MoS2 exhibits the poorest catalytic activity in both acid and 

basic electroltes. Thus, we endeavored to improve the catalytic activity of MoS2 through various 

strategies. First, we introduce cobalt into MoS2 to tune the microstructures, electronic distributions 

and enhance the conductivity. As a result, the obtained nanomaterials presents excellent catalytic 

performance in alkaline medium, but the catalytic activity in acid electrolyte is unsatisfied. Then, 

we synthesized MoS2-MoP heterostructured nanosheets supported on polymer derived carbon 

matrix and the prepared compound exhibits outstanding catalytic activity in acid medium due to the 

synergistic effects between P and S. 

 
Figure 1 Researches on molybdenum based nanomaterials. 
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Platinum-containing nanostructured catalysts exhibit the highest catalytic activity in 

electrochemical reactions occurring in low-temperature fuel cells with a polymer membrane. The alloying 
of platinum with some d-metals makes it possible to further increase the activity of the catalyst, however, 
selective dissolution of the alloying component results in membrane poisoning and a decrease in the 
characteristics of the fuel cell. The attempt to use bimetallic nanoparticles with the M-core-Pt-shell 
architecture as an active component of the catalyst is very attractive if it is possible (i) to maintain the 
positive effect of the core-metal on the activity of the platinum shell and (ii) to make the shell defect-free 
and stable during operation of the catalyst. Unfortunately, obtaining a "core-shell" catalyst with such 
characteristics is a very difficult task. As a rule, PtM nanoparticles of different architecture undergo a 
change in composition and structure at the initial stage of the catalyst functioning, especially if the initial 
concentration of the alloying component is sufficiently high [1]. Thus, the formed secondary de-alloyed 
structures should have high activity and stability and should not undergo further composition changes due 
to selective dissolution of the alloying component. 

In this work M1@Pt1/C (M=Cu,Ni) electrocatalysts in which the platinum concentration increases 
in the direction from the center to the surface of the core-shell nanoparticles were prepared by the method 
of successive 4-steps reduction of metals from mixtures, with increasing of the relation Pt(IV):M2+ 
(M=Cu,Ni) step by step. Corrosion-morphological stability and activity of the resulting "gradient" 
catalysts in the reactions of oxygen electroreduction (ORR) and methanol electrooxidation (MER) in 
HClO4 solution were studied in comparing with those of catalysts containing nanoparticles of Pt1M1 alloy 
and commercial Pt/C catalysts. It is established that the de-alloying of Pt-M catalysts occurs, basically, at 
the stage of their surface standardization. Both types (alloy and gradient core-shell) catalysts showed 
higher activity in ORR and MER compared to Pt/C, as well as higher durability in stress-tests [2,3]. 
Wherein, the residual concentration of the alloying component, the area of the electrochemically active 
surface and, therefore, the activity and stability were highest for de-alloyed gradient catalysts [2,3]. 

The reason for the observed differences is the high concentration of platinum in the surface layers 
of NPs of the gradient catalysts in the initial “as prepared” state, which determines rapid formation of the 
protective platinum shell during selective dissolution of alloying component. The platinum-enriched 
surface layer, formed during the selective dissolution of M from the alloy nanoparticles, does not possess 
such efficient protective properties with respect to d-metal atoms, which diffuse from the inner to the 
outer part (surface) of the nanoparticles. At the same time, the "firmly bound" atoms of the alloying 
component that remain in the de-alloyed gradient nanoparticles have a promoting effect on platinum 
activity. 
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Automotive industry is undergoing a revolution as consumers are starting to consider electric engines 
powered by either fuel cells or batteries as competitors to the classical combustion engines. Hence, in the 
field of fuel cell catalysis, the demand for stable, affordable and easily producible catalysts for the oxygen 
reduction reaction is stronger than ever. Today’s research focusses mainly on the improvement of the 
well-known bottom up synthesis of Pt nanoparticles and their alloys, which includes multiple-step 
procedures and high processing efforts.[1,2] Contrary to this, we are reporting a facile way to prepare Pt 
nanoparticles and alloys (Cu, Ni, Co) with at least 2-fold increased specific activity (~ 1.4 mAcm-2 for 
3 nm sized Pt particles at 0.9 V vs. RHE, cf. figure 1) compared to commercial ones, while reducing 
synthetical complexity and costs by several 
factors using cathodic corrosion, as 
described by Marc Koper’s group.[3] By 
alternating application of a high anodic and 
cathodic potential ( >4V vs. Pt pseudo-
reference) to a platinum wire, immersed 
into an alkali-metal cation containing 
electrolyte, Pt nanoparticles are generated 
on the surface of the bulk metal and 
released into the electrolyte subsequently. 
Moreover, the technique enables size 
control (by the applied potential window) 
allowing optimization of the stability and 
activity. The high increase in activity is 
most likely caused by the generation of not 
only conventional convex shaped particles, 
but rather unique shapes including 
concavities with high-index facets and 
improved amount of particularly active 
sites.[4] Considering the high effort of 
producing concave shaped particles with 
similar activity synthetically[5], the facile 
particle production by cathodic corrosion 
reveals it’s potential to prepare future 
electrocatalysts. 
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Figure 1: Kinetic current densities of Pt nanoparticles 
produced by cathodic corrosion (Pt/CCorr) compared to 
commercial ones (Pt/C, Tanaka TEC10V20E) and 
transmission electron microscopy image of Pt nanoparticles 
supported on Vulcan XC 72R (insert). 
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The increasing concerns on severe environmental issues and rapid fossil fuel depletion stimulate the 
intensive interests in renewable and sustainable energy sources. Fuel cells and electrochemical water 
splitting is considered as one of ideal options to feed energy demand without environmental concerns. 
The commercialization of these techniques requires the efficient, low-cost and durable electrocatalysts for 
oxygen reduction reaction (ORR), hydrogen evolution reaction (HER), and oxygen evolution reaction 
(OER). 
The catalytic performance of these electrocatalysts are closely related to the intrinsic activity and the 
number of the accessible catalytic sites in the electrocatalysts. This presentation will focus on the 
exploration of earth-abundant efficient ORR, HER and OER electrocatalysts with an emphasis on the 
performance boosting by synergistically electronic and structural engineering. Several reasonable ways 
will be introduced for rationally engineering the morphological structure, electronic structure, and 
crystalline structure of electrocatalysts to augment the accessible catalytic sites and synergistically boost 
their intrinsic activity, thus leading to the significant performance enhancement of these low-cost 
materials for practical applications.[1-7] These results will open up opportunities for the rational design and 
bottom-up synthesis of cost-effective and high-performance electrocatalysts for fuel cells and sustainable 
hydrogen production through electrochemical water splitting. 
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Based on the well-accepted volcano relationship between the ORR activity vs. d-band center, the 
adsorption strength of O-containing species on monometallic Pt surface is too strong to achieve the 
highest ORR activity [1]. A promising solution to this concern is to alloy an inexpensive 3d transition 
metal with Pt to form Pt-M bimetallic nanoalloys on carbon support, by which not only the amount of Pt 
can be reduced but also the ORR kinetics may be promoted with a lowered d-band center of Pt and thus a 
weakened adsorption strength for O-containing species.  
 
Among them, Pt3Ni nanoalloys represent an emerging class of efficient and cost-effective Pt-M catalysts 
[2]. However, there still remains a large room to fill in developing the optimized Pt3Ni/C catalysts. First, 
from the viewpoint of the adsorption energy, the lattice for Pt3Ni alloy is regarded being over-shrunk, and 
thus the binding energy for oxygenated species is slightly weaker for an optimal ORR activity; Second, 
from the viewpoint of chemical stability, the gradual Ni leaching from Pt-Ni nanoalloys at ORR 
conditions may deteriorate the durability of Pt-Ni bimetallic catalysts toward ORR. Last but not least, 
from the practical viewpoint, a green and scale-up synthesis approach is highly pursued to a desired 
composition, an appropriate uniform size and a good dispersion of Pt-Ni nanoalloy particles on carbon 
black.  
 
Herein, we report that B-doped platinum-nickel nanoalloy supported on carbon black (Pt3Ni-B/C) is 
facilely synthesized through an aqueous phase process under mild conditions with dimethylamine borane 
as the reducing agent [3]. The Pt3Ni-B/C catalyst exhibits an activity toward oxygen reduction reaction 
(ORR) in acid media at 0.90 V vs. RHE with a mass activity 3 and 1.7 times, and a specific activity 6 and 
1.4 times as high as those for a commercial Pt/C and a Pt3Ni/C synthesized using NaBH4 reductant, 
respectively. After 10,000 cycles of ADT, the Pt3Ni-B/C demonstrates a significantly improved ORR 
durability in comparison to its counterparts with only 10 mV decay for its half-wave potential. The higher 
performance of the Pt3Ni-B/C with respect to that of the Pt3Ni/C can be ascribed to well-dispersed and 
relatively small nanoalloy particles, as well as slightly intensified adsorption strength toward O-
containing species and structural resistance to potential cycling with boron doping.  
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Over the past decades, direct formic acid (HCOOH) fuel cells (DFAFCs) have attracted great interests 

owing to their intrinsic advantages of fuel, such as non-flammable, fast electro-oxidation, low crossover 
flux through Nafion membrane, highly feasible working concentration. Although platinum-based 
materials are widely employed as electrocatalysts for many fuel cells, the rapid CO poisoning, high price 
and limited reserves of Pt greatly imped its applications in DFAFCs. Alternatively, palladium (Pd) is the 
best promising electrocatalyst in DFAFCs due to its better CO-tolerate capacity, and relatively lower 
price. On the other hand, Pd has a strong affinity to hydrogen, and thus leading to the formation of Pd 
hydride (PdH), which could intensively change the electronic structure of Pd, and thus its corresponding 
catalytic properties. However, due to the instability of PdH, the application of PdH was limited. In this 
study, we found the cyclic penta-twinned (CPT) Pd icosahedra could prevent PdH from releasing H2, 
when compared to their single-crystalline octahedral counterpart because of the unique crystal lattice 
expansions existing in two dimensions in CPT icosahedron. Meanwhile, a robust solvothermal methods 
for the formation of stable CPT icosahedral PdH nanocrystals (NCs) was developed. Furthermore, it was 
found by simply treating the commercial Pd black with n-butylamine in solvothermal condition, stable 
PdHx NCs with tunable H composition can also be prepared. The as-prepared stable PdHx NCs not only 
exhibit enhanced catalytic activity, but also show low over-potential towards the HCOOH electro-
oxidation. 

 
 

 
Figure 1. (a) Schematic diagram to illustrate the influence of lattice expansion strain in the SC structure 
and CPT structure on the hydrogen releasing rate of Pd NCs. (b) Superior electrooxidation of HCOOH 
properties on PdHx. 
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The oxygen reduction reaction (ORR) is a complex multi-step reaction, which involves the transfer of 4 
electrons and 4 protons and for its nature, it proceeds through the consequent formation of more than one 
intermediate accounting for the so-called “scaling correlations” [1-3]. The complexity of the reaction 
determines the slow kinetics and the difficulties into finding an adequate catalyst for it to proceed without 
energy losses [1-3]. The “industrial standard” catalysts for this reaction are based on the very expensive 
and rare Pt metal. An uncountable number of non-precious metal catalysts (NPMC) have been studied 
with the purpose to replace Pt. Among them, the most promising are Fe macrocyclic complexes (FeN4), 
where a Fe atom is coordinated by four pyrrolic nitrogen atoms, like in Fe phthalocyanines (FePc). 
Unfortunately, FeN4 suffer from low activity and stability in acidic media. Various strategies have been 
adopted to overcome those drawbacks, like the substitution of planar neutral residues with more electron 
negative ones, the addition of axial back ligands, the heat treatment of the catalyst. In this research work 
we studied the electrocatalytic activity towards the ORR of a new compound i.e. the iron 
1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexadeca(fluoro) phthalocyanine (16(F)FePc) in the absence 
and in the presence of a fifth pyridine axial ligand (FeN5). Interesting the 16(F)FePc appears to be the 
most active among all the FeN4 studied to the moment. The very high redox potential of the active 
Fe(III)/Fe(II) redox couple (-0.075 V and 0.44 V vs. SCE at pH 13 and at pH 1 respectively) confirms the 
correlation between the activity of the catalyst vs. redox potential of the active redox couple of the metal 
in the catalyst. 16(F)FePc was so active towards the ORR that the production of H2O2 measured at 
rotating ring electrodes was nil at pH 13 and very low at pH 1. In the presence of pyridine axial ligand, 
the redox potential increased of almost 60 mV and catalytic currents and stability of the catalyst also 
drastically increased. The catalysts were characterized with electrochemical techniques and by EPR and 
XPS spectroscopy. Ab initio calculations, confirm the importance of the pyridine axial ligand to lower the 
binding energy of O2 to the Fe metal center because of decoupling of the Fe from the carbon support and 
changes in the geometrical and electronic structure.  
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Platinum group metal (PGM)-free materials have long been developed to catalyze oxygen 
reduction reaction (ORR) in both acidic and alkaline media. In an alkaline environment, some non-PGM 
catalysts have exhibited higher ORR activity in comparison with commercial carbon-supported platinum 
catalysts [1–3] even at identical catalyst loading [2], whereas such high ORR activity has not been 
reported in acidic polymer electrolyte fuel cell (PEFC) cathodes. Only two types of non-PGM catalysts 
have been reported for the use in automotive PEFC cathodes in the last decade due to the severely 
corrosive environment: high operating potential of 0.6–1.0 V vs. reversible hydrogen electrode (RHE) 
and strong acidity (pH < 1). The most widely developed non-PGM catalyst type is the so-called 
Fe(Co)/N/C catalyst [3,4]. The most volume of Fe(Co)/N/C catalyst is graphitic carbon with high density 
of defects, which is the source of degradation [4]. Another non-PGM catalyst type is the oxide-based one, 
containing group IV or V metals. The advantage of this catalyst type is high chemical stability whereas 
the disadvantage is low conductivity to utilize carbon supports [5,6]. Although a high single cell 
performance, comparable to that of state-of-the-art Fe/N/C catalysts, was obtained from zirconium 
oxynitride on multi-walled carbon nanotube (ZrOxNy-MWCNT) recently, the performance degraded 
during the first 100 h at a rate of 2 mV h–1 [6]. The source of degradation for ZrOxNy-MWCNT is still 
unclear; however, corrosion of carbons from precursors and MWCNTs should not be negligible.  

Therefore, we have recently focused on carbon-support-free oxide-based catalyst, namely 
titanium oxynitride (TiOxNy) [7,8]. The ORR activity has been successfully enhanced without using 
carbon support to the level of the best carbon-supported oxide-based catalyst, ZrOxNy-MWCNT whereas 
the surface area was small to require a high catalyst loading, 2.0 mg cm–2 in a half cell to prepare catalyst 
layers without forming so-called “catalyst islands” [8]. In this study, phosphor atoms were doped into the 
TiOxNy to reduce the loading as phosphor doping is known to increase the surface area of various 
materials such as PtRu nanoparticles [9] and TiO2 photocatalysts [10] by reducing the size. For the first 
time, phosphor doping was successfully applied to TiOxNy electrocatalyst to reduce the loading less than 
half without the decrease in ORR activity as shown in Fig. 1. The mechanism will be discussed using 
several analytical results including Raman and X-ray 
photoelectron (XP) spectra at the meeting.  
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Fig. 1 Rotating disk electrode 
voltammograms of TiOxNy and phosphor-
doped TiOxNy (TiOxNyPz) at different 
catalyst loadings. The scans were 
performed in N2 and O2 atmospheres, with 
the rotation speed of 1500 rpm at a scan 
rate of 5 mV s–1 in 0.1 mol dm–3 H2SO4 
solution.  
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Developing highly efficient, earth-abundant and stable materials for oxygen reduction reaction (ORR) 
in acidic electrolyte is extremely desirable but still challenging, which largely determines the prospect for 
industrial applications of proton exchange membrane fuel cell (PEMFC) technique. Pyrolyzed M-Nx/C 
catalysts (M=Fe, Co) are recognized as the most promising candidates to replace platinum towards the 
oxygen reduction reaction (ORR), according to the tremendous progress made in catalytic performance in 
the past years[1-2]. However, further advance is hindered due to the unsatisfied intrinsic activity of the 
single-atom metallic center M-N4 sites, which is far away from meeting the requirements to replace Pt-
based catalysts for ORR in real applications. Enlightened by the binuclear characteristic of the porphyrin 
catalyst site for ORR widely in biological respiratory systems, it is reasonable to predict the multi-metal-
atom site structure for the pyrolyzed M-Nx/C catalysts can outperform the single-atom metallic center M-
N4 sites to catalyze ORR, which was proposed by previous theoretical calculations. Herein, for the first 
time, we designed and successfully fabricated a novel binuclear active site structure, Co2NxCy, as ORR 
catalyst site, which was achieved by precisely controlling precursor’s structure at atomic level. Two-atom 
sites with Co-Co distance at 2.1-2.2 Å were directly observed in the catalyst from aberration-corrected 
scanning transmission electron microscopy (STEM). Additionally, a novel shortened Co-Co path (2.12 Å) 
was found in X-ray absorption spectroscopy, attributable to the binuclear Co2NX site. Its configuration 
was further confirmed as Co2N5 combined with density functional theory (DFT) calculation. Excitingly, 
dramatic enhancement on the ORR activity was obtained on the Co2N5 site, which exhibits approximately 
12 times higher activity than the conventional single CoN4 site. Theoretical density functional theory 
calculations were applied to reveal the mechanism of ORR on the novel binuclear site, on which 
thermodynamic barrier towards ORR was considerably reduced, thus contributing to the much higher 
intrinsic activity of the dual atom center site. Our finding is of significance for rational designing non-
noble metal catalysts to completely replace Pt for ORR in the future. 
 

 
   Figure 1  ORR activities of the Co-N-C-x, N-C and commercial Pt/C catalysts in O2-saturated 0.1 M 
HClO4 at scan rate of 5 mV/s and rotation speed of 1600 rpm. 
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The focus of this presentation will be on platinum group metal-free (PGM-free) electrocatalysts as an 
alternative to the state-of-the-art low-PGM catalysts for oxygen reduction reaction (ORR) in the polymer 
electrolyte fuel cell (PEFC) cathode. In the past decade, PGM-free catalysts, especially those obtained by 
heat-treating precursors of transition metals, nitrogen and carbon, have gradually narrowed the 
performance gap to precious metal-based materials already used in fuel cell cars. In this presentation we 
will review PGM-free catalyst development at Los Alamos National Laboratory (LANL) as part of the 
newly formed Electrocatalysis Consortium (ElectroCat). These approaches include efforts aimed at 
improving the ORR active-site density and electrode porosity via the use of pore-forming agents and 
sacrificial templates. 
 
We will also describe research specifically targeting better understanding of the sources of catalytic 
activity in Fe-based PGM-free catalysts and possible ORR active sites as an important step towards 
rational design of future catalysts. The results from both theoretical modeling and experiment will be 
presented. Of a number of both in-situ and ex-situ techniques used for gaining a better insight into the 
origins of ORR activity in PGM-free catalysts, we will concentrate on the microscopic and X-ray 
absorption spectroscopic methods, as well as on the implementation of molecular dioxygen analogues as 
probes for the ORR active sites on the catalyst surface, which promises to make otherwise bulk 
techniques surface-specific. This part of the presentation will include research performed in close 
collaboration with LANL’s ElectroCat partners. 
 
Time permitted, we will report on the activity and durability of catalysts derived from transition metals 
other than Fe, specifically, Co, Mn and Ni, studied by using once again both modeling and experimental 
methods. Finally, we will present a few highlights from a continuing comparative study of the 
degradation of PGM-free and low-PGM catalysts in the fuel cell cathodes. 
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As fuel cells become the preferable technology for electro-mobility, backup power and main power, the 
need for affordable and reliable catalysts raises. Currently, Pt-based catalysts are the only viable catalysts 
in commercial fuel cells, whereas, their scarcity and derived price, hampers the spread of this technology. 
Precious-metal group-free (PGM-free) catalysts are highly sought for replacing Pt. The three most 
significant drawbacks of PGM-free catalysts when compared to Pt-based catalysts are: 1) low turnover 
frequency, 2) high overpotential and 3) low stability. 
 
In this presentation we will share our most recent work which focuses on all three drawbacks. This is 
done by formation of three dimensional polymeric networks of PGM-free catalysts using two methods: 
electropolymerization and aerogel. This was done in order to increase the site density to its allowable 
maximum in order to compensate for the low turnover frequencies usually associated with this group of 
catalysts, increase the proximity between catalytic centers, to allow synergistic reaction and stabilize the 
complexes. Using the first method, metallo-corroles, an already very active group, was electropolymrized 
to give porous supports of conjugated complexes, working in tandem to catalyze ORR at much lower 
overpotentials, in par with the state-of-the-art PGM-Free catalysts with improved stability. In the second 
method, aerogels of transition metal complexes were synthesized and studied as possible ORR 
Electrocatalysts. In our presentation, we will share our latest work in this field and compare between the 
two methods and catalyst groups.   
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The oxygen reduction reaction (ORR) represents the fundamental reaction in various electrochemical 
energy conversion and storage technologies and the development of efficient catalysts for this reaction 
represents one of the major challenges for a sustainable society. At present, the most commonly used 
ORR catalysts are still platinum-based. However, rational design of improved ORR catalysts―platinum-
based or metal-free―requires a detailed atomistic understanding of the reaction that is being catalyzed at 
the electrode surface under operating conditions. From a theoretical point of view, the electrochemical 
system is too complex to be handled holistically by any individual theoretical method at the atomistic 
scale. Therefore, several theoretical approaches at different levels of approximation have been developed 
to address specific questions in the simulation of electrochemical systems. In contrast to popular DFT-
based schemes for this endeavor, a reactive-molecular-dynamics-based multiscale approach has been 
developed and applied to investigate the morphological changes of a platinum model catalyst at different 
oxidative conditions, i.e. under ultra-high vacuum, near-ambient pressures and typical fuel cell operating 
conditions. This stepwise increase in system complexity enabled direct comparison to experimental 
results and to confidently make predictions. A crucial outcome of this thorough theoretical investigation 
was the prediction of stable platinum surface oxides under typical fuel cell operating conditions―a fact 
that had been neglected thus far―which might lead to the development of new strategies to overcome 
current ORR performance limitations.   
     Furthermore, the multiscale approach enabled reactive molecular dynamics simulations of the ORR at 
platinum model catalysts at an extended time- and length-scale. These simulations revealed elementary 
reaction steps, significantly extending the commonly discussed associative and dissociative reaction 
mechanisms. 
 
[1] Fantauzzi, D.; Mueller, J. E.; Sabo, L.; van Duin, A. C. T.; Jacob, T., ChemPhysChem 2015, 16, 2797. 
[2] Fantauzzi, D.; Krick Calderón, S.; Mueller, J. E.; Grabau, M.; Papp, C.; Steinrück, H.-P.; 

Senftle, T. P.; van Duin, A. C. T.; Jacob, T., Angew. Chem. Int. Ed. 2017, 56, 2594. 
[3] Fantauzzi, D.; Jung, K. C.; Sinyavskiy, A.; Jacob T. in preparation. 
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Supercapacitors have received particular attention due to their inherent merit of being expeditious and 
stable power sources for the storage and delivery of renewable energy. Supercapacitors based on 
pseudocapacitors, which provide an added room for storing energy through fast faradaic reactions, are 
also the subject of many of the current research on supercapacitors[1,2]. However, practical advances in 
this respect have been rather slow due in part to the lack of cost-effective and high-performance 
supercapacitors.  
Here, for the first time we introduce a simple approach for developing pseudocapacitor electrodes based 
on Amorphous Iron Oxide-Carbon Black (AIO-CB) and Hausmannite Manganese Oxide (HMO). We 
employ a single-step fast thermal annealing process at 300 °C to concurrently synthesize and coat the 
metal oxides on the nickel foam substrate. The materials were investigated by XRD, FESEM, EDS, 
elemental mapping, TGA/DTGA, and TEM.  
The electrochemical investigation of the as-developed AIO-CB and HMO electrodes in 1 M Na2SO4 
revealed their pseudocapacitive behavior (Fig. 1 a). Furthermore, the CV and EIS analysis revealed the 
significant effect of Carbon black on the charge storage performance of the AIO-CB; therefore, its 
amount was optimized. Besides, we observed that the electrochemical performance of the HMO electrode 
improves during voltammetric cycling, which we attributed to partial conversion of Mn3O4 to MnO2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  1. CV of the electrodes in three-electrode configuration (a) and Galvanostatic charge-
discharge cycles of the asymmetric supercapacitor (b) in 1 M Na2SO4 

 
Finally, we assembled and studied the asymmetric supercapacitor based on AIO-CB and HMO as 
negative and positive electrodes, respectively. Galvanostatic charge-discharge cycles for the 
supercapacitor are almost symmetric (Fig. 1 b) and confirm the contribution of each electrode. 
Galvanostatic measurements showed a high specific capacitance of 193.6 mF cm−2 at 10 mA cm−2 with 
2.6% drop over 800 cycles.  
 
1. K. Malaie, M. R. Ganjali, T. Alizadeh, and P. Norouzi, J. Mater. Sci. Mater. Electron. 29, 650 (2018). 
2. K. Malaie, M. R. Ganjali, T. Alizadeh, and P. Norouzi, Appl. Phys. A 124, 295 (2018). 



Impact of the Electrolyte Concentration on the Capacitor Performance 
 

Przemyslaw Galek, Elzbieta Frackowiak, Krzysztof Fic  
Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology,  

Berdychowo 4, 60965 Poznan, Poland 
krzysztof.fic@put.poznan.pl 

 
Development of electrochemical capacitors focuses today on the improvement of their energy density (or 
specific energy) and cyclability. The energy density might be improved by capacitance enhancement and 
operating voltage increase. To some extent, the relation between capacitance and voltage and their impact 
on the energy output reflects an interfacial character of charge storage mechanisms in capacitors; 
capacitance is intimately linked with the electrode material whereas the operating voltage is governed by 
the electrolyte applied. Of course, they cannot be considered separately, since the final performance is 
always a combination of various factors (e.g., electrode porosity – electrolyte viscosity, wettability, etc.). 
In case of capacitance-related issues, it appears that activated carbons with their well-developed surface 
area and suitable porosity, recently reached the limit of purely capacitive storage and further progress in 
this field require another insight into the electrostatic charge accumulation. That approach enforces 
intensive research on the novel architectures of the electrode materials.  
 
On the other hand, the electrolyte-related issues create an interesting pathway for investigations aiming at 
maximum voltage increase and energy density enhancement. Undoubtedly, organic media (based on 
acetonitrile or propylene carbonate) and ionic liquids are the optimal electrolytic solutions in terms of 
electrochemical stability. However, their impact on the environment and user safety is quite often 
questioned. Water-based electrolytes seem to be an interesting alternative, but the major objection against 
their commercialization concerns their low electrochemical stability governed by water decomposition 
voltage. Although the neutral electrolytes might demonstrate a significant decomposition overpotential 
once applied to porous carbon electrodes and thus provide the operating voltage up to 1.8 V, the 
performance of water-based capacitors is still not satisfactory enough for a broad application. 
 
Since the significant disadvantage of water-based solutions is attributed to the solvent decomposition, in 
our recent study, we decided to decrease the amount of water in aqueous electrolytes to the minimal level. 
Following the approach presented by the Belanger group, we have formulated the series of electrolytes 
with water: salt ratio up to 50% (either by mass, volume or molarity). Since the primary study has been 
done on LiTFSI salt, in our study, we have focused on the conventional inorganic salts, based on the well-
known anions like NO3

- or SO4
2-. It appeared that these formulations demonstrated various correlations 

with concentration, conductivity and decomposition potentials. Moreover, their viscoelastic properties 
perfectly correlated with electrochemical performance, mostly with charge propagation. Surprisingly, the 
role of cation appeared to be crucial, essentially for capacitance values. 
 
The paper will discuss the correlation (or the lack of it) between the pore size distribution of carbon 
electrodes, electrolyte viscosity, and capacitor performance. Elucidation of the energy/power 
characteristics as well as cyclability at various temperatures will give a novel insight into ‘water’-based 
electrolytes. Spectroelectrochemical measurements will support the physicochemical data (e.g., operando 
Raman spectroscopy), unraveling (or trying to unravel) the mysteries at carbon electrode/highly 
concentrated electrolyte interface. 
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Self-stratified membraneless microbial fuel cells (SSM-MFC) were recently 

introduced as simple bioelectrochemical devices, capable of producing high power 
whilst degrading organic matter [1]. The principle of the SSM-MFC relies on the 
stratification of bacteria within a water (in this case urine) column, where anoxic 
conditions exist in the lower part of the column and aerobic conditions at the top. In 
such a column, two electrodes are inserted: i) an anode at the bottom, where the 
oxidation reaction of organics occurs; ii) a cathode in the upper part, in which the 
reduction of oxygen takes place. In this work, we utilise the same principle of self-
stratification in urine, within a column, for creating a voltage difference between the 
two electrodes and in addition self-charge two other electrodes of a supercapacitor (SC) 
[2]. The SC is then galvanostatically discharged and self-recharged with high current 
pulses. The two SC electrodes were accommodated in a rectangular plastic container, 
with an empty volume of 0.45 mL. Different carbonaceous-based electrodes were used 
as negative and positive electrodes of this internal supercapacitor. Initially, wrapped 
carbon veil was used as the negative electrode and activated carbon (AC) with 
polytetrafluoroethylene (PTFE) pressed on a stainless steel (SS) current collector, as the 
positive electrode. The SC had an operating maximum voltage of 0.77V and during 
discharges, the SC had an equivalent series resistance (ESR) of 100 Ω (≈70% due to the 
positive electrode and 30% due to the negative electrode). The discharge showed poor 
capacitance characteristics of the negative electrode. In order to overcome this 
limitation, a capacitive additional electrode (AdE), similar to the aforementioned 
AC/PTFE pressed on SS positive electrode was wrapped within the negative electrode. 
Interestingly, the maximum operating voltage dropped to 0.62 V due to an increase in 
the negative electrode potential that moved from -0.62 V to -0.48 V (vs Ag/AgCl). 
Despite this loss in the operating voltage, the capacitance of the negative electrode 
increased substantially. A second capacitive AdE was also added and put in contact with 
the cathode lowering the ESR to 67 Ω. The last option produced pulses with power of 
1.24 mW (tpulse=0.01 s), 1.03 mW (tpulse=0.1 s), 0.83 mW (tpulse=1 s) and 0.67 mW 
(tpulse=5 s). A total of 2600 cycles of discharges (2 mA for 2 s) and self-recharges was 
carried out over 44 hours.  
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Nowadays, a lot of efforts have been put into improvement of the electrochemical capacitors 
performance. The main purpose of ongoing research is to increase energy density output of the device 
(approaching them to batteries), simultaneously with maintenance of its service time. What is worth 
highlighting that up to date sophisticated in-situ techniques allow observing phenomena occurring in 
energy storage device in a working mode. It gives many valuable information concerning the principle of 
electrode material behavior and ion fluxes inside the bulk of the electrolyte or at the electrode/electrolyte 
interface. However, three-electrode measurements do not directly reflect behavior of symmetric system 
especially under long-lasting load.  
 
Therefore, proposed research concerns electrochemical ageing study of electrochemical capacitor with 
redox active electrolyte supported with post-mortem analysis of the electrode material in order to detect 
the changes in texture and elemental composition of activated carbons after long-term cycling. In 
accordance with International Standard, systems were aged until 80% of initial capacitance. Different 
electrochemical techniques have been implemented in order to verify qualitative and quantitative features 
during ageing process, i.e., cyclic voltammetry, galvanostatic charging/discharging and impedance 
spectroscopy. Moreover, this study attempts to find an ageing reason for redox active electrolytes. This is 
why, systems were cycled with two different current regimes, i.e., 0.1 and 1.0 A g-1. Furthermore, floating 
tests were performed in order to verify which technique should be applied to determine the real life-time 
of the supercapacitor device with redox-active species. Experimental schedule includes system 
characterization at 0.8V, gradual extension of the voltage window and ageing test at elevated voltage, i.e., 
1.5V. Afterwards, the symmetric cells were disassembled and post-mortem analysis of electrode material 
was performed. It consisted the investigation of changes in pore size distribution and overall specific 
surface area by nitrogen sorption analysis at 77K. Moreover, the variations in morphology and structure 
was verified via Raman spectroscopy.  
 
It has been noticed that both ageing techniques differently affect overall capacitor degradation. 
Comparison of ageing tests (galvanostatic cycling and floating) was carried out and insightful 
understanding of redox active failure has been evaluated.  
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Hybrid electrochemical capacitors represent an emerging class of energy storage devices, where one 
electrode exhibits a battery-type behavior and operates in narrow potential range while the other electrode 
exhibits capacitive behavior and operates in enlarged potential range[1]. Recently, carbon/carbon hybrid 
capacitors using redox active electrolyte based on aqueous alkali iodide have been proposed, where redox 
redox transformation of iodides gives the so-called carbon/iodide interface driving the positive electrode 
to exhibit battery-type behavior[2]. However, the voltage of alkali iodide based hybrid capacitor is limited 
to 1.2 V. Lately, the voltage of this family of hybrid capacitors was enhanced up to 1.6 V by introducing 
alkali iodide in environmentally friendly neutral aqueous lithium sulfate solution as supporting 
electrolyte[3]. Voltage exceeding the thermodynamic stability of water, e.g., 1.23 V, is owing to a local pH 
increase in the porosity of the negative activated carbon (AC) electrode, causing important di-hydrogen 
evolution over-potential[4].  
Apart the aforementioned advantages, freezing at relatively high temperature (ca. -5oC for 1 mol.L-1 
aqueous alkali solutions) represents an important disadvantage of neutral aqueous electrolytes in 
comparison to organic ones which can be easily applied down to -40°C. This issue was solved by 
implementing an aqueous cholinium chloride (conc. 5 mol kg-1) based electrolyte enabling the 
carbon/carbon capacitor to operate down to -40oC with excellent electrochemical characteristics[5]. 
Differential scanning calorimetry (DSC) on 5 mol kg-1 cholinium chloride reveals the absence of freezing 
down to -60oC. 
In this work, aqueous cholinium salt solution has been used as supporting electrolyte for redox iodide 
species and implemented for realizing carbon/carbon hybrid capacitor operating down to -40oC. The 
hybrid cell displays nearly symmetric charge/discharge curves (at 0.2 A g-1) at 24oC and down to -40°C 
with low ohmic loss (Figure 1a). This is further confirmed by the Nyquist plot (Figure 1b) where 
equivalent series resistance (ESR) is almost unchanged down to -40oC.  The cell capacitance (Figure 1c) 
determined by galvanostatic cycling up to 1.5 V is 65 F g-1 at -40°C against 74 F g-1 at 24°C (per total 
active mass of electrodes). During the presentation, detailed physicochemical and electrochemical study 
(cyclability, Ragone plot and self-discharge), and the mechanisms at the electrode/electrolyte interface 
will be discussed. 
 
 
 
 
 
 
 
 
 
 

 

Figure 1. Galvanostatic charge/discharge curves (0.2 A g-1) of carbon/carbon hybrid cell up to 1.5 V (a), 
Nyquist plots at open circuit voltage (b) and capacitance vs voltage (c) using 5 mol kg-1 aqueous choline 
salt + 0.5 mol kg-1 redox active iodide salt. 

[1] Pell W., Conway B., J. Power Sources 136 (2004) 334. 
[2] Lota G., Frackowiak E., Electrochem. Comm. 11 (2009) 87. 
[3] Abbas Q., Babuchowska P., Frackowiak E., Béguin F., J. Power Sources 326 (2016) 652. 
[4] Gao Q., Demarconnay L., Raymundo-Piñero E., Béguin F., Energy & Environ. Sci., 5 (2012) 9611. 
[5] Abbas Q., Béguin F., ChemSusChem 11 (2018) 975. 
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Continuous development and further miniaturization of electronic devices greatly stimulate the research 
for miniaturized and compact electrochemical energy storage (EES) devices, allowing thus the 
development of autonomous, sustainable and connected devices. Small footprint storage sources should 
be efficient in terms of power, autonomy and lifespan and directly integrated on chip [1,2]. To fulfil the 
requirements, the combination of a micro-battery (MB) with a micro-supercapacitor (MSC) would 
constitute an ideal miniaturized EES system where MB is dedicated to long-term applications and MSC 
ensures power demand. As a promising electrode candidate for high power applications, carbide-derived 
carbons (CDCs)[1,3] have been identified to provide high surface capacitance based on ion adsorption 
within nanoporous carbon electrode. To increase the energy density of CDC based MSC, CDCs have to 
be combined in a hybrid topology with Li-ion battery or pseudocapacitive materials like RuO2, MnO2 and 
Nb2O5 able to operate at high power/energy [4-6]. 
 
In the present study, we investigated the development of porous orthorhombic niobium oxide (T-Nb2O5) 
thin films in which rapid insertion/deinsertion of lithium throughout the entire material leads to high 
energy density[7]. Ion transport along specific crystallographic pathways in T-Nb2O5 and porous 
morphology are considered as two main parameters for delivering high energy density at high rates. 
Integration of materials on silicon chips needs to be compatible with the technique used in the 
microelectronic industry and convenient to perform. Hence, it is necessary to optimize the synthesis of T-
Nb2O5 using thin film deposition technique. Among the existing thin-film deposition technologies 
allowing to synthesize binder free electrode, magnetron sputtering is a powerful tool where the film 
structure and properties are highly dependent on the deposition parameters (pressure, sputtering power, 
gas pressure, temperature). In the frame of this study, Nb2O5 thin films are deposited by reactive direct 
current magnetron sputtering technique (DC-MS) from a Nb target under Argon/oxygen atmosphere on 
Al2O3 (100 nm) / Pt (50 nm) coated silicon substrate. First of all, Nb2O5 layers were optimized to find the 
suitable parameters in order to produce porous electrode (Fig. 1A). Then, temperature and atmosphere 
annealing was carefully controlled to crystallize the compound into the orthorhombic phase exhibiting 
preferential Li insertion pathways. First electrochemical measurements in liquid electrolyte (1M LiClO4 
in EC/DMC: 1/1) between 1 and 3 V vs Li/Li+ of Nb2O5 thin film (100 nm-thick) show a promising areal 
capacity of 8.3 µAh.cm-2 at 10 mV.s-1 (Fig. 1B). The strategy to produce thick Nb2O5 electrodes able to 
provide high capacity while keeping high the power capability will be presented at the 69th Annual IES 
Meeting.  

Figure 1: A. Scanning Electron Microscope cross section view of Si/Al2O3/Pt/Nb2O5 stacked layers.  
B. Cyclic voltamograms at different sweep rates from 0.5 to 100 mV.s-1  
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Electrochemical Capacitors are electrical energy storage devices that have higher power density and 
longer cycle life than batteries due to quick ion/electron transport and lack of phase change during 
charge-discharge. They have also higher energy density than conventional dielectric capacitors due to fast 
redox reactions taking place on the surface. (1)  Electrodes produced from graphene and metal oxide 
composites have achieved extraordinary electrochemical performance due to combination of individual 
properties of these two material classes. Graphene promotes fast electron transport with its excellent 
electrical conductivity, and metal oxides enhances energy density of the system by utilization of redox 
reactions between multivalent ions present in the structure. (2) Herein, graphene-metal oxide thin films 
were produced with a simple dip coating technique. Both graphene oxide and superparamagnetic iron 
oxide nanoparticles (spion) colloidal solutions were obtained via wet chemical routes. The dip coating 
cycle was altered to observe the effect of bilayer number on the structural and electrochemical properties.  
 
Layer by layer growth of the films was monitored with UV-Vis Spectroscopy and Quartz Crystal 
Microbalance. Figure 1a shows the change in UV absorbance of spion/GO films with number of dip 
coating cycles. The absorbance increased linearly with the number of bilayers showing successful 
formation of hierarchical structures by layer by layer assembly. Graphene oxide has intrinsically low 
electrical conductivity due to the presence of oxygen functional groups. To increase the electrical 
conductivity of the spion/GO films, chemical reduction with hydrazine was conducted. The effect of 
hydrazine reduction on the structure of the films was investigated with Atomic Force Microscopy and X-
Ray Photoelectron Spectroscopy (XPS). XPS measurements demonstrated that the C and N percentage in 
the film increased after hydrazine treatment indicating that both reduction and nitrogen doping was 
achieved simultaneously. Also, Cyclic Voltammetry measurements were conducted before and after 
hydrazine reduction to elucidate the effect of conductivity on the energy storage capability. After 
reduction, spion/GO films had areal capacitance of 2.39, 1.70, 1.05, 0.76, and 0.65 mF/cm2 at scan rate of 
20 mV/s for 9, 7, 5, 3, and 1 bilayers, respectively. These values are almost two times larger than the areal 
capacitances of the films before reduction. Figure 1b shows the corresponding cyclic voltammograms of 
reduced spion/GO films. The film with 9 bilayer spion/GO reached areal capacitance of 3.80 mF/cm2 at 5 
mV/s.  

 
Figure 1: (a) UV-Vis spectra of spion/GO films with bilayer numbers ranging from 1 to 9 (b) Cyclic voltammograms 

of spion/GO films after reduction at scan rate of 20 mV/s. 
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Due to their lower cost, Na and K-ion capacitors are attractive alternatives to the well-established Li-ion 
capacitor technology [1]. However, in order to design a full hybrid device, where battery-type and 
capacitor-type materials are coexisting in one electrode, it is crucial to investigate the aspects related to 
each single electrode component in the given electrolyte. For example, if activated carbon is used in a 
hypothetic “multifunctional electrode”, its interactions with the given electrolyte have to be studied [2]. 
The purpose of this work is to analyze the electrochemical performance of a commercial activated carbon 
(Haycarb PLC) in various organic electrolytes containing Li-, Na-, and K- salt.  
The effect of the various cation-anion combinations on the resistance of the symmetric AC//AC 
capapcitor is studied through electrochemical impedance spectroscopy analysis. Independently on the 
anion used (PF6

- or TFSI-) similar trends (Li>Na>K) can be observed with respect to the pore resistance 
and the electrolyte resistance (Fig. 1).  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

0

2

4

6

8

10

12

14

16

18

20

MFSI

K

MTFSI

P
or

e 
re

si
st

an
ce

 / 
O

hm

Salt type

MPF6

Li

Na
K

Li Na

K

MTFSIMPF6 MFSI
Salt type

MTFSIMPF6 MFSI

KR
el

 / 
O

hm

Li

Na

K

Li

Na
K

 
Fig. 1 – Relevant parameters calculated by fitting the electrochemical impedance spectra of symmetric 
AC//AC capacitors in various electrolytes.  (a) Pore resistance, (b) resistance of the electrolyte. 
 
These results, clearly demonstrated that K-salt based electrolytes can improve the power performance of a 
capacitor respect to the analogue Na- and Li-salts. Other aspects, like the ion adsorption and the long term 
stability will be discussed during the presentation. This work opens novel perspectives to a possible 
development of Na- and K-ion hybrid capacitors.  
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Birnessite-type MnO2 was synthesized on the surface of uncapped carbon nanotubes (CNTs) via a facile 
hydrothermal reflux technique to produce MnO2-CNT nanocomposite. Three dimensional (3D) 
microporous activated carbon (AC) obtained from biomass waste is also synthesized using a facile and 
environmentally safe one-step activation/carbonization route. The materials were characterized to confirm 
the successful incorporation of the MnO2 with the conductive tubular and porous carbon nanotubes.  
The morphological studies revealed a uniform distribution of the MnO2 grains within the CNT domain, 
with a porous network observed in the activated carbon sample. The Raman spectra of the composite 
material also depicted the constituent peaks associated with both the birnessite-type metal oxide and the 
typical D and G-peaks related to the carbonaceous nanotubes.  
The materials were combined in a hybrid cell composed of a MnO2-CNT nanocomposite as the positive 
electrode and the porous AC material as the negative electrode. The electrochemical analysis of the 
asymmetric device displayed a good electrochemical performance with an extended maximum working 
potential of up to 2.0 V in 1M Li2SO4 aqueous neutral electrolyte due to the excellent synergistic 
contribution from both the MnO2-CNT nanocomposite and AC material. The device also depicted an 
energy density of a25 Wh Kg-1 which corresponds to a power density of 0.5 kW Kg-1 at a 0.5 A g-1 
specific current. A relatively stable device was also obtained from the stability tests which exhibited an 
excellent coulombic efficiency of 100% after 10,000 operating cycles and a good capacitance retention 
from potentiostatic floating test for 60 hours.  
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In this study, onion-like activated carbons were generated from a vertically oriented CVD grown solid 
carbon spheres using K2CO3 as an activating agent. For an improved electrochemical performance, 
varying mass ratios of activating agent to solid carbon spheres (AA: CSs) were used. The activated 
carbons displayed a unique onion-like morphology and an increase in surface area with an increase in the 
amount of activating agent. The pristine carbon spheres were nonporous with a surface area of 6 m2/g 
while the activated carbons obtained at a mass ratio of 3:1 gave a surface area of 516 m2/g. The ID/IG 
ratios of the pristine, activated and annealed onion-like carbons were 1.00, 1.1 and 0.95, respectively. 
Three-electrode electrochemical tests using 3M KNO3 electrolyte performed on the pristine and the 
different activated carbons revealed a superior charge storage capability for the activated carbons in both 
the positive and negative operating potentials. The pristine carbon spheres gave a specific capacitance of 
2.5 F/g at a current density of 0.5 A/g with a potential window of 0.8 V. The specific capacitance of the 
activated carbons and the annealed onion-like carbons increased to 37 F/g and 56 F/g, respectively. This 
can be attributed to an efficient ion penetration resulting from the porous onion-like carbon structures. In 
addition, the activated onion-like carbons exhibited an equivalent series resistance of 0.83: , which was 
lower than that of the pristine carbons (1.1: ). Moreover, the annealed onion-like carbons showed a 
lower charge transfer resistance and a better ion diffusion properties than the activated carbons from the 
electrochemical impedance spectroscopy analysis. This was attributed to the decrease in the amorphous 
domains, and an increase in the surface area as well as the degree of graphitization of the carbons after 
annealing. The annealed onion-like carbons exhibited an excellent stability with a coulombic efficiency of 
99.4 % after 3,500 cycles. This study demonstrates the effect of annealing on the structural and 
electrochemical properties of the onion-like carbon structures. 
 

 
Figure 1. (a) The galvanostatic charge-discharge curves of pristine, activated and annealed activated 
carbon spheres at a current density of 0.5 A.g-1, and (b) Cycle stability of the annealed onion-like carbons 
at a constant current density of 2 A.g-1. 
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Li-ion based hybrid supercapacitors and their functional materials are being vigorously researched 

in hopes to improve their capacity/voltage and therefore their energy density. Transition metal oxides are 

among the most popular materials utilized in this purpose. Thanks to high voltage and associated high 

energy density, they are tuned as both high energy and high-power materials. We have developed 

“Nanohybrid capacitor” (NHC) based on the single-nanocrystalline Li4Ti5O12 (LTO, 5-20 nm) negative and 

active carbon positive electrodes, showing ultrafast charge-discharge capability up to 300C (=12 s) with a 

3-hold energy density of EDLC.1) To further increase the energy density of NHC, currently we are 

expanding the search for alternative materials of LTO negative electrode, which possess i) higher capacity 

such as TiO2(B)2) with 2-hold theoretical capacity (= 335 mAh g-1) compared to LTO, and ii) lower reaction 

potential (higher cell voltage) such as Li3VO4 (LVO)3) and Y2Ti2O5S2 (YTOS). The present talk will mainly 

describe ultrafast/stable pseudocapacitive electrochemistry of LVO and YTOS as promising negative 

electrodes for replacing NHC, which can achieve higher cell voltage from 3.85 to 4.4 V. The volumetric 

energy density for the hybrid (YTOS//AC) will reach up to 4-fold of EDLC.  The talk will also cover the 

3rd generation “SuperRedox” capacitors which further replace the positive AC electrode by ultrafast 

nanocrystalline Li3V2(PO4)3, whereby the energy density will be 6-fold of EDLC. 
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Figure 1. [Left] Concept for higher energy density of NHC. [Right] Charge discharge profiles for 
“Nanohybrid capacitor” (NHC:LTO/AC), Li3VO4 (LVO)/AC, Y2Ti2O5S2(YTOS)/AC.  
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Eumelanin, a brown-black pigment ubiquitous in fauna and flora, is a promising material to develop 
sustainable energy storage. It can be synthesized by the oxidative polymerization of 5,6-dihydroxyindole 
(DHI) and/or 5,6-dihydroxyindole-2 carboxylic acid (DHICA). This redox active pigment features interesting 
functional properties, such as photoprotection, antioxidant behavior, hydration dependent electrical 
conductivity, metal binding affinity and free radical scavenging 1,2. Eumelanin has been successfully 
employed as redox active material in energy storage devices 3,4. The fact that eumelanin features broadband 
visible light absorption justifies its exploration in light-assisted energy storage devices. It is worth noticing 
that literature reports are available on the photoconductivity of eumelanin, in solid state 5,6. 

Here we report on the possibility to improve the energy storage properties of the biopigment by photoinduced 
charging, in parallel to electrical charging. In our study, we used chemically controlled melanin (i.e. DHI- 
and DHICA-melanin), by solid-state polymerization of the DHI and DHICA building blocks. Indeed, 
controlling the (supra)molecular structure of eumelanin, through the use of chemically controlled eumelanin, 
is imperative to gain insight on its (photo)storage properties and to fully exploit its technological potential.   

We studied the electrochemical behavior of DHI- and DHI: DHICA (7:3)-melanin (closer to natural 
eumelanin) loaded on carbon paper as electrodes, under dark and light (5 sun) conditions. During these 
studies, mainly constituted of current-vs time plots, we carefully followed the effect of the applied potential 
since the redox state of the biopigment is expected to affect its photophysical and photochemical properties. 
Afterwards we fabricated eumelanin based photo-supercapacitors and we characterized them in aqueous 
acetate-based buffers at ca pH 5. Electrolytes featuring slightly acidic pH are beneficial. 

Considering the optical properties of eumelanin, our work contributes to advance the development of 
biologically derived all organic solar energy storage devices, integrating the solar conversion and energy 
storage functions. 
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Ionic liquids (ILs) have been considered as alternative electrolyte for Electrochemical Double-Layer 
Capacitors (EDLCs) due to their intrinsic ionic conductivity and higher electrochemical stability than 
conventional electrolytes. The electrochemical stability relates directly with the maximum operating 
potential, which is critical parameter in order to obtain a high energy density device and, it depends on the 
electrolyte and electrode materials. Currently, there are few methods described in literature for such 
determination but there is no standard procedure [1]. In addition, the electrodes (positive and negative) 
mass balance is a key factor to achieve a device with long cycling life. Using different commercially 
available activated carbons and binders, we have shown how the maximum operating potential varies 
depending on carbons’ textural properties and binders employed, using the IL [EMIm][BF4] as electrolyte. 
For instance, Figure 1a shows |qdischarge|-|qcharge| (difference of coulombic charge in the discharge process) 
for electrodes using different activated carbons and PVdF as binder. Distinct behaviour can be observed 
specially in the positive determination, showing that the electrochemical stability will depend on carbon 
physicochemical properties. Moreover, Figure 1b shows that the optimum mass balance (m+/m- = q-/q+) 
varies with scan rate and with binder material, this can implicate in shorter cycle life if the device mass 
balance is calculated in rates far from the one used in applications. The m+/m- dramatically increased when 
scan rate was greater than 100 mV s-1 for electrodes containing PVdF [2]. Taking those observations into 
account, EDLCs were developed using ILs with different anions containing cyano group in their 
formulation as electrolytes. This family of IL has shown interesting physicochemical properties, such as 
low density and high ionic conductivity, however they normally suffer of low electrochemical stability, 
generating high power EDLCs but with lower energy density. Figure 1c shows the Ragone plot of EDLCs 
using four ILs containing two different cations and two anions alongside with the benchmark [Pyr1,4][Tf2N]. 
EDLCs using ILs with [C(CN)3] anion show lower energy density, but could overcome the benchmark at 
high powers, due to the already mentioned improved ionic conductivity but poorer electrochemical stability. 
On the other hand, EDLC using IL with [B(CN)4] outperformed the benchmark since it can operate at the 
same voltage (3.7 V) but still presents the improved ionic conductivity [3]. 

 
Figure 1. (a) |qdischarge|-|qchaerge| of the third cyclic voltammograms at each electrochemical window of a 
highly asymmetrical cell containing different activated carbons and PVdF. (b) Relationship of mass balance 
and scan rate for electrodes containing two different binders. (c) Ragone plot of EDLCs containing different 
ILs as electrolytes. 
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Electrochemical Energy Storage systems have to be miniaturized to get autonomous millimeter scale 
sensors for Internet of Things (IoT) applications (1). To power such small sensors, micro-supercapacitors 
(MSC) based on pseudocapacitive electrodes seem to be suitable candidates. Unfortunately, the low 
technological readiness level of the MSC limits the large scale deployment of smart miniaturized sensors 
and the energy density value is too low to reach this goal (< 50 µWh.cm-2).  
One attractive solution to improve the areal energy density of MSCs is to significantly enhance the 
specific surface of the electrode material thanks to a micro/nanostructured scaffold. While the 
improvement of the areal capacitance is directly tuned with the geometrical parameters of the used 
scaffold, the main technological barrier deals with the conformal deposition of the active electrode 
material on this complex template. Among existing pseudocapacitive materials, electrodeposited 
manganese dioxide thin films has been widely studied (2, 3). Nevertheless, the growth mode of the MnO2 
thin films has to be finely tuned in order not to fully fill the porosity created by the micro/nanostructured 
scaffold. Hence, to fulfil the requirements, pulsed electrodeposition in aqueous electrolyte has to be used 
instead of continuous electrolytic deposition. Nanoimaging techniques such as Transmission Electron 
Microscopy (TEM) and Atomic Force Microscopy (AFM) are suitable nanoscale tools to study the 
growth mode of electrodeposited manganese dioxide layers. Ex situ TEM and AFM analyses have been 
combined (4) to study the growth of electrodeposited MnO2 thin films at different deposition times by 
continuous chronoamperometry. To get further insights in the understanding of manganese dioxide thin 
films’ growth mode, in situ or operando techniques have to be carried out to deeply investigate the 
Volmer-Weber island growth model. In this study, operando AFM has been used to monitor the MnO2 
growth in liquid electrolyte using pulsed potentiostatic technique on planar platinum coated silicon 
substrate. For the first time, nanoscale imaging in MnSO4 (0.1 M) / H2SO4 (0.1 M) liquid electrolyte has 
been applied to clearly dismiss the nucleation, the grain growth and the coalescence processes as a 
function of the pulsed parameters. Such pulsed electrodeposition method has been successfully applied on 
micro and nanostructured scaffold: electrochemical characterization clearly confirmed the significant 
improvement of the areal capacitance - from 10 to more 700 mF.cm-2 – when a comparison is performed 
between planar and nano/microarchitectured pseudocapacitive electrodes based on MnO2 thin films (200 
nm-thick). In the first part of this talk, our results dealing with operando AFM to monitor the growth of 
electrodeposited MnO2 thin films in aqueous electrolyte will be presented. 
During the last ten years, vanadium nitride (5) has been investigated as an attractive pseudocapacitive 
electrode. In the second part of this study, sputtered vanadium nitride thin films have been proposed as an 
efficient bi-functional material acting not only as the pseudocapacitive electrode but also as a suitable 
current collector. Structural, electrical and electrochemical properties have finely tuned according to the 
sputtered deposition parameters to reach the best performance. Operando X-ray Absorption Spectroscopy 
(XAS) was performed on VN thin film to monitor the change of the oxidation state occurring at the metal 
centers at the V K-edge when cycling in different electrolytes (KOH, LiOH…). Operando XAS spectra 
were acquired at ROCK beamline (SOLEIL synchrotron, France) using the quick-XAS channel-cut Si 
(111) monochromator with a frequency oscillations of 2 Hz, corresponding to 15 spectra for a whole 
cycle. Finally, based on the optimized nitride layers, symmetric MSC in parallel plates or interdigitated 
topologies were fabricated using microfabrication technique and tested in aqueous electrolytes.  
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Owing to their high power and long shelf life, supercapacitors (SCs) attract the attention of scientists and 
engineers interested in energy storage devices. Since the operating voltage, and thus the extractable 
energy, is limited by the electrochemical stability of the electrode/electrolyte system [1], a detailed study 
of supercapacitors degradation under high voltage hold [2] is a cornerstone to validate the system and 
explore the voltage stability range. As already observed, the main observable ageing symptom of SCs, 
initiated by high voltage, is the formation of gases and decomposition products blocking the porosity of 
carbon, with related decrease of capacitance and increase of resistance. In aqueous medium, the most 
pronounced contribution is due to H2 evolution at the negative electrode, while CO and CO2 appear in 
lesser amount at the positive electrode. On the other hand, the surface of the aged positive electrode is 
modified by new oxygenated groups, while the aged negative electrode is also oxidized, although one 
could expect that it should not occur under negative polarization of this electrode. Yet, H2O2 which is first 
produced at the positive electrode as by-product of water electrolysis, migrates through the separator 
towards the negative compartment, where it is involved in oxidation of the carbon surface [3]. As we have 
already reported, the formation of oxygenated functionalities as well as the evolution of volatile 
electrolyte decomposition products during ageing may cause a partial blockage of carbon electrodes 
porosity, electrolyte depletion, worsening of the electrode-current collector contact, and internal pressure 
increase, resulting in resistance increase and/or capacitance loss [4]. 
In this work, operando electrochemical on-line mass spectrometry (EOMS) has been used to detect the 
gases produced during high voltage hold of SCs and to reveal the realistic degradation mechanisms of the 
system. The quantitative and qualitative analysis of the various reactions occurring at the 
carbon/electrolyte interface of positive and negative electrodes is based on correlating the charge recorded 
as leakage current with the amount of charge spent at each electrode to: i) produce gases during 
potentiostatic floating taking into account MS signals and pressure records and ii) oxidize the surface of 
both electrodes (see Figure 1). Additionally, coupling the operando EOMS study with post-mortem 
analysis of electrodes surface functionality using temperature programmed desorption (TPD) allows to 
disclose  the relationship between the amount of actives sites present on the electrodes surface,  and the 
quantity of oxygenated groups and gases produced during hold time. 

 
Figure 1. Quantitative analysis of the charge 
spent for ageing reactions during 60 h of 
potentiostatic floating at 1.5 V on carbon/carbon 
SC in 1 mol L-1 Li2SO4 : Qtot - charge calculated 
from leakage current integration; QCO and QH2 – 
charge spent for CO and H2 evolution, 
respectively, calculated from MS signals and 
pressure record; QOXC(+) and QOXC(-) charge spent 
for oxidation of the positive and negative 
electrode surface, respectively, calculated from 

the TPD measurement; QH2O2 – charge spent at the positive electrode for formation of H2O2 which is then involved in 
negative electrode oxidation; Q(+) and Q(-) charge attributed to electronic discharge of the electrodes, charge 
redistribution and other parasitic reactions. 
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Highly accessible surface area and heteroatom-doping are key features of carbon electrode materials to be 
used in electrochemical supercapacitors [1]. In this paper, nitrogen doped carbon materials with wide 
pores (4-8 nm) were synthetized according to a hard template method by pyrolysis at 950 °C for 2 h of 
sucrose and employing propylamine functionalized silica as templating agent (NMC-1) [2]. The resulting 
materials were compared with mesoporous carbon obtained by pyrolysis of sucrose or 1,10-phenantholine 
but employing a non-functionalized silica as templating agent while showing similar texture properties 
(pore size and surface area). X-ray photoemission spectroscopy, elemental analysis and EDX showed the 
presence of nitrogen groups in NMC-1, confirming the doping action of the functionalized silica. The 
interconnected pore structure was confirmed by scanning electron microscopy and transmission electron 
microscopy. The interest of this investigation is to understand how doping occurs when a functionalized 
silica is employed, and whether the nitrogen doping remains a surface property or it is extended also to 
the bulk of the material, influencing the morphological and the electrical properties of the resulting 
carbon. The comparison of electrochemical behaviors in term of capacitive response were also evaluated 
considering the different synthetic approaches. The prepared materials were fully characterized by cyclic 
voltammetry, galvanostatic charge/discharge and electrochemical impedance spectroscopy in 3-electrode 
cells and in supercapacitor configuration with different electrolytes, aqueous and organic including ionic 
liquids. The results demonstrate that this new class of carbonaceous materials is of great interest for 
supercapacitor applications. 
 

 
 
Figure 1. Hard template approach employing propylamine functionalized silica and sucrose. 
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In this study, we report a diagnostic technique to identify and monitor the long-term performance 

developments and state-of-health (SOH) of hybrid solid-state supercapacitors through electrochemical 

impedance spectroscopy. This technique applies a small AC signal (voltage) to the supercapacitor over a 

specific frequency range, which is distinctive to a supercapacitor features. The supercapacitor impedance 

response to the AC perturbation give information about the electrical properties of materials (current 

collector, electrodes, electrolyte and electrode/electrolyte interfaces) as well as faradaic and double layers 

capacitances of the whole cell. The different processes occurring in cell can be distinguished using 

impedance measurements because they can have different time constant and taken over a broad range of 

frequencies (i.e.: 100 kHz to 0.001 Hz). We present here the EIS study on various solid-state 

supercapacitors realized by contacting face-to-face a SPEEK electrolyte membrane and the two 2 cm2 

carbon xerogel electrodes. In addition, a KI solution was used as additive to electrolyte and impregnate in 

the positive electrode, while the Na2SO4 was employed to make a cation exchange SPEEK membrane and 

impregnate the negative electrode. This added KI salt had the function providing additional 

pseudocapacitance (through I−/I3
−redox reactions) overlying to the EDLC and may allow a widen voltage 

window, even without water electrolysis at 1.6 Volt. The studied supercapacitors were electrochemical 

investigated by usual cyclic voltammetry (CV), DC galvanostatic charge/discharge and as well as AC 

electrochemical impedance spectroscopy (EIS) and Potentiodynamic impedance (PDEIS). This latter 

technique was applied on the full voltage range from 0 to 1.6 V and at voltage scan of 0.2V, which can give 

additional information on the reversibility of different processes and that contribute to the frequency 

response of device. The EIS analysis highlighted that the solid-state supercapacitor had very low resistance 

and full capacitance retention during long-term durability test of 20 k cycles (at 2 Ag−1) and additional 300 

h at maximum voltage of 1.6 Volt. Moreover, EIS and PDEIS analysis carried out a configuration of SCs 

with SPEEK membrane and KI redox-species shows several benefits such us exceptional long-term 

durability (20 K cycles and additional 300 h at constant voltage of 1.6 V), high specific capacitance (| 200 

F g–1), high energy density (≈20 Wh kg–1) and slow self-discharge rate. These benefits are due to lowering 

of the positive potential (during the stability test) that was achieved by adding redox-active (I−/I3
−) species. 

Thus maintaining this positive electrode under the limits of oxygen evolution reaction (OER), which is 

about 0.8─0.9Vvs SHE, the supercapacitor can work reversibly and for long time without appreciable 

decay. The impedance analysis shows that during the long stability occurs a slight increase of ionic 

resistance, and a higher increasing of charge transfer (Rct), which can likely lead to a slight decay of EDLC 

contribution and an increase in pseudo capacitance so that the total capacitance remain unchanged for the 

supercapacitor. 
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Kinetics of electrochemical reactions are several orders of magnitude slower in solids than in liquids as a 
result of the much lower ion diffusivity. On the other hand, the solid state maximizes the density of redox 
species, which is at least two orders of magnitude lower in molecular solutions because of solubility 
limitations. For such devices the ideal system should endow the liquid state with a density of redox 
species close to the solid state. Here we report an approach based on biredox ionic liquids (ILs) to achieve 
towards bulk like redox density at liquid like fast kinetics, Fig. 1A. The cation and anion of these biredox 
ILs bear moieties that undergo very fast reversible redox reactions.1 As a first demonstration of their 
potential for high-capacity / high-rate charge storage, we used them in supercapacitors with specific 
capacitance of 200 F/g and 370 F/g respectively for 0.5 M of biredox ILs in BMimTFSI and for pure 
biredox ILs at 60°C.2 This new class of functional materials opens up a wide new field in redox materials 
and their applications in energy storage and beyond. To go further, a better understanding of complexe 
mechanisms occurring  at the electrode/electrolyte interface is needed. 
 

 
Figure 1| Storage by the electrolyte using biredox ionic liquids. (A), Structure of the biredox IL 
comprising a perfluorosulfonate anion bearing anthraquinone (AQ–PFS–) and a methyl imidazolium 
cation bearing TEMPO (MIm+–TEMPO●) and electrochemical mechanism of charge/discharge. (B), 
Illustration of the electrochemical double layer capacitance and the zone of storage. 

This talk focus on our latest advances regarding the analysis of the electrochemical mechanisms of the 
biredox ILs using 2 types of carbon electrodes (glassy carbon, carbon onion).3 The flat surface of glassy 
carbon electrode permits to easily determined dynamics which are as (i) the electrochemical double layer, 
(ii) the electron transfer and (iii) the mass transport. Carbon onions electrodes consist of spherical closed 
carbon shells with a concentric layered structure reminiscent of an onion shape. This structured is more 
complex than a flat surface and induces different electrochemical mechanisms, in particular for mass 
transport with a restricted zone of diffusion. 
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Vertically aligned carbon nanotube (VA-CNT) layers have been studied as electrodes of electrochemical 
double layer capacitors (EDLC, “supercapacitors”). The VA-CNT electrodes exhibit good 
electrochemical properties for this purpose since the CNT layer has high surface area and a regular pore 
structure providing good conductance.  
 
The subject of this lecture is the comparison of the properties of EDLCs whose electrodes were prepared 
by directly growing a VA-CNT layer in an atmospheric CVD process onto various substrates: on nickel 
and aluminium foil, and on carbon felt. The symmetric EDLCs were made as closed button cells with thin 
separator and organic electrolyte (TEABF4 in acetonitrile). Cyclic voltammetry, impedance spectroscopy, 
and galvanostatic charge-discharge were employed for the characterization of the cells. These tests lead to 
the following conclusions: 
1. As the specific capacity strongly depends on the specific surface area, tubes of lower diameter yield 
higher specific capacity. Accordingly, for samples with the lowest CNT diameter capacities of up to 60 
F/g were obtained. 
2. Low series resistance was observed for all VA-CNT electrodes studied. This can be attributed to fast 
ion-transport in the inter-tube channels, to high electronic conductivity of the tubes, and to good electric 
contact of the tubes with the substrate. 
3. Long-term tests demonstrated that the life-time of EDLCs is determined mostly by the electrochemical 
stability of the substrate. To demonstrate this, with electrodes of VA-CNT on carbon felt we could reach 
106 charge-discharge cycles.  
4. The power density is approx. 30 kW/kg and 80 kW/kg with Ni and Al substrates, respectively; 
independently of the density of CNT layer. These values are 1-2 order-of-magnitudes higher than the 
typical power density of the commercially available EDLCs made with activated carbon. The difference 
is due to the very low internal resistance of the cell.  
5. The energy density is approx. 0.1 Wh/kg with Ni and Al substrates. This is 1-2 orders-of-magnitude 
lower than the energy density which can be reached with activated carbon electrodes. The difference is 
due to the loose packing of the tubes.   
6. The electrodes made with carbon felt substrate showed the best properties: though their energy density 
is somewhat lower than that of the commercially available EDLCs made with activated carbon, their 
power density is higher, therefore these electrodes allow higher charging-discharging-rate applications. 
The major advantage of VA-CNT on carbon felt electrodes over the commercial EDLCs’ activated 
carbon on aluminium electrodes is due to the inert nature of substrate. In other words, the very good 
cycling stability of EDLCs built with VA-CNT-on carbon felt electrodes is due to the absence of 
corrosion processes.  
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We revisit a classical problem of electrochemistry: the response of an electric double layer capacitor (EDLC) 
subject to a small, suddenly-applied external potential. We solve the Debye-Falkenhagen equation to obtain 
exact expressions for key EDLC quantities: the ionic charge density, the ionic current density, and the electric 
field [1]. Our solutions are in excellent agreement with numerical data (see Fig. 1) for the same quantities, and 
constitute a step forward as compared to earlier, approximate results [2,3]. For instance, our results are not 
restricted to the long-time asymptotics of the aforementioned EDLC quantities. The solutions take the form of 
infinite sums whose successive terms all decay exponentially with increasingly short relaxation times. 
Importantly, this set of relaxation times is the same among all aforementioned EDLC quantities; this property 
is demanded on physical grounds, but not generally achieved within approximate schemes. The scaling of the 
largest relaxation time scale τ1, that determines the long-time decay, is in accordance with earlier work: 
depending on the Debye length, λD, and the electrode separation L, it amounts to τ1 ≃ λDL/D for L ≫ λD, and τ1 
≃ 4L2/(π2D) for L ≪ λD, respectively (with D being the ionic diffusivity). 

 
Fig. 1: Analytical results (lines) and numerical data (open circles) for the ionic charge density in a model EDLC 
(system size κL=1, with κ being the inverse Debye length) in response to a suddenly-applied electrode 
potential. We evaluate the ionic charge density at times tκ2D = {0, 0.01, 0.1, 1, 10} (black, blue, orange, red, 
green). 
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Lithium ion capacitors (LICs) are next-generation electrical energy storage devices that combine high 
energy and high power density, as well as safe use and long cycle life features. Activated carbon (AC), 
known by its high specific surface area (SSA) and high conductivity, is the most common material used 
as the capacitor-type material in the positive electrode of a LIC. Meanwhile, the selection of the battery-
type electrode is one of the major challenges in this technology. In this subject, research focuses on the 
search of new materials that are able to provide not only high energy density but also long cycle life. To 
achieve this goal, stable materials with good rate capabilities below ~1 V vs. Li/Li+ are needed 1. For that 
reason, metal alloys studied for lithium ion batteries (LIBs) such as Li3Sb become a good alternative since 
the potential is ~0.3 V vs. Li/Li+ and a high specific capacity value of 660 mAh g-1 is possible to 
achieve 2. In order to buffer the well-known large volume changes of alloys, an intermetallic compound 
such as TiSb2 has been proposed 3. It not only avoids the agglomeration of Sb particles and buffers the 
above mentioned volume changes, but also provides better conductivity to the material and longer cycle 
life 2. In this work, LICs built using TiSb2 as the negative electrode and an AC derived from olive pits 4 as 
the positive electrode are reported. TiSb2 shows high capacity (436 mAh g-1@C/10) and an excellent rate 
capability performance (Fig. 1a). So far, to the best of our knowledge, this is the first Sb alloy-based LIC 
ever reported. In order to find the optimum cell mass ratio and maximize output performance, we studied 
the influence of the mass ratio of the electrode. In consequence, the newly developed LIC is able to 
deliver an energy density as high as 167 Wh kg-1 (60 Wh dm-3) at 115 W kg-1 (41 W dm-3), what is more 
than a 6-fold increase respect to its EDLC counterpart (Fig. 1b). Furthermore, under high power 
demanding situations, i.e. 10 kW kg-1 (4 kW dm-3), it retains up to 90 Wh kg-1 (30 Wh dm-3), which is 
among the best reported values for LICs. In addition, the device with the most appropriate mass ratio 
presents an encouraging 80% of capacity retention after 10000 cycles within a discharge time of 11 s.  
 

 
Figure 1. a) TiSb2 alloy rate capability vs. Li/Li+, b) Ragone plot comparing all the studied LICs. 
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TiO2(B) has a theoretical Li storage capacity of 335 mAh g-1 and an intercalation/deintercalation 
potential at ~ 1.5 V vs Li/Li+, thereby has attracted interest as safe and high capacity anodes for Li-ion 
batteries and capacitors. The 1D tunnel structure allows fast Li storage/release with small volume change, 
making it an excellent candidate for hybrid supercapacitor anodes. Nonetheless, there are drawbacks of 
TiO2(B), including low electronic conductivity, complexity of synthesis, and long Li conduction path. 
The latter two are related to the typically synthesis route of TiO2(B) involving thermal treatment of 
layered H2Ti4O9. On the other hand, this disadvantage can be used as a benefit to control the size and 
orientation of TiO2(B) on the electrode, which will allow to model the kinetics of Li 
intercalation/reactions in TiO2(B). We will show here, our most recent studies on the effect of (1) 
orientation, (2) size, and (3) reduction in electronic pathway to TiO2(B) anodes. 

The influence of the orientational structure (horizontal, vertical, random alignment) on the kinetics 
of Li+ storage in TiO2(B) was studied by fabricating electrodes with different orientation but the same 
mass loading. Horizontally aligned TiO2(B) electrodes were prepared by electrophoretic deposition (EPD) 
of TiO2 nanosheets [1]. Such methods afford TiO2(B) film with the (0k0) planes lying perpendicular to 
the substrate. Nanosheet electrodes with horizontal alignment were prepared by freeze-drying of EPD 
films [2,3]. Randomly stacked TiO2(B) films were prepared by direct flocculation of nanosheets on the 
electrode surface.  

Electrochemical lithiation/de-lithiation was studied in 1 M LiPF6/EC-DEC by cyclic voltammetry 
and galvanostatic charge/discharge. The orientation of TiO2(B) had a large influence on Li+ storage 
kinetics. Perpendicularly aligned TiO2(B) showed much faster Li+ intercalation/de-intercalation behavior 
compared to vertically aligned TiO2(B) with the same mass loading. Randomly stacked TiO2(B) 
possessed similar performance to vertically aligned TiO2(B).  

The effect of the TiO2(B) size was studied by using TiO2 nanosheets with different lateral size. 
Normal sized TiO2 nanosheets (300 nm) were downsized by sonication to small sized TiO2 nanosheets 
(30 nm) and used to prepare TiO2(B) electrodes with different size and orientation. For TiO2(B) (300 nm), 
the orientation effect was not clear, suggesting that the kinetics is dominated by the Li ion conductivity 
through the TiO2(B) tunnel structure. By downsizing to 30 nm, the high power capability was further 
improved by using smaller-sized TiO2(B). A 2 times increase in rate performance was obtained for 
horizontally aligned electrodes by downsizing, while for vertically and randomly aligned electrodes, 5 to 
10 times higher capacity was obtained at the same C rate for TiO2(B) (30 nm) compared with TiO2(B) 
(300 nm).  

In order to decrease electronic resistance, TiO2(B) was deposited on high surface area vertically 
aligned graphene (rGO) electrode. A specific capacity of 267 mAh g-1 was achieved at 0.2 C rate, which 
is 80% of the theoretical capacity and twice as large as vertically aligned TiO2(B). Even at 4 C rate, the 
specific capacity was 96 mAh g-1, which is 4 times larger than vertically aligned TiO2(B). 
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Although lithium-ion capacitors have attracted a lot of interest due to the combination of high 
energy density lithium-ion batteries (100-150 Wh kg-1) and high-power supercapacitors (~500-10,000 W 
kg-1), the high prices and limited resources of lithium have led many researchers to shift their interest 
towards sodium-ion energy storage devices. Sodium is one of the most promising elements to replace 
lithium since its electrochemical behaviour is similar to lithium as well as its abundant resource and cost-
effective. Sodium-ion capacitors (NICs) based on the intercalation/de-intercalation chemistry of sodium-
ion batteries with ion adsorption/desorption of supercapacitors in sodium salt-containing electrolyte have 
been recently studied. Carbon-based materials have been widely used as both positive and negative 
electrode in NICs due to its low intercalation potential (< 0.1 V), low cost, small volume change, and 
good stability. Herein, jasmine rice-derived activated carbon (j-AC) synthesized from a single step 
carbonization-KOH activation method was introduced as both positive and negative electrodes in NICs. 
The as-synthesized j-AC exhibits large amorphous content (~27 %) and high specific surface area (~2,300 
m2 g-1) with hierarchical porous structure suitable for storing Na+ cations and PF6

- anions. The NIC using 
an identical nanostructured j-AC tested in a cell voltage window of 1.0-3.8 V exhibits a maximum energy 
density of 116 Wh kg-1 and a maximum power density of 11,000 W kg-1 with good cycling stability over 
95 % after 5,000 cycles. In addition, the standard heterogeneous rate constant and diffusion coefficient of 
Na+ ions in j-AC were also investigated by using a rotating disk electrode measurement and galvanostatic 
intermittent titration technique, respectively. 
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Lithium ion capacitors (LICs) combine both merits of lithium ion batteries and supercapacitors, which 
have recently attracted considerable attention. However, the LICs generally use different electrode 
materials in the cathode versus the anode, which will make the production process complicated and costly 
from an energy storage device perspective. Additionally, the current collector interface structure 
designing plays a key role in electrochemical process.[1] 

Herein, we have designed and fabricated a novel LIC with a similar-symmetric architecture in both 
electrodes (Fig. 1). The nitrogen-doped porous carbon microsphere (NPCM) derived from hierarchical 
assembly of polyimide nanosheets as the anode materials shows excellent lithium storage properties. The 
cathode materials (NPCM-A) obtained by NPCM activation lead to an ultrahigh specific surface area 
(2007 m2 g−1) and an excellent capacitance characteristic.[2] Benefiting from the unique superstructure and 
3D porous arrays current collectors, the novel LICs achieves a high energy density of 95.08 Wh kg−1 and 
it could remain 48.2 Wh kg−1 even at 15 kW kg−1 on the basis of mass of both electrodes. Moreover, The 
LIC achieves 80.1% capacity retention after 5000 ultra-long cycles, corresponding to 0.004% fading per 
cycle. Significantly, the novel LIC device shows a great potential for application in various fields. 

 
Fig. 1 Schematic diagrams of the internal short pre-lithiation by using 3D porous arrays current 

collectors. 
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Electrochemical double layer capacitors (EDLCs) are energy storage devices suitable for high power 
applications. In addition to their high power density, EDLCs also have high cycle life. Both of these 
properties are a result of the energy storage mechanism, which is based on charge separation and ion 
adsorption on the electrode’s surface. The most commonly used system for EDLCs is the combination of 
activated carbon based electrodes and organic solvent based electrolytes. This setup leads to devices that 
typically have operative voltages of 2.7 to 2.8 V. An increase of this voltage would increase both the 
energy and power density of EDLCs and, therefore, research efforts are dedicated to reach this goal. Both 
ionic liquid and advanced organic solvent-based electrolytes have been reported to provide operative 
voltages higher than 3 V in lab scale devices, however, those electrolytes also have lower conductivities 
and higher viscosities than the standard electrolytes, limiting their potential application in commercial 
devices [1]. 
New electrolytes that have both high operative voltages and good transport properties need to be found 
and this search should ideally be fast and precise. In this regard, systematic application of computational 
methods has been shown to be able to predict certain properties that are desirable for electrolytes and can, 
therefore, be considered a useful tool for identifying the most promising candidates for subsequent 
experiments [2]. Using this approach, the solvent 3-cyanopropionic acid methyl ester (CPAME) was 
revealed as a promising candidate for electrolyte preparation and subsequent experimental test showed 
good results in lab-scale devices using Et4NBF4 as conductive salt. The devices had good performances in 
terms of specific capacitance and capacitance retention and could be cycled as high as 3.5 V. The long-
term stability was assessed by performing float tests at 3.2 V and after 500 h 80 % of the initial 
capacitance was still left [3]. In this work, we will show the electrochemical behavior of CPAME based 
electrolytes in combination with different carbon-based active materials. The influence of different 
temperatures on the performance of EDLCs using these material combinations will also be presented. 

 
Fig. 1: Changes in specific capacitance, ESR and efficiency for EDCLs using CPAME-based electrolytes 
during 500 h of float test. 
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The widespread penetration on the market of supercapacitors and batteries requires smart strategies that 
lower the environmental and economic impact of disassembly and recycling of waste devices. 
Furthermore, the processes for the realization of electrodes and membranes used as separators impact on 
device cost and on its environmental footprint. The use of water-processable binders and new membrane 
production techniques like electrospinning is a viable approach to make device assembly cheap and 
environmentally friendly. In this context, natural and bio-inspired polymers, like alginate, cellulose and 
chitosan, are receiving great attention for the sustainable production of supercapacitors. Bio-compatible 
components also enable the development of energy storage units in wearable, skin-attachable and 
implantable devices. 
Flexible micro-supercapacitors based on eumelanin, an ubiquitous biopigment in flora and fauna, have 
been recently reported. In these devices, the electronic and protonic conductivity of eumelanine and its 
pseudocapacitive behaviour that is related to hydroxyquinone, semiquinone and quinone moietites, are 
exploited to reversibly store and deliver energy.  
 
A study on the development of bio-inspired supercapacitors, including natural binders and electrospun 
separator and eumelanine-based elelectrodes, is here reported and discussed. 
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In order to introduce electrochemical double layer capacitors (EDLCs) in new applications, the energy of 
these devices needs to be improved, [1-4] and to reach this goal in the last years several alternative 
electrolytes have been proposed [5, 6]. It has been shown that the use of solvents based on organic 
carbonates, e.g. propylene carbonate (PC) and butylene carbonate (BC), in non-conventional electrolytes 
gives the opportunity to reach voltages higher than 3- 3.2 V, increasing the EDLC´s energy density 
significantly [7, 8].  
It is interesting to notice that although quite similar, PC and BC differ just in one CH2 group, electrolytes 
based on these two carbonates might behave very differently when used in combination with carbonaceous 
electrodes [9]. When the conventional salt Et4NBF4 is used, the use of PC appears more favorable, as it 
allows the realization of EDLCs with a higher stability compared to BC. However, when non-conventional 
salts, e.g. based on the pyrrolidinium cation, are used, the use of BC has a beneficial effect on the 
capacitance and the long-term stability of EDLCs. Furthermore, systems based on this solvent display a 
better performance than a system based on PC. These results clearly indicate that the ion-solvent 
interactions play a crucial role for the realization of high voltage EDLCs. Nevertheless, further 
investigations are certainly needed to understand the differences between PC and BC based electrolytes. 
In this paper, we report an investigation about the influence of the chemical-physical properties of BC and 
PC based electrolytes, containing conventional and alternative conducting salts, on the electrochemical 
behavior of high voltage EDLCs. Furthermore, using an innovative in-operando cell, we also investigated 
the decomposition processes taking place in these devices, with the aim to understand the influence of ion-
solvent interactions on the stability of high voltage EDLCs.  
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Fig. 1: Comparison of the capacitance 
retention displayed by EDLCs containing PC 
and BC based electrolytes after 500 hours of 
float test at 20°C. 
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Supercapacitors are highly recommended for the usage within hybrid electric vehicles, starting assistance 
of fuel cells, and power sources of electronics. The major challenge in the R&D of supercapacitors is to 
increase the specific energy available, without sacrificing either power or lifetime.  
 
Manganese oxides have been widely investigated for supercapacitor applications and numerous 
compounds based around MnOx, as well as variations in structure and morphology have been reported. 
One of the more promising materials is cation pre-intercalated MnO2 with a controllable crystalline 
degree [1-3]. In this work, potassium, sodium, lithium, and magnesium pre-intercalated MnO2 (denoted as 
MxMnO2) powders were synthesized in aqueous media at various temperatures to control their 
microstructures and surface morphologies. The textural properties of various MxMnO2 powders were 
characterized by the powder X-ray diffraction, scanning electron microscopy, Raman spectroscopy, and 
electrochemical analysis.  
 
Cyclic voltammetry and galvanostatic charge/discharge measurements in aqueous electrolytes containing 
various supporting electrolytes (e.g., K2SO4, Na2SO4, L2SO4, MgSO4 with and without the addition of 
NaHCO3) were employed to demonstrate the interactions between MxMnO2 and cations in the aqueous 
electrolytes. In addition, cation pre-intercalated MnO2 with very localized crystallinity exhibits superior 
rate capability, outstanding capacitance retention, and a high total specific capacitance (e.g., 190 F·g-1) at 
current densities (e.g., at 200 A·g-1). The excellent rate capability of MxMnO2 is demonstrated by the 
variation in scan rate of CV from 5 to 1000 mV·s-1 with 95% capacitance retention when the mass 
loading of MxMnO2 is about 1.0 mg·cm-2.  
 
All the above results and discussion support that cation pre-intercalated MnO2 with poor crystallinity but 
a randomly distributed manganese oxide layers, size of few nanometers, and cations located amongst 
them provides the ultrafast mobility and exchange of cations in the electrolyte. This enables the surface 
and internal mass of active material to involve the redox transitions in order to provide high 
pseudocapacitance and outstanding rate capability since the capacitance was found to be not limited by 
the solid-state diffusion. 
 
An aqueous asymmetric supercapacitor with a cell voltage at least of 2.0 V is demonstrated using 
activated carbon as the negative electrode and MxMnO2/XC-72 composites as the positive electrode. The 
specific energy and power of this device (based on the total mass of active materials on both electrodes) 
measured at high current densities (e.g., 20 A·g−1) are higher than/equal to 15 Wh·kg−1 and 20 kW·kg−1, 
respectively.  
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Energy storage systems comprise two main classes of systems that have distinct characteristics and 
properties. A first one, electrochemical capacitors, is based on capacitive charge storage with formation of 
an electrical double layer at the electrode surface between the charged electrodes and opposite charged 
ions from the electrolyte. Electrochemical capacitors are characterized by high power density and low 
energy density and are useful in applications requiring quick delivery of energy. The second type, 
rechargeable batteries involving charge transfer processes and chemical reactions are typically low-power 
devices compared to electrochemical capacitors. On the other hand, they are characterized by a 
significantly higher energy density. Another system, which couples a capacitor-type and a battery-type 
electrode have recently attracted interest. The aim with such hybrid system is to increase the energy 
density without sacrificing the power density. 
 
In this talk, the concept and working principles of hybrid energy storage systems will be presented. The 
earlier reported systems will be presented in the first part. Subsequently, the approaches to modify the 
active electrode materials will be presented. These approaches are based on the diazonium chemistry. The 
more recent systems investigated in our group will be presented and discussed. 
 



Electrochemical performance of a novel hybrid sodium-ion capacitor 
using a tin-based negative electrode 

 
Agnieszka Chojnacka, Paweł Jeżowski, François Béguin 

Poznan University of Technology, Institute of Chemistry and Technical Electrochemistry 
ul. Berdychowo 4, 60-965 Poznan, Poland 

agnieszka.chojnacka@put.poznan.pl 
 

 
The rapid technological development of portable electronics as well as the increasing interest in electric 
vehicles triggers an intensive research on energy storage systems such high-performance accumulators 
and electrochemical capacitors. Among the latter, the hybrid sodium-ion capacitor (NIC) combines 
excellent energy and power characteristics which allows the performance gap between Na-ion batteries 
and electrical double-layer capacitors to be filled. Very recently, materials previously used in lithium-ion 
capacitors were also successfully implemented in NICs [1-3]. However, designing high power and energy 
density systems with improved life span is still a huge challenge in the development of this technology. In 
this context, the present study discloses a novel hybrid NIC designed by implementing an electrical-
double layer positive electrode based on activated carbon and a negative battery-type electrode consisting 
of a Sn-P intermetallic compound mixed with hard carbon (HC) and doped with sodium.  
 
The Sn-P intermetallic was obtained by facile high-energy mechanical ball milling in Ar atmosphere and 
it has been characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM). 
Afterwards, the Sn-P compound was mixed with HC in the mass ratio 3:7 by ball-milling. Sodium has 
been then inserted in the Sn-P/HC mixture by electrochemical reduction, using a Na metal disc as counter 
electrode. A full NIC cell was assembled with a positive electrode based on YP-80F activated carbon 
(Kuraray), the sodium-doped Sn-P/HC composite and a Na metal pin serving as reference electrode. In 
both types of cells, the electrolyte consisted of 1 mol L-1 NaClO4 in a mixture of ethylene carbonate (EC) 
and propylene carbonate (PC) with 1:1 volume ratio.  
 
The electrochemical performance of the thereof realized NIC was characterized by cyclic voltammetry 
(CV) and galvanostatic cycling with potential limitation (GCPL) within 2–3.8 V potential range.  A high 
energy density of ∼55 Wh kg−1 and power density of 750 W kg−1 (based on the total active mass in both 
electrodes) at a current density of 500 mA g-1 were achieved, while the NIC demonstrated an excellent 
cycle life. The presented research shows potential for the development of a next-generation of low cost 
and safe high-power devices.  
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With the rapid development of society and the growth of population, the increasing consumption of 
resources will inevitably result in energy crisis. Therefore, looking for clean and efficient new energy 
storage and conversion technologies has become a topic of concern [1]. Supercapacitors have been 
considered as new energy storage devices and have attracted much attention recently due to their higher 
specific power, good reversibility, fast charge/discharge rate, and long cycle lifetime [2]. Currently, the 
materials used for supercapacitors are mainly carbon-based materials and transition metal oxides [3]. 
Carbon-based materials have many advantages such as low cost, high surface area and outstanding 
cycling stability, however, the specific capacitance is generally low [4]. Whereas transition metal oxides 
have much higher specific capacitances but suffer from low power density mainly resulted from their 
intrinsic poor electrical conductivity [5]. In addition to the above-mentioned materials, transition metal 
nitrides have emerged as alternative electrode materials on account of excellent electrical conductivity, 
superior chemical stability and ultrahigh cycling stability [6]. 
 
We have previously demonstrated that CrN thin films prepared by reactive DC magnetron sputtering are a 
potential electrode material for supercapacitors yet still suffer from relatively low capacitance (12.8 mF 
cm-2 at 1.0 mA cm-2) [7]. It is noted that the electrochemical reactions only occur on/near the electrode 
surface, to further improve the supercapacitor performance, it is essential to nanostructure the electrodes 
[8]. Porous nanostructures generally exhibit good electrochemical performance as the abundant pores can 
provide more active sites and promote the electrolyte diffusion [9]. Thermal decomposition is an effective 
way to produce porous structures, but is generally limited to the preparation of metal oxides, while the 
preparation of porous metal nitrides is less common and more difficult. Here, we suggest that selective 
chemical etching is an effective way to produce porous metal nitrides. 
 
In this work, we have developed a simple approach to produce porous CrN thin films by selective 
chemical etching of CrCuN. CrCuN thin films were deposited on single polished silicon wafers by 
reactive magnetron co-sputtering of Cr and Cu targets in an Ar/N2 atmosphere. To get porous thin films, 
the as-prepared CrCuN thin films were etched in concentrated nitric acid solution for 3-4 days to 
selectively remove Cu. Benefiting from excellent electrical conductivity, porous structure, and high 
surface area, the porous CrN thin films exhibit much higher electrochemical performance than directly 
synthesized non-porous CrN when used as supercapacitor electrodes. Specifically, a high specific 
capacitance of 31.3 mF cm-2 at 1.0 mA cm-2 along with remarkable cycling stability with 94% capacitance 
retention over 20000 cycles were achieved on porous CrN. In addition, our symmetric supercapacitor 
devices based on porous CrN demonstrate a maximum energy density of 14.4 mWh cm-3 at a power 
density of 0.3 W cm-3, which is superior to other reported nitride-based supercapacitor devices. Our work 
presents a general strategy to produce porous nitride thin films that otherwise are much more difficult to 
directly prepare and further to enhance their electrochemical performance. 
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A comprehensive study accomplished on a wide variety of carbon materials summarizes the shortcomings 
of the current protocols for the assessment of the surface involved in electrical energy storage by 
supercapacitors.  
The porosity features were deeply studied by the combination of different techniques [1,2]. The specific 
surface area was determined by the analysis of the isotherm by the BET equation as well as by diverse 
DFT models. Furthermore, the results were cross-checked by applying Kaneko's comparison plot 
technique and Dubinin's theory. For certain samples, data from the adsorption of CH2Cl2 (293 K), C6H6 
(293-298 K), CO2 (273 K), CCl4 (293-298 K) and 2,5-norbornadiene (273 K) isotherms were also used. 
For a better assessment, the surface area was also evaluated by immersion calorimetry into 0.4 M aqueous 
solution of phenol. Gas adsorption (DFT models) and immersion calorimetry (293 K) into liquids with 
different critical dimensions provided the pore size distributions. 
The electrochemical capacitance of carbons was assessed in a sandwich-type capacitor, set up with two 
carbon pellets separated by a glassy fibrous paper and placed in a Swagelok cell. The capacitance was 
determined by galvanostatic charge-discharge cycles at a constant current density of 1mA/cm2 in 2M 
aqueous H2SO4 and 1 M (C2H5)4NBF4/acetonitrile. The results were further confirmed by cyclic 
voltammetry at 1 mV/s. 
The aqueous electrolytes virtually use the entire surface area of porous carbons and, therefore, beyond the 
N2 adsorption at 77 K which provides reliable information in the case of typical porous carbons, CO2 
adsorption at 273 K has to be implemented for a better estimate of the effective double-layer in materials 
with a high contribution from pores below 0.8 nm. 
On the other hand, the total surface area of carbons loses their meaning when the supercapacitor operates 
with organic electrolytes and ionic liquids. Predictions based on the classical probes (N2, Ar, CO2), which 
involve micropores of widths as low as 0.3-0.4 nm, no longer apply and the actual surface available to 
larger ions has to be assessed by molecular probes suiting their critical dimensions. 
Finally, the morphological and porous characteristics of carbons can be significantly modified when they 
are processed in electrodes with features of commercial items. The characterization of the electrode 
porosity is imperative for a reliable interpretation of the parameters responsible of the supercapacitor 
operation. 
This systematic study also suggests that gas adsorption may present limitations to match the 
electrochemically active area of certain graphene type-materials. It appears that electrochemical operation 
(based on a voltage driven-process) facilitates the access of electrolyte ions to spaces between carbon 
layers, providing a larger area than that estimated by gas adsorption.  
It is highlighted that the protocols for textural characterization of carbons must be adapted for their 
specific application as supercapacitor electrodes. Otherwise, outstanding performance claimed for certain 
carbons should be regarded with a high degree of skepticism [3]. 
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Hybrid supercapacitor configurations are now of increasing interest to overcome the current energy 
limitations of supercapacitors entirely based on non-Faradaic charge storage. Among them, hybrid 
supercapacitors including a negative battery-type lithium intercalation electrode and a positive capacitor-
type electrode have achieved tremendous progress and have gone up to commercialization 1. Inexpensive 
electrode materials from various sources have recently received increased attention since cost is a 
persistently major criterion to make supercapacitors a more viable energy solution, with electrode 
materials being a major contributor to the supercapacitor cost 2.  
 
In this work, we are presenting a lithium ion capacitor (LIC) entirely based on electrodes prepared from 
low-cost carbon containing organic liquids. Mixed with liquid polymeric catalysts, solid polymers are 
obtained, that are further carbonized to get the hard carbon (HC) which is used as the Li ion intercalation 
(battery-type) negative electrode material. Especially designed to be used within the ion capacitor 
technology, the hard carbon delivers a stable capacity of >500 mAh g-1 vs. Li/Li+ at C/10, with 
outstanding capacity retention of 50% at 10C (>200mAh g-1) and 25% at 50C (>200mAh g-1), cycling 
rates that HCs cannot usually withstand (see Fig.1a). Further mild chemical activation method 3 allow to 
obtain high specific surface area -about 2000 m2g-1- activated carbon which is used as the ion-adsorption 
(capacitor-type) positive electrode. Both electrodes were assembled in the same hybrid cell to build a dual 
carbon LIC with very high energy-to-power density ratios. For comparison purposes, a symmetric EDLC 
cell using the same activated carbon in 1.5M Et4NBF4 electrolyte was also built. As it can be seen in 
Fig.1b, the LIC demonstrates considerable improvements in energy density over its EDLC counterpart, 
delivering a maximum energy density (based on the total electrode active mass weight) of 150 Wh kg-1

AM 
at a power density of 150 W kg-1

AM with an incredible 66% retention of the initial energy at the highly 
demanding 10000 W kg-1

AM power peak point, exceeding the highly challenging 100 Wh kg-1
AM energy 

density value. 
 
 

 
 
 
 
 

 
 
 

 
 

Figure 1. a) HC rate capability vs. Li/Li+, b) Ragone plot comparing EDLC vs. LIC. 
 

1. http://www.jmenergy.co.jp/en/ 
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Activated carbon produced from hydrochars has been widely studied and used in applications such as 
energy storage, environmental remediation and resource recovery. In the fields of energy storage, the 
electrode materials are known as a key factor determining the performance of electrical double layer 
capacitor (EDLC) [1]. The present study examined the effect of zinc chloride, potassium hydroxide or a 
mixture of them to the energetic characteristics of EDLC. 
Activated microporous carbon materials used for the preparation of electrodes have been synthesized 
from the hydrochars prepared via hydrothermal carbonization process (HTC) of D-(+)-glucose solution in 
H2O, followed by activation with ZnCl2, KOH or their mixture. Resulting 6 activated carbons were 
physically characterized by using scanning electron microscopy, Raman spectroscopy, X-ray diffraction 
and nitrogen and carbon dioxide sorption methods.  1 M triethylmethylammonium tetrafluoroborate 
solution in acetonitrile and activated carbon based electrodes were combined into test cells which 
electrochemical characteristics were established by cyclic voltammetry, constant current 
charge/discharge, electrochemical impedance spectroscopy and constant power discharge methods. 
Activation of HTC only with ZnCl2 or KOH substantially increases the number of micropores as well as 
creates some mesopores, thus, produces the carbon material with mixed micro- and mesoporous structure 
which enhances energy and power density of EDLC. Highest porosity and Brunauer-Emmett-Teller 
specific surface area (SBET = 2150 m2 g-1), micropore surface area (Smicro = 2140 m2 g-1) and total pore 
volume (Vtot = 1.01 cm3 g-1) have been achieved for HTC activated using KOH with a mass ratio of 1:4 at 
700 ˚C. The SBET, Smicro, Vtot and electrochemical characteristics were heavily influenced by the synthesis 
conditions of carbon materials. Wide region of ideal polarizability (ΔV ≤ 3.0 V), very short characteristic 
relaxation time (0.66 s), and high specific series capacitance (134 F g-1) have been calculated for the 
mentioned activated carbon material, demonstrating that this system can be used for completing the 
EDLC with high energy- and power densities [2]. 
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Nanostructured transition metal oxides and chalcogenides are superior materials for lithium batteries, 
sodium batteries, and supercapacitors applications.1,2 Herein, we introduce a novel aqueous exfoliation 
strategy for fabricating MoO3-x nanosheets (where x refers to oxygen vacancy) using bulk molybdenum 
oxides precursors.3 The exfoliated MoO3-x displays a typical nanosheet morphology with a few nanometer 
thickness. Interestingly, the MoO3-x nanosheets possess a localized surface plasmon resonance (LSPR), 
which can be tuned by changing the precursors or via solar light irradiation. 

The electrochemical activity of MoO3-x nanosheets for supercapacitors application was tested in a series of 
aqueous electrolytes.  The binder-free electrodes of MoO3-x@carbon paper displayed a promising 
performance in terms of accessible capacitance and rate capability (40 Fg-1 at scan rate 1 Vs-1). The 
accessible capacitance and fading rate were found to be dependent on the electrolyte composition and pH 
value. The simple and scalable exfoliation method combined with the outstanding photochemical and 
electrochemical properties of the MoO3-x nanosheets reflect the significance of the nanosheets in many 
applications. 
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Electrochemical capacitor technology has advanced considerably since the first components were 
introduced in 1978.  Products today, on both a mass and a volume basis, store considerably more energy 
and deliver significantly higher power than the earlier devices.  Now there are more than 50 companies 
worldwide that manufacture electrochemical capacitor energy storage products. This presentation reports 
electrical characteristics of several commercial or near-commercial large-size electrochemical capacitors. 
Cells were evaluated for their initial electrical characteristics and are compared.     
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The development of novel electrode materials and device architectures for fast and reversible 
electrochemical energy storage are crucial for a successful transition from fossil to renewable energy 
sources. Hybrid solutions that combine battery and supercapacitor technology are an intriguing concept to 
fulfill the requirements of both high specific energy and power. Asymmetric hybrid supercapacitors 
(AHSCs) capitalizing on lithiation reactions at the negative electrode and double-layer formation at the 
positive electrode can harness the distinct advantages of both charge storage mechanisms. The 
intercalation properties of the negative electrode are most commonly optimized for half-cell performance, 
that is, a high specific capacity, without testing their suitability on a device level. Molybdenum oxides as 
high capacity, conversion type lithium-ion battery anodes can also show outstanding lithium intercalation 
kinetics when employing a higher cut-off voltage. This makes them potential candidates for AHSC 
negative electrode materials. 
 
In this study, molybdenum oxide/carbon nanotube hybrid materials were synthesized via atomic layer 
deposition and different crystal structures and morphologies were obtained by post-deposition annealing. 
These materials are first structurally characterized and electrochemically evaluated in half-cells. 
Benchmarking in AHSC full-cells revealed the influence of crystal structure, half-cell capacity, and rate 
handling on the device-level performance metrics. The energy efficiency, specific energy, and power are 
influenced by the overpotential and kinetics of the lithiation reaction during charging. Optimized AHSC 
cells showed a maximum specific energy of about 70 Wh/kg and a high specific power of 4 kW/kg at 
34 Wh/kg. 
 
Using this study as a practical guideline, the talk will outline critical design aspects for asymmetric hybrid 
supercapacitor cells that can also be transferred to other materials. Besides the necessary requirements for 
the electrode materials, we will discuss the challenge of adequate mass balancing of both electrodes and 
the impact on the resulting cell performance. A brief outlook for further improvements of AHSC cell 
performance, for example, by use of advanced electrolytes, will be given. 
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Figure 1: Schematic illustration of asymmetric hybrid supercapacitor cell design with activated carbon 
positive electrode and molybdenum oxide / carbon nanotube hybrid material as negative electrode. 
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The organic electrolyte derived from Et4NBF4 is often used in commercial supercapacitors and research 
studies. This work deals with three organic electrolytes with the same anion BF4

- but different cation, 
Et4N+, Pr4N+ and Bu4N+ in combination with two binder-free carbon monoliths, one microporous and 
another mesoporous. The decomposition voltage and the minimum/maximum working voltage are 
measured with reference to a quasi-reference gold electrode. From these results the stability voltage 
window and the working voltage window are determined for each electrolyte (Table 1). The stability 
voltage window broadens according to the trend Bu4NBF4>Pr4NBF4>Et4NBF4 for the two monoliths. The 
working voltage window coincides with the stability voltage window for the mesoporous monolith and 
follows that trend. However, the working voltage window differs from the stability voltage window for 
the microporous monolith and follows the trend Et4NBF4>Pr4NBF4>Bu4NBF4. It is explained by the 
presence of a sieving or saturation effect associated with the cations Pr4N+ and Bu4N+. 
The specific capacitances associated with the cations and anions are separately measured (Table 1). The 
specific capacitances follow the trend BF4

->Et4N+>Pr4N+>Bu4N+ for the two monoliths. The values are 
higher for the microporous carbon with larger specific surface area.  
For the mesoporous monolith the surface areas due to pores with sizes larger than certain values are 
estimated. From comparison of the ratios of the specific capacitances of the cations and anion on the one 
hand and the ratios of the surface areas due to pores with sizes larger than certain values on the other, the 
minimum size of pore able to host the cations and anion as they are electro-adsorbed at the double layer is 
deduced. This size results to be 0.58 nm for BF4

-, 0.65 nm for Et4N+, 0.75 nm for Pr4N+ and 0.9 nm for 
Bu4N+. The surface areas accessible to the ions BF4

-, Et4N+, Pr4N+ and Bu4N+ are estimated. The 
capacitance normalized by the accessible surface area is 0.078±0.003 Fm-2 for the four ions.  
From the point of view of the energy density (Table 1) the better electrolyte/electrode combinations are: 
(i) Et4NBF4 with the microporous monolith and (ii) Pr4NBF4 and Bu4NBF4 with the mesoporous 
monolith. 
     
Table 1. Stability voltage window (ΔEs), working voltage window (ΔEW), specific capacitance of the 
cations (C+) and anion (C-) for the three electrolytes in combination with the two carbon monoliths. 
Energy density (W) calculated for two-electrode cells. 
 

Monolith Electrolyte ΔEs (V) ΔEW (V) C+ (Fg-1) C- (Fg-1) W (Whkg-1) 
Microporous Et4NBF4 2.3 2.3 75 80 14.8 

 Pr4NBF4 2.4 0.9 58 80 1.7 
 Bu4NBF4 2.7 0.55 37 78 0.6 

Mesoporous Et4NBF4 2.5 2.5 20 30 4.8 
 Pr4NBF4 2.6 2.6 17 30 4.7 
 Bu4NBF4 2.9 2.9 15 29 5.3 
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Iron (II) phthalocyanine (FePc) is a member of the metallophthalocyanine (MPc) or the M-N4 
macrocyclic complexes which are well recognised for their unique physico-chemistry and redox 
properties. MPc complexes have been well studied for various applications ranging from catalysis to 
sensing and photochemistry. An important area that has received very little attention but, interestingly, 
has started to attract some attention is the application of MPc or M-N4 complexes in the development of 
electrochemical energy storage (such as supercapacitors and batteries). For example, studies have 
emerged describing the viability of transition MPc complexes as materials for supercapacitor [1] and 
high-energy lithium-ion batteries [2].  
 
Energy storage systems that can operate in aqueous media are gaining a lot of interest due to their 
inherent advantages of environmental benignity, non-toxicity and low cost. However, there are two key 
challenges that confront the performance of aqueous-based electrode materials which are (i) poor cycle 
life and (ii) film impedance rise. These problems are rooted on the structural integrity of the electrode–
electrolyte interface where ion/electron transfer reactions occur. One-dimensional (1D) nanostructures 
(nanowires, nanorods, nanofibers) have the advantages of overcoming these limitations of poor ionic and 
electronic conductivity of electrode materials. 
 
In this work, for the first time, polyacrylonitrile fibres impregnated with FePc (i.e., FePc/PAN fibres) has 
been obtained by electrospinning, and subsequently subjected to high temperature treatment to obtain the 
Fe-N4 and carbon nanofiber hybrids (i.e., Fe-N4/CNF hybrids). Preliminary results reveal that the 
integration of FePc with PAN nanofibers greatly and synergistically increased the supercapacitance with 
reduced interfacial impedance (see for example, Fig. 1). In this presentation, these new findings on the 
energy storage properties of the FePc/PAN and FeN4/CNF hybrids will be discussed. The success of this 
system could open doors for the development of Li-ion and Na-ion aqueous batteries and supercapacitors. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Typical Cyclic voltammograms of FePc, PAN and FePc/PAN nanofibre 
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The replacement of a liquid electrolyte with solid polyelectrolyte allows simplifying the construction of 
electrochemical devices (batteries, supercapacitors, solar cells) and leads to significant increase in the 
safety of their performance by excluding the use of flammable and toxic solvents. 
 
In this work we report the development of two novel families of poly(ionic liquid)s (PILs) for utilization 
in all-solid-state supercapacitors as separator and electrode support, respectively. The PIL1 was 
synthesized by free radical copolymerization of 1-[2-(2-(2-(methacryloyloxy)ethoxy)ethoxy)ethyl]-3-
methylimidazolium bis(trifluoromethyl-sulfonyl)imide with poly(ethylene glycol) methyl ether 
methacrylate. By varying the copolymer composition it was possible to obtain polyelectrolyte with 
conductivity as high as 1.5×10-5 S/cm at 25°C and Tg = -48°C. PIL2 was prepared by chemical 
modification of poly(epichlorohydrin-co-ethylene oxide) via quaternization with N-methylimidazole and 
subsequent ion exchange with lithium bis(trifluoromethylsulfonyl)imide. While the conductivity of PIL2 
was found to be 8.4×10-7 S/cm at 25°C, it shows the capability to form elastic coatings. 
 

 
 
Implying new polyelectrolytes as ion conducting and polypyrrole (PPy) as electron conducting materials 
the all-solid-state flexible supercapacitors having the PPy+PIL2/PIL1/PPy+PIL2 structure were 
assembled. Such capacitors demonstrated specific capacity equal to 2.8 F/g at 25°C and 30 mV/s scan 
rate. At 70°C and 5 mV/s scan rate they they were able to produce 7.7 F/g specific capacity, Emax =1.54 
Wh/kg and Pmax = 253 kW/g. The devices were cycled for 1,000 cycles with 83% of capacity retention 
at a voltage up to 1.2V at 25°C. 
 
This work was supported by the grant from the President of the Russian Federation “For Young 
Outstanding Professors” (МD-2371.2017.3). 
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Abstract: 
A water crisis is an increasing daily issue which can be mitigated by different technologies. Among those, 
desalination is the most promising method since oceans and seas are the most prominent supply of water. 
Membrane Capacitive Deionization (MCDI) has been proven as an energy efficient, cost-effectiveness, 
environmentally friendly, and high safety method for water desalination. However, the efficiency of MCDI 
has not been reached to the commercial technologies.  
Therefore, researchers are developing the desalination devices which operate based on a faradaic reaction 
to benefit the chemical intercalation into the crystal structure of electrode materials rather than only be 
adsorbed by the electrode double layers (EDLs) of the porous electrodes. 
Prussian Blue (PB) have attracted enormous attention due to its excellent properties in the electrochemical 
application recently.1 And it has been largely investigated as the sodium intercalating material for the anode 
side in MCDI systems. 2 On the other hand, Carbon-based materials with a high specific surface is the well-
known electrode materials for EDLC supercapacitors. 3 
Herein, to further improve the desalination performance, a reduced graphene oxide aerogel with 
incorporated PB crystals was synthesized. The desalination performance has been studied under the 
Constant- Current (CC) mode. A high removal capacity of 120 mg g−1 has been obtained with proper flow 
rate.  
The chemical composition and crystalline structure of the resulting aerogel has been studied with Raman 
spectroscopy and X-ray powder diffraction (XRD). Besides, the well-dispersed morphology has been 
investigated by scanning electron microscopy (SEM). 
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Inorganic arsenic is a confirmed carcinogen and is the most significant chemical contaminant in drinking-
water globally. The adsorption on activated carbon is an efficacious technique that allows the removal of 
contaminants in dissolution. To improve the capacity of adsorption of the activated carbon, a controlled 
electric potential can be applied, a technique called electroadsorption. Activated carbon found wide use as 
adsorbent due to its high adsorption capacity in process of adsorption/electroadsorption. 
Electroadsorption processes using activated carbon as electrode materials have become an interesting 
alternative for the removal of arsenate ions from groundwater. The objective of this work was to study the 
influence of the surface functional groups of granular activated carbon and the effects of their chemical 
character on arsenate electroadsorption. The carbon material was chemically oxidized with nitric acid and 
thermally reduced under H2/Ar atmosphere, and subsequently used to prepare electrodes, using stainless 
steel as a current collector. The activated carbon electrodes were characterized using adsorption of 
nitrogen, Boehm titration, FTIR and electrochemical techniques, like cyclic voltammetry and 
Electrochemical Impedance Spectroscopy (EIS). The electrodes were immersed in arsenate solutions (2.5 
mg L-1) and used as anodes, in a batch experiment to study the kinetics of adsorption and 
electroadsorption. The anodic potentials (0.4, 0.8 and 1.2 V vs Ag/AgCl/KCl sat) were applied after 
reaching the adsorption arsenate equilibrium with no potential. These potentials depended on the working 
potential window of the cell given by the type of anode used. The thermally treated activated carbon, with 
basic character (Epzc=11.8), presented the highest arsenate removal by adsorption (43%), and 
electroadsorption (60%) at 0.6 V, in contrast with the oxidized activated carbon with acid character 
(Epzc=5.0), which only reached 8% of arsenate removal at the same anodic potential. The best arsenate 
ions adsorption capacities were obtained for the thermally treated activated carbon having a basic surface 
charge. The adsorption/electroadsorption mechanisms results from combined of chemisorption and 
electrostatic attraction with basic surface groups enhanced. 
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Supercapacitors or electrochemical capacitors have attracted much attention due to their ability to store 
charges through fast charging and discharging process, and their excellent cycle life.  Developing in   
different architectures, sizes, morphologies and compounds have been extensively investigated to be used 
as electrode materials for supercapacitors [1-4]. 
In this contribution, we present the preparation and characterization of nickel oxides as electrode 
materials for electrochemical capacitors. The nickel oxides were synthesized by directly growing them on 
nickel foams, through a tube furnace calcination method at different temperatures (250°C, 350°C, 450°C 
and 550°C). These materials were characterized employing scanning electron microscope, X-ray 
diffraction, thermogravimetric analysis and electrochemical techniques as: cyclic voltammetry, charge-
discharge cycles, galvanostatic discharge at different currents and electrochemical impedance 
spectroscopy. The analysis of all results, allowed us to improve the understanding of main physical, 
chemical and physico-chemical parameters that govern their electrochemical behaviour. 
The prepared electrodes exhibit a satisfactory specific capacity, cyclability and rate capability. For 
example, as shown in the figure, the highest obtained specific capacitance value was 1590 F g-1 for the 
prepared compound at 550°C, at the current density of 1 A g-1 and after 1000 cycles Therefore, nickel 
oxide materials grown on nickel foam, as binder free electrodes, appear to exhibit a good electrochemical 
performance as electrode material for supercapacitors. 
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As we know, a uniformly coating of pseudo-capacitive materials on carbon-based materials are one of the 
key to achieve the high electrochemical performance. [1] Reduced graphene oxide is one of the most 
widely used carbon based electrode material for flexible electrodes. However, the restacking of reduced 
graphene oxide reduces the specific surface area. Reduced graphene oxide hydrogel with wet-state and 
highly porous structure enhances the access to the monomers of pseudo-capacitive materials during the 
deposition and provides the possibility for these pseudo-capacitive materials to uniformly deposit on their 
surface. [2] In this study, reduced graphene oxide hydrogel and polypyrrole used as the carbon based 
conductive network and pseudo-capacitive materials, respectively. Moreover, pulsed electrochemical 
deposition used to further improvement the diffusion of pyrrole. The morphology of prepared samples 
investigated by scanning electron microscopy. Their relation upon the conditions of preparation method 
such as the deposition time (Td) and resting time (Tr) were studied. The conditions have been modified 
with the purpose to achieve a well and uniform coating of polypyrrole on the reduced graphene hydrogel 
and consequently high electrochemical performance.  
 
Keywords：pulsed deposition, polypyrrole, reduced graphene oxide hydrogel 
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Rapidly growing market of electric/hybrid-electric vehicles (xEV) and higher energy 

consumption constantly increase modern society demands towards high-power energy systems. These 
changes are accompanied by growing concerns about environmental issues, including climate change and 
depleting of fossil fuels [1]. All points mentioned above force multitude of scientists to develop and 
improve electrical energy storage systems that meet requirements of swift technology evolution as well as 
ecology and economy matters.  
 Supercapcitors (SC) have become one of the most attractive power devices for increasing 
number of applications such as sustainable energy generation, transportation or power systems [2]. SC 
advantages including fast charging/discharging rate, very good cycling stability and outstanding power 
density allow them to play an important role in applications mentioned above [3].  
 Most widely used electrode materials for SC are carbon-based materials [4] such as activated 
carbons [5], nanotubes [6] or carbon aerogels (CAG) [7]. The latter ones are ultralight materials built of 
an interconnected nanoparticle network structure. Their properties, such as well-defined porosity, large 
specific surface area, good conductivity and stability allow them to be implemented in a broad range of 
applications. Most common methods of creating carbon aerogels are connected with resorcinol-
formaldehyde gel synthesis, connected with usage of toxic compounds and expensive synthesis routes [8].  

In this work we present research on SC with electrodes made of carbon aerogels obtained by 
alternative and novel route that is based on sol-gel synthesis of natural polysaccharides (different types of 
starch) [9]. This inexpensive, energy-saving and environmentally friendly process results in obtaining 
electrode materials that exhibit good electrochemical performance (rate capability, capacitance retention) 
in SC. Following experimental methods have been used to characterize performance of polysaccharide-
derived SC with CAG electrodes: voltammetric charge-discharge tests (CELL TEST), cyclic voltammetry 
(CV), electrical conductivity tests (EC) and electrochemical impedance spectroscopy (EIS). 
 The research presents that ecological and inexpensive synthesis of polysaccharide-derived CAGs 
results in obtaining a very effective and reproducible electrode materials for cheap supercapacitors. Its 
good electrochemical performance and facile synthesis route makes them an attractive alternative for 
conventional SC material. 
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    In recent years, graphene fiber has arisen as a new carbonaceous fiber with high expectations in terms 
of mechanical and functional performance [1]. 
    Our work deals with preparation of graphene oxide fibers by wet-spinning process.  To this end 
graphene oxide were synthesized by oxidation of graphite with a modified Hummers method. Graphene 
oxide composite fibers (GF), prepared with wet-spinning process, were applied as a support for poly(3,4-
ethylenedioxithiophene) (PEDOT) for supercapacitor applications. PEDOT was electrochemically 
deposited on the top of graphene oxide fibers to form PEDOT/GF composite electrodes. To improve the 
electrochemical performance of PEDOT/GF composite electrodes, they were modified by RuO2 
nanoparticles.  The structural parameters and surface morphology of the materials obtained are 
characterized by Scanning Electron and Transmission Electron microscopy (TEM). The electrochemical 
performances of electrode material were characterized by cycling voltammetry, electrochemical 
spectroscopy and galvanostatic charge/discharge. 
 

  
 
Fig.1.SEM images of graphene oxide fibers and cross-section of graphene oxide fibers. 
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Recently environmentally friendly aqueous alkali sulfate electrolytes with pH close to neutrality have been 
proposed for carbon/carbon supercapacitors demonstrating enhanced voltages up to U = 1.6 V[1]. The enhanced 
voltages in SCs using neutral aqueous electrolytes exceeding the electrochemical stability window of water (1.23 
V) is due to the increased local pH inside the porosity of negative carbon electrode due to the electrochemical 
reduction water producing OH- anions and causing important di-hydrogen evolution over-potential[2]. However, 
it has now been established that carbon/carbon cell in 1 mol L-1 Li2SO4 keeps good state-of-health under 
potentiostatic floating only up to 1.5 V, beyond this voltage oxidation of positive carbon electrode occurs owing 
to the  generation of oxygenated functionalities demonstrated by the CO and CO2 evolution as side products[3]. 
Besides, reduction of water at the negative electrode generating hydrogen gas presents another challenge at high 
voltages contributing to pressure increase inside the cell and consequently resulting deterioration of SC 
performance during long-term aging/cycling[4].  
Recently, concentrated electrolyte e.g., LiTFSI in water up to 21 mol kg-1 has been shown to exhibit large 
potential window of up to 4.0 V on stainless steel electrode[5]. In this work, we implement LiTFSI in water at 
three different concentrations (1 mol kg-1, 7 mol kg-1 and 21 mol kg-1, pH = 6.1) in carbon/carbon 
supercapacitors to demonstrate the influence of electrolyte concentration on the electrochemical performance of 
the cell. Three-electrode cell investigations show that the hydrogen adsorption under negative polarization of 
carbon electrode in 21 mol kg-1 aqueous LiTFSI is dramatically reduced in comparison to 1 mol kg-1 and 7 mol 
kg-1 LiTFSI. The hydrogen evolution has been further reduced (Figure 1a) by implementing bi-salt in water 
electrolyte (21 mol kg-1 LiTFSI + 7 mol kg-1 LiOFT). Two electrode cell data demonstrates nearly rectangular 
CV characteristics similar to an electrical double-layer capacitor for carbon/carbon cell in 21 mol kg-1 LiTFSI 
(Figure 1b). Thanks to the reduced faradaic contribution at the concentration of 21 mol kg-1 LiTFSI owing to the 
negligible hydrogen adsorption and desorption at the negative carbon electrode, the cell demonstrates low self-
discharge of ΔU = 0.172 V (Figure 1c). Further analyses of self-discharge data suggest the shift of activation 
controlled mechanisms to diffusion controlled mechanisms with the increase of concentration from 1 mol kg-1 
LiTFSI to 21 mol kg-1 LiTFSI. Thermo-programmed desorption performed on the carbon electrodes in 21 mol 
kg-1 LiTFSI suggest a sudden mass loss at around 450oC owing to the decomposition of LiTFSI trapped inside 
the electrode porosity. Detailed electrochemical and physico-chemical analyses of carbon/carbon supercapacitor 
in aqueous LiTFSI and bi-salt in water as electrolytes will be showcases in this presentation. 
 
 
 
 
 
 
 
 
 
 

Figure 1. CVs (2 mV s-1) of (a) AC electrode in three-electrode cell and (b) AC/AC cells, and (c) SD of cells 
using 1 mol kg-1 LiTFSI (red curve), 7 mol kg-1 LiTFSI (blue curve) and 21 mol kg-1 LiTFSI (green curve) in 
water. 

 

[1] Demarconnay L., Raymundo-Piñero E., Béguin F., Electrochem. Comm., 12 (2010) 1275. 
[2] Gao Q., Demarconnay L., Raymundo-Piñero E., Béguin F., Energy & Environ. Sci., 5 (2012) 9611. 
[3] Ratajczak P., Jurewicz K., Skowron P., Abbas Q., Béguin F., Electrochimica Acta, 130 (2014) 344. 
[4] He M., Fic K., Frackowiak E., Novak P., Berg E. J., Energy Environ. Sci., 9 (2016) 623. 
[5] Suo L., Borodin O., Gao T., Olguin M., Ho J., Fan X., Luo C., Wang C., Xu K., Science, 350 (2015) 938. 
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Different species of manganese oxide, either in pure form or mixed with other metals, have long attracted 
the attention of the supercapacitors research community due to the relatively low cost and abundance of 
this material and its compatibility with environmentally friendly aqueous electrolytes [1]. In particular, 
Na0.44MnO2 (Na4Mn9O18) has been recently in the spotlight because of its unique 3D tunnel and stable 
structure that facilitates Na+ mobility [2]. Notwithstanding the great efforts put on the optimization of the 
synthesis and subsequent capacitive behavior [3], the charge storage mechanism of Na0.44MnO2 is still matter of 
debate. The reversible insertion and extraction of Na ions and the accompanying structural modifications were 
highlighted in previous studies [4] performed in organic electrolytes. The charge storage mechanism has been much 
less studied in aqueous electrolyte, though there appear to be fundamental similarities with organic electrolyte [2]. 
However, the possible contribution of pseudo-capacitance to the charge mechanism should be also assessed when 
operating in aqueous electrolytes [5]. Accordingly, the aim of this work is to provide further insight into the 
charge storage mechanism of Na0.44MnO2 in aqueous electrolyte.  
Pure Na0.44MnO2 was synthesized through the solid reaction of MnCO3 and Na2CO3 (see the inset in Fig. 1a for 
the SEM image of the raw powder), and subsequently was used for fabrication of supercapacitor electrodes via 
a paste method with addition of the required amount of conductive carbon and PTFE binder. Cyclic 
voltammetry (CV) at 0.1mV s-1 in 1M Na2SO4 (Fig. 1a) reveals four distinct peaks in addition to two shoulders 
in both forward and backward cycles, in the potential window of 0 to 1.2 VSHE.  In particular, in this work we 
intend to study the structural modifications accompanying the charge-discharge processes. As the first measure, 
XRD was carried out on the ceramic based electrodes at three different states (Fig. 1b), namely: as fabricated 
electrode without exposure to the electrolyte (sample 0); the electrode immersed in the electrolyte for 24 h at its 
OCP (sample 1); and the electrode cycled anodically to 1 VSHE and then held at 1 VSHE potentiostaticaly for 1 h 
(sample 2). Potentials corresponding to samples 1 and 2 are shown on the CV (Fig. 1a). XRD results clearly 
show the modification of the immersed and polarized electrodes with respect to the pristine one. Rietveld 
refinement of the diffractograms was carried out to determine the lattice parameters and quantitatively assess 
the crystal modification (see Table 1 for details). It is seen that the unit cell volume shrinks remarkably from 
sample 0 to 2, mainly due to contraction of the “b” parameter (more than 1Å), which suggests the depletion of 
the lattice from Na ions. Further XRD characterization at different potentials corresponding to CV peaks is 
underway to fully assess this scenario. Moreover, to further enlighten the intercalation/deintercalation process, 
in particular, the possible engagement of water molecules in this process, either in solvation shell of arguably 
hydrolyzed Na ions, or as independent molecules capable of filling in the Na0.44MnO2 channels, a molecular 
vibration characterization technique such as FTIR is planned to be coupled to XRD assessments. Eventually, to 
cast light on the possible contribution of pseudocapacitive behavior of Mn on the formation of CV peaks, the 
chemical state of Mn is planned to be studied via XPS at different potentials corresponding to CV peaks.  
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Figure 1. a) cyclic-voltammetry result and SEM of Na0.44MnO2 powder (bar is 5μm) b) XRD patterns of samples 0-2.  
Table 1. Summary of the lattice information obtained from Rietveld refinement. 

Lattice parameters sample 0 sample 1 sample 2 
a (Å) 9.0870 9.0936 9.0864 
b (Å) 26.4680 26.2550 25.4014 
c (Å) 2.8237 2.8260 2.8293 

V (Å3) 679.15 674.73 653.02 
Reference 
[1] Abou-El-Sherbini et al. (2003) Solid State Electrochemistry, 7, 435 
[2] Cao, Yuliang, et al.  Advanced Materials 23.28 (2011): 3155-3160.  
[3] Jabeen, N., et al. (2017). Advanced Materials, 29(32). 
[4] Sauvage, Frédéric, et al. Inorganic chemistry 46.8 (2007): 3289-3294. 
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We report on the synthesis of high rate NaTi2(PO4)3/graphene composite for use as an anode material for 
high power Na-ion hybrid capacitor with the following characteristics; 1) reduction of the particle size of 
NaTi2(PO4)3 to the nanometer scale in order to reduce Na+ ion diffusion length, 2) chemical bonding 
between NaTi2(PO4)3 nanoparticles and graphene in order to improve electrical conductivity, and 3) 
interconnected nanopore structures in order to allow easy access of Na+ ions to NaTi2(PO4)3. For that, the 
NaTi2(PO4)3/rGO microsphere composite was prepared via a facile spray drying method using a solution 
mixture of graphene oxide, NaH2PO4.2H2O, Ti(OC2H5)4 and NH4H2(PO4)3, in which all the components 
of the titanium were present as ionic species in order to facilitate the chemical bonding between 
NaTi2(PO4)3 and rGO in the composite. The NaTi2(PO4)3/rGO microsphere composite had Ti–O–C bond 
between NaTi2(PO4)3 nanoparticles (< 80 nm) and rGO and interconnected nanopore structures. The 
NaTi2(PO4)3/rGO microsphere composite exhibited a near theoretical specific capacity of 133 mAh g–1 at 
a 0.1 C-rate and excellent rate capability (70% capacity retention at a 50 C-rate) with very stable cycling 
performance (only 2% capacity loss after 200 cycles at a high rate of 10 C). Furthermore, energy density 
and power density of the NHC assembled with a NaTi2(PO4)3/rGO anode and an AC-based cathode are 
far better than those of other NHCs assembled using other metal oxide-based anodes and an AC cathodes. 
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Electrochemical capacitors are widely known as energy storage devices that are able to store and release 
the charge in a very short time. However, their operation is quite limited by the type of electrolyte used, 
the stability of electrode material or current collectors. It is worth mentioning that the huge attention is 
put to the symmetrical activated carbon-based systems, so called AC/AC. It allows implementing them in 
the possible application and competing with other commercially available systems.  
 
This research is focused on the improvement of electrochemical capacitors’ performance via adding redox 
active species based on iodide/iodine redox pair taking into account Pourbaix diagram. Various 
electrolyte formulations have been tested in order to cover wide range of pH. Selected aqueous 
electrolytes include: acetic acid (pH 1), acetic acid/sodium acetate buffer (pH 5.12), lithium perchlorate 
(pH 6), lithium triflate (pH 7), sodium-L-ascorbate (pH 8) and potassium acetate (pH 9). Different 
concentrations of components were proposed in order to select the most conductive electrolytic solutions. 
Subsequently, electrochemical performance was studied for Kuraray based systems with and without 
redox additive in the electrolyte. 
 
Electrochemical studies were performed in the wide voltage range in two- and three-electrode assembly. 
The construction of the system (current collectors and reference electrode) were adjusted to the type of 
electrolyte. It allows observing the change in the operation of abovementioned electrolytes when redox 
pair is present in the system. In all cases, increase of specific capacitance has been recorded, however, 
various electrochemical response of I-/I2 was observed depending on pH values. The rate handling of 
studied electrolytes has not been distorted by the presence of redox active species, thus, electrochemical 
window was extended (U > 1.5V). Overall capacitor metrics were evaluated by cyclic voltammetry, 
galvanostatic charging/discharging, impedance spectroscopy, self-discharge and floating test. Specific 
capacitance was on the level of 200 F g-1 for LiClO4 + LiI at 0.1 A g-1 and 156 F g-1 at 10 A g-1.  For 
potassium acetate the specific capacitance was equal to 103 F g-1, while for boosted electrolyte it 
increased to 170 F g-1.  
 
Thus, new method for enhancing energy output of the device has been proposed using suitable amount of 
redox active species for aqueous electrolytes with various pH values. 
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Electrochemical capacitors (EC) are the devices which have been developed for the storage of energy. 
Their operation principle is reversible sorption of ions by activated carbon (AC) electrodes present in the 
electrolyte solution. Owing to their highly non-faradaic charge storage mechanism, ECs reach high power 
values, however, exhibiting only moderate energy densities. Taking into account the formula for energy 
stored in the capacitor: 

21
2

E CU=  

 
the square relation of voltage makes it especially valuable factor to be increased. Therefore, in order to 
boost the energy density of the device, one of the most common approach is to enhance the operating 
voltage. ECs operating using aqueous electrolytes reach not more than 2 V, in organic electrolytes 2.5 V - 
2.7 V and in ionic liquids 4 V. However, irrespectively of the electrolyte type used, exceeding the critical 
voltage values related to the breakdown of electrode/electrolyte interface, the decomposition of the 
solvent into the gaseous products occurs. Long term operation of ECs, especially at elevated voltages may 
lead to accumulation of gases and internal pressure build-up. The commercial capacitors may be equipped 
with overpressure releasing valves, which limit the danger of explosion. However, even in that case the 
consumption of electrolyte solvent is inevitable, which may lead to cell drying-out. 
 
In this work, the importance of pressure monitoring of the electrochemical capacitor comprising activated 
carbon electrodes (95% AC, 5% PTFE) deposited on stainless steel current collectors (SS 316L) operating 
in aqueous solution of 1 mol L-1 Li2SO4 and 1 mol L-1 KI are demonstrated. The pressure fluctuations and 
corresponding electrode potentials are shown in-line during various measurements such as: cyclic 
voltammetry, galvanostatic charging/discharging and voltage hold test. 
It has been noticed that even the operation of a capacitor exactly within the thermodynamic stability of 
the electrolyte, i.e. where no solvent decomposition reaction occurs, allows the pressure oscillations to be 
observed. They might be responsible for the fluid mechanism related phenomena as well as electrode 
material shrinkage and expansion. When the critical voltage of the breakdown is exceeded, the internal 
pressure progressively increases.  
 
This research gives the supporting data to the electrochemical results and contributes to better 
understanding and more conscious internal pressure management inside the capacitor. 
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Electrochemical capacitors (ECs) are energy storage devices characterized by a high capacitance and high 
power density. Aqueous as well as organic media can successfully serve as electrolyte for ECs. Organic 
medium allows the operating voltage of 2.5 – 2.7 V to be reached. However, eco-friendly water-based 
electrolytes become more and more popular despite their narrow electrochemical window limited by the 
water decomposition. Energy (E) of EC depends on voltage squared (U) and capacitance (C): 

2UC
2
1E = , 

so it is especially beneficial to extend the operational voltage. When the voltage is extended, the potential 
of negative electrode reaches lower values and hydrogen sorption on the material of negative electrode 
occurs. Further, at even lower potentials gaseous H2 is produced. Positive electrode, on the other hand, 
can undergo oxidation processes. To protect the positive electrode against oxidation an antioxidant agent 
can be used as an additive to the electrode material. Its role is to prevent harmful oxidation of positive 
electrode and, thereby, to prolong the lifetime of the device. 
 
In this work, the use of tocopherol (vitamin E) as a component of electrode material for electrochemical 
capacitor is presented. Vitamin E is insoluble in water so the diffusion to the electrolyte is impossible. It 
is soluble in alcohol that allows to introduce it to the electrode material during its preparation. The 
investigated ECs were manufactured with 1 mol L-1 lithium sulfate aqueous solution and two composite 
electrodes. 
 
The systems were characterized by a high operational voltage (1.6 V). The potential of negative and 
positive electrode was shifted to more negative values, so the role of an antioxidant is achieved. 
Moreover, it was found that the addition of vitamin E to the electrode material does not have 
disadvantageous influence on the gravimetric capacitance value of electrode. 
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Electrochemical capacitors, commonly known as supercapacitors, represent an important class of energy 
storage devices because of their high power density with a relatively high energy density. Recently, 
asymmetric hybrid capacitors (AHCs), obtaining the advantages from both side of batteries and 
capacitors, have been raised as the most promising candidate for energy storage system by the 
combination of battery- and capacitor-type materials. A remarkable improvement in performance of 
AHCs has been achieved through recent advances in the development of nanostructured battery-type 
materials. Especially, novel structural properties of metal oxide-carbon nanocomposites as the electrode 
materials, such as abundant active sites and high ion accessibility, are important to realize a high reaction 
rate for reducing the kinetic imbalances from different reaction mechanisms of different electrodes in 
electrochemical full-cells. We recently developed the new approach for controlling the structure of 
materials at sub-nano scale level, enabling the highly enhanced electrochemical properties for AHC 
configuration. In this seminar, electrochemical reduction, technique used in battery research, will be 
presented as the new approach for nanostructured metal oxide synthesis.1 Post-nanostructured metal oxide 
nanocomposites were applied to various battery-type electrodes for electrochemical capacitors including 
AHCs.2 Their various structural advantages, such as extremely small size, porosity, and enhanced ion-
accessibility, play a role as the key to success in designing the devices with high energy and high power 
densities.3 We expect that the method and applications demonstrated here could offer a possible route to 
obtain ideas for designing the high performance energy storage devices. 
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Among the available metal-transition oxides, MnO2 has been distinguished as a good candidate for 
supercapacitor applications, as shown in the work of Grote et al. [1]. Moreover it has been highlighted by 
Ghodbane et al. [2] the importance of the MnO2 microstructure on charge-storage properties in 
electrochemical supercapacitors, structure which is not always controlled in simple solvent-assisted 
synthesis which actually lead to amorphous materials. In this study, related in Figure 1(a), controlled-
structure MnO2 were synthesized based on a simple redox reaction using a strong oxidizing agent KMnO4 
and different reducing agents utilized as template-solvent in different medias (acidic or basic) via 
different methods as the microwave-assisted synthesis. This template effect is investigated by using 
various alcohols with different viscosities (from 1,3 mPa.s-1 to 1300 mPa.s-1). These materials have been 
studied and considered as cathode electrode in asymmetric aqueous capacitors with carbonaceous anode 
materials (graphene and activated carbon). The combination of a high viscosity (glycerol) and a basic 
media (KOH) leads to highly crystalline Birnessite materials while low viscosity solvent (ethanol) leads 
to mostly amorphous structure. Furthermore, specific surface and total porous volume trend to decrease 
by increasing the oxide crystallinity (From 200 m².g-1 to 20 m².g-1).  In term of electrochemical behavior, 
such materials exhibit pseudo-capacitive storage as shown in figure 1(b). Regarding theirs 
electrochemical performances, capacitance and impedance, the results fit well with the structural nature 
and the morphology, shown in figure 1(c), of the oxide. 

. . 

 
Figure 1: Study strategy, SEM of Birnessite-Type and amorphous MnO2 and CV at 10 mV.s-1 in K2SO4 

 
 
 
(1) F. Grote, R-S Kühnel, A. Balducci & Y. Lei (2014) Template assisted fabrication of free-standing 
MnO2 nanotube and nanowire arrays and their application in supercapacitors (APS)  
 
(2) O. Ghodbane, J-L. Pascal & F. Favier (2009) Microstructural effects on charge-storage properties in 
MnO2- based electrochemical supercapacitors (ACS) 
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Recently, transition metal oxynitrides have been widely investigated as excellent candidates compared to 
many transition metal oxides based electrodes for supercapacitors such as RuO2.nH2O and MnO2, which 
suffer from poor intrinsic conductivity and hence limits of their power capability [1] [2]. Transition metal 
oxynitrides have shown excellent capacities due to the outstanding electronic conductivity. They also 
exhibited an excellent chemical stability and are environmentally friendly. This work reports on a new 
approach to the synthesis a V2NO-C spider web nanostructures grown for 700 °C, 800 °C and 900 °C by 
chemical vapor deposition (CVD). The synthesis was done using NH4VO3 and C3H6N6 as precursors 
inside an electric tubular furnace. Raman spectroscopy, SEM, TEM and BET were used to characterize 
the structure, morphology, composition and the surface area of the as-prepared samples. The V2NO-C 
synthesized for 800 °C showed more porosity leading to much higher specific surface area, pore volume 
and enhanced electrochemical performance with a higher specific discharge capacity of 1608 mA h g-1 as 
a negative electrode and 70 mA h g-1as a positive electrode at 1 Ag-1 compared to other V2NO-C samples 
grown for 700 °C and 900 °C. The 800 °C is considered to be the optimal temperature for cubic V2NO-C 
Spide web for a potential electrode material for supercapacitor applications. The electrochemical 
performance of V2NO-C spide web nanostructures synthesized for 800 °C was also evaluated in two-
electrodes symmetric configuration. The V2NO-C//V2NO-C symmetric supercapacitor performed at high 
cell voltage of 1.8 V in 6 M KOH electrolyte. The symmetric supercapacitor exhibited a specific capacity 
of 50 mA h g-1 with an energy density of 37 W h kg−1 for a corresponding power density of 735 kW kg−1 
at a specific current of 1 A g-1. The supercapacitor also showed an excellent capability and stability that 
included a good coulombic efficiency of 98% up to 10000 cycles.  
 

 
 
Fig.1: (a) Specific capacity as a function of specific current and (b) Ragone plot as a function of the 
current density of the V2NO-C//V2NO-C symmetric device. 
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Recently, a new class of highly-concentrated aqueous electrolytes based on salts of weakly coordinating 
anions like bis(trifluoromethanesulfonyl)imide (TFSI) emerged. Due to their unique solution structure 
and interfacial chemistry, these electrolytes display significantly enhanced electrochemical stability 
compared to traditional aqueous electrolytes, making them interesting candidates for a new generation of 
safe electrochemical energy storage devices.[1-3] 
 
In light of abundant sodium reserves, we focused our research efforts on sodium-ion based systems. 
Although NaTFSI has a maximum room temperature solubility of only 8 mol/kg compared to 21 mol/kg 
for the lithium analogue, its electrochemical stability window on activated carbon is still significantly 
wider compared to traditional aqueous electrolytes, hinting to differences in double-layer and bulk 
electrolyte structure. At the same time, the room temperature conductivity of 8 mol/kg NaTFSI of >40 
mS/cm is comparable to those of acetonitrile-based organic electrolytes employed in most commercial 
supercapacitors, while 21 mol/kg LiTFSI has a conductivity of only ~10 mS/cm. A lab-scale 1.8 V 
AC/AC supercapacitor employing 8 mol/kg NaTFSI as the electrolyte displayed excellent cycling 
stability over 10,000 cycles at 1 A/g and 100,000 cycles at 10 A/g. To narrow the gap in energy density 
between this aqueous and commercial non-aqueous supercapacitors, we employed a redox additive that 
selectively enhances the capacitance at the positive electrode.[4] 
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The charging of electrochemical capacitors (ECs) having activated carbon (AC) electrodes is based on the 
formation of an electrical double-layer (EDL) at the electrode/electrolyte interface. Since the amount of 
energy stored in EDLCs is mediocre, due to surface electrostatic charge storage, alternative EC concepts 
are under development. The simplest equivalent circuit of an EDLC is represented by two capacitors C+ 
and C- in series, and the capacitance Csym of the cell is: 1/Csym = 1/C+ + 1/C-. Considering that C+ ~ C-, 
the cell capacitance is Csym ≅ C+/-/2, and its capacity Qsym = Csym·U = C+/-/2·U. However, if one electrode 
is replaced by a battery-like component generating a high capacity Q, then Qhybrid = Chybrid U≅ 2 Qsym = 
C+/- U. Such construction is termed as hybrid capacitor (HC) and, clearly, it allows the cell capacitance, 
and consequently the stored energy, to be almost doubled (See Fig. 1a). 
 
An HC can be realized by combining a faradaic positive electrode of genuine battery component, e.g., 
PbO2/PbSO4 in aqueous H2SO4 or NiOOH/Ni(OH)2 in KOH electrolyte and a capacitive AC negative  
electrode[1]. Another construction is the lithium-ion capacitor (LIC) combining an activated carbon 
positive electrode and a graphite intercalation negative electrode[2]. Finally, an interesting design of HC is 
based on carbon electrodes in redox active electrolyte, such as potassium iodide[3] or hydroquinone[4], 
where the redox reaction of the electroactive molecules makes one electrode a battery-like component. 
 
Owing to the cost-effective and ecofriendly character of this strategy, electrolytes with various redox 
active species have been tested in carbon/carbon HC. Here, we present the state-of-art on redox active 
electrolytes in aqueous and ionic liquid (IL) electrolytes, reviewing their pros and cons and showing our 
recent advancement in this field. One part will be dedicated to the HCs based on bi-functional aqueous 
electrolytes combining a supporting salt which provides an enhanced cell potential window (Li2SO4 or 
MnSO4) with alkali iodides acting as source of polyiodides trapped in the AC porosity (Fig 1b)[5-6]. The 
second part will focus on the performance of AC/AC cell in 1-ethyl-3-methylimidazolium selenocyanate 
[EMIm][SeCN] ionic liquid where the SeCN-/(SeCN)2 redox couple is at the origin of the battery-like 
behavior of the positive electrode.  

           
Fig.1 (a) Typical cell potential U and electrodes potential E profiles during charging/discharging of an EDL 
capacitor (full lines) and a hybrid capacitor (dashed lines) built with a redox positive electrode; (b) CVs of positive 
and negative electrodes of AC/AC hybrid capacitor operating in bi-functional aqueous electrolyte (1 mol L-1 Li2SO4 
+ 0.2 mol L-1 KI). 
 
[1] Pell W., Conway B., J. Power Sources 136 (2004) 334. 
[2] Jeżowski P., Crosnier O., Deunf E., Poizot P., Béguin F., Brousse T., Nature Materials 17 (2018) 167. 
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In this study, hierarchically porous activated carbons was derived from pepper seeds using a KHCO3 
activating agent (AA) with less mass content of the activating agent to raw material content (AA:RM), for 
the optimization of the pore framework required for enhanced device storage performance. The amount of 
activating agent was varied with respect to a centralized 1:1 reported in our earlier work on biomass 
activation. The idea was to optimize the amount of AA required in the entire activation/carbonization 
steps as compared to usual reports which adopt excessive amounts of AA for highly porous materials. 
The material textural analysis of the prepared samples (ppAC) depicted improved specific surface area 
(SSA) and pore volume with equal amount of the activating agent up to a threshold for AA:RM of 1:1. 
Structural analysis of the as-synthesized samples confirmed the presence of a carbonaceous material with 
distinct diffraction and Raman peaks attributed to amorphous carbon nanostructures.  
Initial three-electrode tests carried out on the as-prepared samples in potassium nitrate neutral electrolyte 
showed superior charge storage ability for the 1:1 sample referred to as ppAC-1.0. A simple electric 
double layer (EDL) capacitance storage mechanism was obtained illustrated by the typical rectangular 
cyclic voltammogram which operated reversibly in both the negative and positive potential window of 
0.80 V and specific capacitance of up to 181 F g-1 at 25 mV s-1 in the positive end. 
A full symmetric device was therefore assembled from this best sample with 1-ethyl-3-
methylimidazolium bistrifluorosulfonylimide (EMIM-TFSI) ionic liquid electrolyte which displayed a 
stable working potential window up to a maximum cell voltage of 3.20 V. A specific capacitance to 112 F 
g-1 was recorded per single electrode in the full cell with a corresponding specific energy of 35 W h kg-1 
and specific power of 0.75 KW kg-1 at a 0.5 A g-1 specific current in a voltage window of 3.0 V.  
An excellent capacitance retention was also maintained for the symmetric device even after subjecting it 
to 10000 continuous charge-discharge cycles at a moderate specific current of 2 A g-1. The self-discharge 
mechanism was used to interpret the degradation phenomena observed for the cell voltage decrease over 
an extended period of time on open circuit. The results obtained from this study demonstrate the potential 
of adopting the ppAC material as a potential electrode material in energy storage devices.  
 
Keywords: porous carbons; KHCO3; ionic electrolyte; high energy density; self-discharge; energy 
storage 
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Introduction 
Boron-doped diamond (BDD) electrodes have attracted considerable attention due to the excellent 

electrochemical properties. The electrochemical properties of BDD are affected by several factors such as 
boron concentration, sp2 carbon impurity, crystal facet, surface termination, and others. Especially, highly 
boron-doped BDD containing sp2 carbon impurity exhibits an enhancement of an electric double-layer 
capacitance (Cdl) after anodic oxidation.1 Thus, such BDD has a potential for a supercapacitor. However, 
the mechanism in the Cdl enhancement has not been elucidated. In this study, we systematically investigated 
Cdl of BDD that were prepared in different conditions.  
 
Experimental 

The BDD electrodes were prepared in different conditions by a microwave plasma chemical vapor 
deposition method. BDDs were characterized by Raman spectroscopy, scanning electron microscopy, and 
glow discharge optical emission spectroscopy. Cdl of BDDs were measured by cyclic voltammetry (CV) in 
0.1 M HClO4 aqueous solution with various scan rates. The electrochemical measurements were conducted 
using a single-compartment three-electrode cell (working and counter electrodes: BDD, reference 
electrode: Ag/AgCl). Prior to measurement, anodic oxidation was conducted at 20 mA cm−2 in 0.1 M HClO4 
aqueous solution for 5 min. 
 
Results and Discussion 

Table. summarizes specific parameters of BDD 
electrodes examined. Cdl values were almost identical 
regardless of the boron concentration (i.e. Electrode 
A vs. C). Cdl became higher as the amount of sp2 
carbon impurity increased (i.e. Electrode B vs. D). On 
the other hand, although Electrode E and F had 
similar boron concentration and amount of sp2 carbon 
impurity, Cdl of Electrode E was more than twice as 
high as that of Electrode F. This is probably due to 
the different configurations. Electrode E had smaller 
grains, indicating the increase in amount of grain 
boundary. As sp2 carbon impurities are unevenly 
distributed in grain boundary, higher amount of sp2 
carbon impurities may exist on the surface of 
Electrode E. Therefore, amount of sp2 carbon 
impurity on electrode surface is important to increase Cdl. From the above results, we assume that sp2 carbon 
impurities on electrode surface are removed by anodic oxidation, and thus pores are formed on the electrode 
surface, leading to increase in the specific surface area. The increase in specific surface area results in high 
Cdl. With increasing scan rate in CV measurements, Cdl of BDD decreased, which was typically observed 
on porous electrodes. This result supports the above consideration. 

To investigate the effect of surface termination, cathodic reduction was performed after anodic oxidation 
to obtain hydrogen termination. As the result, Cdl decreased after cathodic reduction. Hydrogen-terminated 
BDD has more hydrophobic surface than oxygen-terminated one prepared by anodic oxidation, so water 
penetration into pores may be hindered on hydrogen-terminated BDD, leading to decrease in specific 
surface area. 
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Table. Specific parameters of BDD electrodes 

A 2.0 0.24 91

B 3.3 0.13 17

C 3.5 0.32 89

D 3.7 0.49 270

E 4.3 1.09 2882

F 4.3 1.25 1181

Sample B/C (%) sp2/diamond C dl (μF/cm2)
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Widening the potential window (PW) of supercapacitors has long been recognized as a straightforward 
approach towards the enhancement of the energy density of supercapacitors, using either more stable 
electrolytes or electrode materials allowing a wider operating potential window  In the latter case, the 
design of asymmetric supercapacitors, with a wise selection of the electrode materials depending on their 
polarity, has been widely explored and demonstrated as the most effective approach [1,2]. 
Notwithstanding the remarkable advances in PW modification of supercapacitors, the common 
methodology used for evaluation of the examined PWs is relatively qualitative. That is, while a certain 
window is determined as the safe region of operation of each individual electrode based on inspection of 
its voltammograms as the PW is incrementally enlarged at the 3-electrode configuration, the mass ratio of 
the electrodes in the packed supercapacitor is adjusted so as to maximize the potential window and 
comply simultaneously with the positive/negative thresholds identified for positive/negative electrodes 
[3]. In this work, we focus on the possibility of using electrochemical techniques as a quantitative 
diagnostic tool for the evaluation of the safe operation PW of an asymmetric supercapacitor. The 
approachs proposed herein includes energy efficiency evaluation (based on charge-discharge 
experiments) as a function of the PW, assessment of the real component of the complex impedance, Z'(ω), 
at the low-end frequency by incrementally increasing the applied potential, and finally, by cycling the 
packed cell over different PWs in the range of interest.  
Regarding the asymmetry of the packed device, a novel metric, namely, the difference in the potential of 
zero charge (Epzc) of the positive and negative electrodes was considered as the criterion. Active materials 
used were carbon nanotubes (CNTs, Epzc = 500 mVSHE) and reduced graphene oxide–MnO2 composite 
(M.RGO, Epzc = 175 mVSHE). Electrodes prepared by a paste method were assembled in two asymmetric 
configurations; CNT as the anode and M.RGO as the cathode (denoted as (+)CNT–M.RGO(-)) and vice 
versa (denoted as (-)CNT–M.RGO(+)). Additionally, similar approach in evaluation of the PW was 
applied to the symmetric configurations, for comparison.  
Energy efficiency of different cells as a function of the PW is shown in the Fig. 1a. Both symmetric cells 
reveal a monotonic decrease of the efficiency by the PW. The (-)CNT–M.RGO(+) cell maintains a 
constant energy efficiency at PWs as large as 1.7 V, beyond which, drops abruptly. The (+)CNT–
M.RGO(-) in contrast, in spite of its initially high efficiency, drops twice, firstly passing from 1.2 to 1.5 V 
and lastly and more dramatically, above 1.7 V. Fig. 1b represents the variation of the Z'(ω) at the lowest 
frequency (1 mHz) as a function of the applied potential. The potential at which a deviation from the 
initial Z'(ω) trend/slope was observed, was taken as the cell potential limit. The following thresholds were 
determined for symmetric M.RGO, symmetric CNT, (–)CNT-M.RGO(+) and (+)CNT-M.RGO(–): 1.1, 
1.4, 1.5 and 1.6 V, respectively. Finally, life cycling at different PWs was carried out for the asymmetric 
cells as shown in Fig. 1c. The (–)CNT-M.RGO(+) cell showed a gradual increase in capacitance until 1.8 
V. In contrast, the (+)CNT–M.RGO(-) cell showed a gradual degradation even at PWs as low as 1.5 V.  
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Fig.1 The trend of changes of (a) energy efficiency, (b) Z'(ω) at 1 mHz and (c) capacitance retention, as a function of the PW.  
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Where surfaces of charged electrodes meet fluids that contain mobile ions, so-called electric double lay-
ers (EDLs) form to screen the electric surface charge by a diffuse cloud of counterionic charge. This dou-
ble layer is of paramount importance to many processes in physical chemistry and soft matter physics, as 
well as in electric double layer capacitors (EDLCs).  
 
On this poster, we discuss the intricate interplay between temperature and EDL characteristics, looking 
both at fundamental physics and at possible applications. First, we show that varying the electrolyte tem-
perature (at a fixed electrode potential) gives rise to a temperature-induced surface charge variation [1]. 
Vice versa, variation of the electrode potential of a thermally insulated EDLC gives rise to a charge-in-
duced temperature variation [2]. Besides irreversible (bulk) Joule heating, this temperature variation is 
sourced by the reversible ion rearrangements that occur during EDL formation: heating upon charging, 
and cooling upon discharging. We derive a thermodynamic identity for this adiabatic-heating-by-charging 
effect, and compare to the slow-charging thermal behavior of a Nernst-Planck model [3]. We finally ar-
gue that the thermal response to charging in fact contains valuable information on the EDL; we deduce 
the entropic part of the grand potential from the tiny temperature variations that can be measured during 
charging and discharging an EDLC [4].  
 
[1] M. Janssen, A. Härtel, R. and van Roij, Phys. Rev. Lett. 113, 268501 (2014) 
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Supercapacitors capable of providing high voltage, energy and power density but yet light, low volume 
occupying, flexible and mechanically robust are highly interesting and demanded for portable 
applications.  Highly electrochemically stable aprotic ionic liquids (ILs) are very appealing for SC 
applications in comparison with aqueous or ordinary organic electrolytes, as they will result in high-
energy devices. Among all carbonaceous materials, those that are self-standing percolated networks (e.g. 
CNT papers, Carbon fiber papers, etc.) are of particular interest. They can be directly used as conductive 
porous scaffolds, while also enabling their use in energy powering devices with augmented mechanical 
functions such as flexibility, stretch ability or even structural properties.1 However, they need to be 
modified or hybridized with metal oxides to increase their capacitance performance. Although there are 
reports showing success in fabricating freestanding flexible hybrid electrodes, these electrodes still suffer 
from low mechanical robustness, as substrates/current collectors used cannot withstand significant 
mechanical stresses. Macroscopic fibers of carbon nanotubes (CNTf) are excellent carbon networks, 
which combine large surface area, high conductivity and lightweight with high-performance mechanical 
properties and are thus ideal materials for electrodes in SCs and other multifunctional and structural 
devices.2 Indeed, we have demonstrated the excellent combination of mechanical and electrochemical 
properties of CNTf, particularly when combined with pure ionic liquids3 and polymer electrolytes,4 
leading for example to all-solid flexible electric double-layer capacitors stronger than copper. 
 
In the present work, we produce large-area planar electrodes based arrays of macroscopic continuous 
CNT fibers onto which MnO2 nanoparticles are grown through a simple electrodeposition technique.5 
Electrochemical properties of these freestanding, binder- and additive-free hybrid electrodes have been 
evaluated in an aqueous electrolyte and in IL. In fact, to the best of our knowledge, this is the first report 
on MnO2 decorated CNTf electrodes utilized to fabricate high voltage (3.0 V) supercapacitors with pure 
PYR14TFSI as the electrolyte. The comparison of properties in different electrolytes helps discriminate 
the various contributions to the total capacitance, which includes surface pseudocapacitance, non-
Faradaic processes, chemical capacitance and improved wetting by aqueous electrolytes. Accordingly, 
symmetric supercapacitors with PYR14TFSI led to a high specific energy of 36 Wh·kg-1 and real specific 
power of 17 kW·kg-1 at 3.0 V with excellent cycling stability. Moreover, to exploit the mechanical 
properties of these electrodes in a real device these CNTf-MnO2 electrodes were integrated with 
PYR14TFSI-based polymer electrolyte as solid self-standing and flexible supercapacitor, working at 3.0 V 
with high volumetric energy density and power density. 
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Fuel cell (FC), is a technology to convert chemical energy to electrical energy, is gaining the interest of 
many industries to mitigate the problem of climate change as well as over dependency on fossil fuels. In 
the present scenario, proton exchange membrane fuel cells (PEMFC) have gained the maximum attention 
by the transportation industry, keenly seeking the solution of environment and alternative to fossil fuels.  
 
In spite of their advantages for transport applications, PEMFC have some limitations of too long response 
at the demand of high current. This can be tackled by hybridization of PEMFC with energy storage 
devices such as batteries or supercapacitors (SC).  
 
The hybridization of a single PEM fuel cell with supercapacitors has already been proved and tested for 
non-steady applications e.g. transport. Interestingly, the direct hybridization has shown higher durability 
and reduction in the demand for fuel, i.e. hydrogen [1, 2]. Nevertheless, to make the technology of 
PEMFC suitable for the utility of cars on roads, higher capacity of voltage is required. Because single 
PEMFC has a voltage below 1 V, it is thus deemed to use a stack of cells in series to increase its voltage 
altogether. For this purpose, the present study envisages the feasibility of connection of stack of the 
PEMFC with a stack of the SC without power converters during cycling current tests, here the standard 
Fuel Cell Dynamic Load Cycling (FD-DLC) [3]. 
 
Although each cell in a stack consists of comparable materials, it is well known that the individual 
response of cell can differ in a stack when applying overall voltammetry, as could be tried – without 
success - for estimation of electrochemical active surface area or fuel cell crossovers in each cell [4]. In 
the present case, because of the steps in the above current profile of the ageing protocol used, the 
individual cell voltages do not differ too much. The paper presents the results of a progressive 
investigation conducted by (i) performing FC-DLC profiles to a non-hybridized of three 100 cm2 single 
cells, (ii) performing comparable cycling tests with hybridization with a stack of three 3000 F 
supercapacitors. The cell voltage responses with and without hybridization were compared, as well as the 
hydrogen demand per cycle, depending on the hydrogen stoichiometric factor, and the usual hydrogen 
overfeeding carried out in such cycles, (iii) performing compared aging tests with and without 
hybridization for low excess of hydrogen fed.  
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Na-ion capacitors (NICs) recently attracted the scientific attention due to higher energy than EDLCs and 
low cost of sodium. However, the operation of NICs requires pre-sodiation of the negative electrode in a 
separate step. One way to circumvent this difficulty has been developed in case of Li-ion capacitors by 
adding a sacrificial material from which lithium is irreversibly extracted in the positive electrode. Lithium 
metal oxides such as Li2RuO3 or Li5ReO6 were successfully implemented, yet the lithium extraction 
potential is relatively high (ca. 4.5 V vs. Li/Li+), which may cause an irreversible oxidation of the 
electrolyte [1,2]. A promising sacrificial candidate for NICs is Na2S from which sodium is extracted 
irreversibly ca. 2.2 V [3]. Based on this concept, the present work is focused on developing a NIC where 
Na2S is employed for the insertion of sodium into a Sn-P intermetallic negative electrode.  
 
A Na2S/AC composite electrode was prepared by mixing Na2S (Chemat, pure 90%+) with activated 
carbon (AC), carbon black (C65, Imerys) and PTFE binder (Aldrich). A huge irreversible capacity of 676 
mAhg-1 (theoretical capacity of 687 mAhg-1) was observed below 3.8 V vs. Na/Na+ during galvanostatic 
charge/discharge of Na2S/AC in a cell where metallic sodium was used as counter and reference electrode 
(Fig.1a). A NIC cell was assembled with a positive electrode based on Na2S/AC, a negative electrode 
where Sn-P is mixed with hard carbon (Sn-P/HC) and a Na metal pin reference electrode. The electrolyte 
is 1 mol L-1 NaClO4 in a mixture of ethylene carbonate (EC) and propylene carbonate (PC) with 1:1 
volume ratio. The galvanostatic pre-sodiation of Sn-P/HC realized at C/20 is shown in Fig. 1b. 

 
Fig. 1. (a) Galvanostatic charge-discharge of Na2S/AC vs. Na counter/reference electrode; (b) 
galvanostatic pre-sodiation of Sn-P/HC electrode at C/20 using Na2S/AC as sodium source; (c) 
galvanostatic charge-discharge profiles of NIC and electrodes at 50 mA g-1. 
 
Once pre-sodiation was completed, AC became the active material for electrical double-layer charging, 
while reversible sodium insertion/deinsertion occurs at the Sn-P/HC electrode. The maximum cell 
potential of NICs is near 4 V which allows high energy density and reasonable power density to be 
achieved. The NIC system demonstrated excellent capacitance stability in the cell potential range 2.2 V - 
3.8 V and a high energy density of 56 Wh kg-1 at 400 mAg-1. The obtained results confirm that Na2S is a 
promising sacrificial material for NICs. 
 
The authors acknowledge the financial support of the HYCAP project by the Foundation for Polish 
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Supercapacitors are a type of electrochemical energy storage systems, which use carbon structures as 
electrode material and store the charge at the electrolyte/electrode interface through ion adsorption. 
Examining the relationships between the system characteristics (pore size distribution of the carbon 
electrode, ionic liquid nature, ion size, etc...) and its electrochemical properties (power density, 
capacitance), as well as understanding the molecular processes occurring in these supercapacitors can 
allow for their optimization. 
 
In this study we first focus on a simple bulk electrolyte before i) investigating the effect of confinement 
by simulating the same electrolyte in contact with a single porous carbon material (Fig. 1) and ii) probing 
electrochemical properties using a model supercapacitor (Fig. 2). Different carbon structures have been 
studied including some which are ordered/periodic and some which are disordered. This allows us to 
understand the influence of pore size distribution in such materials. In all systems, we determine the 
properties of interest as a function of the temperature and anion size. Moreover, the addition of a solvent 
has been considered in all systems in order to get information on the solvation effect. To characterize the 
local structure of the electrolyte, we typically calculate ionic densities and pair distribution functions 
while diffusion coefficients give us insights into the dynamics of ions under confinement. In the case of 
the model supercapacitors, it is possible to apply a constant potential difference between the electrodes 
and get access to the capacitance value of the system.[1] [2] 
 
 
 
 
 
 
                                  
 
 
 
Fig. 1 : Simulation cell consisting of a porous carbon (light blue) surrounded by a pure [BMI][PF6] ionic 

liquid (cations in red, anions in green). A coarse-grained model is used to describe the ions [3] . 
 

 
Fig 2 : Simulation cell consisting of a pure [BMI][PF6] ionic liquid surrounded by two porous carbon 

electrodes kept at a constant potential difference. 
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This work is inspired the unique structure of jellyfish a sea invertebrate living organism with the 

umbrella morphology and a large amount of tentacles on its umbrella edge, its photograph is shown in 
Scheme 1. In this work, the bioinspired super-wettable surface electrode materials are designed and the 
“tentacles” of electrode materials are grafted using the SI-eATRP method, the “tentacles” used in this 
paper are polymer brushes, which show hydrophilic feature, the schematic illustration and morphology 
for IPC-Polymer is illustrated in Scheme 1. The polymer brushes on the surface of modified carbon 
materials can show a similar behavior as jellyfish tentacles when they are used as electrode materials in 
electrolyte, the polymer brushes can grasp the electrolyte ions to their surface when the modified carbon 
materials were charged, while the electrolyte ions were also released when the electrodes were 

discharged. The SEM image in Scheme 1 reveal that the IPC-
Polymer exhibits obvious interconnected pore structure, the 
interconnected pore structure is favor for improving the utilized 
surface area for energy storage after polymer brushes 
modification. 
       The electrochemical performance of the electrodes were 
shown in Fig. 1. CV curve of pure IPC exhibits a unique quasi 
rectangular shape, displaying the typical characteristic of 
electrical double-layer capacitors (Fig. 1a). Moreover, the 
current increases steadily in the potential window of -0.3 to -1 V, 
resulting from more ultra micropores of IPC can be used for 
energy storage at enhanced voltages [1]. All CV curves of IPC-
Ploymer electrodes exhibits a broad peak at low potentials, 
which is the typical feature of oxygen-containing functional 
groups on the surface of carbon materials [2], the surrounded 
area by the CV curve of IPC-Ploymer increases profoundly 
compared with IPC, indicating that the specific capacitance is 
obviously improved due to the enhanced utilized specific surface 

area after grafting the polymer brush. In Fig. 1b, all GCD curves at 1.0 A/g were closely linear, and 
exhibited a symmetrical triangular shape with small IR drops, which suggested excellent columbic 
efficiency and a low resistance, the calculated specific capacitances of IPC, IPC-PAN, IPC-PAM, IPC-
PVP and IPC-PSSNa were 75, 180, 220, 254 and 251 F/g, respectively, almost 3 times higher than pure 
IPC. To further understand the electrochemical behavior, the electrochemical impedance spectroscopy 
(EIS) was shown in Fig. 1c, all the EIS are similar, being composed of one semicircle at high frequency 
followed by a linear component at low frequency. In the high frequency region, the intercepts with the x-
real axis is intrinsic ohmic resistance (Rs), the semicircle shape represented the charge-transfer resistance 
(Rct), the IPC-Polymer except IPC-PAN exhibited smaller Rs than the IPC in the EIS curves because the 
hydrophilic polymer brushes (PAM,PVP and PSSNa) could obviously improve the surface wettability of 
IPC. In addition, IPC-Ploymer show a slightly larger Rct than the IPC, it can be attributed to the poor 
conductivity of the polymer. In the low frequency region of the Nyquist plots is the Warburg diffusion 
resistance (Rw), the IPC-Polymer reveal a larger Rw compared with the IPC, dues to the polymer brushes 
have certain hindering effect for electrolyte diffusion. Fig. 1d show the rate performances demonstrated 
that the specific capacitance remained about 73% of initial specific capacitance when the current density 
increased from 1.0 to 5.0 A/g. In general, it can be concluded that the rational functional polymer brushes 
would enhance the electrolyte-wettability of the electrode, and further improve the necessary transfer of 
electrolyte with electroactive materials for energy storage. 
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Supercapacitor is one device, among others, allowing to store electricity. Compare to batteries 
they exhibit higher power densities but lower energy density. This latter is related to the cell voltage of 
the device. In order to get high cell voltage, strategies consist to use organic electrolytes that are toxic and 
flammable. On the other hand, aqueous electrolytes could solve this issue but their electrochemical 
stability window is low. Recently, in Science, Suo et al. demonstrated very interesting performances of a 
water-in-salt electrolyte applied for Li-ion batteries [1]. Coustan et al. already performed more 
fundamental experiments with these water-in-salt, using flat model electrodes [2]. However, further 
works need to be done to fully understand phenomenon. 

A water-in-salt consists of a highly concentrated aqueous solution where the volume and the 
mass of dissolved salt (in our case LiTFSI) are greater than the volume and the mass of water. 

 
 

 
 
 
 

We report herein an innovative aqueous electrochemical capacitor using water-in-salt as 
electrolyte in order to improve its energy density [3]. The aim of this work is to understand how this 
electrolyte enhances the electrochemical stability windows of the device inhibiting water-splitting 
phenomenon. A major part of this work is devoted to the investigation of the complex and unknown 
electrode / water-in-salt interface. Complete set of electrochemical characterizations, including CV, 
polarization curves and EIS allows extracting thermodynamic and kinetic parameters for different 
electrodes and several electrolytes molalities (i.e. concentrations). This provides key information about 
the electrochemical behavior of the interface. All this experimental work is comforted by numerical 
simulation. 

In regards of the various results gained, it is clear that the water electrolysis can be shifted to 
higher overpotential and thus to higher cell voltage. A cell voltage of 2.4 V can be applied using the 31.3 
m “water-in-LiTFSI” solution leading to energy as high as 30.4 Wh kg−1. Moreover, fair stability was 
obtained for the SC device using “water-in-salt” as electrolyte over 2000 GC charge/discharge cycles, 
demonstrating “water in-salt” as a promising electrolyte for SC devices [3]. 
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An ever increasing number of electrode materials are nowadays presented as potential candidates 

for electrochemical capacitor. This includes different forms of carbons (carbon nanotubes, graphene, 
activated carbon...), conducting polymers (PEDOT, PANI, PPy...), metal oxides (RuO2, MnO2, FeWO4...), 
or other inorganic materials such as metal nitrides, phosphates, etc... However, most of the reported 
performance of related electrodes are based on only few mg of active material and/or few mm2 surface area. 
Such low values definitely do not enable to scale-up the performance using simple multiplying factor. 
Indeed, several studies have shown that experimental scale-up of electrodes and devices often leads to quite 
different values, usually much lower than those reported for small scale electrodes.[1-3] 

This communication will illustrate the recent developments made in our laboratories about 
symmetrical electrochemical capacitors of different sizes, starting from small cells (surface of about 10 cm² 
- figure 1a) prior to transfer results at larger scale with 18650 cells (figure 1b). MnO2-based electrodes will 
serve as an example to depict the cell assembly in two kinds of electrolytes: neutral aqueous solution and 
ionic liquid. The different parameters influencing the electrode preparation (binder, additives, porosity, 
thickness...) as well as those related with cell assembly (current collectors, separators...) will be detailed. 
Thereby, requirements for optimized performance of the device will be given. Finally, the first results 
obtained with a 18650 cell will be presented. 

                   
Figure1: (a) Cell of about 10 cm² and (b) 18650 cell 
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917 (2011). 
[2] Improving the volumetric energy density of supercapacitors, N. Goubard-Bretesché, O. Crosnier, F. 
Favier, T. Brousse, Electrochimica Acta 206 (2016) 458–463. 
[3] A Guideline for Reporting Performance Metrics with Electrochemical Capacitors: From Electrode 
Materials to Full Devices, A. Balducci, D. Belanger, T. Brousse, J.W. Long, W. Sugimoto, Journal of The 
Electrochemical Society (2017) 164 (7), A1487-A1488. 

mailto:camille.douard@cnrs-imn.fr


Ultra-Small Gold Nanoparticles Pushing the Electrochemical 
Performance of NiO Nanosheets 

 
Yongtao Tan, Long Kang 

State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals  
Lanzhou University of Technology, Lanzhou 730050, P. R. China 

kangl@lut.cn 
 

NiO has been paid more attention due to its high theoretical specific capacitance (ca. 2573 F/g), high 
chemical/thermal stability, and lower cost. In the past several decades, many types of NiO were 
synthesized and applied in supercapacitor, for examples, flower-like[1], column-like[2], and nano/micro 
spherical superstructures[3]. Nevertheless, as a kind of semiconductor, the conductivity of NiO is not 
enough good, which limits the charge transfer during the charging and discharging process. 

Metallic nanoparticles, especially gold nanoparticles, could be used to blend into the nanostructured 
NiO and then improve its electrochemical performance. For examples, Au/Ni(OH)2[4], Au/PANI, 
Au/Co3O4 et al [5-7]. These works prepared the gold nanoparticles by reduction of HAuCl4 using sodium 
citrate. Actually, HAuCl4 could be decomposed at high temperature (>350 degree)[8], which is in turn the 
condition for preparation of NiO via Ni(OH)2 [1,2]. Therefore, it is significant and necessary to combine 

these steps into one to design and 
prepare gold 
nanoparticles/electrochemical active 
materials. 
Herein, NiO nanosheets were 
synthesized using Ni(OH)2 as 
precursor; meanwhile, gold 
nanoparticles were decorated into 
NiO nanosheets via one step of heat-
treatment at a temperature of 500 
degree for decompositions of HAuCl4 
and Ni(OH)2 at the same time. The 
effect of gold content in the product 
on electrochemical performance was 
also investigated in detail, as shown 
in Figure 1 and gold content was 
confirmed via EDS as shown in 
Table 1.  With the gold content 
increasing, the specific capacitance 
was first increased and then decreased 
and NiO grain size and gold grain 
size also changed. For NiONS-AuNP-
2, NiO grain size of 9.6 nm with Au 

grain size of 12.0 nm showed the highest specific capacitance of 597 F g-1.   
An asymmetric supercapacitor device was assembled using gold-doped NiO nanosheets (NiONS-

AuNP) as positive electrode and activated carbon as negative electrode. The device exhibited a maximum 
energy density of 18.0 Wh kg-1 and excellent cycle life of 84 % of initial specific capacitance after 22, 
000 cycles. 
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Layered carbon materials, with two dimensional (2D) or pseudo-2D morphologies, are of particular 
interest for energy conversion/storage, owing to their intrinsic advantages of large specific surface area, 
excellent electrical conductivity, chemical inertness, and low cost.1-2 However, the applications of 2D-
structured carbon materials are mostly hampered by the severe aggregation, especially after processing 
into a compressed electrode, that cause the limitations of ion accessibility, diffusion, and mass 
transportation.3 To address the aforementioned issues, our group developed a confined soft-template self-
assembly and calcination strategy (Figure 1) to construct the 2D carbon materials with designed 
structure, including (1) carbon nanosheets with crumpled structure4, (2) monolayer carbon nanosheets 
with in-plane ordered mesopores5, (3) hierarchical porous carbons with layer-by-layer motif architectures6, 
to increase the ion-accessible surface area and to improve the ion transport efficiency. The obtained 2D 
carbon materials as supercapacitor electrodes show excellent electrochemical performance demonstrated 
by high capacitance, good rate capability, and long cycle life. The confined soft-template self-assembly 
and calcination strategy presented here allow to overcoming the restacking and blocking of 2D 
nanomaterials, which are promising in a wide range of applications such as catalysis, supercapacitors, and 
batteries. 
 

 
Figure 1. Schematic illustration of preparation carbon materials from confined soft-template self-
assembly in layered materials. 
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In order to meet the application requirements of hybrid vehicles and renewable energy systems, advanced 
flexible supercapacitors with high energy density, high-rate capability and long cycle life are urgently 
needed[1]. In this work, we present the design and fabrication of a novel flexible electrode comprising a 
NiCo2S4@CoMoO4 core-shell heterostructure of nanowire arrays (NWAs) on carbon cloth (CC) via a 
facile three-step hydrothermal process. Benefiting from the unique hierarchical structure and their 
synergistic effects between CoMoO4 and NiCo2S4, the supercapacitor electrode realizes a fast electron and 
ion transfer, a large electroactive surface area and superior conductivity[2,3]. As a result, the 
NiCo2S4@CoMoO4 core-shell NWAs electrode exhibits superior performances with a high specific 
capacitance of 2118.8 F g-1 at a current density of 1 A g-1 and an excellent rate capability of 81.6% at 20 
A g-1. After 2000 cycles, the NiCo2S4@CoMoO4 electrode shows an excellent cyclic performance with 
90.2% capacity retention. Moreover, a flexible all-solid-state asymmetric supercapacitor (ASC) is 
successfully assembled using NiCo2S4@CoMoO4 as the positive electrode and activated carbon (AC) as 
the negative electrode. The as-assembled ASC exhibits a maximum energy density of 66.6 Wh kg-1 at 0.8 
kW kg-1, as well as a outstanding power density of 16 kW kg-1 at 49.95 Wh kg-1, which significantly 
surpasses most values previously reported. This work indicates that the NiCo2S4@CoMoO4 electrode 
provides a promising for energy storage device applications in the future. 

 
 
Schematic illustration of a facile method of fabrication of NiCo2S4@CoMoO4 core-shell nanowire arrays 

on carbon cloth substrate. 
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The concept of the hybrid energy conversion and storage (HECS), which has been recently 
presented by our team, is relatively new in the energy storage field1. To further improve the performance 
of the HECS, an asymmetric HECS of NiCo2O4 and N-doped reduced graphene oxide (N-rGOAE) is 
fabricated and investigated in this work. The NiCo2O4//N-rGOAE HECS cell exhibits high power and 
energy densities as compared with the symmetric HECS cells of Co(OH)2//Co(OH)2 and Co3O4//Co3O4 
cells1,2. NiCo2O4 nanosheets can absorb the whole visible spectrum and convert it to photoelectrons, 
which are ideal to be used as the photoactive electrode materials. Whilst, N-rGOAE exhibits high electric 
double-layer capacitance (EDLC) due to its high electrical conductivity, high specific surface area and 
high porosity. The charge storage mechanism of NiCo2O4 was investigated by an in situ electrochemical 
X-ray absorption spectroscopy. High charge storage performance of the NiCo2O4//N-rGOAE HECS cell 
under light illumination is due to the lower 3d state energy level of NiCo2O4 as compared to Co(OH)2 and 
Co3O4 leading to the lower excitation energy. The HECS may be a solution for future renewable energy 
technology. 
 
References 
 
1 Kalasina, S. et al. A new concept of charging supercapacitors based on the photovoltaic effect. 

Chemical Communications 53 (2017), 709-712. 
2 Kalasina, S., Phattharasupakun, N. & Sawangphruk, M. A new energy conversion and storage 

device of cobalt oxide nanosheets. Journal of Materials Chemistry A 6 (2018), 36-40. 
 



 
 

Novel Sol-Gel Synthesis Route of Carbide-Derived Carbon for Very 
High Power Density Supercapacitors 

 
Maarja Pohl, Heisi Kurig, Indrek Tallo, Alar Jänes, Enn Lust 

Institute of Chemistry, University of Tartu 
14A Ravila Str., 50411 Tartu, Estonia 

e-mail: maarja.pohl@ut.ee 
 

Sol-gel synthesis process was applied to obtain titanium carbide. This material was used as 
precursor for the synthesis of carbide-derived carbon material for supercapacitor electrodes. The results of 
X-ray diffraction, scanning electron microscopy and Raman spectroscopy showed that the synthesized CDC 
material has average dimensions from 10 to 50 µm and is dominantly amorphous with some relatively small 
graphitic crystallites inside particles. The low-temperature sorption experiments were performed and the 
specific DFT surface area up to 276 m2 g−1 for the synthesized carbide and up to 1710 m2 g−1 for carbon 
were obtained. Compared to traditional titanium carbide-derived carbons the material exhibits larger 
specific DFT surface area and a unique pore size distribution with more mesopores between 2 and 10 nm 
[1].  

The energy-related properties of the supercapacitors based on the synthesized carbon material in 
1M (C2H5)3CH3NBF4 solution in acetonitrile were investigated using the cyclic voltammetry, 
electrochemical impedance spectroscopy and galvanostatic charge/discharge methods. This material 
demonstrates nearly ideal capacitive behavior even at very high charging/discharging currents (10 A g−1) 
and potential scan rates (500 mV s−1). The Ragone plot has been calculated from constant power tests, 
demonstrating high gravimetric energy density (20 Wh kg−1) at high power density (200 kW kg−1) [1]. 
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Cyclic voltammetry, constant current charge/discharge, electrochemical impedance spectroscopy and 

constant power discharging methods have been applied to establish the electrochemical characteristics of 

supercapacitors consisting of micro/mesoporous carbon electrodes prepared from silicon carbide derived 

carbon (SiC-CDC) that have been additionally activated with carbon dioxide (CO2) and different 

electrolytes. In the first case the electrolyte used was 1 M (C2H5)3CH3NBF4 solution in acetonitrile [1] 

and in the second work 1-ethyl-3-methylimidazolium tetrafluoroborate (EMImBF4) [2]. The 

electrochemical characteristics for supercapacitors (region of ideal polarizability, characteristic time 

constant, specific series and parallel capacitances) are significantly dependent on the CO2 activation 

extent of the SiC-CDC materials. The electrochemical data indicated at least two-times increase in 

specific capacitance.From impedance spectroscopy the highest capacitance values of 130 F g−1 at 3.0 V 

[1] and  170 F g−1 at 3.6 V [2] respectivly have been established. Most importantly, the activation of SiC-

CDC with CO2 significantly increases the performance (energy density, power density, etc.) of the 

supercapacitors especially at higher potential scan rates and at higher power loads. Therefore CO2 

activation is a fairly simple and inexpensive method, which significantly improves the electrochemical 

properties of carbon materials used as supercapacitor electrodes. 
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Li ion batteries (LIBs) have been widely used for cell phones and lap-top computers because of 
their high energy densities. Recently, LIBs have come to be used for electric vehicles (EVs) as well. 
However, we have to conquer some of the problems associated with the use of LIBs in order to ensure a 
wider spread of EVs. The major problems of LIBs are safety, cost and slow-charging problems. 

Here, we propose a new secondary battery having the following three specifications to solve the 
three problems mentioned above (Fig. 1). (i) The new battery uses alkali metal halide aqueous electrolytes 
instead of the flammable organic electrolytes used in LIBs. The use of aqueous electrolytes is not only 
much safer than organic electrolytes, but also advantageous to cost and fast-charging, because alkali 
metal halides such as NaCl, LiCl, NaI consist only of abundant elements, and the ion mobilities of both 
alkali metal ions and halogen ions in water are much faster than those in organic electrolytes. (ii) As a 
negative electrode in the new battery, we use quinone molecules.[1,2] Quinone molecules, which also 
consist of only abundant elements, can catch/release alkali metal ions effectively. (iii) Empty single-
walled carbon nanotubes (SWCNTs) are used as a positive electrode. Halogen ions are oxidized inside the 
empty SWCNTs and caught as a form of diatomic molecule inside SWCNTs.[3-5] The redox reactions of 
halogen ions inside SWCNTs are much faster than the intercalation reaction in LIBs. By combining (i)-
(iii), we can develop safe, economical and fast-charging secondary batteries. 

We developed a new-concept aqueous electrolyte secondary battery by combining redox 
reactions of iodide ions in single-walled carbon nanotubes (SWCNTs) and alkali metal ions with quinone 
molecules. The new-concept battery consisting only of abundant elements utilizes the fast ion movements 
of both the cation and anion in a safe aqueous-electrolyte medium. As active quinone molecules, 
anthraquinone (AQ) and 9,10-phenanthrene quinone (PhQ) were used. AQ and PhQ molecules were 
inserted in SWCNTs because the electric conductivities of AQ and PhQ molecules are insufficient as 
battery electrode materials.[1,2] Both redox reactions of the cation and anion of an alkali metal halide 
aqueous electrolyte were investigated by electrochemical measurements such as cyclic voltammetry and 
chronopotentiometry. The redox reaction of iodide ion was observed by chronopotentiometry as a very 
flat charge/discharge potential plateau at about 0.45 V vs. Ag/AgCl. On the other hand, PhQ redox 
reactions showed gradient potential plateau. It was also found that the discharge plateau potential of PhQ 
electrode measured with NaI aqueous electrolyte is about 0.1 V lower than that with LiI. 
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Fig.1. Schematic picture of new concept aqueous 
electrolyte secondary battery. 
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The formation mechanism of the porous framework in nanostructured carbon materials is important in a 
wide variety of applications such as in supercapacitors, gas storage, adsorbents and catalyst supports etc. 
The accessibility to the pore sites by electrolyte ions and gases are highly determined by the precise 
synthesis techniques adopted for these materials. As such, biomass waste materials are a good choice for 
synthesis as they are available in abundance and cheap, while containing high carbon content and giving 
high specific surface area for electrochemical supercapacitor applications. 
In this study, activated carbon (AC) was synthesized from renewable plant biomass waste using a 
chemical vapour deposition (CVD) technique via a pre-hydrothermal conversion step and compactivation 
along with the fine-tuning of key growth parameters, such as activating agent and carrier gas. The 
textural, structural and morphological features were investigated by the Brunauer-Emmett-Teller (BET) 
technique, X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS), and 
Scanning/Transmission electron microscopy (SEM/TEM) characterization. The material tested in a three-
electrode configuration exhibited electric double-layer capacitor (EDLC) behaviour in different 
electrolytes and working comfortably in 2.5 M KNO3 electrolyte in both negative and positive operating 
widow of 0.80 V. The results from this study provide the pathway into designing hierarchically porous 
materials from cheap and sustainable sources suitable in high power energy storage devices.  
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The design and fabrication of high volumetric energy density supercapacitors lead to high density 
materials to be considered as electrode material [1]. So far, most of the studies have been carried out on 
mono-cationic oxides such as RuO2, MnO2 or Fe3O4, while polycationic oxides, for which more than a 
single redox center are potentially involved, have been mostly neglected [2]. As such, we have 
investigated Ba0.5Sr0.5CoxFe1-xO3-δ phases, with 0.75 ≤ x ≤ 0.90, so-called BSCFs, as pseudocapacitive 
electrode materials. Our motivations towards these perovskite phases are on their high density (close to 6 
g.cm-3) and on both Co and Fe as potentially active redox centers.  
BSCF phases have been prepared by a glycine-nitrate process at 850°C and resulting powders show the 
same structural arrangement and identical morphology characteristics in the whole series of compositions. 
Electrochemical performances have been evaluated by cyclic voltamperometry at room temperature, in 
5M LiNO3 aqueous electrolyte. Prepared BSCFs showed promising pseudocapacitive behavior and 
performances obtained are dependent on the Co/Fe ratio. A maximum capacitance of 87 F.g-1 at 5 mV.s-1 
was obtained for the electrode based on the BSCF material with x = 0.80. This specific capacitance 
corresponds to a volumetric capacitance of about 500 F.cm-3 (as shown in the figure below), i.e. five 
times greater than that of activated carbon based electrode. This demonstrates the potential of high 
density oxides as electrode materials for improving the volumetric energy density of supercapacitors.  

 
 

Figure: Specific and volumetric capacitance of BSCFs based electrode vs. Co content in 5M LiNO3 at 5 
mV.s-1. 

 
Charge storage mechanism was investigated by in situ X-Ray Absorption Spectroscopy, performed on the 
ROCK beamline at SOLEIL Synchrotron (France). Experiments were carried out at both Fe and Co K-
edges in the aim to determine the Co and Fe valency at various states of charge. Data analysis 
demonstrates that both Co and Fe are electrochemically involved in the charge storage mechanism. Their 
respective contribution to the capacitance depends on BSCF composition and on the scan rate, in 
accordance with the redox kinetics at Fe vs. Co centers. Thanks to these in situ measurements, an 
advanced description of the involved charge storage mechanism is provided.  
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To date, the application of electrochemical double layer capacitor (EDLCs, also known as 

supercapacitors) at high temperatures remains a challenge for researchers and engineers in the design of 
electrolyte materials1. The electrochemical performance can be tuned by the temperature, and a higher 
value can be achieved at higher temperature2. Supercapacitors employing carbon-based high surface area 
electrodes and conventional electrolytes (aqueous, polymers, …..), represent the state of technologies 
currently on the market. However, the use of such electrolyte leads to a number of practical and 
environmental drawbacks. Designing solid electrolytes for supercapacitors would be of great interest in 
the aim of solving packaging issues, leakage, electrolyte evaporation, flammability and become a popular 
topic in materials science in recent years. Using ionogels as solid electrolyte offers numerous advantages, 
including high ionic liquid content, good electrical performance and stability, and can easily be applied to 
EDLC3,4. Ionogel consist of an ionic liquid confined within a porous silica matrix, which maintains both 
the good electrochemical properties of ionic liquids and the mechanical properties of silica matrix. 
Moreover, it can be used as the integrated electrolyte and separator.  
 
In this communication, we will present the concept of high temperatures all solid state electrochemical 
supercapacitor. Such design combines two activated carbon electrodes assembled together with a solid 
state ionogel separator. The ionogel that was synthesized in this study, was obtained from a sol made of 
ionic liquid 1-Ethyl-3-Methyl ImidazoliumBis(trifluoromethanesulfonylimide) (EMImTFSI), 
tetramethoxysilane (TMOS) and dimethyldimethoxysilane (DMDMS) as a co-precursor of silica network.  
DMDMS affords a flexibility to the matrix and permits a crack-free deposition of ionogel directly onto 
the carbon electrodes. The resulting ionogel exhibits good properties (thermal stability up to 300°C and 
ionic conductivity) and thus it is suitable for high temperature all-solid-state supercapacitors. The ionogel 
based supercapacitor can be operated up to 3 V, demonstrating a high cycling stability (20,000 cycles) at 
100 °C as well as a high stable specific capacitance. This is the first time to our knowledge that such good 
electrochemical performance are reported for an EDLC operated at 100°C. 
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With the ever-growing power and energy needs in applications ranging from mobile electronic products 
and hybrid electric motor to uninterrupted power supply systems, there have been various researches 
focused on new electrode materials for advanced energy storage devices over the past decade [1]. Among 
the various energy storage devices, electrochemical capacitors (ECs) have attracted intensive attention 
that they can provide a high power density, long cycle life, along with the potential to achieve a relatively 
high energy density close to traditional batteries [2]. However, the volumetric capacitances of commercial 
electrodes are limited at around 60 F cm−3 for common devices, and at best in the range of 300 F cm−3 for 
low-density porous carbons [1]. Although extremely high capacitances of 1000−1500 F cm−3 can be 
achieved for hydrated ruthenium oxide, RuO2, its high cost limits its wide-spread applications [3]. 
 
Graphene, a unique carbon material comprises two-dimensional one-atom-thick carbon atoms 
hexagonally arranged into a 2D structure, along with a huge specific surface area, making it an ideal 
basement for developing high-performance ECs [4]. However, the aggregation of graphene sheets can 
easily occur when they are mixed with other bulk materials, leading to a greatly reduced surface area. 
Recently, graphene aerogel (GA) with three dimensional (3D) porous networks has received increasing 
attention because of its excellent behaviour and potential applications in electrochemistry and catalytic 
application [5]. This unique architecture not only prevents excessive stacking between graphene sheets, 
but also allows other materials to freely diffuse inside the framework. Graphene aerogels could therefore 
be used as supercapacitor electrode materials with good electrochemical performance and high energy 
density. 
 
In this work, we have fabricated a novel architecture with hierarchical porosity by blending Bi2WO6 
nanosheets into the 3D net structure of GA (BWO-GA). As a result, the obtained BWO-GA composite 
exhibits larger specific capacitance, higher energy density and longer cycle life. As comparison, pristine 
Bi2WO6 nanoparticles have poor specific capacitance and weak cycle life due to the low electric 
conduction and over oxidation of Bi (III) to Bi (V) which causes nonreversible destroy on structure. In 
this BWO-GA composite, graphene with well conductivity will enhance the electrically conducting as 
charge transfer channel. We anticipate that the novel structured BWO-GA could be used for as a new 
electrode material for energy storage and the simple process could be extended to fabricate other hybrid 
aerogel. 
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Abstract 
The lack of continuous power supply limits the potential application of portable and wearable electronic 
devices [1, 2]. An effective approach is to design a power supply configuration, which could integrates 
energy generataion and storage device simultaneously into a self-charging energy system. Solar energy, 
as a clean and renewable energy source, has been harnessed and widely utilized due to the development 
of less expensive and more efficient photovoltaic cells. However, owing to the fluctuation of light 
intensity and the diurnal cycle, the output of a solar cell can be non-continuous and unstable. Therefore, 
there is an ever-increasing urgent need to combine solar cells with energy storage devices, aiming to 
mitigate the power fluctuations and to operate the cells and storage device together as a reliable source of 
energy. Among the various energy storage systems, supercapacitors, because of their important features, 
including high power density, long life expectancy, high efficiency and safety, are considered as 
promising candidates for solar energy storage [3, 4]. Herein, we report a kind of self-sustaining power 
pack integrated of commercial solar cells and flexible all-solid-state asymmetric supercapacitors based on 
Cu(OH)2 nanowire arrays on Cu-coated carbon cloth as positive electrode, activated carbon/carbon cloth 
as negative electrode, and PVA-KOH gel as both electrolyte and separator. In addition, the flexible all-
solid-state asymmetric supercapacitor possesses with high power density up to 0.6 mW cm-2 and 
relatively large energy density of 4.9×10−2 mWh cm-2, as well as with great cycling stability and 
flexibility (90.5% capacitance retention after 5000 cycle under bending). This constructed integration in 
picture below can capture the solar energy from the environment, then store it to afford a continuous and 
stable output of electric power, demonstrating a great potential in near future. (This paper is funded by the 
International Exchange program of Harbin Engineering University for Innovation-oriented Talents 
Cultivation.) 

 
The schematic illustration of the integration of solar cells with flexible all-solid-state asymmetric 

supercapacitor supercapacitors into a self-sustaining power pack. 
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High electrical conductivity and rational design of structures have been recognize to favor the 
electrochemical performance of supercapacitor. However, their realization at the same time with 
appropriate preparation process is still a challenge in supercapacitor. In this work, hierarchical urchin-like 
Mn0.19Co0.81Se2 has been successfully synthesized by two-step hydrothermal method. Compared with 
MnCo2O4 and MnCo2S4, the as-prepared Mn0.19Co0.81Se2 electrode exhibits excellent performance in 
supercapacitor, including high specific capacitance (1822 F g-1 at 1 A g-1), good rate capability and 
excellent cycling stability (10% lose after 8000 cycles). In order to further study the electrochemical 
performance of Mn0.19Co0.81Se2 electrode for practical application in supercapacitor, an asymmetric 
supercapacitor is assembled using Mn0.19Co0.81Se2 on nickel foam as positive electrode and active carbon 
(AC) as negative electrode. And this device shows an outstanding energy density of 43.82 Wh kg-1 at a 
power density of 698.02 W kg-1, when the power density reach 6999.24 W kg-1, the energy density still 
retain 24.65 Wh kg-1. Moreover, the device also exhibits excellent cycle stability with 93% retain after 
8000 cycles at 10 A g-1. These results indicate that the as-prepared urchin-like Mn0.19Co0.81Se2 is a 
promising electrode materials for high performance energy storage.[1-3]  
 

 
Fig. 1(a) SEM image of Mn0.19Co0.81Se2 electrode; Fig. 1(b) Rate capability performance of as-prepared 
electrodes at various discharge current densities. 
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Electric energy stored in electrochemical capacitors (ECs) rests on the interfaces between electrodes 

and electrolytes by using either ion adsorption or fast surface redox reactions. Carbon based electrode 
materials for ECs store electric energy by using ion adsorption of charge separation mechanism at the 
aforementioned electrode-electrolyte interfaces. Compared with the carbons, pseudocapacitive transition 
metal oxides are acting as a class of promising electrode materials due to their multiple oxidation state 
and high electrochemical capacitance. Recently, transition metal nitrides, as a class of nitrogen atoms 
filled interstitial intermetallic alloys, have attracted many attentions of researchers because they usually 
possess superior electronic conductivity than most of metal oxides and higher capacitance than that of 
carbons. Here, an intermetallic W2N powder is prepared by nitriding of WO3 obtained by decomposition 
of ammonium tungstate pentahydrate, and its electrochemical properties are tested in aqueous H2SO4 for 
capacitive energy storage application.  

            
Figure 1 (left). a, EDS data of the material; b, XRD patterns of the obtained materials. 
Figure 2 (right). a, CV curves of the electrode at scan rates v=10~100 mV s-1; b, GCD curves of the 

electrode at current densities j=1~10 A g-1; c, Specific capacitance and retention rate at current densities 
among j1~j6; d, Life cycle of the W2N electrode at ladder current densities. 

The EDS data in Figure 1a of the material obtained from the synthesis reveal that this material 
consists of W and N elements, suggesting that the ingredients of the materials are only W element and N 
element. As revealed in the pattern I of Figure 1b, diffraction peaks of W2N powder of (111), (200), (220), 
and (311) are observed at diffraction angle of 37.734, 43.848, 63.734, and 76.515 deg, respectively. This 
diffraction pattern is rigid in accordance with the reported data of W2N: JCPDF No. 25-1257, revealing 
the existence and the only existence of the W2N phase. The pattern II in Figure 1b shows the material 
obtained from tubular furnace at 300 °C for 60 min. Similarly to the narration and analysis above, this 
obtained material is WO3 (JCPDF No. 20-1324). 

The CV curves of the W2N electrode in Figure 2a shows quasi-rectangular shapes, indicating typical 
capacitive behavior of the W2N material. As displayed in the CV curves that recorded at scan rates 
between v1 and v6, quasi-rectangular CV shapes remain the initial type with increasing of the scan rate. 
GCD measurements are shown in Figure 2b, and the capacitances based them are 161 F g-1, 156 F g-1, 151 
F g-1, 147 F g-1, 136 F g-1. There are different values resting in the different temperature as showing in 
Figure 2c. Figure 2d depicts discharging capacitance vs. cycle number of the electrode among zone I, II, 
III, II, and I, and as a matter of fact, 99% of initial capacitance value remains, illustrating that the 
electrode exhibits an excellent life cycle after 5000 cycles of ladder charging and discharging. 

The capacitive electrode material of porous intermetallic W2N with high electronic conductivity is 
successfully prepared. The intermetallic electrode manifests acceptable capacitance, good rate ability and 
long life cycle over the potential window in 1 mol L-1 H2SO4, showing an underlying application value.  
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Manipulating the crystal phase has been proved to be a crucial strategy to access metastable structures 

with desirable properties. For nickel and cobalt (Ni-Co) hydroxides, the α-phase with enhanced 
electrochemical performance than the β-phase is unstable, which limits its technological applications in 
hybrid supercapacitors. Here, a facile solvent regulated method for phase-controlled synthesis of two-
dimensional nickel-cobalt hydroxide nanosheets is firstly developed. By which, the α-phase of nickel and 
cobalt hydroxides can be stably obtained. Significantly, the phase control process can be simply achieved 
by varying the solvents between ethylene glycol (Eg) and ethanol (Et). Notably, the obtained α-phase Ni-
Co hydroxide can deliver an impressive specific capacitance of 2366.6 F g-1 (1 A g-1), which is almost 
13.4 times higher than β-Co(OH)2. Moreover, α-phase of nickel and cobalt hydroxides||activated carbon 
(AC) hybrid supercapacitors exhibits a maximum energy density of 38.5 Wh kg-1 at the power density of 
800 W kg-1. The excellent electrochemical performance presented by α-phase of nickel and cobalt 
hydroxides demonstrates its promising application for high performance hybrid supercapacitors. Our 
results offer an important strategy to phase-controlled fabrication of two-dimensional nickel and cobalt 
hydroxides and provide new insights for supercapacitors. 
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Research on understanding of the electrical double layer (EDL) is one of the fundamental and 
interdisciplinary topics. EDL has an omnipresent role in many nature and artificial systems; from 
heterogeneous catalysts to biosensors, colloids, batteries, to fuel cells and super-capacitors. Recently, the 
global shift to various schemes of renewable energy provision stimulates the research in the field of 
heterogeneous electrocatalysis, where EDL structure at the electrified solid/liquid interface is of 
paramount importance.  
The structure of the double layer often depends on the electrolyte composition. In the past few years 
several studies have been done on the influence of “spectator” ions on the activity of the 
electrocatalysts.[1,2,3] For instance, the state of the art oxygen reduction electrocatalysts, Pt3Ni(111), 
exhibits over 100-fold activity enhancement in the presence of K+ cations (in 0.1M KOH), which 
formally should not participate in the reaction, compared to Pt(111) electrodes in 0.1M HClO4.[1]  In a 
similar study, Au(100), which is relatively inactive in acidic electrolytes for reducing oxygen, exhibited 
higher activity than Pt(111) in KOH.[1] How those cations influence the electric double layer is still 
unclear. Herein, we present detailed investigation of influence of the different alkali metal cations (Li+, 
Na+, K+, Rb+, Cs+) on the EDL-capacitance of commonly used catalyst materials; Pt(111) and Au(111). 
By using electrochemical 
impedance spectroscopy, 
we calculated the EDL-
capacitance of Pt(111) 
and Au(111) in presence 
of 0.05M AMClO4 (AM: 
Li+, Na+, K+, Rb+, Cs+) at 
pH=6. The EDL-
capacitances of both 
electrodes increased in 
the presence of alkali 
metal cations in the 
following order: Li+ < 
Na+ < K+ < Rb+ < Cs+ 
(see the Figure 1A). 
Through the correlation 
of relative permittivity 
and the double layer 
capacitance we estimated 
the effective concentration of the cations present at the electrode surface. For both Pt(111) and Au(111) 
electrodes the local effective concentrations of the cations at the electrode surface were ~80-fold higher 
than their bulk concentrations. Schematic visualization of the ions at the electrode surface is shown in the 
Figure 1B. These findings can have a significant importance in elaboration of advanced theoretical 
models capable at explaining electrode surface functionalities in presence of “spectator” species. 
                                                           
[1] Staszak-Jirkovský, J.; Subbaraman, R.; Strmcnik, D.; Harrison, K.L.; Diesendruck, C.E.; Assary, R.; 
Frank, O.; Kobr, L.; Wiberg, G.K.H.; Genorio, B.; Connell, J.G.; Lopes, P.P.; Stamenkovic, V.R.; 
Curtiss, L.; Moore, J.S.; Zavadil, K.R.; Markovic, N.M. ACS Catal. 2015, 5, 6600–6607. 
[2] Chen, X.; McCrum, I.T.; Schwarz, K.A.; Janik, M.J.; Koper, M.T.M. Angew. Chem., Int. Ed. 2017, 
56, 15025-15029. 
[3] Jensen, K.D.; Tymoczko, J.; Rossmeisl, J.; Bandarenka, A.S.; Chorkendorff, I.; Escudero-Escribano, 
M.; Stephens, I.E.L. Angew. Chem., Int. Ed. 2018, DOI: 10.1002/anie.201711858. 

Figure 1. A) Double layer capacitance plotted against hydration energy of 
alkali metal cations. Slope was ~0.06 for both Pt(111) and Au(111). B) 
Schematic description of electrode surface with electrolyte and ions. 

(A) (B) 
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Acidic, neutral and basic aqueous solutions are currently used as electrolytes in carbon-based 
supercapacitors. The capacitance and working voltage window of the cells have been measured and 
reported. However, the specific capacitance associated with the cations and anions of the electrolyte and 
the working voltage window associated with those ions are scarcely studied. Consequently, the 
contribution of cations and anions to the charge stored at the electric electrolyte/electrode interface is not 
known. In this work, the charges stored by the cations and anions are assessed and compared. The 
electrolytes H2SO4, Na2SO4 and KOH are chosen in combination with two carbon cloths (CCs) acting as 
electrodes. The two binder-free and self-standing CCs show similar porosities derived from the presence 
of micropores but different surface chemistries derived from the presence of oxygen groups.   
The specific capacitances associated with the cations and anions are separately measured. The working 
potential windows for cations and anions are measured from the potential of zero charge (Figure 1 left) to 
the decomposition potentials on the negative and positive values (Figure 1 right).They are compared with 
the total working potential window. 
 
 
 
 
 
 
 
Figure 1. Determination of the potential of zero charge, PZC (left) and cyclic voltammetry recorded at 0.5 
mV/s (right) for the Na2SO4 electrolyte in the presence of the high-oxygen content CC. The open circuit 

potential (OCP) is shown. 
 
From the working potential windows and the specific capacitances both associated with cations and 
anions, the charge stored at the electrolyte/electrode interface is deduced (Table 1). For the three 
electrolytes, the charge stored is much higher for the cations than for the anions evidencing the 
dominance of the former against the latter. The dominance is even higher for the CC with higher content 
of surface oxygen groups, i.e. higher pseudo capacitance contribution. These results (i) support the choice 
of the CCs as negative electrodes for asymmetric supercapacitors and (ii) are of interest for capacitive 
deionization of waters. Comparing the cations, the charge stored follows the trend H3O+>K+>Na+, and the 
charges are higher for the high-oxygen content CC. Comparing the anions, the charge stored follows the 
trend SO4

2->HSO4
->OH-, and the charges are higher for the low-oxygen content CC with slightly larger 

surface area.    
 
Table 1.Charges stored by the cations (Q+) and anions (Q-) at the double layer. 
 

Electrolytes High-oxygen content CC Low-oxygen content CC 
 Q+ (C g-1) Q- (C g-1) Q+ (C g-1) Q- (C g-1) 

H2SO4 161 11 94 40 
Na2SO4 86 34 78 51 
KOH 116 8 98 8 

 
Acknowledgments: The project of reference FCT-M-ERA-NET/0004/2014, PCIN-2015-024 and Prof. 
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ABSTRACT--Supercapacitor is a new high-performance energy storage device with ultrahigh power 

density, fast charge–discharge rate, long cycle life, and low maintenance cost. Polyaniline (PANI) is 

one of the most promising conductive polymers in supercapacitor electrode materials owing to its easy 

synthesis and high capacitance, but low cycling stability. Carbon based composite materials have been 

attracting much attention in recent years owing to their good mechanical properties and cycling 

stability, but low capacitance. Therefore, for preparation of high performance supercapacitor electrodes 

with fast charge–discharge rate, long cycle life, and high capacitance, many PANI based composite 

electrode materials were widely studied. However, their performance strongly depends on the 

hierarchical structures and the interactions between their components. How to prepare good mechanical 

properties and cycling, stability, and high capacitance is still a challenging work. In the work, three 

kinds of ordered nano-structural PANI/mCFs composites with different morphology were easily 

fabricated by simple chemical modification based on oxidation, amino-functionalization, and aminated 

triazine functionalization of carbon fiber (mCF) and electrochemical in situ polymerization under pulse 

current.  The forming mechanism of ordered structure with different morphology were discussed in 

detail. The chemical compositions, morphologies, electrochemical performances of PANI/mCFs, and 

relationship between their structure and properties were investigated. 
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Titanium dioxide has been intensively investigated and became one of the most popular photocatalysts. 
This is a result of its non-toxicity, chemical stability, cheapness and high photoactivity. Nevertheless, 
TiO2 has a relatively wide bandgap (∼3.2 eV for anatase), thus it can harvest only about 5% of natural 
solar light. This limitation leads to many strategies aimed at titania photosensitization that can affect its 
morphology or chemical composition. They include modifications of the photocatalyst surface, e.g. by 
deposition of metal nanoparticles or attachment of organic dyes at the surface of semiconductor. The 
synthesis of surface modified materials usually does not influence the bulk properties, like crystallinity, 
phase composition, specific surface area, bandgap energy, etc. Therefore, quite often it is assumed that 
synthesis conditions do not affect the titanium(IV) oxide itself. Consequently, they should have a 
negligible contribution to the overall photoactivity, compared to the modifier itself. 
 
However, also the distribution of electronics states can significantly influence the photocatalytic activity 
of titanium dioxide. The electronic structure is usually oversimplified using concepts of the band edge or 
the flatband potential. Nevertheless, the existence of electronic states originating from various types of 
defects also play a significant role in the photoactivity of semiconductors. Some authors even indicate 
that surface states, which are the consequence of defects, can contribute to the photoactivity more than, or 
at least comparable with those effects originating from phase composition or exposed facets [1]. 
 
Experimental determination of DOS is therefore crucial for understanding the redox properties of 
semiconductors acting as photocatalysts and photoelectrocatalysts. Recently we developed a convenient 
spectroelectrochemical method of DOS determination (DRS-SEC), which combines electrochemical and 
spectroscopic measurements [2-4]. The density of additional electronic states localized within the 
bandgap can be qualitatively and quantitatively characterized using this approach. The proposed method 
has been applied to determine how synthesis conditions can affect the distribution of electron states. 
Moreover, we will demonstrate how these changes will affect the photocatalytic activity. The results of 
this research show how much even slight surface modifications can affect the density of electronic states 
and therefore the photoactivity of photocatalysts. 
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Many of the photoelectrodes investigated for solar water splitting are metal oxides, which unlike 
conventional semiconductors, have strong electron correlations.  This results in behavior beyond the 
standard semiconductor model that must be accounted for.  In conventional solar cell materials, light 
absorption above the bandgap generates an electron-hole pair per photon absorbed.  However, in 
correlated electron materials, the absorption can be more complicated, having multiple bands and 
electronic transitions that don’t necessarily yield mobile carriers.  
 
Hematite (α-Fe2O3), one of the leading photoanode candidates for solar water splitting, is one such 
material.1 It has numerous advantages for solar water splitting including its stability in aqueous solution, 
band gap, vast abundance, and low cost. However, the photoelectrochemical performance of state-of-the-
art devices fall far short of the theoretical efficiency. One major reason for this is due to the existence of 
both delocalized excitations such as ligand-to-metal charge transfer (LMCT) transitions, which produce 
mobile charge carriers that can contribute to the photocurrent as well as localized ligand field (d-d) 
excitations, which do not.2,3 As a result, much of the optical absorption in hematite is wasted. Since both 
the LMCT and d-d bands span the visible spectrum, the photogeneration yield, defined as the probability 
of an absorbed photon to generate mobile charge carriers, depends strongly on wavelength.4   
 
Here we present a novel and simple method to empirically calculate the photogeneration yield of ultrathin 
film photoanodes as a function of wavelength, based on a combination of quantum efficiency 
measurements, optical characterization, and spatial collection efficiency analysis which does not rely on 
detailed modelling of the physics.  As a case study, we extract the photogeneration yield for various 
heteroepitaxial ultrathin film hematite photoanodes. Extraction of the photogeneration yield provides 
insight into the absorption losses in hematite photoanodes and a path forward towards designing more 
efficient solar water splitting devices.  
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The first successful electrochemical photolysis of water (Honda-Fujishima effect) is a milestone in the 
history of advanced hydrogen generation and artificial photosynthesis. In their following paper, chemical 
bias served as electromotive force leads to increase quantum efficiency for hydrogen production under 
sunlight [1,2]. Thus, in our series of papers, membrane-based cells designed for decreasing overall water 
electrolysis voltage and water dissociation (WD) have been created to supply and control active reaction 
species for water splitting. In the second stage, we have developed a two-compartment cell (2CC) 
separated by bipolar membrane (BPM) sandwich through-holed electrodes assembly (BPMEA-2CC) and 
carried out hydrogen generation derived from WD based on golden role for sustainable water splitting [3]. 

A decisive advantage of BPMEA-2CC is that all electrolytes used are sustainable, because reaction 
starts from WD in the junction of BPM [4]. The opposite directional charge separation of H+ and OH- 
induces inner chemical bias (ICB) within BPM, which reduce water electrolysis voltage. Many anolyte-
catholyte combinations induce outer chemical bias (OCB). Therefore, dual chemical bias (ICB & OCB) 
reduces overall water electrolysis voltage. We have accomplished hydrogen generation derived from WD 
with BPMEA-2CC with OER active dimensionally stable anode (DSA, De Nora Permelec) having lower 
oxygen overpotential, breaking the theoretical 1.23 V for water splitting at room temperature [3]. We 
disprove the established theory for water electrolysis with sustainable dual chemical bias. However, we 
require still external bias. Instead of external bias, we have harnessed supercontinuum solar energy 
efficiently by designing optical tandem with semiconductor for UV and visible wavelengths and metal 
nanoparticle surface plasmon for longer visible and infrared region (Fig). 

We have applied the BPMEA-2CC to zero bias photocell. As a through-holed n-type photoelectrode 
(THPE), anatase TiO2 for a model to demonstrate our concept was fabricated by anodization. Illumination 
of UV light to photocell (Fig), anolyte (water or base) | THPE TiO2 | BPM | Pt | catholyte (water or acid), 
we have succeeded in measuring photocurrent from distilled water without any external bias. 
Photocurrent enhances with an increase of OCB, water-water < water-acid < base-acid. Fe2O3 THPE has 
been prepared by aqueous chemical growth method. 
Visible light zero bias photocurrent from distilled 
water was also observed in the Fe2O3 THPE 
photocell. Applying the external bias up to 1.23 V, 
photocurrent enhances with an increase of OCB. 

WD at the junction of BPM is to be originated 
in second Wien effect. Thus we examine current-
bias characteristics of Water | Pt | Au nanoparticles 
incorporated BPM | Pt | water. Current under 
halogen lamp illumination was enhanced by a 
factor of 2 due to the plasmon-induced WD. 
Currently, our research efforts are focused on 
optical tandem PEC zero bias hydrogen generation 
with supercontinuum solar light using BPMEA-
2CC with dual chemical bias. 
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In order to overcome the issue of intensive use of fossil fuels, new energy sources are under investigation. 
In particular, a fuel economy based on hydrogen is a major challenge. While hydrogen is currently mainly 
produced from fossil fuel catalytic reforming, a sustainable approach based on its synthesis from green 
and renewable sources is required. In particular, hydrogen production from solar light-driven water 
splitting is a promising technology. However, the process requires the development of photo-anodes 
having efficient conversion of light energy into chemical one. Several semiconducting nanomaterials 
were already designed as photo-electrodes and integrated to photo-electrochemical cells leading to water 
oxidation at their surface and injecting electrons in the external circuit until their counter-electrode for 
proton reduction into hydrogen. Nevertheless, photocatalytic materials with high performance are often 
active only in the UV domain. In order to extend their activity in the visible domain, several kinds of 
photosensitizers can be used. In this communication, we will use as photosensitizers a new kind of carbon 
nanomaterials, namely carbon dots (CDs). CDs correspond to a new class of carbon nanocrystals which 
possess the same fascinating photophysical properties than quantum dots, but in contrast to them, they do 
not contain heavy metals, making them environmental friendly. In this work, we will investigate the use 
of CDs as photosensitizers for two classical photocatalysts, TiO2 and polyoxometalates, and the hybrid 
systems will be investigated for photoelectrocatalytic applications, in particular for hydrogen generation. 
 
 

      
 

Fig. A. Transmission electron micrograph of carbon dots and photography of carbon dots solution under 
UV illumination and B. Photocurrent response of TiO2-carbon dots photo-electrodes 
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The photoelectrochemical (PEC) cell is one of intensively studied research theme for solar energy-
chemical energy conversion through light-driven water splitting reaction. The important principle of PEC 
cell is a semiconductor-liquid junction, which is as similar as a semiconductor-metal Schottky junction. 
Therefore, the numerous semiconductor candidate materials and improving their junction properties is got 
attention by researchers. There were strategies to improve the photoelectrochemical activity of 
semiconductor photoelectrode, for example, the heterojunction, passive layer, co-catalyst deposition in 
semiconductor interface. The chalcopyrite materials (ABX2, A = Cu or Ag, B = In or Ga, X = S or Se) is 
one of attractive material because it has tunable band gap of 1 - 3 eV, high absorption coefficient (> 105 
cm-2), ideal band position for photoreduction of water, and can be prepared by non-vacuum process. 
However, there are also a problematic issue about the surface recombination of an electron-hole pair, poor 
photovoltage, and instability during the photoelectrochemical reaction. Therefore, In this presentation, 
various strategies which can improve activity and stability of the p-type chalcopyrite (CuInxGa1-xSySe2-y 
and CuInS2 materials) is demonstrated by semiconductor/semiconductor interface, semiconductor/co-
catalyst, or  semiconductor/electrolyte interfacial control. 
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TiO2 nanomaterials have over the last 30 years attracted tremendous scientific and technological interest. 
Main research direction using TiO2 in functional applications are still the use in photocatalysis, e.g. for 
the direct splitting of water into H2 and O2 to generate the potential fuel of the future, hydrogen, or the use 
in Grätzel type solar cells. In order to achieve a maximum turn-over rate (by creating a high surface area), 
usually nanoparticles are used either suspended or compacted to a photoelectrode. Over the past decades, 
various 1D and highly defined TiO2 morphologies were explored for the replacement of nanoparticle 
networks and were found in many cases superior to nanoparticles.  Nanotubes or wires can be grown by 
hydrothermal or template methods, or even more elegantly, by self-organizing anodic oxidation. The 
latter is not limited to TiO2 but to a full range of other functional oxide structures on various metals and 
alloys can be formed. These advanced and doped morphologies can be grown on conductive substrates as 
ordered layers and therefore can be directly used as functional electrodes (e.g. photo-anodes). The 
presentation will focus on these highly ordered nanotube arrays of TiO2 and discuss most recent progress 
in synthesis and modification for photocatalytic and photoelectrochemical for H2 generation. 
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Bismuth vanadate is one of the most promising photoanode material i.a. due to its energy band 
gap equals to 2.4-2.5 eV and high absorption coefficient [1], which allows the significant part of a 
sunlight to be absorbed. The main drawback of monoclinic BiVO4 is the low mobility of charge carriers 
that leads to the low efficiency of electron/hole separation and poor kinetics of water oxidation [2]. There 
are many strategies of BiVO4 performance enhancement i.a. modification of BiVO4 surface with oxygen 
evolution catalyst [3].  

It was reported that Prussian blue analogues (e.g. cobalt hexacyanoferrate - Cohcf) exhibits 
catalytical properties towards oxygen evolution reaction [4]. It was already reported that Cohcf deposited 
on the top of BiVO4 significantly affects its photoelectrochemical properties [5].  

In this work, bismuth vanadate thin layers were prepared using pulsed laser deposition 
technique. Metallic cobalt was deposited on the BiVO4 using magnetron sputtering (electrochemical 
deposition of Co may lead to the BiVO4 adverse reduction). Then, FTO/BiVO4/Co electrodes were 
anodically polarized in aqueous electrolyte consisting of Co(CN)6

3- ions. The presence of cobalt 
hexacyanocobaltate was confirmed using Raman spectroscopy. Modified electrodes were tested as 
photoanodes for photoelectrochemical water splitting under simulated solar light illumination. The 
enhancement of photoelectrochemical activity was obtained. 
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Dye-sensitized solar cells (DSSCs) combined with the semi-transparent nanoparticle layer to absorb more 
dye molecules and the light scattering microsphere layer to increase light harvesting are widely used for 
the high-efficiency DSSCs. However, the scattering microspheres have some shortcomings such as having 
less contribution to photo-current as well as be hard sintered. Using the hollow TiO2 beads, 
nanocrystal@microsphere, and the hierarchical microspheres may have some positive effect both on the 
current-density as well as the sintering capacity. Here, we prepared ellipsoidal TiO2 mesocrystals (MCs) 
with varying particle sizes distribution, which depending on titania precursor amount used in the 
solvothermal, and those were alternatively used as the scattering layer for DSSCs. The bigger one is 
predominant 700 nm in length and 400 nm in diameter (MC-1), while the particle size of smaller one is 250 
nm in length and 100 nm in diameter (MC-2). The specific surface areas are 119.5 (MC-1) and 132.4 m2/g 
(MC-2) respectively, which are pretty high compared with the majority of sub-micrometric TiO2 scattering 
particles. The power conversion efficiency (PCE) of dye-sensitized solar cells (DSSCs) which used MCs 
as the dye-adsorbed underlayer instead of TiO2 nanoparticles are 3.27% and 5.98% respectively, indicating 
that the MCs also could be the efficient DSSCs photoanodes owing to the excellent dye adsorption capacity. 
When using the two kinds of MCs as scattering layers of the dye-sensitized solar cells, the power conversion 
efficiency increase from 6.39% to 6.75% and 7.16% respectively, suggesting MCs-2 has better performance 
as the scatter layer. Meanwhile, the faster electron transport of MC-1 compared with MC-2 and NC is 

caused by the less inter junctions between particles inside the MC-1 photoanode. The effective electron 

diffusion coefficient (Dn) was calculated from equation: Dn=L2 / (2.35τt), where L is the film thickness of 

film (10μm), and the Dn of MC-1 is nearly 3 times and 1.5 times larger than that of NC and MC-2 under 

100 W m-2 illumination respectively. The recombination lifetime of MC-2 is longer than MC-1, owning to 

the more dye uploading of MC-2 compared with the MC-1, the more adsorbed dye could decrease the 

contact area between electrolyte and titanium oxide, finally decreasing the charge recombination. 
Keywords: Ellipsoidal TiO2 mesocrystals; Size tunable; Dye-sensitized solar cells, Electron transport；
Light scattering. 
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The use of photo-electrochemical (PEC) reactions to produce clean H2 from water appears as an 

interesting alternative for the production of fuel directly from solar irradiation. In the range of explored 
systems, some provide relatively high efficiencies, like p-Si/n-Si junction or Pt/p-InP/n-GaAs tandem cell 
(yield 8.2%). However these systems suffer a fast degradation of their performances, mainly due to 
oxidation of SC materials in the aqueous medium, and they require expensive and rare elements (In, Pt). 
On the other extreme, some systems exhibit a good stability but with relatively low conversion yield 
(<0.5% for TiO2/Pt). The difficulties to find materials that provide good and stable PEC performances can 
be explained by the high requirements in terms of light absorption, charge transfer, catalytic activity and 
thermodynamical stability toward (photo-)corrosion.1 Nevertheless by using the original properties of 
nanomaterials and the recent progress in solid state chemistry for engineering energetic band structure of 
semi-conductors, the conversion efficiency of such photo-electrode can be significantly improved. 

Starting from TiO2 which is a stable and easily available material we are using three approaches 
to improve its photo-electrochemical conversion efficiency. (i) By using electrochemical anodization of 
metallic Ti foil we are able to synthesize aligned TiO2 nanotubes (TiO2-NTs). These nanostructures 
exhibit improved properties in terms of separation and transfer of the charge carriers when compared to a 
film of TiO2 nanoparticles as illustrated on figure 1 and consequently a improved PEC conversion 
efficiency. (ii) In order to extend the photo-electrochemical conversion of TiO2 toward the visible part of 
the solar spectra we developed a co-alloying approach with simultaneous anion and cations insertion to 
significantly modify the band structure of the TiO2, improve the solubility of doping element in the 
semiconductor and increase the stability of the structure by favouring its charge neutrality. All these 
advantages result in an improved PEC conversion efficiency for (M,N) co-alloyed structure in the visible 

light domain when compared to undoped 
or N-doped TiO2-NTs (3-5 fold 
enhancement).2 We will present the 
whole characterizations of these co-
alloyed materials in terms of doping 
distribution and photo-electrochemical 
properties.3 (iii) Finally, we explore 
different means to deposit oxide 
nanoparticles (Co, Ni) at the surface of 
the nanotubes in order to evaluate their 
catalytic properties for the oxygen 
evolution reaction. The performances of 
the synthesized electrodes are then 
measured thanks to photo-
electrochemical methods developed in 
the laboratory (high precision EQE, 
PEIS, CV coupled with μGC…).4 

Réferences : 
[1] M. Walter; E. Warren; J.R. McKone; S.W. Boettcher; E.A. Santori; N.S. Lewis, Chem. Rev. 110, 
2010, 6446. 
[2] T. Cottineau, N. Béalu, P.A. Gross, S. Pronkin, N. Keller, E. Savinova, V. Keller, J. Mater. Chem. A 
1, 2013, 2151. 
[3] T. Favet, D. Ihiawakrim, V. Keller, T. Cottineau, Mat. Sci. in Semicond. Process. 73, 2018, 22. 
[4] T. Cottineau, H. Cachet, V. Keller, E.M.M. Sutter, Phys Chem. Chem. Phys. 19, 2017, 31469 

Figure 1: a) Charge carrier’s path in bulk, 1D nanotubes or 
nanoparticles of TiO2 ; b) SEM images of TiO2-NTs. 
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Considerable efforts have been recently made to investigate nanostructured anodic valve metal oxides  
due to a successful combination of their functional chemical/physical properties with a well controllable 
architecture at the nanoscale. Semiconducting properties of those oxides make them very promising for 
applied science in a field of new materials for photoelectrochemical water splitting, high performance 
electrochemical and photoelectrochemical sensors, and efficient photocatalysts. By controlling parameters 
of the electrochemical oxidation, especially the applied anodizing potential, temperature, electrolyte 
composition and the process duration, a great variety of unique oxide structures with different 
morphologies and characteristic parameters can be obtained.  
Here, we presented some data on the photoelectrochemical and photocatalytic properties of 
nanoporous/nanotubular semiconducting metal oxides such as TiO2 (Fig. 1A and B), WO3, and SnO2  
[1-3]. Semiconducting properties, especially band gap energy values, of anodic oxides were studied by 
using UV-Vis reflectance spectroscopy and electrochemical techniques. Photoelectrochemical 
measurements were carried out using a potentiostat in a three-electrode cell where anodic oxide 
photoanodes were used as working electrodes. A correlation of the semiconducting behavior with the 
morphology, structure and composition of anodic oxides was performed. In order to study the 
photocatalytic properties of nanoporous anodic oxides, the photodegradation of dyes (e.g., methyl red) 
was also carried out. 

 
Fig. 1. SEM (A) top- and (B) cross sectional views of TiO2 layers, and (C) dependence between observed 
photocurrent, applied potential and incident light wavelength recorded for anodic TiO2 synthesized by 
anodization of metallic Ti in the ethylene glycol-based electrolyte after annealing in air at 400 °C [1,2].  
 
Acknowledgements 
This work was partially supported by National Science Centre, Poland (Project No. 
2016/23/B/ST5/00790). 
 
References 
[1] K. Syrek, J. Kapusta-Kołodziej, M. Jarosz, G.D. Sulka, Electrochim. Acta 180 (2015) 801. 
[2] M. Jarosz, K. Syrek, J. Kapusta-Kołodziej, J. Mech, K. Małek, K. Hnida, T. Łojewski, M. Jaskuła, 
G.D. Sulka, J. Phys. Chem. C, 119 (2015) 24182. 
[3] L. Zaraska, K. Gawlak, M. Gurgul, D.K. Chlebda, R.P. Socha, G.D. Sulka, Electrochim. Acta 254 
(2017) 238. 
 
 



Role of Tungsten Doping on the Electron Trapping Mechanism of 
BiVO4 Photoanodes for Water Oxidation 

 
S. Murcia-López,1 Q. Shi,1,2 P. Tang,1 C. Flox,1 Z. Bian,3 H. Wang,2 J. R. Morante,1 T. Andreu1 

1 Catalonia Institute for Energy Research (IREC) 
C/ Jardins de les Dones de Negre 1, Sant Adrià de Besòs, Spain 

2 College of Environmental Science and Engineering, Beijing Forestry University 
 Beijing 100083, PR China 

3 College of Water Sciences, Beijing Normal University 
Beijing 100875, PR China 

smurcia@irec.cat 
 

 
Among other metal oxides, monoclinic bismuth vanadate (BiVO4) is one of the most promising 
photoanode materials for photoelectrochemical (PEC) water splitting, considering its relatively low band 
gap value.1 However, this semiconductor displays some intrinsic limitations such as excessive surface 
recombination and poor charge transfer, which tend to limit its overall performance. In order to alleviate 
these limitations, tungsten doping has been widely considered a promising strategy, mostly attributed to 
the increase in the charge donor density (ND), as V sites are occupied by W acting as electron donor.2 In 
this work, in-deep electrochemical, photoelectrochemical and impedance spectroscopy measurements on 
W-BiVO4 electrodes fabricated by electrospinning with different W contents (pristine, 1, 2 and 5% W- 
BiVO4) have been carried out, for elucidating the role of W on the formation of surface states (SS). This 
way, an optimum ratio of surface states (NSS) and charge donor densities is found for the 2% doping, 
which provides high conductivity and reaction sites. Additionally, two types of SS are proposed: reaction 
sites (i-SS), correlated to the reversible V4+/V5+ redox reaction, and recombination sites (r-SS), which are 
formed with a closed dependence on the W-doping content, tuning the electron trapping process and the 
overall PEC performance.3 This work gives a further understanding on the enhancement of PEC behavior 
caused by W doping in the field of charge transfer at semiconductor/electrolyte interface. 
 

 
Figure 1. Schematic illustration of the proposed mechanism as function of the W doping level: low (a), 
middle (b), and high (c) (the thicker the arrow, the faster the process). 
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The reduction of CO2 to high added values products in liquid phase simultaneously to the 
oxidation of organic compounds can contribute markedly for a sustainable energy system. The major 
challenge is to design a photoelectrocatalytic reactor able to promote photocatalytic oxidation of organic 
pollutants concomitantly with the carbon dioxide reduction to produce carbon based fuels1. For this 
propose, a NtTiO2/ZrO2 electrode was constructed by anodization of Ti plates2 and ZrO2 were deposited 
by a wet chemical deposition method3 and used for organic oxidation in the anodic compartment. On the 
other hand a GDL/Cu2O was constructed by Cu2O electrodeposition4 and tested for CO2 reduction in the 
cathode compartment. NtTiO2/ZrO2 and GDL/Cu2O semiconductors were characterized according to 
morphological and structural technical features by FE-SEM images, EDX, XPS, and diffuse reflectance 
measurements to obtain the optical band gap, besides the behavior of these materials under light 
irradiation. Both reactions were performed using a photoelectrochemical reactor made of Plexiglas and 
equipped with a quartz window. In the photoelectrocatalytic reactor both compartment electrodes are 
separated by a Nafion® membrane. 0.1 mol L-1 Na2SO4 saturated with N2 and 0.1 mol L-1 KHCO3 
saturated with CO2 were used as supporting electrolytes in the anodic and cathodic compartments, 
respectively. A potentiostat/galvanostat (PGSTAT 302) was used to apply the controlled potential and 
measure the generated photocurrent. A Hg lamp of 125 W was use as illumination for the experiments. 
CO2 reduction products formation and the benzyl alcohol oxidation were analyzed by GC-FID (Shimadzu 
2010). The reaction was performed with light incidence and applying different potentials to the system, 
during 3 h. Samples of liquid phase were analyzed after 30, 60, 120 and 180 min of reaction. Methanol 
(3.73 mmol L-1) and ethanol (1.0 mmol L-1) were the products obtained by the CO2 reduction in the 
optimized condition under GDL/Cu2O semiconductor. The reduction occurs due the electrons generated 
in the anode surface, that were transfers to the cathode by the potential applied. In the anodic side occurs 
the oxidation of the organic compound (benzyl alcohol) by holes formed in the NtTiO2/ZrO2 surface 
irradiated by UV light. The electron promoted to the valence band and bias potential, generated oxidative 
species and H+. These protons cross the Nafion® and reacts with the CO2

•- produced after CO2 reduction 
in the cathode surface. These reduction is attribute to the electrons generated at the photoexcited 
NtTiO2/ZrO2 surface and transferred by an external circuit to the GDL/Cu2O, where methanol and ethanol 
are produced. The benzyl alcohol oxidation reached 68% after 3h of reaction. The junction of these two 
reactions illustrates the possibility to degrade a calcitrant compound by photoelectrocatalysis 
simultaneously to the CO2 conversion. These procedure is important to aggregate value to the pollutants 
treatment and open new possibilities to be studied in a close future, turning possible, to oxidase 
wastewater and reduces CO2 in the same reaction and being capable to generate products with high added 
value.   
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Photocatalysis process is well known to be effective in water purification. Indeed, this process is able to 
break down most organic contaminant as well as to reduce the COD (Chemical Oxygen Demand) 
oxidizing the natural organic matter [1]. The most studied photocatalyst, used for this purpose, is titanium 
dioxide (TiO2) because of its energetic gap, which is suitable for the production of charge carriers with 
sufficient free energy to drive a variety of redox reactions. Nevertheless, TiO2 requires an exposure to 
light with wavelengths lower than 405 nm, which represent only the 10% in energy of the AM1.5 solar 
spectrum [2]. An alternative to this material is represented by tungsten trioxide (WO3), chosen thanks to 
its lower activation energy (~2.7eV) that makes it more effective under natural sunlight (~15% AM1.5). 
As a part of the HPSolar project, we developed a reactor based on WO3 photoanodes for the pollutant 
abatement in wastewater. The reactor is a modular array of PVC frames with size 30x30 mm2 building up 
a cylindrical structure embedded between two glass tubes. The gap between the two tubes is used to pump 
the water in the reactor, while the internal tube acts as a sink for the treated water. Each element is a 
completely independent watertight system (Fig.1) composed by a photoanode, four solar cells, the 
electronic to drive polarization cycles and a metallic cathode (Ni, Au, Pt). The photocatalytic element 
consists of a glass window with a 1μm-thick film of tungsten trioxide deposited on a transparent and 
conductive FTO (Fluorine-doped Tin Oxide) layer. Moreover, by biasing the photoanode with a tandem 
cell, the photocatalytic effect of WO3 can be increased. On the other hand, polarization effects occur and 
the catalytic efficiency drops down to a minimum after a few minutes. This limiting effect can be 
overcome by periodically applying a small reverse potential (0-0.3 V) to the cell using the electronic 
circuit integrated into each element of the reactor. A microcontroller, directly powered by four silicon 
solar cells connected in series, provides the required voltages (+2.0↔+2.5 V, -0↔-0.3 V) and timings 
(+30 min, -3 min) to bias the photoanode in order to reduce polarization effects. WO3 is photoactivated by 
light with wavelengths below 450 nm and is therefore transparent to longer wavelengths. The shorter 
wavelength band of the solar spectrum is used for photocatalysis, while the longer one can be converted 
by the PV cells in order to bias the photo-electrolytic cell. 
Preliminary results show that the catalyst effectively reduce the COD of water under direct sunlight. The 
aim of the project is to evaluate the abatement effectiveness of pollutants in a set of samples provided by 
the local water treatment and management authority (HERA Spa). The HPSolar project is part of the 
program POR-FESR 2014-2020 funded by Regione Emilia-Romagna and the European Union through 
the European Regional Development Fund. 
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Fig. 1 A complete reactor element, with the 
transparent photoanode and the two sides of the 
electronic circuit: cells side (on the right) and 
microcontroller side (on the left).  
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Solar-driven hydrogen production via water splitting offers the possibility to convert solar energy directly 
into a chemical fuel and is therefore a promising candidate for a sustainable energy solution in the future. 
In a photoelectrochemical cell, a light-absorbing semiconductor is brought into contact with an aqueous 
electrolyte solution, so that the photo-generated electrons or holes can directly reduce or oxidize water to 
hydrogen or oxygen, respectively. Tandem solar cells as light absorbers using Gallium indium phosphide 
(GaInP2) as the large band gap top cell on GaInAs bottom cells show the highest reported solar-to-
hydrogen conversion efficiencies up to now [1, 2]. Nevertheless, the fast photocorrosion of these semi-
conductors in aqueous solutions restricts their durability under operating conditions and presents a major 
obstacle for their use as efficient and stable photoelectrodes. 
 
In this study we focus on the passivation of GaInP2 with thin protective metal oxide coatings by atomic 
layer deposition (ALD). The passivation layers should protect the semiconductor from direct contact with 
the electrolyte and offer the possibility to increase the voltage of the photoelectrode by forming a 
heterojunction at the interface of the two materials. In order to optimize the heterojunction formation and 
to reduce the resistance for the charge carrier transport through the interface, different wet-chemical 
treatments of the GaInP2 substrate were studied. By means of a water-free etching approach with HCl in 
2-Propanol solution we were able to nearly completely remove the native oxide layer from the GaInP2 
substrate [3]. To prevent the re-oxidation of the substrate during the oxide layer deposition, different ALD 
processes were investigated. The changes in the chemical composition and the electronic structure of the 
semiconductor/metal oxide interface during the junction formation were studied by X-ray and 
synchrotron radiation photoemission spectroscopy (XPS and SXPS). The band structure of the 
GaInP2/metal oxide heterojunctions as well as the alignment of the band edges with respect to the redox 
potentials of the electrolyte were derived from the photoemission measurements in ultra-high vacuum and 
complemented by electrochemical measurements in the aqueous electrolyte. 
 

(a) 

 

  (b) 

    
Fig. 1. (a) Band diagram of a p-GaInP2/n-TiO2 heterojunction formed on an etched and annealed 
GaInP2 substrate; (b) Corresponding J-V curve after deposition of Pt nanoparticles as HER catalyst. 
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The electrical conversion and storage of solar energy is a crucial target for assuring the deployement of 
renewal energy sources. A critical parameter for the implementation of standard high-efficiency 
photovoltaic absorber materials for photoelectrochemical water splitting is its proper protection from 
chemical corrosion while remaining transparent and highly conductive. One of the best candidates is 
titanium dioxide, as it is known to be stable in wide range of pH and has shown effective protection both 
for HER and OER applications. We analyze the influence of ALD growth temperature on the charge 
transfer across protective TiO2 coatings for silicon and chalcogenide photocathodes and photoanodes, and 
the conduction path across these TiO2 layers were determined by conductivity AFM.  
Because of the sluggish kinetics associated to the water oxidation reaction and of inherent limitations in 
the H2 economy, the possibility of storing energy to other kind of redox pairs has recently attracted more 
attention, giving rise to the so-called solar-powered electrochemical energy storage (SPEES). The ability 
of protected crystalline silicon to photoassist the V3+/V2+ cathodic reaction under simulated solar 
irradiation, combined with the effect of bismuth have led to important electrochemical improvements. 
High reversibility of the V3+/V2+ redox pair, and improvement in the electrokinetics were attained thanks 
to the addition of bismuth. In fact, Bi0 deposition has shown to slightly decrease the photocurrent, but the 
significant enhancement in the charge transfer, reflected in the overall electrochemical performance 
clearly justifies its use as additive in a photoassisted system for maximizing the efficiency of solar charge 
to battery. 
 

  
 
Figure 1. Left, conductivity measurements of 100 nm TiO2-ALD layers grown at different temperatures. 
Right, proposed scheme of the half-cell reaction in presence of Bi with the TiO2/n+-p-Si photocathode for 
solar vanadium redox flow batteries. 1,2 
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Operando X-ray absorption spectroscopy (XAS) represents one of the most powerful available techniques 
to study the fine structure and the behavior of electrode and photoelectrode materials. This serves to better 
elucidate important reaction mechanisms and to better define structure/activity relations.  
During the last years, we have been developing new methods and experimental approaches to better fit 
the capabilities of XAS in (photo)electrochemistry. Fixed Energy X-Ray Absorption Voltammetry 
(FEXRAV) represents a novel tool for fast and easy preliminary characterization of electrodes and 
photoelectrodes which consists in recording the absorption coefficient at a fixed energy while varying at 
will the electrode potential. Any shift from the initial oxidation state determines a variation of the X-ray 
absorption coefficient. As a result, FEXRAV gives important information by itself but can also serve as a 
preliminary screening of the potential window or for choosing the best experimental conditions for a 
better targeted XAS analysis.   
We extended operando XAS approaches to the study of photoelectrodes adopting a novel differential 
spectra acquisition approach [2], that allows the direct comparison of spectra acquired in the dark and 
under UV-Vis illumination.  
More recently, we have been carried studies by time-resolved XAS with the aim of studying the time-
dependence of interfacial phenomena. To this aim, we developed methods based on pump-and-probe [3] 
as well as energy dispersive XAS [4-6] to gain new insights on charge transfer phenomena dynamics. 
In this presentation, the potentialities of time resolved operando XAS will be described for the study of 
structural and electronic properties in electrodes and photoelectrodes based on nanostructured metal and 
metal oxides. 
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In the search for new materials in nanoelectronics and catalysis, significant efforts are devoted to 
develop novel inorganic layered species having different bandgap energies. For example, the monolayers 
of transition metal dichalcogenides became one of the first well-studied members of “two-dimensional 
(2D) materials family” beyond graphene, because of their high chemical stability and good 
electrocatalytic properties. One of the key challenges in utilizing graphene [1] and the other 2D materials 
[2] in energy-related applications is to precisely control their chemical reactivity and to obtain solid 
knowledge of their (photo)electrochemical behavior. For example, the structure and morphology-
dependent surface electron transfer kinetics, double layer capacitance, and light harvesting efficiency 
have to be better understood [1-3]. 

First, I will present our recently developed custom-designed micro-scale photoelectrochemical 
setup. This instrument allows to study the photoelectrochemical behavior under illumination with 
controlled wavelength and intensity. Then, I introduce those methods, micro-mechanical and liquid phase 
exfoliations, which were used to produce the 2D materials (MoSe2, WSe2, SnS, PbS) with different 
structural properties, for example, the basal/edge planes, the number of layers, and the defect density. 
Finally, I demonstrate the role of the edge sites and the effects of the flake size on the light harvesting, 
charge transport, and recombination properties with photoelectrochemical measurements (including 
photovoltammetry, electrochemical impedance spectroscopy, photocurrent transient analysis). 
Additionally, the time constant of 2D semiconductors will be discussed, which is related to the electron 
transport and electron recombination, and characterized by intensity-modulated photocurrent 
spectroscopy. In summary, we think that the deep understanding of the photoelectrochemical activity of 
transition metal mono- and dichalcogenide semiconductors as a function of their structural properties is 
critical for their successful implementation in solar energy conversion. Our studies demonstrate the first 
experimental results in this direction, where both steady-state and dynamic photoinduced processes are 
scrutinized. 
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The development of robust and inexpensive semiconducting materials that operate at high efficiency are 
needed to make the direct solar-to-fuel energy conversion by photoelectrochemical cells economically 
viable. In this presentation our laboratory’s progress in the development of ternary oxide semiconductor 
materials and co-catalysts will be discussed along with the application toward overall solar water splitting 
tandem cells for H2 production. Specifically, this talk will highlight recent results with the ternary oxide 
CuFeO2 in the delafossite phase as a promising p-type photocathode material and spinel ZnFe2O4 as an 
emerging n-type photoanode material. 
 
With respect to CuFeO2, in our recent work we demonstrate state-of-the-art sacrificial p-type 
photocurrent with optimized nanostructuring. Recent results addressing interfacial recombination by the 
electrochemical characterization of the surface states and attached co-catalysts will be presented along 
with approaches to overcome the limitations of this material. 
 
For Zinc spinel ferrite, ZnFe2O4 (ZFO), we find that ZFO nanorod array photoelectrodes with varying 
crystallinity (prepared by altering the synthesis temperature) exhibit vastly different PEC properties. 
Using a sacrificial hole scavenger (H2O2), spatially-defined carrier generation, and electrochemical 
impedance spectroscopy, we show that ZFO with a relatively poor crystallinity but a higher spinel 
inversion degree (due to cation disorder) exhibits superior photogenerated charge separation efficiency 
and improved majority charge carrier transport compared to ZFO with higher crystallinity and lower 
inversion degree. Conversely, the latter condition leads to better charge injection efficiency. Optimization 
of these factors, and the addition of a nickel-iron oxide co-catalyst overlayer, leads to a new benchmark 
solar photocurrent of 1.0 mA cm–2 at 1.23 V vs RHE and 1.7 mA cm–2 at 1.6 V vs. RHE. Importantly, the 
observed correlation between the cation disorder and the PEC performance represents a new insight into 
the factors important to the PEC performance of the spinel ferrites and suggests a path to further 
improvement. 
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The expansion of utilization methods on clean, huge and limitless solar energy is very important issue. 
The development of inexpensive, simple and innovative technologies is needed for using fluctuant and 
low-density solar light energy. An artificial photosynthesis, which converts photon energy into 
chemical energy directly, is considered as one of a few promising choices. In the field of artificial 
photosynthesis using semiconductor photocatalysts and photoelectrodes, various oxidative products 
except O2 have been scarcely paid attention. We have investigated on the photoelectrochemical 
reaction for the efficient production of hydrogen and high-value-added oxidation reagents1-6 such as 
H2O2, HClO, S2O8

2-, Ce4+, IO4
-  and organic compounds using porous oxide photoanodes prepared by 

simple wet processes1,5,7. In this presentation, some recent progresses in our group and the significance 
of the production of various oxidizing reagents by photo-electrochemical reactions using simple and 
inexpensive oxide semiconductor photoanodes are reported for “Solar Chemicals”.  
  WO3 photoelectrode enabled the production and accumulation of O2, S2O8

2-, Ce4+ or IO4
- as oxidation 

products. Most notably, S2O8
2-, which possesses the highest oxidizability among all peroxides, was 

generated with high applied bias photon-to-current efficiency (ABPE (H2, S2O8
2-) = 2.2 – 2.45%) and 

faradaic efficiency (FE(S2O8
2-) = ca. 100%) on irradiation from the back side of the WO3 

photoelectrode1,3. Furthermore, we investigated oxidative H2O2 production from water on a WO3/BiVO4 
photoanode simultaneously with production of hydrogen on a Pt cathode in bicarbonate electrolyte even 
at a voltage far lower than the theoretical electrolysis voltage (1.77 V) under simulated solar light2. An 
unprecedentedly efficient simultaneous production and accumulation of H2O2 was achieved in 2.0 M 
KHCO3 at low temperature, and the maximum FE(H2O2) generated reached > 54%. I was surmised that 
the bicarbonate anion played as catalyst through peroxo-carbonates for H2O2 production. In order to 
improve the FE, the surface of the photoanode was modified with various metal oxides. A mesoporous 
and amorphous aluminum oxide (Al2O3) layer on WO3/BiVO4 photoanode significantly facilitated 
inhibition of the oxidative degradation of generated H2O2 into oxygen (O2) on the photoanode, resulting 
in unprecedented FE(H2O2) (ca. 80%)5. Moreover, the Au cathode facilitated two-electron reduction of 
O2, resulting in reductive H2O2 production with high current efficiency. Combining the WO3/BiVO4 
photoanode with a HCO3

- electrolyte and an Au cathode also produced a clean and promising design for 
a photoelectrode system specializing in H2O2 production (FEanode(H2O2) = ca 50%, FEcathode(H2O2) = ca 
90%, FEtotal(H2O2) = ca. 140%) even without applied voltage after connected electrically at a clip 
between photoanode and cathode under simulated solar light via 2-photon process; this achieved 
effective H2O2 production using an Au-supported porous BiVO4 photocatalyst sheet4.  
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The development of dye-sensitized solar cells (DSSCs) [1,2] is based on the synergy of several areas of 
pure and applied chemistry, notably synthetic chemistry, materials science, photochemistry- 
photophysics, and electrochemistry. Electrochemical methods have been used for the characterization of 
either entire DSSCs or DSSC components and can provide important feedback to the researchers 
developing and optimizing DSSC materials. Some important examples from the authors’ research 
obtained over the past 30 years will be cited in this presentation, which will be focused on the 
electrochemical characterization of DSSC components and the preparation of some of them by 
electrochemical deposition. At first, the electrochemical reversibility and redox potential of the dye 
should be investigated, with the dye either in the dissolved state or adsorbed at the electrode, the 
electrochemical reactivity in the latter case being based on lateral electron transfer (electron hopping) 
between dye molecules [3,4]. The redox potential obtained in the latter case is more relevant for the 
DSSC device, and it can be substantially different from that of the dissolved dye. The semiconductor 
properties of the mesoporous dye substrate material itself can be characterized by cyclic voltammetry in 
order to ascertain that the material itself is essentially electrochemically inert at electrode potentials 
approaching the redox potential of the proposed mediator [5]. Other studies concerning the 
photoelectrode, involve the investigation of the effectiveness of the thin semiconductor blocking layer or 
underlayer (UL) interposed between the mesoporous layer and the transparent conducting oxide (TCO)-
coated glass support, which is effective toward suppressing the reactivity of TCO electrons toward the 
redox mediator. Anodic electrochemical deposition can also be used in order to generate a variant of UL, 
by anodic electrooxidation of TiCl3 in an acidic solution [6].  As regards redox mediators in liquid DSSC 
electrolytes, the redox potential and the diffusion coefficient are determined by cyclic voltammetry at 
stationary electrodes and rotating disk voltammetry respectively, in the presence of inert supporting 
electrolyte. Additionally, the effective diffusion coefficient (including migration effects) of the mediator 
in the electrolytes used in the DSSC device can be determined by linear scan voltammetry either at 
microelectrodes or at symmetrical thin-layer solar cells (TLSCs) with two identical conductive electrodes. 
The electrocatalytic properties of the counter electrode (CE) can be investigated either by cyclic 
voltammetry as well as by impedance spectroscopy, in the latter case at TLCs with two identical 
electrodes composed of the same electrocatalyst. Moreover, some types of CE are prepared by 
electrodeposition, for example thin layers of a noble metal or a conducting polymer on a metal or TCO 
substrate [7]. Finally, electrodeposition can be used in order to generate in-situ, into to the porous of the 
mesoscopic oxide, a conducting polymer hole conductor, e.g. PEDOT, thereby ensuring intimate contact 
between the dye and the hole conductor   [4,8]. 
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Harvesting solar energy and its conversion into chemical energy has the potential to contribute 
substantially to the satisfaction of future renewable energy and transportation needs [1-3]. The direct  
transformation of solar radiation into hydrogen is considered as an efficient way to produce fuel, suitable 
for storage, as chemical feedstock and for use in transportation [2, 4]. Among the technologies 
investigated in this field, photoelectrochemical water-splitting has seen substantial progress in efficiency 
enhancement, reaching conversion efficiencies of up to 18% for lab scale devices [5]. High cell efficiency 
(>5%), long live times and low energy fabrication processes have been identified as predominant criteria 
to achieve profitable net energy performances [6]. Hence, it is mandatory to propose scalable energy-
saving fabrication processes and study the performance of larger electrodes, in order to move further 
towards practical implementation.  
In this contribution we present a scalable process for particle-based photoanodes. The electrodes are 
versatilely made of photocatalytically active semiconductor particles (LaTiO2N) and optionally coated 
with co-catalysts, conducting connectors, or protecting components, all immobilized on a conducting 
substrate [7, 8]. The involved fabrication steps are restricted to electrophoretic deposition and/or slurry 
coating, annealing in air and dip coating. These processes are already running on an industrial scale either 
in commercial battery or in semiconductor production. Adapting the fabrication steps, the electrode 
surface was increased from 1 cm2 (size of a typical lab electrode) to 40 cm2. For several compositions, the 
performance of both photoanode sizes was assessed by photocurrent and Faraday efficiency 
measurements. The comparison revealed a complex upscaling behavior.    
 

  

Left side:  
40 cm2 and 10 
cm2 LaTiO2N 
photoanodes. 
Scale bar is set 
to 1 cm  
Right side:  
Photocurrent-
density of 40 
cm2 and 10 
cm2 LaTiO2N 
photoanodes 
versus 
electrode type 
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TiO2 has received large attention due to its ability to “photocatalytically” generate H2 from H2O.[1] 
Classically, photocatalytic reactions are carried out using semiconductor particle suspensions, such as 
TiO2 nanoparticles floating in aqueous environment. In order to overcome the kinetic hindrance of the 
electron transfer at the solid-liquid interface, usually the TiO2 nanoparticles are decorated with a so-called 
co-catalysts, typically Pt, Au, Pd. More recently, TiO2 1D nanostructures have gained increasing attention 
for photochemical and photocatalytic applications, due to their unique electronic and optical properties 
and directional charge transfer.[2–4]One of the most straightforward synthesis approaches is self-
organizing electrochemical anodization of a metallic Ti sheet.[5] Under conventional (but optimized) 
conditions, hexagonally packed ordered TiO2 nanotube layer are formed, and these have been widely 
explored for use in solar cells or photocatalysis.[6,7] 
In the present work, these tube arrangements are used as hexagonally patterned substrate for metal 
dewetting to form noble metal/TiO2 photocatalyst assemblies.[8] Moreover, other strategies involve the 
use of the dewetting process on the tubes to first form alloy nanoparticles (i.e., Au-Ag or Au-Pt-Ag 
alloys). To do this, Au and Ag (and Pt) films are sequentially sputtered onto TiO2 nanotubes and a 
subsequent thermal dewetting treatment is carried out that leads to the formation of arrays of AuAg (or 
AuPtAg) alloy particles. By changing the sputtering configuration, it is possible to precisely decorate the 
nanoparticles at either the top or bottom of nanotubes. From these alloy particles, Ag is selectively 
dissolved (dealloyed) to form a porous Au (or porous AuPt alloy) particle. Our work demonstrates a most 
effective way to tune the size and location of porous co-catalytic nanoparticles on TiO2 nanotubes by a 
combination of sequential sputtering-dewetting treatment and selective dealloying process. The porous 
Au (or AuPt alloy) nanoparticles, when compared to the conventional decoration technique, show a 
remarkably increased photocatalytic H2 production. 
 

 
Figure 1. SEM images of: (a) porous Au nanoparticles at the top of TiO2 nanotubes and (b) porous AuPt 
alloy nanoparticles on the wall of TiO2 nanotubes. 
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Surface patterning by scanning electrochemical microscopy (SECM) represents a powerful tool for a large 
variety of analytical applications and electronics developments. Titanium dioxide is one of the most 
investigated compounds in materials science due to its unique properties that enable its use in a wide variety 
of applications such as solar cells and photocatalysis.[1] In this work, we present the localized growth of 
TiO2 by anodization of a titanium surface, confined to a micro-sized region and the use of a combined 
optical fiber-SECM approach for the screening of their photoelectrochemical properties for water 
splitting.[2] The localized anodization of a Ti substrate was performed using a combined micropipette-
microelectrode system. The electrolyte was locally deposit on the surface through the micropipette and the 
microelectrode was used as the cathode. A local spot containing TiO2 was hence obtained. The advantage 
of this localized anodization is the possibility to produce on the same substrate TiO2 spots with different 
photocatalytic properties obtained by varying the anodization potential and the TiO2 growth time (figure 
1.A). A high-throughput screening of the photoelectrochemical properties of these spots was achieved by 
locally illuminating the surface with UV light using a combined optical fiber-gold microelectrode tool. It 
allows simultaneous measuring of water oxidation photocurrent and reduction current of the produced 
oxygen (figure1.B). 
 

 
Fig. 1 : A) Scheme of local generation and screening of TiO2 by SECM, B) Photoelectrochemical image of 
different type of TiO2 generated by local anodization. 
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Silicon is one of the most attractive electrode materials for manufacturing photoelectrochemical cells 
(PECs) because it has a small band gap, it is very abundant and widely used by the photovoltaic 
industry.[1] Nevertheless, using Si as a photoanode material is highly challenging as oxygen evolution 
reaction (OER) is sluggish at Si surface and the material is particularly prone to deactivation by 
spontaneous oxidation and chemical etching. It has been shown that conformal Ni and NiOx thin films, 
deposited by vacuum processes are excellent coating materials, providing corrosion resistance and a high 
catalytic activity for the OER at high pH.[2,3] Conversely, electrodeposition on n-type Si has been 
scarcely used to fabricate efficient Si-based photoanodes. 
 
We have recently shown that Ni, electrodeposited 
on n-type Si from aqueous solutions, in the form of 
isolated or coalescent nanoparticles (NPs) protects 
the underlying and partially exposed Si from 
photocorrosion.[4] Such photoanodes show high 
photovoltages, state-of-the-art photocurrents, and 
faradaic efficiencies >90% under simulated 
sunlight at pH 14. Besides, these electrodes are 
stable as they can be operated at the light-limited 
catalytic current from 10 h to more than 40 h in  
1 M NaOH. This is remarkable as most of the 
surface is not covered by Ni, thus, in direct contact 
with the highly corrosive electrolyte. This 
demonstrates that robust and efficient Si 
photoanodes can be produced easily, which opens 
new opportunities for the implementation of low-cost Si-based monolithic photoelectrochemical cells for 
efficient solar fuel production. In this presentation, the performance of these photoanodes as well as the 
mechanisms conferring stability will be discussed.[5] 
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CVs showing the anodic behavior of an n-Si surface modified 
by Ni NPs under illumination with simulated sunlight (red) and 
the anodic behavior of a sputtered Ni thin film (blue) in  
O2-saturated 1M NaOH. 
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The work describes the morphological, structural and arrangement of transport, scattering and blocking 
layers in the titania (TiO2) based dye sensitized solar cells (DSCs). The TiO2 semiconductor is well 
celebrated not only in DSCs but also in in several other areas, that is why, it was selected in this very 
work. Giving the essentials about the driving force(s) for different charge transfer (electron or hole) 
processes the role of photoanode among DSC components will be introduced while giving the discourse 
of electrochemical and photochemical processes. The synthesis scheme for the well-crystallized TiO2 
nanoparticles and that of its two phases namely anatase and rutile will be presented. The role of nanosized 
particles and that of mesoporous microspheres will particularly be differentiated as the part of 
transport/absorber layer. The effect of size and porosity will be discussed alongwith the crystallinity and 
better inter-particle connections caused by partially oriented attachment of primary particles. The 
question, how the effective charge transport can be made using different phases of TiO2 will mainly be 
debated. The results also present the role of blocking layers and its optimum number to ensure good 
photovoltaic performance. The photovoltaic performance of the devices will be quantitated in terms of 
charge carriers’ life time and the amount of dye adsorbed apart from open circuit voltage, short circuit 
current, fill factor and device efficiencies (IPCE and APCE). Electrochemical impedance spectroscopy 
and open circuit voltage decay experiments were carried out to diagnose the substantial change in power 
conversion efficiencies up to 8.4%.   
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The behavior of the semiconducting oxides has been in the center of attention due their prospective 
application in solar fuel generation or in waste water treatment. The electrode materials for these 
applications, however, have to combine a multiple functionality since they act simultaneously as the 
energy harvesters as well as actual catalysts in complex charge transfer reactions.  
The optimization of the semiconductor oxides therefore mainly focuses on the band gap optimization to 
improve the energy harvesting capabilities; the optimization of the catalytic properties has so far been less 
explored and the improvement of the charge transfer properties of the electrode materials has been 
addressed by increasing the total electrode area by employing the nano-particulate   forms of the catalysts. 
The possible particle size related effects in the photoelectrochemical behavior of semiconducting oxides 
have not yet ben addressed in depth.  
 

This paper attempts to describe the 
particle size role in the 
photoelectrochemical behavior of 
SrTiO3 prepared by spray freezing 
freeze drying synthesis and compares 
the photoelectrocatalysis of water on 
nanocubes sized 10 - 30 nm. All 
included materials are crystalline and 
conform to the perovskite structural 
type. All prepared nanocubes show 
identical band gap width of  … eV. The 
prepared materials also feature only 
{100} oriented faces at the surface 
avoiding the ambiguity  possibly 
connected with different surface 
orientation. The activity of the SrTiO3 
nanocubes in water oxidation decreases 
with decreasing particle size clearly 
showing the overall activity of the 
perovskites is controlled by charge 
transfer at the surface namely by the 
local structure related dimensionality of 
the surface sites.      
 
 
 

Figure 1 Particle size dependence of the photo-electrochemical 
activity of nanocube SrTiO3 catalysts in water oxidation. Data were 
gathered in 0.1M HClO4 upon illumination with monochromatic light 
of λ=365 nm. The insets show typical nanocube morphologies 
assessed by SEM.  
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In spite of significative environmental benefits, the large-scale deployment of PEM technologies for molecular 
hydrogen production is confronted to drastic economic constraints. Early markets can absorb extra-costs due 
to the use of platinum group metal (PGM) electrocatalysts (e.g. nanoPt/C for H2 evolution; nanoIrO2 for O2 
evolutio), but large scale implementation is calling for significantly cheaper electrocatalysts. The 
implementation of electrochemically active molecules at electrified interfaces addresses multidisciplinary 
challenges and opens a world of fascinating opportunities. It allows to prepare reaction-customized (photo)-
electrochemically active interfaces: (i) possibility to perform electrocatalysis at molecular scales; (ii) high 
versatility: possibility to design tailored electrochemical nano-reactors using mono-/poly-nuclear complexes 
of appropriate chemical composition, geometry and activity. 
The present work focuses on electrocatalytic materials based on {Mo–S} complexes and cobalt 
clathrochelate (Fig. (a)) [1,2]. 
To enhance the efficiency of our electrodes, we used either glassy carbon, carbon nanotubes or TiO2 
nanotubes as substrate [3]. The molecular complexes were functionalized at the surface of the electrode by 
different techniques such as drop-casting, dip-coating or electrografting.  
The geometry of the nanostructured electrode as well as the nature of the grafted catalysts were tuned and 
systematically characterized by electron microscopy, X-ray diffraction and their (photo)electrochemical 
properties evaluated by cyclic voltammetry, gas chromatography and photo electrochemistry. 
In particular, the steady-state galvanic current densities are recorded and redox properties are determined 
by cyclic voltammetry.  
Finally, in order to determine the intima correlation of the local electrocatalytic response with respect to 
the topological orientation of the complexes on surfaces, scanning electrochemical microscopy (SECM) 
was used (Figs. (b), (c)).  
These results highlight a strategy for optimizing electrochemical energy transformation devices which 
could be generalized: the geometric tuning of catalytically active, abundant and cost-effective material 
systems towards mass production of dihydrogen. 
 

 
(a) Electrocatalytic behavior of a {Mo–S}-based complexe for the HER. 

(b) Topography vs. (c) electrochemical response measured by AFM-SECM. 
 
 
[1] E. Cadot et al., Chem. Soc. Rev., 2012, 41(22), 7335 
[2] M. Antuch et al., Electrochim. Acta, 2017, 245, 1065 
[3] L. Assaud et al., ACS Applied Materials & Interfaces, 2015, 7(44), 24533 
 
We are grateful to the MOMENTOM project from IRS IDEX Université Paris-Saclay for funding.  
 



A Single Energy Conversion and Storage Device of Cobalt Oxide 
Nanosheets and N-doped Reduced Graphene Oxide Aerogel 

 
 

Saran Kalasina, Nutthaphon Phattharasupakun and Montree Sawangphruk* 
Department of Chemical and Biomolecular Engineering, School of Energy Science 

and Engineering, Vidyasirimedhi Institute of Science and Technology (VISTEC), Rayong 21210, 
Thailand. 

*montree.s@vistec.ac.th 
 
 

A new asymmetric hybrid energy conversion and storage (HECS) cell1,2 consists of photoactive cobalt 
oxide (Co3O4) positive electrode and N-doped reduced graphene oxide aerogel (N-rGOAE). The HECS 
cell exhibits 1.4-fold higher specific capacitance under red LED light illumination than that under dark 
condition. The Co3O4 can absorb all visible light spectrum and even red LED light (1.98 eV) can excite 
its valence electron to the conduction band via its indirect band gap (1.45 eV) so-called the photovoltaic 
effect. Whilst, the N-rGOAE can balance all charges generated at the Co3O4 positive electrode via 
electrochemical double-layer capacitance.  
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The conversion of carbon dioxide (CO2) into fuels or precursors to fuels, such as carbon monoxide (CO), 
is an area of blooming interest recently. One of key challenges for efficient reduction of molecule CO2 
under either photocatalytic or electrocatalytic condition is developing of novel catalysts with high activity 
and selectivity. A series of cobalt complexes supported by tetradentate N4 ligand were designed and 
synthesized as catalysts for CO2 reduction in electrocatalytic or photocatalytic systems. All of the 
complexes adopting of cis-octahedral coordination geometry were characterized by single-crystal X-ray 
analysis. Electrochemical and photochemical studies revealed that the ligand structure and halogen 
ligands at cis-coordination sites of the complexes affect the activity towards CO2 reduction. DFT 
calculations points out that the chloride ligand existing at cis-position play a role for assisting the bound 
CO2 molecule in attracting protons in the course of CO2 transformation. The photocatalytic CO2 reduction 
tests revealed that complex C1 catalyzes CO2-to-CO conversion with a TON of 470 and a selectivity of 
86% in the presence of Ir(ppy)3 as photosensitizer and triethylamine as sacrificial electron donor in DMF 
under visible light irradiation. 
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Inspired by biological photosynthesis, the current research aims to convert sunlight into chemical fuels, 
by driving the photocatalytic dissociation of water at soft interfaces. The water oxidation reaction is a 
multi-electron transfer reaction that requires a lot of energy and is considered the most challenging step in 
water splitting [2]. 
In this work, we study the photoinduced activity of the TTF•+/TTF (tetrathiafulvalene) self-assembled 
redox shuttle in the water oxidation reaction. Pt microparticles are used as floating electrocatalysts and 
the redox shuttle is evaluated in two different systems: (I) Monophasic system consisting of 
water/acetonitrile (ACN) mixtures and (II) a biphasic system formed between water and butyronyrile 
(BCN), which are inmiscible.  
In addition, the activity of TTF*+ in the biphasic system was compared with the well known electron 
acceptor Co(bpy)3

3+ which was recently studied using BiVO4 as the photocatalyst [2].  
In the experiments carried out in system (I), TTF/TTF•+(BF4

–)x in ACN was vigorously stirred in presence 
of < 10 μm Pt particles and water, and was irradiated with visible light (455nm). The analysis of the gas 
phase revealed at first the formation of O2 with 100% efficiency, and eventually H2 evolution.  Mass 
spectrometry and UV-Vis absorption spectroscopy showed no decomposition of the electron acceptor 
during the photochemical reaction. Figure 2 shows a scheme of the system (II). 
Bis(triphenylphosphoranylidene) chloride (BACl) and bis(triphenylphosphoranylidene) 
tetrakis(pentafluorophenyl)borate (BATB) are the supporting electrolytes in water and butyronitrile 
phases, respectively. Thus, the cation Bis(triphenylphosphoranylidene) acts as a common ion which 
induces an specific potential difference across the interface. The evolution rate of O2 is drastically 
improved under the polarization of the interface with BA+. In this system we analyzed the effect of the Pt 
particle size, Pt/TTF*+ relationship and BA+ concentration.  
Conceptually, these two systems represent an approach to solve the energy challenge with minimal 
environmental impact by using a reversible electron acceptor that allows for a more sustainable water 
splitting system. 
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Figure 1. Initial conditions: 2 mM TTF•+ and 1 mg Pt in 
20% (dotted lines) and 50 % (full lines) Water/ACN 
mixtures.. Inset figure: chromatograms at different 
times. 

Figure 2. Scheme of biphasic system (II). 
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In order to overcome the issue of intensive use of fossil fuel energies, scientists need to rapidly propose 
new energy resources to protect environment and pass down a healthy planet to our future generations. In 
this context, solar energy appears as an efficient green and renewable alternative energy source to fossil 
fuels. To date, the most widely used material for solar cells is silicon for which the technology is now 
very well mastered. Nevertheless, current works tend to focus on new technologies using other semi-
conductors materials having key attractive features such as a low cost and an ease of fabrication. For 
instance, this challenge has been fulfilled with the development of dye-sensitized solar cells (DSSCs), 
initiated by the works of Grätzel two decades ago and based on the use of TiO2 photosensitized with a 
dye. Since their inception, many improvements have been allowed due to continuous modifications 
concerning the different key-elements constituting DSSCs. In particular, means to increase life-time of 
charge carriers in TiO2 layer are major issues in limiting recombination processes. In this work, it has 
been shown that incorporation of polyoxometalates (POMs) in TiO2 can decrease recombination 
processes and consequently increase solar cell yields. POMs constitute a unique class of metal-oxygen 
polyanionic clusters on the nanoscale, having attractive electrochemical properties. The efficiencies 
measured for these solar cells have been correlated with investigations of physical processes occuring. In 
particular, impedance measurements and time-resolved microwave conductivity (TRMC) measurements 
have been performed. TRMC is a very powerfull microwave reflectance method which appears very 
relevant to directly investigate the mobility of charge carriers in semi-conductors. Generally used in 
photocatalysis field, we have usefully introduced this original method in the photovoltaic field to 
investigate charge carrier dynamic occurring in solar cells. 
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Bismuth vanadate (BiVO4) is a suitable photo-anode for the photo-electrochemical splitting of water 
mainly due to its relatively low band gap energy (Eg = 2.4 eV) and a favorable conduction band minimum 
(CBM) position very near the thermodynamic H2 evolution potential1. However, surface states on the 
BiVO4 surface give rise to defect levels, which can can mediate electron-hole recombination via the 
Shockley-Read-Hall mechanism2.  
 
In order to minimize the inefficiencies arising from electron-hole recombination and passivate the surface 
states, an ultrathin Al2O3 overlayer was deposited to the BiVO4 thin films that were synthesized via an 
electrodeposition method, in an ALD-like manner. A photocurrent density of 0.54 mA/cm2 at 1.23 V vs 
RHE was obtained for the ALD-Al2O3/BiVO4, which was a 54% improvement from the bare BiVO4 that 
demonstrated a photocurrent density of 0.35 mA/cm2 at 1.23 V vs RHE. A 15% increase in stability of the 
ALD-Al2O3/BiVO4 was also observed over 7.5 hours of irradiation. 
 
It should be noted that the existing literature is very scarce for the use of Al2O3 as a passivation layer for 
BiVO4 photoanodes. Moreover, the existing literature is silent about the nature of the specific surface 
interactions that exist between an Al2O3 overlayer that was deposited on a BiVO4 surface. This has not 
been studied to date, but this information is very significant and should be probed deeply if we are to 
engineer stable and more efficient BiVO4 photoanodes for water splitting and other photocatalytic 
applications.  
 
This paper offers a novel perspective about this specific surface chemistry, and gives unique insights 
about the characterization of the BiVO4 surface, i.e. quantification of OH groups, surface acidity, and 
dominant crystal facets, and how these surface properties influence the growth and the grafting of the 
Al2O3 overlayer. Specifically, this paper gives unique and new information on the manner by which the 
first layer of the Al precursor is deposited on the BiVO4 surface, as probed by several characterization 
techniques such as DRIFTS, solid-state MAS NMR, elemental analysis, and gas chromatography.  
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Semiconductor materials preferably made up of earth-abundant, and low-toxicity elements have been 
seeking to apply either in photoelectrochemical or photovoltaic cells. Among the materials investigated, 
tin antimony sulphide (TAS) is a feasible candidate fitting in these requirements. Furthermore, it has a 
desirable narrow optic band gap (1.40-1.75 eV) and a good absorption coefficient (104 cm-1)1. Several 
methods of synthesis of this material have been reported on literature, such as, thermal evaporation and 
sputtering. However, very little attention has been devoted to electrodeposition approach, which is a low-
cost method. As the aim of this work, a simple and new methodoly has been developed to obtain the TAS 
by electrodeposition. SnSb is electrodeposited on FTO followed by sulphurisation at different 
temperatures and times. Additionally, the obtained material was characterized, and evaluated its 
photoelectroactivity for hydrogen production. The electrodeposition was carried out potentiostatically at -
1.14 V vs. Ag/AgCl/KClSat. with a charge deposition of -332 mC. Stripping voltammetric analysis of the 
SnSb film revealed an elemental ratio nearly 1:1 (Sn:Sb). The Raman spectra confirmed that the Sn-Sb-S 
system was successfully obtained and the characteristic bands2 of the basic structural units of [SnS4] and 
[SbS3] were observed. Mostly the XRD patterns were indexed to Sn2Sb2S5 whose crystalline system is 
orthorhombic. Minor secondary Sb2S3 phase was identified. The survey XPS spectra indicated atomic 
ratio percentage of 1.0:2.9:12.3 and 1.1:1.0:6.9 (Sn:Sb:S) for the films sulphurised at 350 °C for 3 and 5 h 
respectively. The optic band gap of a direct transition was estimated from Tauc plot, and it varies from 
1.65 to 1.77 eV, which is in agreement with the reported ones on literature3. Regarding the morphology 
before and after sulphurisation, the sulphurised material presented rode like morphology, whilst the 
unsulphurised one is dendritic like, Fig. 1 (on the right). The photoelectrochemical experiments were 
performed under solar simulator AM 1.0G for the films sulphurised at different temperature and times. 
The results revealed that the sulphurisation condition to highest photoelectroactivity for hydrogen 
production was 350 °C for 3 h, ≈ -150 μA cm-2 at -0.45 V vs. Ag/AgCl/KClSat.. Furthermore, the 
sulphurised material at different temperature and times has catalyzed hydrogen evolution reaction as the 
onset potential shifted towards less negative values compared to the thermodynamic potential of hydrogen 
evolution. Fig. 1 (on the left) presents the linear voltammograms under and without illumination for the 
films sulphurised at different times. 
 

  
Fig. 1 – On the left: linear voltammograms at 50 mV s-1 of SnSb sulphurised at different times. The 
electrolyte was Na2SO4

 0.5 M pH 2.0. On the right: SEM images of SnSb (a) before sulphurising, and 
sulphurised at 350 °C per (b) 1 h, (c) 3 h, and (d) 5 h. 
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The necessity for high-efficiency and low-cost photovoltaic conversion material has favored the 

development of a technology that uses thin films (TF’s) semiconductors to face the high value of the 
silicon-based solar cells dominant in the current market [1]. In this scenario, antimony selenide (Sb2Se3) 
has been investigated in the recent decades because it is a light-absorber material composed of high-
abundant, less toxic and relatively low-cost elements [2]. In this work, we present the electro-obtaining 
TF’s of Sb2Se3, as well as the exploratory study of the effects on deposition parameters such as the 
precursor’s concentration in the bath, the total deposition charge and the supporting electrolyte in its 
properties and the photoeletrocatalytic activity toward H+ reduction reaction. 

In the initial conditions the Sb2Se3 films were obtained by potentiostatic co-electrodeposition at 
room temperature on FTO substrate in an electrolytic bath composed of 2.5 mmol L-1 K(SbO)C4H4O6 and 
2.0 mmol L-1 SeO2 at Na2SO4/H2SO4 0.5 M – pH 2.0. The deposition potential was -0.6 V, the total 
charge was of 600 mC and substrate geometric area was 1.0 cm2. 

From these parameters, the concentration of SeO2 in the bath was varied to 2.5 and 3.0 mmol L-1, 
while the K(SbO)C4H4O6

 concentration was maintained constant. The total deposition charge was 
changed to 300 and 1200 mC, which implies in likely variation in the film thickness. NH4Cl and 
(NH4)2SO4 were tested as alternative supporting electrolytes, both in 0.5 mol L-1 at pH 2.  After obtaining 
the films, they were subjected to the thermal treatment at 300 °C for 3 h under Se(vapor)/N2 atmosphere. 
Thus, by analyzing the morphology, composition, band-gap, structural characteristics and 
photoelectrocatalytic activity, it was possible to reach the optimized condition for deposition of Sb2Se3 
films. 

Associated with the micrographic characterizations, the composition of the films was semi-
quantitatively determined by EDS. In general, most films had a very close stoichiometric composition, 
however, it is interesting to note that from micrographs there was a strong tendency in the formation of 
rods when the SeO2 concentration in the electrolytic bath was increased in relation to the initial condition. 
According to the diffractograms, it can be observed that most of the films had a single crystalline phase. 
The band gap values, determined by linear extrapolation of the curve (αhν)2 vs. photon energy, presented 
a value of ~1.1 eV, in accordance with the values reported in the literature [3]. Nevertheless, the effect of 
the (NH4)2SO4 as supporting electrolyte led to the preferential incorporation of metallic-Sb and the 
formation of a more compact metallic shining surface, reducing its band gap to 0.65 eV. The films 
deposited with a total charge of 300 and 1200 mC presented photocurrent lower.  In the first case, smaller 
thickness contributed not to reaching satisfactory indices of light absorption, causing a decrease in its 
photocurrent compared to film obtained from initial condition. In the last case, the film was thicker than 
the others, having higher series resistance and, by consequence, higher probability of carrier 
recombination and lower charge collection efficiency. Thus, the study of the electrodeposition parameters 
allowed to reach the following optimized condition: bath with 2.0 mM of SeO2 and 2.5 mM of 
K(SbO)C4H4O6 in 0.5 M of Na2SO4 - pH 2 and total deposition charge of 600 mC. This condition 
revealed better results, exhibiting good optoelectronic properties and photoactivity, besides an average 
photocurrent of 166.34 μA cm-2, respectively. In short, the Sb2Se3 films showed good photoactivity and 
optoelectronic properties in relation to the H+ reaction, promising materials for photovoltaic applications. 
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In the framework of the research on dye-sensitized solar cells of p-type (p-DSCs) the definition and 
optimization of the electrolyte have been the most crucial aspects for the reach of the recent records of 
photo-conversion for this type of photoelectrochemical devices (1-3). At the basis of this progress there 
was the replacement of the redox shuttle of reference I3-/I- (4) with opportune redox mediators which 
deliver higher photocurrents and produce larger open circuit photovoltages with respect to I3/I-. In the 
present study we intend to optimize the chemical composition of the liquid electrolyte for p-DSCs 
employing different couples of redox mediator, various additives for the stabilization of the photocathode 
surface (made of NiO), and variable concentrations of redox shuttle, supporting electrolyte and surface 
stabilizers. Beside the general conditioning of the overall performance, the analysis of the influence of p-
DSC electrolytes has concerned the aspects of the extent of optical selfabsorption of the electrolyte, of the 
chemical aggressiveness of the redox species and of the control of the phenomena of electronic back-
donation by the photoreduction product. Non obvious correlations have been found between the four main 
cell parameters (overall efficiency, short-circuit photocurrent density, open circuit photovoltage, fill 
factor) and the conductivity of the electrolyte. Another relevant aspect of the investigations here reported 
has concerned the influence of the electrochemical stability of the electrolyte on the general performance 
of the p-DSC.   
 

   
Figure 1. Trend of the main photoelectrochemical parameters versus the iodine/iodide ratio in the 
electrolytic solution. On the left, open circuit voltage (VOC, blue circles) and Fill Factor (FF, red squares); 
on the right, short circuit density (JSC, green diamonds) and overall efficiency (K, purple diamonds). 
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Abstract 
Transparent Fe1-xNixOOH overlayers (~2 nm thick) were deposited photoelectrochemically on (001) 
oriented heteroepitaxial Sn- and Zn-doped hematite (α-Fe2O3) thin film photoanodes. In both cases, the 
water photo-oxidation performance was improved by the co-catalyst overlayers. Intensity modulated 
photocurrent spectroscopy (IMPS) was applied to study the changes in the hole current and recombination 
current induced by the overlayers. For the Sn-doped hematite photoanode, the improvement in 
performance after deposition of the Fe1-xNixOOH overlayer was entirely due to reduction in the 
recombination current, leading to a cathodic shift in the onset potential. For the Zn-doped hematite 
photoanode, in addition to a reduction in recombination current, an increase in the hole current to the 
surface was also observed after the overlayer deposition, leading to a cathodic shift in the onset potential 
as well as an enhancement in the plateau photocurrent. These results demonstrate that Fe1-xNixOOH co-
catalysts can play different roles depending on the underlying hematite photoanode. The effect of the co-
catalyst is not always limited to changes in the surface properties, but also to an increase in hole current 
from the bulk to the surface that indicates a possible crosslink between surface and bulk processes.   
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The design of a device that is simultaneously a solar energy convertor and a battery represents a real 
interest for energy storage. This concept of major interest will allow to charge a battery without any 
external power supply.1,2 
 
In this study, we combined dye-sensitized solar cells with lithium active materials to obtain a photo-
rechargeable Li-ion battery.3 
In this context, we used ruthenium complex as photosensitizer which under illumination plays the role of 
photoredox catalyst for Ni1/3Mn1/3Co1/3O2 (NMC) oxidation. Given the photochemical properties of the 
ruthenium complex, a more than 1V gain is expected during the charge of the cathodic material under 
light as illustrated by the scheme below. 

 
First, the ruthenium complex (Ru(bpy)2(bpyNH2)2+) is electrodeposited by cyclic voltammetry on 
glass/ITO surface.4 This method permits to control the amount of monolayers grafted. Figure 1a exhibit 
the cyclic voltammogram of glass/ITO/Ru complex electrode in the electrolyte at different scan rate. We 
can see at E1/2 = 4.2 V vs Li+/Li the reversible RuII/RuIII redox system which, taking into its current peak 
vs scan rate linearship, indicates the good chemical stability of the electrodeposited material.  
Electrode slurries containing the active material (NMC) has been then coated on the modified ITO and 
tested in the three-electrode system under light irradiation. 
In Figure 1b we observe promising results with the impact of Ru complex on the electrode open circuit 
voltage (OCV). The curve unambiguously shows the presence of RuII material leads to the decrease of the 
OCV under light.  
 

 
Figure 1: (a) Cyclic voltammogram of ruthenium complex electrodeposition in 0.1M LiPF6 EC/DMC electrolyte 
recorded at a scan rate of 100, 80, 60, 40 and 20 mV.s-1 from top to bottom. (b) Cell open circuit voltage vs time 
dark/illumination conditions. 

1. D. Schmidt, M. D. Hager, and U. S. Schubert, Adv. Energy Mater., 6, 1–11 (2016). 
2. M. Yu et al., J. Mater. Chem. A, 4, 2766–2782 (2016). 
3. T. Godet-Bar et al., J. Mater. Chem. A, 5, 1902–1905 (2017). 
4. V. Q. Nguyen et al., J. Am. Chem. Soc., 138, 9381–9384 (2016). 
 

RuII light RuII* RuIII-e-

Cathodic
material

Oxidized cathodic
material

E ½ RuII*/RuIII

E/V

E ½
Cathodic material

hνem

E ½ RuII/RuIII



Amphiphilic Mesoporous Graphene Mediated Efficient Photoionic Cell  
 

 Yujie Liu, Hongding Zhang, Liang Qiao, and Baohong Liu * 
 

Department of Chemistry, Fudan University, Shanghai 200433, China 
E-mail address：bhliu@fudan.edu.cn 

 
With the rapid growth of energy consumption, conversion and storage of solar energy play an important 
role in modern society. Photoionic cell is a facile concept for direct solar energy conversion and storage 
based on dye-quencher couples [1,2]. The photoionic cells have the unique characteristics of directly 
converting solar energy into redox fuels, and the method is based on a dye-quencher (Azure B-
[Co(II)EDTA]2-) couple which will occur redox reaction under light excitation [3,4].  
 
However, there are still some limitations in the proposed dye-cobalt EDTA system, i.e. the low solubility 
of phenothiazine dyes in aqueous environments. Aggregation of the dye becomes remarkable at high 
concentrations, resulting in obvious loss of photoionic cell performance. On the other hand, volatile and 
toxic organic solvents are used to separate the hydrophobic reduced dyes (Leuco-Azure B), leading to an 
inconvenient experimental process. 
 
Here, we have developed an amphiphilic mesoporous materials as an interesting alternative of the organic 
solvents in the development of photoionic cells capable of capturing, converting and storing solar energy.  
The results demonstrated that the as-prepared amphiphilic mesoporous graphene (APG) could bring large 
amounts of dye molecules to the reaction system, and separate the reduced dye from the reaction system 
for energy storage, thus improving the performance of the photoionic cell. Compared to DCE in 
traditional photoionic cells, APG could achieve approximately 100% separation of the reduced dyes 
generated from the light reaction. Therefore, the amphiphilic nanomaterials with negatively charged 
surface and amphiphilic could successfully replace organic phase in photoionic cells. It is expected that 
the strategy might provide guidance for the future design of more practical photoionic devices based on 
bisphasic nanomaterials. 
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Nanostructured tungsten oxide possesses very interesting chemical, physical and catalytic 
properties. WO3 can find promising applications as sensors, in photoelectrochemical cells or in 
pohotocatalytic degradation of organic dye. It is widely recognized, that photoelectrochemical properties 
of nanostructured metal oxides can be enhanced by doping with transition metal ions [1–4]. 

Anodic WO3 photoanodes were prepared by electrochemical anodization of tungsten foil in 1 M 
(NH4)2SO4 + 0,075 M NH4F at 50 V. Furthermore, a wet impregnation of anodic oxide with transition 
metal (Fe, Co and Cu) ions was performed. In order to obtain a photoactive phase samples were subjected 
to annealing. A complex characterization of received materials was performed by using SEM, EDS and 
XRD measurements. An example of SEM image and EDS spectrum of tungsten oxide modified with Cu 
by the impregnation method is shown in Figure 1. Photoelectrochemical tests were carried out in a three-
electrode system, where nanoporous WO3 was used as a working electrode, a platinum foil as a counter 
electrode and an Ag/AgCl electrode as a reference electrode. The generated photocurrents were measured 
using a photoelectric spectrometer equipped with the 150 W xenon arc lamp and combined with a 
potentiostat. 
 

 
Figure 1. SEM image (a) and EDS spectrum (b) of WO3 modified with Cu by the impregnation 
method and annealed at 400 OC for 2 h. 
 

To sum up, the impregnation and annealing conditions were optimized. Photoelectrochemical 
properties of anodic nanostructured WO3 layers were improved by modification of tungsten oxide. 
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Renewable energy sources are highly desirable in this era of dwindling petroleum reserves and increasing 
environmental concerns. Solar energy can cover a substantial share of global energy needs, but due to the 
intermittency and dilute nature of sunlight, storage in energy-dense media, such as hydrogen, is essential. 
Solar photoelectrochemical (PEC) hydrogen production is one of the promising technologies that could 
potentially provide a clean, cost-effective, and domestically produced energy carrier [1,2]. 
Most of the PEC cells described in the literature operate in liquid phases that are used both as the 
electrolyte and as the desired reaction substrate or solvent [1,2]. Inspired by the polymeric electrolyte 
membrane (PEM) electrolysers and fuel cells reactor design a few research groups have attempted to 
separate the two electrochemical half-reactions with an ionically conductive polymeric membrane [3-5]. 
In such systems the membrane acts both as the electrolyte and as a support for the photoelectrodes. This 
novel strategy is very promising for scaling up PEC devices since the polymeric membrane electrolyte 
does not need replenishment during long term operation (unlike liquid electrolytes) and also allows the 
direct separation of the reaction products [3-5]. The use of solid-state electrolytes in conjunction with 
gaseous reactants has a series of advantages over liquid-phase reactors, such as direct production of 
compressed H2, operation at elevated temperature and pressure (for improving the electrode kinetics) and 
the production of H2 from the water contained in ambient air [6]. 
Our work on PEM-PEC cells lies on three parallel directions (i) development of porous scalable 
photoanodes, (ii) effect of ionic agent of polymeric electrolyte and (iii) gas phase operation at various 
relative humidity conditions. We have introduced a new PEM-PEC cell design equipped, for the first 
time, with a third electrode compartment acting as reference electrode. This allows reliable 
photoelectrode characterization and comparison with conventional PEC cells [3]. The main challenge in 
PEM-PEC cells is the alternative photoelectrodes design which require porous substrate to facilitate the 
reactant/products transfer through the electrode towards the electrolyte. We utilized a porous 3D web of 
titanium microfibers which acts as efficient current collector and at the same time as gas diffusion layer. 
This approach has been proven very efficient for two photoanode classes, i.e. TiO2 nanotube arrays and 
WO3/BiVO4 synergistic association, since we have reported the highest photocurrent densities [3-5].  
TiO2 nanotube arrays can absorb only in UV and thus have limited performance, however are excellent 
model photoanodes due to their stability in both acidic and alkaline conditions. We have evaluated them 
in PEM-PEC cells with H+ and OH- conducting membranes and it was demonstrated that use of latter 
ionic agent boosts the performance.  
Finally, in order to adapt the PEM-PEC concept to the visible part of the solar spectrum, we have 
developed the well-known (in conventional PEC cells) heterojunction WO3/BiVO4. Up to now only 
simple photoanodes based on TiO2 or WO3 powders have been developed for PEM-PEC applications and 
thus low performances were reported [6,7]. Our WO3/BiVO4 photoanode resulted in gas phase water 
splitting performances similar to those of conventional liquid electrolyte PEC cells under visible light 
irradiation and without the use of a co-catalyst. 
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Nanoscale control of the growth of inorganic metal oxides determines their structures and properties, and 
leads to development of novel nanostructured materials with fundamental and practical importance from a 
point of view their further applications. Ordered porous anodic titanium oxide (ATO) has gained a lot of 
attention due to a successful combination of functional chemical and physical properties with a well 
controllable nanoarchitecture, which make its one of the most important material, suitable for a variety of 
technological applications including photocatalysis, photovoltaics, sensors and templates for deposition of 
secondary nanomaterials [1-2]. Bearing the above-mentioned issues in mind, here we present the ability 
of formation of ATO structures, particularly in the form of nanopore array on 3D titanium substrate (Ti 
mesh) in viscous electrolyte containing fluoride ions. Three-dimensional (3D) TiO2 nanopore arrays 
grown on Ti mesh were prepared via a two-step electrochemical anodization process, and the effect of 
anodizing potential and duration of the process on the formation of ATO layers were investigated.  The 
morphology, structure, phase identification (after annealing), and photoelectrochemical properties of 
generated 3D nanoporous anodic TiO2 layers were characterized in detail. It is expected that anodizing of 
three dimensional Ti substrates will offer an opportunity to enhance various properties of ATO, especially 
its photoactivity. 
 
Fig. 1  Schematic representation of 
strategy during the exploration of the 
ability of formation of anodic titanium oxide 
on Ti mesh and investigations of 
morphological changes and 
photoelectrochemical properties of prepared 
electrodes. 
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Electrochromism and photochromism phenomena of transition metal oxides have received 

considerable attention because of potential applications in e.g. display devices, erasable optical storage 
media, chemical sensors, smart windows, radiation intensity gauges [1,2]. Some metal oxides can be 
deeply colored by exposing the material to irradiation characterized by appropriate energy or by applying 
potential. Among the transition metal oxides, molybdenum trioxide is regarded to be an ideal example of 
a material which exhibits electrochromic properties in the case when intercalation of cations into the 
MoO3 structure occurs [3].  

Furthermore, transition metals oxide can be used as photoanodes. Photoelectrochemical water 
splitting has been considered as a promising route for hydrogen production using solar energy since the 
discovery of electrochemical photolysis of water by TiO2 in 1972 [4]. However, TiO2 has relatively wide 
energy band gap ca. 3.2 eV makes titania photoactive only under UV illumination. Thus, searching for 
efficient and stable photoelectrode materials is still the interest of research groups working on PEC water 
splitting. With the energy bandgap below 3.0 eV, molybdenum trioxide is a kind of visible-light-sensitive 
semiconductor, which can directly lead to oxidation of water under sun light [5,6].  

In this work, we report a novel method for preparing transparent MoO3 film via anodization of 
thin Mo films already deposited at room temperature onto the FTO substrate using a magnetron sputtering 
system. The morphology of obtained materials was characterized by SEM and their properties were 
examined  using spectroscopic techniques (UV-Vis, Raman, XPS, photoluminescence spectroscopies) and 
electrochemical methods (impedance spectroscopy, cyclic voltammetry). Obtained material exhibits 
change of its colour depending of the applied potential and high contrast electrochromic properties. 
Moreover, MoO3 was photoelectrochemically characterized as photoanodes for water photooxidation. 
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Due to many advantages like stability in aqueous environment, resistance to corrosion and photocorrosion 
as well as nontoxicty and being environmentally friendly, tin oxide materials are commonly used as 
photoanodes for photoelectrochemical water splitting (PEC) [1–2], which is an effective strategy for 
production of hydrogen from water on a large scale. A very promising way to enhance the performance of 
photoanode is to form heterojunction by simple coupling of two different semiconductors with different 
band gaps and band edges positions [1–2]. With appropriately chosen materials, a significant 
improvement in both optical absorption and charge separation can be achieved [1–2]. In this context,  
deposition of other semiconductor with a relatively narrow band gap on the surface of anodic tin oxide 
with a precisely designed morphology is a very promising strategy [1–2]. 
Hence, here we present some preliminary results on fabrication of modified electrodes based on anodic 
tin oxide layers that can be used as photoanodes for PEC devices. Porous anodic SnOx films with 
different channels diameters were utilized as scaffolds for the second semiconductor. Various 
morphologies of SnOx layers were achieved by using different anodization conditions, especially the 
applied anodizing potential [3]. Moreover, various strategies including electrochemical deposition in 
different conditions [1] and successive ionic layer absorption and reaction (SILAR method) [2] were used 
for modification of tin oxide layers with α-Fe2O3 or CdS nanoparticles to obtain novel host-guest systems. 
Likewise, conditions applied during annealing of those electrodes were extensively investigated to find 
the optimal procedure allowing for the synthesis of the most effective system for PEC water splitting. The 
morphology and composition of as synthesized nanostructured photoanodes were carefully investigated 
by various techniques (e.g., SEM, XRD, XPS) and correlated with the conditions applied during the 
fabrication process. In order to find the best photoelectrochemical activity photoanodes were 
characterized using a photoelectric spectrometer. 

 
Fig. 1. FE-SEM images of anodic tin oxide layers formed by anodization at 2 V (A–B) and 4 V (D–F). 

Such formed oxide layers were used for further modifications. 
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 In this study, boron nitride (BN), a two dimensional material, proposed as a catalyst in oxygen 
reduction reaction, was first introduced as a metal-free electro-catalyst in the counter electrode (CE) of a 
dye-sensitized solar cell (DSSC). Consisting of the conductive binder sulfonated poly(thiophene-3-[2-(2-
methoxyethoxy)ethoxy]-2,5-diyl) (s-PT) along with BN, the BN/s-PT composite film was successfully 
deposited on the carbon cloth (CC) flexible subtract via the drop coating technique. BN acted as active 
sites to catalyze the reduction reaction (triiodide to iodine), and it was attached to s-PT to serve as binder 
on the CC. From the SEM image, s-PT would wrap the CC fibers whose diameter was 8 μm, so does the 
composite film. BN nanoparticles have about 70 nm in diameter and would be incorporated in the 
composite film, like the corn kernels of one ear of corn. After optimizing the weight ratio of BN to s-PT, 
the synergetic effect of the BN/s-PT composite film renders an efficiency (η) up to 9.21±0.14% with an 
open-circuit voltage (VOC) of 0.78 V, a fill factor (FF) of 0.71, and a short-circuit current density (JSC) of 
16.59 mA cm-2 under the illumination of simulated solar light, at an intensity of 100 mW cm-2 (AM 
1.5G). It is better than the cell efficiencies based on the CEs of bare BN (2.40±0.02%) and s-PT 
(7.10±0.03%). Moreover, BN/s-PT shows a great potential to substitute the traditional platinum 
(8.11±0.03%). Furthermore, the cathodic peak current density (Jpc) of the composite film was found to be 
6.88 mA cm-2 as determined from the cyclic voltammetry, confirming the increase in active sites  as 
compared with that of s-PT (4.83 mA cm-2). The Jpc of the composite film is higher than that of platinum 
(2.78 mA cm-2). The electrochemical impedance spectroscopy revealed a low charge transfer resistance 
(Rct) of 1.06 Ω cm2. To explore the ambient light condition (6000 lux, 1.94 mW cm-2, T5 lamp), the cell 
with BN/s-PT composite CE gives an impressive η of 21.28±0.17% with a VOC of 0.75 V, a FF of 0.80, 
and a JSC of 0.79 mA cm-2, suggesting the promising possibility to be used in indoor environments. 
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Hydrogen production via water splitting is a promising approach for energy storage due to the natural large 
availability of water. However, this technology is not fully developed due to the limitations of existing 
materials to catalyze the oxygen evolution reaction (OER). Electrochemically, the most active catalysts 
(IrO2 and RuO2) are not earth-abundant and therefore have high associated costs. In addition, the synthetic 
routes employed for the synthesis of active metal oxide photocatalysts are inefficient.   
One of the routes towards the optimisation of metal oxide (photo)catalysts for the OER and water splitting 
involves doping the metal oxide semiconductor resulting in changes of the width and position of the 
semiconductor band gap, in addition to improvement in conductivity and long-term stability. However, the 
preparation of mixed metal oxide nanomaterials is not trivial and quite often requires significant synthetic 
effort such as multi-step reactions, high temperatures and use of organic additives that require further 
purification steps before use in electrochemical systems. 
Here we present a facile combinatorial approach for the electrochemical synthesis of high surface area 
mixed-metal oxide nanoparticles. First, we will report the synthesis of binary and ternary bulk alloys with 
well-controlled composition by combinatorial, laser-assisted alloy fabrication (Figure 1A).1 The process is 
followed by the synthesis of metal oxide nanoparticles with well-defined and homogenous composition 
using the cathodic corrosion method (Figure 1B).2 The cathodic corrosion allows a fine control over the 
particle size and surface structure of the nanoparticles. We will present the structural characterization of 
different earth-abundant metal oxide nanoparticles and their (photo)catalytic activity towards the OER. 

 
 
1 J. García-Cañadas, N. J. E. Adkins, S. McCain, B. Hauptstein, A. Brew, D. J. Jarvis and G. Min, 

ACS Comb. Sci., 2016, 18, 314–319. 
2 M. L. Kromer, J. Monzó, M. J. Lawrence, A. Kolodziej, Z. T. Gossage, B. H. Simpson, S. 

Morandi, A. Yanson, J. Rodríguez-López and P. Rodríguez, Langmuir, 2017, 33, 13296–13302. 

Figure 1. (A) Simplified experimental setup for 
the synthesis of metal alloys by combinatorial 
facility. M1-M3 correspond to feeding motors of 
different metal wires. (B) Simplified 
experimental setup for the electrochemical 
synthesis of the laser-fabricated alloys. 
(C,D) SEM images of Sn- and Cu-doped sodium 
titanate nanowires produced by cathodic 
corrosion of Sn43Ti57 and Cu6Ti94 alloys, 
respectively. 
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The constant increase of the human population and energy consumption per capita requires development 
of the alternative renewable energy sources and addressing the problem of their intermittent nature. So 
far, the most widely used solution is the hybridization of the technologies in order to stabilize the output 
power. In the case of solar energy, traditional photovoltaic modules are combined to a battery storage 
facility to accommodate the balance between the installation delivery and the consumer demand. Our 
approach targets the development of materials able to combine solar energy conversion and its storage at 
the molecular level. 
 
A similar approach was first demonstrated by Tributsch who highlighted first an interfacial light-driven 
ion transfer in mixed electronic/ionic semi-conductor by making use of the efficient charge separation 
process within the depletion layer [1]. One limitation of such a mechanism is nested in its extreme surface 
reaction. To overcome this important issue, we synthesized ultra-nanocrystalline anatase TiO2 crystals 
which affords to drastically enhance the surface-to-volume ratio and consequently the reaction yield [2,3]. 
As a result, under standardize A.M.1.5G conditions, we demonstrated a quantitative photo-rechargeable 
electrode which can be recharged simply by light exposure in less than 1-hour [4]. 
 
In this presentation, a particular emphasis will be placed on the description of this new concept based on 
anatase TiO2 nanocrystals together with some insights regarding the photo-electrochemical mechanisms 
and their limitations [5].  

  
Figure 1. Schematic representation of the charge separation and Li+ de-insertion processes in LixTiO2 / 
TiO2 nanocrystals under incident A.M.1.5G light exposure [5] 
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Titanium oxide (TiO2) is one of the semiconductors which possesses a wide range of properties 
such as: good chemical stability, biocompatibility and non-toxicity [1], and for this reason, it offers 
a lot of possibilities for using it in photocatalysis and medicine [2,3]. However, from the point of view 
of photoelectrochemical applications, the main disadvantage of TiO2 is absorption of the light 
from the UV range, which significantly limits its use as e.g., catalysts [4]. To solve this problem 
and to increase the range of absorbed radiation, applying different modifications of this semiconductor 
such as electrochemical deposition and impregnation with the solution containing transition metal ions 
is very often used [5].  
 In this study, in order to obtain nanoporous titanium dioxide layers, a three-step anodization 
in an ethylene glycol based electrolyte containing 0.38% wt. NH4F and 1.79% wt. H2O at a constant 
potential of 40 V was used. The modification method was based on impregnation of anodic TiO2 samples 
with solutions containing various concentrations of cobalt, copper and iron ions followed by their 
annealing at different temperatures. The morphology and chemical composition of synthesized materials 
were investigated by using a field emission scanning electron microscope (FE-SEM/EDS), and their 
structure was determined by X-ray diffraction (XRD). The photoelectrochemical properties 
were characterized by UV-Vis spectroscopy. 
 Studies showed that the structure of anodic TiO2 samples impregnated with transition metal ions 
was changed and it depends on the concentration of transition metal ions used (Fig.1). The modified TiO2 
samples exhibited enhanced photoelectrochemical properties. In conclusion, obtained material 
can be a promising nanomaterial with improved photocatalytic properties. 
 

  
Fig.1 FE-SEM top-view image of modified TiO2 by impregnation in the solution containing 50 mM 
copper ions and then annealed at 400°C for 2 h together with the corresponding EDS spectrum.  
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In dye-sensitized solar cells (DSSCs) field, Pt showed great performance to the tri-iodide reduction, 

however, the Pt counter electrode has the problem of high cost and scarcity. Therefore, researchers have 
put great effort in searching for new electrocatalysts to replace the Pt. Based on the previous research, 
transition metal selenides show excellent performance in DSSC, such as CoSe2, NiSe2, FexSey and so on. 
However, due to the synthetic difficulties, vanadium diselenide (VSe2) has not been proposed as the 
counter electrode so far. 

In this work, VSe2 was prepared by a one-step hydrothermal method and first apply as counter 
electrode in DSSCs. Vanadium diselenide exhibited high electrocatalytic property due to its special 
structure and the strong electron coupling for all neighboring V4+-V4+ which induces metallic 
characteristic. In Fig 1, scanning electron microscopy (SEM) image reveals that VSe2 has the morphology 
of chestnut with the wrinkles which can increase the surface area. A DSSC with chestnut-like VSe2 as its 
CE reached a power conversion efficiency (η) of 9.12% with an open-circuit voltage (VOC) of 0.77 V, a 
fill factor (FF) of 0.69, and a short-circuit current density (JSC) of 17.25 mA cm-2 under the illumination 
of simulated solar light (AM 1.5G) with an intensity of 100 mW cm-2; this VSe2-based DSSC exceeds the 
cell performance of a Pt-based DSSC (η: 8.35%, VOC: 0.77 V, FF: 0.70, JSC: 15.51 mA cm-2). We also 
employed the rotating disk electrode (RDE), cyclic voltammetry (CV), Tafel polarization, and 
electrochemical impedance spectroscopy (EIS) to analyze the properties of electrocatalytic VSe2 
synthesized at different temperatures as well as exploring the potential in replacing Pt. 

 

 
 
 
 

 
 
Fig. 1 FE-SEM image of chest-nut like VSe2. 
 
 

 
 
Fig. 2 Photocurrent density-voltage curves of the 
DSSCs with the Pt and the chestnut-like VSe2 as 
their CEs, measured under 100 mW cm-2 (AM 1.5G). 

 
 

mailto:kcho@ntu.edu.tw


Photoelectrochemical Characterization of Tin Oxide Layers  
with Complex Internal Morphology Obtained via Controlled 

Anodization of Tin 
 

Karolina Gawlak, Leszek Zaraska, Grzegorz D. Sulka 
Department of Physical Chemistry and Electrochemistry, Faculty of Chemistry Jagiellonian University 

Gronostajowa 2, 30-387 Kraków, Poland 
gawlak@chemia.uj.edu.pl 

 
Recently, nanostructured SnO2 materials are extensively investigated due to their promising 
semiconducting properties and possible application in photoelctrochemical water splitting systems [1–2].  
Anodic oxidation of metallic Sn seems to be an extremely promising strategy for the fabrication of 
nanoporous SnOx layers. However, in case of anodic formation of tin oxide films the optimization of 
anodizing conditions is not a trivial issue [1–2]. It should be mentioned that we proposed very recently a 
new approach to obtain crack-free porous anodic tin oxide layers based on anodic oxidation of Sn in 
alkaline electrolyte at low applied voltages [2]. The developed method allowed for the first time to obtain 
nanoporous structures with various pore diameters. Furthermore, the most important drawback of SnO2 is 
that it has a relatively high band gap (> 3 eV). Therefore, the main challenge in improving energy 
conversion efficiency of the photoanodes is to reduce the band gap of semiconductor. As was already 
reported that anodic oxide layers with a complex internal morphology, e.g., TiO2 nanotubes with 
periodically modulated channel diameters can offer better photoelectrochemical performance due to 
unique optical properties [3]. 
Therefore, here we present some recent results on anodic formation of crack–free nanoporous tin oxide 
layers by simple one-step anodic oxidation of Sn foil in alkaline electrolytes at various anodizing 
conditions such as applied potential and electrolyte concentration. The proposed approach is based on the 
fact that anodic tin oxide films with ultra-small nanopores are formed when the potential of 2 V is applied 
during anodization, while anodizing at 4 V leads to formation of anodic layers with much larger 
nanochannels [2]. One of the most significant advantages of this approach is possibility of getting anodic 
tin oxides layers with complex internal morphologies. The morphology and composition of as synthesized 
nanostructured photoanodes were investigated by various techniques (e.g., SEM, XRD,XPS) and 
correlated with the conditions applied during the fabrication process. Finally, band gap energies were 
determined and photoelectrochemical characterization of samples was carried out using a photoelectric 
spectrometer. Our preliminary study shows that the internal morphology of oxide layers, i.e. thicknesses 
of individual oxide segments, affect the efficiency of photoelectrochemical water splitting process.  

 
Fig. 1. Chronoamperometric curves recorded during sequential illumination of nanoporous SnOx having a 

complex internal structure with the light of different wavelengths (in range of 300 – 800 nm with 
 a step of 10 nm) at the potential of 800 mV vs. SCE.  
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Recently, transition metal selenides have been considered as alternative materials for the replacement of 
platinum (Pt) electrocatalyst in dye-sensitized solar cells (DSSCs) due to their high electrocatalytic 
activity and low material cost. In this study, we successfully synthesized flower-like nickel selenide 
crystals for the use of counter electrode (CE) in DSSCs.  To obtain the nickel selenide crystals, their 
oxides were firstly synthesized through hydrothermal method and then treated with selenium vapor under 
400 ˚C. The crystalline structure of the as-synthesized nickel selenide is determined by X-ray diffraction 
(XRD) analysis; those diffraction peaks shown in Fig. 1 well correspond to the cubic structure of NiSe2. 
The morphology of NiSe2 film was observed by field emission scanning electron microscopy (FE-SEM), 
as shown in Fig. 2. It shows that the film contains many flower-like clusters consisted of petal-like NiSe2 

nanosheets. Flower-like morphology could provide more surface area for reduction reaction and the 2D 
NiSe2 nanosheets facilitate directional charge transport; both advantages would enhance the 
electrocatalytic ability toward the I3

- reduction reaction. In fact, a DSSC with flower-like NiSe2 CE 
exhibited an efficiency (η) of 8.43% under AM 1.5 G light illumination, which is higher than that of the 
DSSC with Pt CE (8.31%). Moreover, the performance of a DSSC with flower-like NiSe2 CE measured 
under dim light condition of 7000 lux can reach an η of 16.85%. This study demonstrated that the flower-
like NiSe2 crystal is a promising electrocatalytic material to replace the costly Pt in DSSCs. To further 
evaluate the electrocatalytic kinetics of the CEs, cyclic voltammetry (CV), Tafel polarization plots and 
electrochemical impedance spectroscopy (EIS) were also performed in this work. 
 
 
 

      

 

Fig. 3 Photocurrent density-
voltage curves of the DSSCs 
with Pt and NiSe2-400 CEs.   

Fig. 2 FE-SEM images of 
flower-like NiSe2-400. 

Fig. 1 XRD pattern of the 
as-prepared flower-like 
NiSe2-400. 
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Ammonia is one of the harmful substances which danger fish’s circumstances. Raising 
concentration of ammonia causes the inhibition of fish’s growth or the death of fish. Usually, 
ammonium/ammonia (NH3/NH4

+) is oxidased by microbes in nature, but they don’t exist in the aquarium. 
So, concentration of NH3/NH4

+ tends to become high. Therefore, special attention must be paid to the 
removal of ammonia from water. Currently, zeolite is widely utilized to exchange ions and remove 
ammonium (NH4

+) in the aquarium. However, it takes labor to throw zeolite into the aquarium and take 
out it. On the other hand, titanium dioxide (TiO2), one of the major photocatalyst, has strong oxidation 
only to irradiate ultraviolet light, which could oxidase (NH4

+/NH3) to nitrate ion (NO3
-) and nitrite ion 

(NO2
-). [1] 
In this study, the compound photocatalyst from zeolite and TiO2 (zeolite/TiO2) were fabricated by 

sol-gel method to oxidase aqueous NH4
+/NH3 efficiently. Zeolite/TiO2 photocatalyst was synthesized 

which mass ratio was 1:1 in preparation. Figure 1 shows the TEM image of zeolite/TiO2. It proves that 
many TiO2 minute particles whose size is about 10 nanometers exist around the zeolite. Its performance 
was evaluated by preparing about 1000 ppm NH3 aqueous solution, mixing the solution and photocatalyst, 
zeolite (0.6 g), TiO2 (0.6 g), zeolite (0.6 g) + TiO2 (0.6 g) mixing, and zeolite/TiO2 (1.2 g), and then 
measuring the concentration of NO3

- and NO2
- with the ion chromatography each one hour. Figure 2 

shows the result of concentration of NO3
-. From this result, the production speed of NO3

- with 
zeolite/TiO2 is fastest of the four catalysts. The cause seems that NH4

+/NH3 assembles on the surface of 
TiO2 photocatalyst by ion exchanging of zeolite or that the surface area of TiO2 photocatalyst part 
becomes large. 

I will talk about changing preparation mass ratio of zeolite/TiO2 and changing to lower 
concentration of NH3 aqueous solution in preparation in addition. 

 
[1] H. Wang, Y. Su, H. Zhao, H. Yu, S. Chen, Y. Zhang, and X. Quan, Environ. Sci. Technol, 2014, 48, 
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Figure 1 TEM image of zeolite/TiO2. 
Figure 2 Concentration of NO3- over zeolite, 
TiO2, zeolite+TiO2(mix) and zeolite/TiO2. 
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Electrochemical CO2 reduction in aqueous electrolytes competes with hydrogen evolution and suffers 
from high overpotentials and low selectivity for highly reduced products such as hydrocarbons and 
alcohols. Moreover, the products formed in CO2 reduction depend sensitively on the cathode 
composition. While formate (CHOO-) is the primary product at many metal electrodes [1,2], silver (Ag) 
and gold (Au) promote the formation of carbon monoxide (CO).[2,3] Copper (Cu) is unique among the 
metals as a catalyst for CO2 electroreduction because it yields multiple commercially valuable products, 
including methane, ethylene, and ethanol.[4,5] 

Although some metal electrodes have proven selective CO2 reduction to formate or CO they tend to 
operate at high overpotentials, which decreases energy efficiency and selectivity versus the hydrogen 
evolution reaction.[1-3] An effective way to lower the kinetic barrier for CO2 reduction is photoactivation 
by modifying the binding energy of the adsorbed reaction intermediates and/or by facilitating charge 
transfer via photoexcited charge carriers. Silver is particularly well suited for such photoactivation 
because the excitation of surface plasmons at this metal occurs at 3.6 eV (344 nm) and overlaps with UV-
Vis region of the solar spectrum.[6] By altering the size and shape of nanoscale features in Ag electrodes, 
their plasmon resonance can be tuned throughout the UV-Vis-NIR region,[6] which is easily accessible to 
optical measurements. 

In fact, early reports by Kostecki and Augustynski [7-9] revealed the existence of unusually large steady 
state cathodic photocurrents on illuminated roughened Ag electrodes in CO2-saturated or NO3

- containing 
aqueous solutions. These roughened Ag electrodes exhibit a sharp photoemissive yield maximum at 3.6 
eV corresponding to the surface plasmon resonance energy in Ag. Illumination of the Ag electrode with a 
broadband UV-Vis light source reduced the overpotential of CO2 reduction by 0.5 V and significantly 
increased the rate and faradaic efficiency of CO formation. 

In this work we demonstrate that plasmonically-excited hot-electrons are injected into specific 
unoccupied molecular orbitals (MOs) of intermediate acceptors depending on the applied potentials and 
the energy of hot electrons, resulting in selective reduction reactions. The distinct differences in the 
observed resonant effects at the Ag electrode with respect to electrode potential and photon energy for 
CO2 versus NO3

- reduction systems strongly support the proposed contention that plasmon-enhanced 
photoelectrochemical reduction of these species is dominated by the relationship between the electronic 
structure of the acceptor molecules and catalyst.[10] 
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In the quest for renewable energy sources, the photoinduced Hydrogen Evolution Reaction (HER) is the 
focus of intense research, in order to produce H2 by other way than the common Fischer-Tropsch synthesis. 
Tetrathiafulvalene (TTF) is an organic electron donor known for its ability to form charge transfer 
complexes and self-assemblies.1,2 TTF presents two very well defined redox couples: TTF/TTF•+  and 
TTF•+/TTF2+, whose electrochemical behavior was recently studied by Martin and Bond along with  the 
formation of HTTF+, in MeCN-H2O mixtures.3  
Herein, we demonstated the production of H2 by excited HTTF+ and Pt microparticles (<10 Pm). Thus, 
TTF acts as a photoactive fully reversible electron donor and Pt acts as a floating electrocatalyst. The 
irradiation was performed at 455 nm and the products of reaction were analyzed by UV-visible spectroscopy 
and gas chromatography. The simplified mechanism of the reaction is presented in Fig.1A: (1) TTF is 
protonated by triflic acid; (2) The protonated TTF is photoexcited; (3) HTTF+* injects electrons to Pt which 
is then capable to reduce adsorbed protons to H2. The full reversibility of TTF as electron donor was 
demonstrated by electrochemical recycling (Fig.1C), while simultaneously producing H2 photochemically 
in solution. The recycling was set at 0.45 V vs SHE in ACN, which is 500 mV more positive than the onset 
potential of proton reduction. After 51 h of recycling, the system reached a redox yield (2𝑛H2 𝑛0TTF⁄ ) of 
12 with no evident signs of decomposition, indicating that it could undergo further electrochemical 
recycling while continuously photoreducing protons to H2 (Fig.1C).4 From this work, we proved that TTF 
is a potential electron donor for sustainable HER. As a perspective, we expect to immobilize TTF, Pt or 
even other catalysts on a supported nanostructured electrode in order to perform HER or WOR 
photoelectrochemically.  
 

 
Figure 1: (A) Simplified mechanism for photo-HER. (B) Photo-HER as function of the time and gas chromatography 
spectra (inset) (C) Electrochemical recycling of TTF.  
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Metal complexes as a replacement for the commonly used I-/I3
- redox electrolyte have recently lifted the 

record efficiency of dye-sensitized solar cells (DSSCs) towards 14.3 %. This work is focused on applying 
such metal complex redox couples on DSSCs based on electrodeposited ZnO, which can be prepared at 
low-temperature enabling the use of various kinds of substrates such as flexible polymer foils or textile 
fibers. However, these redox couples have smaller diffusion coefficients and limited solubility in organic 
solvents and, therefore, mass transport problems can occur, leading to low fill-factors and decreased 
photocurrents. Especially for the electrodeposited ZnO, where pore dimension and the metal complexes 
are of similar size, the diffusion of redox mediators plays a critical role. Dynamic photoelectrochemical 
techniques, mainly impedance analysis, are used to quantify the mass transport limited currents and 
diffusion resistances. It is found that bulky dyes and electrolyte additives strongly attenuate the diffusion 
through the porous network. However, by adjusting the DSSC components the diffusion resistance can be 
kept at a minimum. In order to interpret the observed impedance data, existing models had to be extended 
and the interplay of different Warburg impedance elements had to be included into the equivalent circuit. 
Thereby, different diffusion coefficients had to be considered within the porous electrode and in the free 
electrolyte. The relevance of such model extension beyond the present example will be discussed. 
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Dye-sensitized solar cells (DSSCs) are receiving continuous interest as stable, non-toxic and low-cost 
technology for sustainable photovoltaics. This work is focused on low-temperature electrodeposited ZnO 
for the application in DSSCs. Utilizing this technique would allow the preparation of solar cells on 
various kinds of substrates such as polymer foils, wires, threads or fibers. Beyond the low temperature, 
electrodeposition allows to coat complex-shaped electrodes. However, power conversion efficiency of 
ZnO-based DSSCs is low compared to solar cell technologies based on established materials. One reason 
for this is the internal voltage loss because of energetically unfavorable components such as the redox 
mediator I-/I3

-. Therefore, the use of alternative redox couples based on metal complexes is investigated to 
increase the photovoltage of DSSCs based on electrodeposited ZnO without losing on the current or fill-
factor side as studied in current-voltage curves. To investigate the elemental steps of reaction in their 
consequence on cell properties, the kinetics at the semiconductor/electrolyte interface are analyzed by 
detailed time- or frequency-resolved dynamic photoelectrochemical methods. The performance limiting 
steps are identified. The position of the ZnO conduction band is pushed to higher energy, the 
recombination reaction is suppressed and rapid diffusion of the redox mediators is maintained by 
appropriate additives to the electrolytes. Using such optimized electrolyte composition leads to an 
improvement of the photovoltage from less than 0.6 V for the I-/I3

- redox electrolyte to about 0.8 V for the 
metal complex based redox electrolyte, by still retaining high quantum efficiency and fill factor. A cell 
efficiency of 4.8% was thereby realized, indicating the competitiveness of such approach. Further steps in 
this direction will be discussed. 
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Using electrochemical methods to efficiently convert carbon dioxide into chemical fuels is an effective 
way to achieve energy saving and emission reduction. Metals are considered to be the development of 
electrocatalytic carbon dioxide reduction (CO2R) catalysts. Among them, precious metal gold (Au) and 
silver (Ag) are the most studied elements in CO production because of their excellent catalytic activity 
and CO selectivity [1,2]. At the same time, hydrogen is generated along with the HER reaction in the 
process of electrochemical CO2R. The produced CO and H2 can be used as raw materials for the synthesis 
of Fischer-Tropsch synthesis. Palladium (Pd) is generally considered to be a good HER catalyst compared 
to Au and Ag, producing CO and H2 (1:1) [3], with very similar Faradaic efficiencies, thus making it 
possible to do an excellent candidate for electrochemical CO2R to syngas. 
Recently, two-dimensional materials have been widely studied in electrochemical water splitting, 
electrochemical catalysis, energy storage and electrochemical CO2R due to their unique physicochemical 
properties. Unfortunately, unlike the widely studied graphene or transition metal disulfides, which have a 
laminar structure inherently weaker than the interlayer interaction forces, noble metal atoms are more 
susceptible to three-dimensional blocking with lower surface energy, leading to the great challenge of 
stabilizing and synthesizing 2D noble metal nanomaterials. Two-phase method is an effective method for 
the synthesis of nanocrystals, because the composition or morphology of nanocrystals can be adjusted in 
organic or aqueous solution by adding various substances. In this paper, we successfully prepared Pd 
nanomeshes using a simple interface-induced self-assembly method. Its electrocatalytic CO2R reaction 
products CO and H2 ratio between 0.5 and 1 at -0.5 V and -0.6 V potential, which is exactly the ideal 
proportion of syngas generated by the Fischer-Tropsch reaction of methanol. This is also due to its unique 
two-dimensional layered structure characteristics show good electrocatalytic properties. 

 
Fig. 1. (a) and (b) Typical TEM  images with different degrees of magnification. (c) XRD patterns. (d) Corresponding 

FE for CO and H2 of Pd nanomeshes. 
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Dye-sensitized solar cells (DSSCs) have received much attention due to their low cost, easy 

fabrication, and respectable power conversion efficiency (PCE).[1] The counter electrode (CE) is a critical 
component of DSSCs that plays an important key role in catalyzing the reduction of I3

- to I- to regenerate 
the sensitizer. Platinum (Pt) has been widely used as the CE material for DSSCs owing to the above-
mentioned characteristics. However, the use of Pt is limited by its relative scarcity and resulting 
expensive price. Recently, extensive effort has been made to develop low-cost and high-efficiency 
platinumfree CE materials. 

Cu2ZnSnS4 (CZTS), Cu2ZnSn(S,Se)4 (CZTSSe), and Cu2ZnSnSe4 are a class of earth-abundant and 
environmentally friendly materials, which have been regarded as being among the most promising 
photovoltaic materials in solar-energy conversion and energy storage. Attention is focused on the key 
positive synergetic effect of different components in CZTS(Se), which is more conducive to improving 
the catalytic activity in a solar cell. Besides, it could significantly cut down the cost of cell. In recent 
years, there have lots of reports about CZTS(Se) as CEs for solar cells.[2] Although CZTS(Se) showed 
excellent catalytic ability for I3

-, the exact reason for good electrocatalytic activity of CZTS(Se) is not 
clear, and the role of each atom of the material has also not been clarified. It must be greatly meaningful 
to explore the catalytic mechanism of each active site in an effective way. 

Herein, CZTS and CZTSSe were synthesized and used as CE material for DSSCs. The PCE of DSSC 
from 3.54% soared to 7.13% when CZTS converted to CZTSSe, which is compared to that of Pt-based 
DSSCs (7.62%). DFT calculation was used to investigate the role of each element of the CZTS(Se) for 
excellent catalytic activity for I3

- in DSSCs, which is our greatest concern. When I3
- adsorbed on the Sn, 

Cu, and Zn sites of CZTSSe, the adsorption energy on Sn and Zn sites increased compared to that of 
CZTS. And, the adsorption energy on the Zn site in CZTSSe increased more than those of the other sites. 
The hybrid interactions between the p orbital of I and the 3d states of Zn revealed by the DOS and EDD 
indicated that the I1-I2 bond was effectively activated and dissociated. Therefore, selenization resulted in 
the enhanced catalytic activity of the Zn site for I3

- when CZTS converted to CZTSSe. This is because the 
electronegativity of Se is weaker than that of S; the structure (atom and bond populations) of CZTS 
significantly changed into that of CZTSSe after selenization. This study may provide guidance for us to 
understand the catalytic mechanism of CZTS(Se) for the reduction of I3

-; as far as we know, it is the first 
time this conclusion has been reported. 

 
Figure 1. 3D view of I3

- complex adsorption on CZTS substitution by Se in some atom sites. 
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Photoelectrochemical (PEC) water splitting provides an attractive route for large-scale solar energy 
storage, but issues surrounding the efficiency and the stability of photoelectrode materials impose serious 
restrictions on its advancement. In order to relax one of the photoelectrode criteria, the band gap, a 
promising strategy involves complementing the conventional PEC setup with additional power sources. 
Here we introduce a new concept: solar water splitting combined with reverse electrodialysis (RED). 
RED is a membrane-based power generation technology that produces an electrochemical potential 
difference from a salinity gradient. In this study, the RED stack serves not only as a separator, but also as 
an additional tunable power source to compensate for the limited voltage produced by the photoelectrode. 
A hybrid system, composed of a single-junction p-Si and a RED stack, successfully enables solar water 
splitting without the need for an external bias. This system provides flexibility in photoelectrode material 
selection.1) 
 

 
 

1) Lee, J. et al. “Reverse Electrodialysis-Assisted Solar Water Splitting” Sci. Rep. 7, 12281 (2017). 
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 In recent years, the depletion of fossil fuel has become a serious as energy and resource problems. From 
this background, artificial photosynthesis utilizing light energy attracts attention. CO2 photoreduction that 
can convert into valuable carbon resources as a fuel not only lowers the concentration of CO2 in the 
atmosphere but also partially improves the fuel depletion problem because it can construct a renewable 
energy cycle. A supramolecular complex type photocatalyst has been studied as a photocatalyst for CO2 
photoreduction [1]. However, it has several disadvantages such as use of rare metal, weak oxidizing 
power and durability.Therefore, in this study, we focused on a BiOI which has selectivity of CO2 with an 
inexpensive inorganic catalyst. In order to improve the inefficiency of the performance of photocatalyst 
alone, we attempted to combine it with TiO2. In the present study, the p-type BiOI was deposited on the 
n-type TiO2 surface and the p−n junctions were formed at the interfacial phases, we aimed to increase 
efficiency by promoting charge separation and band position optimization. TiO2 powder was added to the 
precursor solution of BiOI, and the mixture was thoroughly stirred. BiOI was precipitated on TiO2 by a 
solvothermal method at 433 K. for 6 hours. Photocatalytic performance for CO2 photoreduction of the 
synthesized photocatalyst was carried out using a long neck cell. The light source was a 300 W xenon 
lamp (λ > 250 nm). The results show that the optimal BiOI/TiO2 (1:30) composite was proven to be good 
photocatalyst of CO2 reduction and exhibited more efficient photocatalytic performance than pure BiOI 
and TiO2 (Fig. 1). In the case of BiOI was excessive, without the exposure of the surface of TiO2, 
photocatalytic performance dropped. Because absorption of light and progression of oxidation reaction 
did not occur. In the opposite case, the proportion of BiOI at active sites was small and contributed to the 
performance of TiO2, so the photocatalytic performance dropped. In addition, the composite ratio had the 
best balance of photons absorbed by both photocatalyst. The result of selectivity of the reducing 
substances are shown in Fig. 2. As the ratio of TiO2 in the photocatalyst was high, the selectivity of CO2 
reduction decreased. This is because probability of electron transfer from BiOI to TiO2 increases.From 
these results, we succeeded in designing a photocatalyst that can selectively reduce CO2 efficiently 
against H2 generation by constructing the Z system. 
[1] Y. Tamaki, K. Watanabe, K. Koike, H. Inoue, T. Morimoto, O. Ishitani, Faraday Discuss. 2012, 155, 

115. 
 

Fig. 1 Yields of CO over pure BiOI and 
BiOI/TiO2 (1:x x = 5, 15, 30 or 60) from water. 
 

Fig. 2 Total yields of products over pure BiOI and 
BiOI/TiO2 (1:x x=1,5,15,30 or 60) for 4h.  
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Since hydrogen has been considered as one possibility to replace fossil fuels in the near future, there has 
been a lot of research on the topic of solar water-splitting cells [1]. In contrast to steam reforming – the 
prevalent method for hydrogen production – photocatalytic water-splitting opens a route for the 
production of hydrogen without the emission of greenhouse gases as a byproduct. Currently, even simple 
high-performing devices are multi-component systems consisting of at least a semiconductor for photon-
harvesting and additional catalysts to facilitate the oxygen and hydrogen evolution reactions. To deal with 
this complexity a number of methods have been developed for preparing and screening a large number of 
materials in short time [2-4]. 
 
Here, we present an easily scalable high-throughput method for the preparation und screening of 
photoactive metal-oxides. The catalyst libraries were prepared by inkjet-printing a number of spots of 
varying compositions onto fluorine-doped tin oxide (FTO) and subsequent calcination. The photoactivity 
of these metal-oxide arrays were then investigated via scanning photoelectrochemical microscopy 
(SPECM). Measures were taken to carefully control the spot shapes and to calibrate their compositions. 
The ethylene glycol (EG) based inks were characterized for their precise metal content by ICP-OES. The 
drop volume of the printer was calibrated and measured to obtain exact compositions of the spots. 
Additionally, an eicosane-grid was used during the printing process as a measure against mixing of 
different drops. Furthermore, glycerol was used as a reservoir to control the spot shape. 
 
In a previous study, this method was used to screen a binary oxide mixture for optimal composition and to 
prepare a macroscopic electrode by the same procedure [5]. In this contribution, the applicability was 
tested for ternary systems starting from an optimized binary composition of 90 % Fe and 10 % W. 
A Fe/W/Zn-oxide survey library covering the whole range of compositions was prepared to proof the 
handling of 22 by 22 individual spots in one array. Active spots were found in the high iron-content 
range. Afterwards the layout was modified to obtain a library of Fe/W/Zn-oxide of the active region with 
a finer graduation of composition and investigated by SPECM. 
 

 
Figure 1: SPECM readouts of binary Fe/W-oxide library (left) and ternary Fe/W/Zn-oxide library (right). 
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Titanium dioxide, TiO2, is a promising photocatalyst for environmental purification due to its high 
chemical stability and strong photo-oxidation capability. Unfortunately, pure TiO2 has a large band gap 
energy and cannot be a visible-light active photocatalyst. Although the metal or non-metal doped TiO2 
exhibit a visible-light activity, their photocatalytic efficiency is very low due to either the limited doping 
levels for visible light absorption or the increased recombination centers of impurities.1 Thanks to the 
rapid development of solar cells and light emitting diodes (LEDs), the solar cell driven UV LEDs for pure 
TiO2 photocatalytic reactor is considered to be more practical than the visible-light active TiO2 
photocatalytic reactor. However, the photocatalytic activity of pure TiO2, especially the immobilized thin 
film TiO2, is still not high enough, there is a lot of room for improvement. In this work, we investigated 
the effects of underlying materials on the photocatalytic activity of TiO2 films and found that the 
photocatalytic activity of TiO2 film can be significantly improved by suitable underlying materials.  
Based on the work functions, Ni, SnO2 and SnO2 on Ni were chosen as the underlying materials for TiO2 
films, and Ti was used as the wetting layer for Ni film. The photocatalytic activity of TiO2 films was 
evaluated by photocatalytic degradation of methylene blue (MB). The degradation rate was fitted with an 
exponential decay function kteCtC −= 0)( , where C(t) is the MB concentration in aqueous solution at the 
time t, C0 the initial MB concentration, t the exposure time, and k the exponential decay constant or 
photocatalytic activity. Blacklight lamps with a center wavelength at 352 nm were used as the UV light 
sources. Figure 1 shows the residual MB concentration versus UV irradiation time for various samples. 
The photocatalytic activity and the measured photovoltage of various samples were listed in Table I. 
Apparently, SnO2/Ni underlying layers enormously improve the photocatalytic activity of TiO2 films, and 
the photocatalytic activity is related to the photovoltage of sample. 

Table I. The photocatalytic activity and photovoltage for samples of TiO2 film on 
various underlying materials.   

Underlying materials photocatalytic activity, 
Decay constant, k (h-1) Photovoltage (mV) 

Glass substrate 0.050 --- 
Ni/Ti/glass 0.117 105 
SnO2/glass 0.126 --- 
SnO2/Ni/Ti/glass 0.275 195 
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Fig.1 Residual MB concentration (C/C0) versus UV irradiation time for characterizing photocatalysis of 

250°C-deposited TiO2 films on various indicated underlying materials. 
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Photoelectrochemical processes have been widely studied for water splitting [1] and for the dye-sensitized 
solar cell [2]. In the photoelectrochemical water splitting process using TiO2, the adsorption of a photon 
generates an electron-hole pair, with the hole oxidizing water at the photo anode and the electron reducing 
protons to hydrogen at the cathode. Based on this general scheme, a new concept has emerged: the 
photoelectrochemical redox flow battery [3]. In these photoelectrochemical cells, the energy of the photon 
is essentially stored as chemical energy by the redox species in the flow battery. As example, the V2+ /V3+ 
redox couple is used at the negative electrode and VO2

+/VO2+ can be used at the positive electrode (which 
is the photoanode during charging) [4]. In these systems, the obvious choice of semi-conductor as the 
photoanode (at the positive electrode) is TiO2 due to its band-gap, compatibility of its energy levels with 
the all V redox system [5] and stability under photoanodic conditions. Unfortunately, in these systems, the 
photocurrents achieved are not high enough for a commercial device. As an example, the best 
photocurrent reported is around 0.25 mA cm-2 when using a WO3/TiO2 photoanode in an all-vanadium 
solar redox battery illuminated by AM 1.5 light [6]. This photocurrent is equivalent to an external 
quantum efficiency of 0.8 %. The major issues with this system is that the band-gap of TiO2 means that 
this only adsorbs UV light (wavelengths < 390 nm) and is characterized by a high recombination rate of 
the electron-hole pair. While decreasing the band-gap may be achievable by doping [7], the high 
recombination rate could be improved by tailoring the structure and morphology of the TiO2 layer. In our 
work, we have explored this later point by creating composite photoanode layers from P25 TiO2 
nanoparticles and titanium isopropoxide/isobutoxide precursors to enhance electron conductive path 
through the layer and the transfer of electrons between the TiO2 and the conductive glass substrate. We 
will show that such composite layers improve the photocurrent associated with the oxidation of VO2+ to 
VO2

+ under AM 1.5 solar light. 
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In this contribution, controlled changes on morphology, thickness, and conductance of 
poly[ethylenedioxythiophene] (PEDOT) polymer films fabricated by electrochemical polymerization 
(potentiostatically) are analyzed. Electropolymerization of the monomer ethylenedioxythiophene 
(EDOT)1 was carried out on the transparent conductive anode indium-tin oxide (ITO). This study was 
carried out using mixtures of dry organic solvents such as acetonitrile, toluene and dichloromethane to 
determine the effect of the polarity solvent in the electropolymerization kinetics of the monomer EDOT. 
It was found that electropolymerization kinetics can be controlled by changing the polarity of the 
electrolytic media, and kinetics is slower for those with low polarity. This fact combined with an accurate 
control of  EDOT monomer concentration and electropolymerization at Epeak/2 potential, allows to control 
the morphology and thickness2 of the electropolymerized PEDOT films (E-PEDOT:ClO4); toluene/ACN 
(4:1, v/v) and [EDOT] = 0.3 mM gave the best films for application in organic photovoltaic (OPV) cells.3 
Furthermore, the previous conditions where correlated with the film conductance of E-PEDOT:ClO4 
obtained and transparency in the region UV-Vis. The performance of the E-PEDOT:ClO4 films was tested 
on ITO electrodes as anode buffer layer in OPV cells with bulk heterojunction (BHJ) architecture ITO/E-
PEDOT:ClO4/P3HT:PC61BM/Field’s metal, where Field’s metal (cathode) is a eutectic alloy that lets to 
fabricate OPV devices easily and in a fast and economical way at free vacuum conditions. The 
performance of these devices was compared with an OPV device constructed with a buffer layer anode, 
prepared using the classical spin coating of PEDOT:PSS on ITO. Results showed that OPV cells 
fabricated with E-PEDOT:ClO4 have a slightly increased PV performance. 
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Figure. Study of 
conductance behavior of 
E-PEDOT:ClO4 film 
obtained by potentiostatic 
electropolymerization. 
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In photoelectrochemical water splitting, hydrogen and oxygen are produced directly from sunlight and 
water using appropriate semiconductors as photoelectrodes. Thus, diverse materials have been studied as 
photoanodes and photocathodes in order to carry out one or both of two the water splitting half reactions 
[1]. In this way, SnS (p-type semiconductor) is a promising material to be used in these systems due to its 
optimal band gap (1–1.3 eV), non-toxicity nature and low cost [2]. On the other hand, graphene and 
reduced graphene oxide (RGO) have been combined with semiconductors to form heterostructures in 
order to improve the catalytic activity in photoelectrochemical cells for hydrogen evolution reaction, 
where heteroatom-doped graphene (i.e. nitrogen doped graphene) have shown better catalytic activity for 
this reaction than pristine graphene [3]. 
In this study, the synthesis and characterization of heterojunctions between SnS and nitrogen-doped 
electrochemically reduced graphene oxide (N-ERGO) is shown. The first step for the formation of this 
heterojunction is the electrochemical reduction of nitrogen-doped graphene oxide, which is synthetized 
through the modified Hummers’ method employing melamine as nitrogen source, on fluorine doped tin 
oxide (FTO) electrode. Subsequently, this N-ERGO/FTO heterostructure is used as working electrode 
during the SnS electrodeposition, which is carried out from a SnSO4 and Na2S2O3 acid solution. The 
heterojunctions as well as the films have been characterized through different techniques: X-ray 
diffraction (XRD), scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS), 
X-ray photoelectron spectroscopy (XPS), Raman spectroscopy, UV-visible spectroscopy (UV-vis), 
electrochemical impedance spectroscopy (EIS) and photoelectrochemical measurements. 

404 402 400 398 396

 

 

In
te

ns
ity

 (A
rb

. U
)

Binding Energy (eV)

N 1s

398,7 

399,8

401,6

a)

 

 

Pyridinic N
Pyrrolic N

Graphitic or quaternary N  

 
Figure 1: a) N1s XPS spectra of N-ERGO obtained through modified Hummers’ method employing 
melamine as nitrogen precursor. b) Schematic representation of the different bonding configuration of 
nitrogen atoms in graphene. 
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The TiO2 coatings with porous microstructures and high specific surface are highly on demand for 
application involving photoactivity phenomena such as solar cells or photocatalytic degradation.  
Many attempts to improve the photoresponse of the TiO2 electrodes are based on strategies to induce a 
better reactant–catalyst contact through the design of complex structures with large surface-to-volume 
ratio. The TiO2 structuring and photoactivity can be controlled by tuning the physical properties (particle 
size, crystalline phase, preferred orientation) but also by shape forming of the TiO2 material host (e.g. soft 
or hard templating).  
This work promotes the development of novel strategies to tune the microstructure of TiO2 films which 
have been processed by a simple and easy up-scalable industrial method such as the dip-coating of 
colloidal suspensions of TiO2 modified particles. For this, two routes have been exploited: (1) the 
polyelectrolyte multilayer absorption (Layer by Layer - LbL methodology) and (2) the use of 
nanofibrillated cellulose (bioresources from agricultural wastes) as hard template. Finally, the 
microstructural differences (detected by SEM) have been discussed in terms of photovoltaic efficiency, 
dye loading (by UV-Visible Spectroscopy) and charge transfer (by EIS) 
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1.Introduction 
It has been presented that as-cast tin has antibacterial activity under photoirradiation. It implies that tin 
might exhibit photocatalysis. Then, the response of spontaneous potential of tin to photoirradiation was 
investigated in the present work. 
 
2. Experimental procedure 
Specimens were cut about 10 mm square from a tin plate made by sand mold casting. Its purity was 
99.99%. Some specimens were oxidized in the atmosphere at 453 K during 120 hours and some 
specimens were polished by #500 emery paper. Spontaneous potential in pure water was measured using 
an automatic polarization system where a saturated calomel electrode was used as the reference electrode. 
The measurement was carried out while turning the fluorescent light turned on and off every 500 s 
alternatively. The illumination was 1000 lx when it was turned on, and was under 0.02 lx when it was 
turned off.  
 
3. Results and Discussion 
The photoirradiation increased the spontaneous potential of the as-cast specimen and the as-polished 
specimen as shown in Fig.1. No effect of it was shown for the as-oxidized specimen. Especially, the 
response was remarkable in as-cast.  
Auger spectroscopy, in which energy resolution was 0.15 eV, 
was carried out with argon sputtering to find out the cause of 
photo-response.  The profiles at the surface, which are shown 
as '0 nm' in Fig.2, imply an oxide which was not either SnO 
or SnO2. This oxide disappeared deep from the surface, 
where the profile changed to the spectrum of Sn (metal) 
MNN in as-cast and as-polished, to that of SnO2 in as-
oxidized. Thickness of this unknown oxide (SnOx) layer is 
estimated about 10 nm under the surface in as-cast, and under 
5 nm in as-polished and as-oxidized. The higher the SnOx 
peak in Auger spectra the greater the photoirradiation 
response. It is probably a cause the increase of spontaneous 
potential by photoirradiation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1 Response of the spontaneous potential to 
photoirradiation. Yellow arrows show the period 
in which a fluorescence light was turened on. 
 

Fig.2 Auger spectra at the depth 
from surface, which is shown at 
the right. 
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Compared to many other metal oxides, anatase TiO2 shows a relatively lower reactivity towards 

carboxylic acid anchor groups. The latter is crucial for application, for example, in dye sensitized solar 
cells, where the most used dyes bind to the metal oxide surface through carboxylic acid terminations. In 
order to improve the surface reactivity, metal-phosphate bilayers of Ni or Co were synthesized on anatase 
TiO2 compact oxide and nanotubes. In both cases, ToF-SIMS and XPS results showed that the bilayers 
were successfully formed and that the phosphate layer works as an intermediate between TiO2 and the 
other species. ToF-SIMS depth profiles of modified nanotubes showed that Ni and Co are present through 
the whole tube length and reduce in content after heat treatment, in agreement with XPS results. 
Phosphate groups, on the other hand, are more present in the tubes’ depth and their content on the surface 
is reduced upon exposure to temperature. The reactivity of the modified surfaces towards carboxylic acid 
terminated molecules, as stearic acid and Ru-based N719 dye, was evaluated. Contact angle 
measurements together with dye desorption experiments demonstrated that the Co-phosphate bilayers 
heat treated at 300 °C resulted in the largest enhancement compared to the reference. Bilayer modified 
compact anatase TiO2 and anatase TiO2 nanotubes were utilized as photoanodes in DSSCs and an 
increase in efficiency was observed for all the modified electrodes. Electrochemical impedance 
spectroscopy (EIS) was carried out in order to evaluate the effect of the surface modification on the 
electrode properties and results indicate higher charge transfer resistance after formation of the metal-
phosphate bilayers. As XPS and ToF-SIMS data show that a sub-monolayer coverage was obtained with 
the surface modification, we propose that the dye N719, which most commonly binds to the surface in 
bidentate mode, binds to the electrode with one bond being formed with TiO2 and the other with the Ni or 
Co oxide terminations. This way, charge transport from the dye to the TiO2 is still efficient and charge 
recombination through one of the bonds is possibly hindered as electrons face higher resistance from the 
inorganic layer. The latter would explain the higher Voc values obtained. Bilayers formed with 
phosphate-Co lead to the highest JSC values and to an efficiency improvement of 48%. 
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This work focuses on the preparation and characterization of zinc oxide based photoanodes conceived for 
application in water-based dye-sensitized solar cells (DSSCs). The results achieved, combined with the 
use of biosourced electrolyte components, open up a variety of very interesting features in the scenario of 
sustainable, low-cost and easy processable aqueous DSSCs.  

Nowadays, one of the main challenges in the field of DSSCs is to replace the commonly used organic 
electrolyte solvents, which are highly volatile, flammable, toxic and sensitive to moisture/water 
contaminations  with water, the universal, greenest and cheapest solvent [1]. In this work, water was used 
as the unique solvent to dissolve the redox couples in the electrolyte system; moreover, in order to 
improve the long-term stability of devices, a biosourced jellifying agent was added, namely 
carboxymethylcellulose. In the framework of photoanode development, the most commonly used titanium 
dioxide (TiO2) was replaced by zinc oxide (ZnO). ZnO has similar semiconducting characteristics and 
some additional advantages, such as enhanced electron mobility and a variety of possible nanostructures 
with peculiar morphological characteristics, which can be exploited to tailor the photoanode architecture. 
In particular, three different microstructures (i.e., desert roses, multipods and microwires) were obtained 
through hydrothermal synthesis in order to maximize, at the same time, the surface area of the 
semiconducting layer and the electron transfer rate [2]. This target was reached with the desert rose 
morphology that, among others, was confirmed as the most suitable photoanode also by photovoltaic 
measurements. At the same time, in order to tailor as desired the photoanode architecture, the ZnO 
dissolution caused by prolonged contact with the acidic groups present in the electrolyte/dye solution was 
taken into account. Indeed, the optimization of the sensitizing conditions, i.e. immersion time of the 
electrode and co-adsorbent concentration (chenodeoxycholic acid, CDCA) in the dye solution, was 
carried out through a chemometric approach in order to limit/overcome this issue. In particular, this 
method allowed to identify the optimal manufacturing conditions in 1 h of sensitizing time and in a molar 
ratio of 1:50 between dye and CDCA concentrations, through which an efficiency of 0.34% was achieved 
(Figure 1). 

 
Figure 1 J-V curve of lab-scale DSSC with ZnO photoanode sensitized under optimized conditions. Inset: 
FESEM micrograph illustrating the peculiar desert rose morphology of ZnO. 
                                                           
[1] Bella F., Gerbaldi C., Barolo C., Grätzel M., 2015, Aqueous dye-sensitized solar cells, Chem. Soc. 
Rev., 44, 3431-3473. 
[2] Cauda V., Stassi S., Lamberti A., Morello M., Pirri C. F., Canavese G., 2015, Leveraging ZnO 
morphologies in piezoelectric composites for mechanical energy harvesting, Nano Energy, 18, 212-221. 
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The growing need for carbon neutral energy technologies is a major driver of materials science 
nowadays. Photoelectrochemical (PEC) solar energy conversion, as a potentially attractive candidate, has 
gained an increased momentum during the recent years. Although both water-splitting (hydrogen evolution) 
and carbon dioxide reduction are promising avenues, they both have substantial shortcomings to be 
addressed. A common virtue of these two process is that a good photoelectrode has to concurrently fulfill 
many attributes to drive these reactions efficiently. Not surprisingly, as of yet, there is no single material 
which bears with all the necessary properties, thus there is a huge demand to develop new hybrid materials, 
which can be applied in these reaction. 

It has been demonstrated that beyond the traditional inorganic semiconductors, conducting 
polymers (CPs, e.g., polyaniline, poly(3,4-ethylenedioxythiophene)) can also be utilized for solar fuel 
generation purposes. At the same time, CPs suffer from some handicaps, such as relatively small 
photocurrents and poor photostability. Both of these can be traced back to the small charge carrier mobility, 
which results in extensive recombination. Carbon nanomaterials, especially carbon nanotubes and graphene 
(either alone, or as building blocks of organized 3D superstructures), are attractive candidates as large 
surface area electrode support materials. A viable way to overcome the small charge carrier mobility in CPs 
is to deposit the CP on a conducting nanonetwork, such as carbon nanotubes or graphene. As a result, the 
charge carrier pathway is decreased both to the current collector and to the electrode/electrolyte interface, 
which in turn results in higher currents and maybe different products that we experienced in the case of the 
bare CPs. 

In my presentation I will discuss the PEC behavior of polyaniline and poly(3,4-
ethylenedioxythiophene-based, carbon nanotubes-, and graphene-containing nanohybrid photoelectrodes 
and their applicability to solar fuel generation purposes. Nanocarbons were spray-coated on to the electrode 
surface in all cases and CPs were subsequently electrodeposited on them. The composition of the 
nanocomposites was optimized in terms of both the thickness of the nanocarbon and the polymer layer. 
Morphological aspects and the composition of the nanocomposites were characterized by SEM, TEM and 
Raman spectroscopy. The PEC behavior of the samples were investigated by linear sweep 
photovoltammetry and electrochemical impedance spectroscopy. Our further goal was to isolate the 
enhancement experienced in the measured photocurrents arising from geometrical effects (nanocarbon-
modified electrodes had higher surface area compared to the bare substrate) from those corresponding to 
the effect of the nanocarbons on the charge carrier dynamics. Transient photocurrent measurements and 
intensity-modulated photocurrent spectroscopy measurements were also carried out for this purpose. The 
stability of the nanocomposite photoelectrodes was investigated by long-term chronoamperometric 
measurements along with the quantification of the formed products by GC-BID and GC-MS techniques. 
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Hydrogen is attracting attention as next generation clean energy. In particular, since hydrogen production 
using photocatalysts utilizes solar energy, it has been studied for many years as a measure against energy 
exhaustion problem. Responsiveness to visible light is indispensable for improving efficiency in order to 
put hydrogen generation by photocatalyst into practical use. However, most of the visible light responsive 
photocatalysts known so far have a fundamental problem of photocorrosion that decomposes itself. 
Therefore, when decomposing pure water using these photocatalysts, they preferentially oxidize 
themselves and generate no oxygen. Especially CdS is prone to photocorrosion, but has higher hydrogen 
generation ability than other visible light responsive photocatalyst. We reported in the paper that it is 
possible to improve the hydrogen production ability of CdS by combining three types of photocatalyst 
including CdS [1], and set up a policy to apply this to water decomposition. In this study, complete water 
splitting was achieved by combining WO3 and TiO2 with visible light responsive photocatalyst CdS. The 
composite photocatalyst was prepared as follows. The core CdS was synthesized from Cd(NO3)2·4H2O 
and Na2S·9H2O. Next, hydrochloric acid was added to the Na2WO4 solution in which CdS was dispersed 
until the pH became 1, and H2WO4 was precipitated on CdS. The composite was collected and sintered in 
673 K atmosphere to oxidize H2WO4 on the CdS surface to obtain a CdS/WO3 composite photocatalyst. 
TiO2 was composed to a CdS/WO3 composite photocatalyst by a sol-gel process and oxidized by sintering 
as in WO3. In this scheme (Fig. 1), WO3 functions as an oxidation side photocatalyst of the constructed Z-
scheme and consumes holes generated on CdS by recombination. In addition, TiO2 receives excited 
electrons generated on CdS, thereby improving the efficiency of charge separation and improving the 
performance of the photocatalyst. Furthermore, by combining these photocatalysts so as to cover CdS, 
elution of CdS is prevented and this is used for suppression of photocorrosion. In the water splitting 
experiment, it was confirmed that the hydrogen generation amount and the oxygen generation amount 
were roughly 1 : 2 (Fig. 2). On the other hand, in the case of CdS/WO3 composite, the proportion of O2 
generated was small, and the consumption of holes due to photocorrosion of CdS was confirmed (Fig. 3). 
From these results, it is impossible to suppress complete photocorrosion by constructing the Z scheme, 
but by combining the electron transporting side photocatalyst, it is possible to reliably use holes for 
generating oxygen and achieve pure water decomposition. This composite photocatalyst design method 
can be applied to various other visible light responsive photocatalysts and is considered to be a new 
direction in the synthesis of photocatalyst which enables complete water splitting. 
[1] H. Nagakawa, T. Ochiai, M. Nagata, Int. J. Hydrogen Energy, 2018, 43, 2207-2211. 
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Fig. 1 Schematic illustration of the 
water splitting mechanism of the 
CdS/WO3/TiO2 composite. 

Fig. 2 Amount of evolved gas with 
the CdS/WO3/TiO2 (Pt 1 wt%) 
composite. 

Fig. 3 Amount of evolved gas 
with the CdS/WO3 (Pt 1 wt%) 
composite. 
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Photoelectrochemical (PEC) technique exhibits a great potential in capturing, converting and storing solar 
energy, especially splitting water into hydrogen and oxygen. Bismuth vanadate (BiVO4) is one of the 
most promising photoanode materials due to its visible-light response and proper valence band position. 
However, its water splitting efficiency is still limited by high charge recombination. To address this 
problems, rational design and fabrication of a nanojunction is an effective way to promote the charge 
separation. In recent reports on fabricating BiVO4-based nanojunction, most studies focused on inorganic 
nanomaterials, like WO3 and Co3O4 etc. As a polymeric semiconducting nanomaterial, carbon nitride 
(C3N4) is widely investigated in photocatalysis and electrocatalysis. However, the use of C3N4 as a 
photoelectrode for water splitting is seldom reported, mainly caused by weak contact with the substrate 
and uncontrollable nanostructure during synthesis process like electrophoresis, calcination. Electrostatic 
self-assembly (ESA) strategy, utilizing electrostatic interaction between two nanomaterials with opposite 
surface charge properties (SCP), is widely applied in fabricating C3N4-based nanocomposites owing to 
the presence of -C-N- motifs in the repeating tri-s-triazine basic units, which are easily protonated to 
change their SCP without changing their nanostructure.  
Herein, we fabricate a photoanode consisting of polymeric/inorganic nanojunction between a novel 
nanostructure of three-dimensional (3D) C3N4 nano-networks and BiVO4 substrate. This nanojunction is 
formed in the way that protonated 3D C3N4 nano-networks with a positively charged surface are 
efficiently anchored on BiVO4 photoanodes with a negatively charged surface, contributing to an intimate 
contact on their interfaces compared to that fabricated by non-electrostatic assembly. It is stated that the 
intimate contact promotes photoinduced charge separation and 3D CNNW nanostructure increases solid-
liquid junction area, simultaneously contributing to an enhanced PEC activity toward water oxidation. 
The resulting CNNW/BVO-FN photoanode with greatly improved surface reaction kinetics exhibits a 
significant photocurrent density of 4.87 mA∙cm-2 at 1.23 V, which is among highest photocurrent density 
reported so far in BiVO4-based photoanodes. This work can help us to design and fabricate new 
polymeric/inorganic nanojunction for solar water splitting with superior performance.  
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The two valence isomers norbornadiene (NBD) and quadricyclane (QC) comprise a promising system 

that allows storing solar energy in form of strained organic molecules. In our previous research, we 

investigated the concept of an electrochemically triggered back-conversion of the energy-rich QC to the 

energy-lean NBD by electrochemical IR reflection absorption spectroscopy (EC-IRRAS).[1] In addition 

to that, we presented a new photochemical EC-IRRAS setup which enables in-situ studies of the full 

storage cycle in the NBD-QC system.[2] Here, we demonstrated high selectivity in both, the photo- and 

electrochemical conversion, yielding high reversibility in the complete storage cycle. 

 

In this contribution, we describe the photo- and electrochemical conversion of a NBD derivative which 

does not require an additional photosensitizer, i.e. 2-cyano-3-((3,4-dimethoxyphenyl)norbornadiene, 

NBD-R2. The photochemically triggered conversion from NBD-R2 to QC-R2 and the electrochemically 

triggered back-conversion from QC-R2 to NBD-R2 were monitored in-situ under potential control, using 

EC-IRRAS in thin film configuration at a Pt(111) electrode. We investigated the influence of 

concentration, irradiation time, and electrode potential to identify the critical parameters and steps which 

limit the reversibility of the storage cycle. High reversibility was achieved and no major decomposition 

products were observed in the thin layer even after several cycles. Nevertheless, electrode fouling of the 

Pt(111) electrode hinders the electrochemically triggered energy release after a larger number of cycles. 

This implies that further investigations should also aim for a suitable electrode material. Compared to 

pure NBD, however, the NBD-R2 system exhibits a notably enhanced stability, highlighting the potential 

of the approach.  

 

[1] Brummel O., Besold D., et al. ChemSusChem 9, (2016) 1424-1432. 

[2] Brummel O., Waidhas F., et al. JPC Letters 8, (2017) 2819-2825. 
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Photo-electrochemical cells (PECs) are a promising technology aiming to use solar energy to promote the 
water splitting reaction to produce hydrogen and oxygen gases. In this kind of cells, a photo-active 
material is coated or deposited on a substrate (e.g. fluorine-doped tin dioxide(FTO)-coated glass) which 
acts as current collector and support [1,2].  
 
In this research, molybdenum-nickel-based photo-anodes are fabricated by electrochemical deposition of 
molybdenum and nickel oxides on the surface of FTO-coated glass working electrodes (cathodic potential 
of -1.377 V vs Ag/AgCl(3 M KCl) applied for 3 hours). The electrolyte used contains 0.075 M of 
molybdate (MoO4

2-
(aq)), 0.075 M of nickel sulfate (NiSO4·6H2O(aq)), 0.5 M of tri-sodium citrate 

(Na3C6H5O7·2H2O(aq)), and 0.7 M of ammonium hydroxide (NH4OH(aq)).  
 
As can be seen in Figure 1, in the dark the oxygen evolution reaction (OER) on the surface of photo-
anodes is triggered at ca. 1.2 V vs Ag/AgCl(3 M KCl) and current densities of ca. 2 A m-2 are reached at 
ca. 1.6 V vs Ag/AgCl(3 M KCl). However, the OER is favoured under UV illumination (λ1,max = 365 nm 
and λ2,max = 385 nm), reaching current densities close to 9 A m-2 at ca. 1.6 V vs Ag/AgCl(3 M KCl). 
When the linear sweep voltammetry is carried out under white light, although the OER presents a better 
performance than in the dark, it does not reach a higher current density than those obtained with UV 
illumination. Regarding to the anodic peaks recorded prior to OER (potentials lower than ca. 1.0 V vs 
Ag/AgCl(3 M KCl)), they correspond to oxidative processes of molybdenum and nickel in the photo-
anode [3].  
 

 
Figure 1: Linear sweep voltammograms of the system 0.1 M Na2SO4 | Mo-Ni oxides | FTO-coated glass 
in the dark and different types of light (scan rate: 25 mV s-1).  
 
[1] N. Dukstiene and D. Sinkeviciute, J. Solid State Electrochem., 17, 1175–1184 (2013). 
https://link.springer.com/article/10.1007/s10008-012-1985-z  
[2] R. van de Krol and M. Grätzel, Photoelectrochemical Hydrogen Production, 1st ed., p. 13-19, 
Springer, New York (2012). http://www.springer.com/la/book/9781461413790  
[3] J. Kubisztal and A. Budniok, Int. J. Hydrogen Energy, 33, 4488–4494 (2008). 
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Photo-electrochemical water splitting represents one of the key processes needed for successful utilization 
of renewable energy sources for distributed generation, storage and use of energy1. The research related to 
the electrochemical and photo-electrochemical splitting of water is primarily motivated by electricity 
storage in hydrogen. The overall process itself, however, is limited by the kinetically sluggish oxygen 
evolution reaction (OER). Fundamental understanding of the behavior of stable oxygen evolving 
photoanodes is, therefore, of great interest. This paper focuses on the surface structure sensitivity of the 
water oxidation of illuminated anatse single crystals with (100) and (101) orientation in acid and alkaline 
media.   

A comparison of the photocurrent data for both surface orientations obtained both in acid and alkaline 
media clearly outlines the role of the surface chemistry in the photo-electrochemical water oxidation. 
Regardless of the surface orientation the onset of the water oxidation related photocurrent shifts to more 
positive potentials. This behavior reflects the effect of the surface protonation/deprotonation reactions on 
the overall photo-electrochemical activity of the anatase. The observed difference between the behavior of 
the (100) and (101) surface can be related to the differences in the actual surface structures. The shift in 
the photocurrent onset also reflects the difference in the double layer structure on the solution side of the 
interphase namely to orientation of the water molecules in the double layer which is reflected in the 
difference of the photocurrent onsets in systems containing ions supporting or suppressing the formation 
of the hydrogen bonds between water molecules. The observed experimental trends will be explained in  
relation to the relative stability of the different surface structure which may be formed at the anatase 
surface under operando conditions. 
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Figure 1:  
a) Anatase single crystal steady state 
photocurrent density as a function of 
applied potential for water 
photoelectrolysis at pH1 (red) and 
pH13 (blue). Single crystals were 
illuminated with monochromatic 
radiation  of λ =365 nm;  
b) Photocurrent onset of water 
oxidation on illuminated anatase SC 
(pH13) as a function of structure 
making / structure breaking 
properties of alkali metal cation. 
Experimental conditions were the 
same as in a). 
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P-type dye sensitized solar cells (p-DSCs) suffer low performances compared to the n-type counterpart[1]. 
One of the main causes of this is the fast recombination reaction occurring between the photoinjected 
holes in the valence band of the p-type semiconductor (usually NiO)  and the reduced form of the redox 
shuttle (typically I-). As a matter of fact, recombination phenomena at the NiO/electrolyte interface 
heavily limit both photovoltage and photocurrent. Different approaches have been adopted to minimize 
such an unwanted process: these range  from the pretreatment of the electrode surface with NaOH[2] to the 
employment of passivating organic molecules (e.g. CDCA) in the sensitizing solution and/or in the 
electrolyte solution.[3] Unfortunately, the initial enhancement of performance following the use of 
passivating agents resulted detrimental for long term stability. The present contribution describes the 
implementation of ZrO2 nanoparticles as anti-recombination agent in NiO-based photocathodes for p-
DSCs. ZrO2 nanoparticles (diameter, Ø = 20 nm) and NiO nanoparticles (Ø < 50 nm) were dispersed 
together in an ethanol solution containing ethyl-cellulose and terpineol. Five different ZrO2/NiO molar 
ratio (i.e. 0.1, 1, 2, 5 and 10%) were considered. The resulting slurry was deposited through the screen-
printing method and sintered at 450 °C for 30 minutes. Scanning Electron Microscopy was used to check 
the morphology of the electrodes and the dispersion of ZrO2 nanoparticles. It was found that molar ratios 
higher than 5% led to the formation of zirconia macrostructures. Ciclyc voltammetry and electrochemical 
impedance spectroscopy (EIS) were employed as techniques for the electrochemical characterization of 
the electrode. Electrochemical analyses recognize molar ratios of ZrO2/NiO in the range 2-5 % as the 
most suitable ones for the realization of the most efficacious photocathodes. Once implemented in 
complete device, electrode with 2% of ZrO2 produced the higher photoelectrochemical performance 
(measured through the recording of the characteristic JV curves and the spectra of incident photon-to-
current conversion efficiency) with a JSC of 2.037 mA/cm2 and an overall efficiency of 0.088% when P1 
is the sensitizer (see Table). These results are equivalent to an increase up to 40% compared to the un-
modified NiO electrode. The unexpectedly low efficiency of electrode with molar ratio of 5% was 
associated to a lower dye-loading (Table). EIS spectra of the complete device under illumination 
confirmed that the improvement is mainly due to an increase of the recombination resistance, Rrec,  in 
passing from NiO (Rrec = 56.3 :) to the electrode obtained from the mixture with molar ratio ZrO2/NiO = 
2 %         (Rrec = 70.3 :). 
 

electrode dye JSC/ mA*cm-2 VOC / mV FF / % K / % Dye Loading / 
108*mmol*cm-2 

NiO P1 1.447 ± 0.120 129 ± 2 32.5 ± 0.6 0.060 3.19 ± 0.62 
NiO_ZrO2_0.1% P1 1.611 ± 0.089 130 ± 2 32.4 ± 0.5 0.068 3.16 ± 0.52is  
NiO_ZrO2_1% P1 1.690 ± 0.103 130 ± 3 34.4 ± 0.5 0.075 3.27 ± 0.39 
NiO_ZrO2_2% P1 2.037 ± 0.095 129 ± 2 33.6 ± 0.6 0.088 3.22 ± 0.41 
NiO_ZrO2_5% P1 1.313 ± 0.063 126 ± 1 30.5 ± 0.3 0.050 2.65 ± 0.53 

 
 
 
[1] C. Cavallo, F. Di Pascasio, A. Latini, M. Bonomo, D. Dini, J. Nanomater. 2017, 2017, DOI 10.1155/2017/5323164. 
[2] M. Bonomo, D. Saccone, C. Magistris, C. Barolo, L. Ciná, A. Di Carlo, D. Dini, J. Electrochem. Soc. 2017, 164, H1099–

H1111. 
[3] L. Favereau, Y. Pellegrin, L. Hirsch, A. Renaud, A. Planchat, E. Blart, G. Louarn, L. Cario, S. Jobic, M. Boujtita, et al., 

Adv. Energy Mater. 2017, 7, 1601776. 
 

mailto:matteo.bonomo@uniroma1.it


Anodic TiO2 Nanotube Layers Filled With Secondary Materials: 
Towards Superior Electrochemical Performance  

 
Hanna Sopha, Raul Zazpe, Milos Krbal, Jan Prikryl, Jan M. Macak 

Center of Materials and Nanotechnologies, Faculty of Chemical Technology, University of Pardubice, 
Nam. Cs. Legii 565, 530 02 Pardubice, Czech Republic 

hannaingrid.sopha@upce.cz 
 

The self-organized TiO2 nanotube layers have attracted considerable scientific and technological interest 
over the past 10 years, which are motivated for their possible range of applications including photo-
catalysis, solar cells, hydrogen generation and biomedical uses [1]. The synthesis of 1D TiO2 nanotube 
structure is carried out by a conventional electrochemical anodization of Ti sheet. The main drawback of 
TiO2 is its applicability in the UV light (wavelengths < 390 nm). In order to enhance the efficiency, TiO2 
has been doped by N [2] or C [3] to shift its absorption into the visible light. 
However, an efficient charge carrier separation is still one of the remaining major issues for TiO2. 
Recently, it has been shown that ultrathin surface coatings of TiO2 by secondary materials such as TiO2 
[4], Al2O3 [5], ZnO [6, 7] or CdS [8] annihilates electron traps at the TiO2 surface and thus increases the 
concentration of the photo-generated charge carriers. 
This presentation will focus on the coating of anodic TiO2 nanotube layers with ultrathin layers of 
secondary materials using atomic layer deposition (ALD). Thus coated TiO2 nanotube layers reveal a 
superior behavior in photocatalytic [4], sensing [7] and solar cell [8] applications compared to their 
uncoated counterparts. The main focus of this presentation will be on additional TiO2 coatings showing 
beneficial effects on the photocatalytic performance of the nanotube layers [4]. 
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The electrodeposition of metals is often accompanied by anionic processes. One of the most prominent 
examples is Cu underpotential deposition (UPD) on Au(111) surfaces, where as a first stage a (�3x�3) 
structure is formed by 2:1 coadsorption of Cu and sulfate (see 1 and references therein). Also for bulk-
deposition reactions the involvement of anions is discussed, e.g. for the transient formation of adsorbed 
Cu-anionic species during the electrodeposition of Cu-bulk (see 2 and references therein). However, these 
anionic contributions are often disguised by the faradaic metal deposition process. Usually it is difficult to 
identify such side processes, e.g., from the current-voltage relations measured by cyclic voltammetry.  
 
In the current contribution, we present microcalorimetric measurements of the heat evolution at the 
electrode solution interface during electrochemical metal deposition. From these measurements we 
determine the so called Peltier heat of the electrochemical surface processes, which is proportional to the 
overall entropy change of the half-cell processes. Beside contributions from ion transport in solution the 
net entropy change includes the entropy changes of the metal reduction reaction as well as of all side 
processes 3, 4. Thus we obtain thermodynamic information on the overall electrochemical process, which 
is complementary, e.g., to the current-voltage relation measured by conventional cyclic voltammetry. 
 
After a brief introduction into calorimetric measurements at half cells and our experimental realization 5, 
we present results on i) sulfate adsorption on Au(111), ii) the contribution of anions to the Cu 
underpotential deposition, mostly from sulfate containing solutions, and iii) time-resolved calorimetric 
measurements on Cu bulk deposition. Microcalorimetric measurements allowed, e.g., for the 
identification of the adsorbed sulfate species on Au(111), the potential dependent determination of the 
amount of coadsorbed sulfate upon Cu UPD 6 and corroboration of the Cu bulk deposition mechanism. 
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A continuously growing energy demands stimulates an increasing interest in harvesting solar light 

energy. It may be converted into chemical or electrical energy by means of processes taking place at the 
surface of semiconductors. A great challenge in this area is to utilize the visible light in photocatalytic 
decomposition of organic pollutants and photoelectrochemical water splitting. This may be achieved by 
application of low band-gap semiconductors, such as CdS in the form of nanoparticles, nanospheres or 
nanorods [1]. However, one of the major problems limiting a wide practical application of CdS as 
photocatalyst, is fast recombination of photogenerated electron/hole pairs as well as photocorrosion of the 
semiconductor. The first problem may be overcome by combination of CdS with other semiconductor (for 
example ZnO or TiO2) to enhance the separation of photogenerated electron-hole pairs [2]. The second 
shortcoming is more serious especially when the photogenerated holes do not react fast enough with the 
species present in the solution or adsorbed on the semiconductor surface.  

The approach proposed in this work allows overcoming both problems mentioned above by 
preparation of ternary composite. Thin layer of TiO2 deposited on FTO substrate by means of sol-gel 
method was sensitized with CdS nanoparticles using SILAR (successive ion layer adsorption and 
reaction) procedure. The photocatalytic activity of the systems with increasing amount of deposited CdS 
was tested in the reaction of photodegradation of chlorophenol under visible light. The obtained results 
were correlated with the band-gap energy of the composite.  

The protection of CdS against photodissolution was achieved by deposition of a thin film of 
poly(1,8-diaminocarbazole) [3] on the surface of TiO2/CdS composite. The criteria for the selection of 
appropriate conducting polymer for CdS protection is discussed taking into account oxidation potential of 
the monomer, hydrophobicity and optical properties of the polymer. The elaborated ternary composite 
was characterized by means of microscopic and spectroscopic techniques. Photodegradation of 
chlorophenol with the use of the composite was monitored by UV-vis spectra and total organic carbon 
(TOC) measurements. Effectiveness of the polymer film as protective layer for CdS was tested by 
measurement of amount of Cd2+ ions in the solution after photocatalytic process by atomic absorption 
spectroscopy.  
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Design of metal thin films and nanostructures with the atomic scale control such as the ultrathin films and 
alloys have been pursued by a variety of methods and on different types of metal systems. In the case of 
noble metals, such as Pt and Pd, the confinement and reduction of the dimensions to few atomic layers 
can create electronic and geometrical effects that can substantially alter electrochemical and catalytic 
properties. Development of electrodeposition-based methods to create nanostructures is a challenge but 
highly desirable for practical and fundamental applications.    
 
Surface Limited Redox Replacement (SLRR) Methods is one of the most successful approaches that can 
produce ultra-thin monolayers with high control of atomic structure [1]. This method is based on the 
replacement of an underpotentially deposited (UPD) layer of a less noble metal by a more noble metal 
through an irreversible surface-controlled limited redox reaction. 
 
In this talk, SLRR method design of epitaxial films, and alloys (1- 10 ML thickness) of Pt will be 
described. Electrochemical and surface characterisation studies will demonstrate the advantages of using 
SLRR method to design high-quality 2D Pt bimetallic systems as a function of film/alloys thickness.  The 
epitaxial Pt thin films grown in one cell configuration using different UPD sacrificial layers  (Pb, Cu and 
H-UPD) will be compared in terms of their structure and roughness that can be correlated with their 
different catalytic behaviour [2-4].  The incorporation of Pb UPD sacrificial layer was exploited in the 
SLRR approach to control the formation of random alloys. By interrupting the UPD galvanic replacement 
reaction, we showed that it is possible to have controlled 2D Ptx Pb1-x alloys formation.[5] The SLRR 
deposition allowed us to examine changes of the adsorption (H and CO) and catalytic behaviour of Pt-Pb 
alloys as a function of their composition [3].  
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Surface Enhanced Raman Scattering (SERS) is a powerful tool for analyzing electrochemical processes at 
solid/liquid interface and various approaches have been proposed to obtain the SERS effect, such as 
application of the substrates with nanogranular surface or modification with nanoparticles  made of 
plasmonic metals (Ag, Au, Cu), using the probes with these metals, etc.  We have investigated  
electrodeposition processes and electrode processes, and for this, we have developed various “plasmonic 
sensors” using electrochemical fabrication processes for the SERS microscopy.  In this paper we will 
describe the design and fabrication process of  these sensors and introduce the results of the analysis using 
them in combination with other approaches such as microscopic and electrochemical analysis as well as 
theoretical calculations using density functional theory (DFT). 
First we have developed “reflection” type sensors with centrifuge-grooved nanostructure.  Pitch of the 
grooves was designed to synchronize the wave length of the incident laser for the resonance to optimize 
the enhancement effect.  They are fabricated by using nano-imprinting process followed by 
electrodeposition of the plasmonic metals, and can be directly used as working electrode to analyze the 
electrochemical processes [1]. While the electrode surface is limited within the plasmonic metals for these 
sensors, “transmission” type sensors can be applied to various processes and materials regardless of the 
variation of the substrates [2].  In this case, the sensor is made of transparent material to the incident laser 
such as glass lens, surface of which is partially covered with the nanoparticles of plasmonic metals. By 
attaching this sensor to the electrode surface, enhanced Raman signal can be detected through the sensor 
so that variety of the surfaces can be observed.  In this case, sub-nm level resolution for vertical direction 
can be achieved due to the localized nature of the enhancement effect, while the horizontal resolution is 
determined by that of the confocal microscope equipped with the Raman spectrometer.   In order to 
improve the horizontal resolution, we have applied Si anisotropic etching and anodization process to form 
silica micropillars with small tip radius as a base structure of the sensor.  The array of these micropillars 
or lenses is also advantageous for multi-point analysis, so we further attempted to develop this type as 
“MLA (micro lens array)” sensors.  One of the significant issues for the sensor is flexibility of base 
structure to fit with the electrode surface, and from the practical view point, productivity is also important. 
Thus we attempted to apply poly(dimethylsiloxane) (PDMS) to form the base structure.  The MLA type 
sensor was formed by cast molding of PDMS using a template made of micromachined Si followed by 
nanoparticle modification using electroless deposition, and it was confirmed that the obtained sensors 
showed sufficient performance. 
By using these plasmonic sensors, we investigated electroless deposition processes focusing on the 
behavior of reductant and additive species at the deposition sites.  We have also developed a system to 
investigate the behavior of additives in the pores of through silicon via (TSV) [3].  For this, a model-pore 
structure was fabricated using a SERS active substrate made of patterned electrodeposition of Au or Cu, 
which was covered with a trench-shaped PDMS structure.  The incident laser was focused at the substrate 
surface through the PDMS structure and behavior of the additives was analyzed in situ with high 
sensitivity.  We also attempted to employ multi-confocal Raman microscopy system for in situ mapping 
of the electrode surface during the reaction processes.   
This work was financially supported in part by “Development of Systems and Technology for Advanced 
Measurement and Analysis,” Japan Science and Technology Agency.  
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Surface well-defined redox-active nanostructures have paid much attention because of their potential 
interests for various fields such as molecular devices and sensors, and also energy or molecular storage 
devices.1) To construct the surface redox-active nanostructures at the nanometer scale, a layer-by-layer 
(LbL) growth by use of coordination bonding with redox-active molecules is one of well-established 
methods.  Recently, we fabricated redox-active multilayer films based on ruthenium complexes on an ITO 
electrode by use of layer-by-layer (LbL) deposition method through coordination bond between 
phosphonate groups in the ruthenium complex and zirconium(IV) ion.2) 
The scalable homo-LbL films of ITO|(RuN)n were fabricated from the same complex unit of Ru-N with Zr 
linker.  The successive layering process was monitored by CV as the linear increase of the total charge 
corresponding to the Ru(II/III) couple with the increase of the number of layers without any saturation. 
Under the galvanostatic condition, the stable charging-discharging processes for the homo-LbL films took 
place in a reversible and repeatable manner. The scalable homo-LbL films of ITO|(RuN)n exhibited an 
excellent performance and stability for charging/discharging cycles in the redox capacitor.2) Similarly, 
proton rocking-chair type redox capacitor was fabricated by judicious selection of pairs of Ru complexes 
RuNH and RuCH, which showed the proton-coupled electron transfer (PCET) reaction. When the PCET 
sites were blocked by the N-methylation, the amount of capacitance dropped by 77% compared to the 
PCET-type capacitor, which indicates the proton movement plays an important role in the present proton 
rocking chair redox capacitor.  

For hetero-LbL films, introduction of potential gradient in the films composed of two different Ru units 
RuN and RuC leads to novel potential gradient hetero films, which exhibited an interesting electrochromic 
near-infrared spectral response and its photo-response because of the charge blocking/storage effect on 
hetero-LbL structures.3) In the hetero-LbL film, the rectification of electron transfer was observed. Since 
mixed-valent Ru complex showed strong intervalence charge transfer (IVCT) band at 1140 nm at the 
applied voltage of -0.5 V, this IVCT band was used as a maker for the charge storage. The heterolayer LbL 
films showed electrochromic behavior by altering the potential between -0.5 V and +0.7 V at 1140 nm. As 
a result, two states of “0“ and “1“ were interconverted by the applied potentials. Furthermore, we found 
that the direction of photocurrent was switched between two states. Since the charging/discharging of the 
outer layer was defined by changing the potential from -0.5 to 0.7 V, the heterolayer LbL film acts as a 
photo-responsive memory device.3)  

 
 Figure 1. Chemical structures of Ru complexes and electrochromic response for ITO|(RuN)4/(RuC)4 
heterolayer film and their photocurrent response.   
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Oxygen-driven polymerization of catecholamines is the current standard method to prepare 
biomimetic polymeric films onto virtually any type of surface, inspired on the adhesive properties of 
mussels to wet surfaces [1]. Polycatecholamine coatings have been used for a wide range of purposes 
including biofouling, self-healing, molecular imprinting and (bio)sensing applications [2]. The latter 
relies on the inherent reactivity of quinone moieties towards nucleophilic functions (thiols and amines) of 
aminoacids, through Michael addition or Schiff-base reactions. Recently, we have proved that chemically 
synthesized polydopamine thin films are suitable to immobilize biomolecules and to be employed as 
electrochemical transducers in enzymatic reactions [3]. Nevertheless, it is recognized that chemical 
growth of these type of polymeric films, yields heterogeneous and poorly conducting matrices.  

In this work we aim to overcome the problems of film heterogeneity, low conductivity and amount of 
quinone groups by producing biocompatible films through electropolymerization of dopamine (ePDA). In 
spite of the increasing interest in electrochemical synthesis [4], the mechanism of electropolymerization is 
still unclear and not yet entirely supported by experimental evidences. Hereby, we have synthesized 
potentiodynamic and potentiostatic ePDA films of different thickness and used a powerful combination of 
techniques (cyclic voltammetry, ellipsometry, UV-vis, IR and X-ray Photoelectron spectroscopy, 
goniometry and atomic force microscopy) to fully characterize their electrochemical and optical 
properties, wettability, morphology, thickness and chemical composition. Indeed, striking structural 
differences were observed for the ePDA films regarding the chemically synthesized polymers, unveiling 
distinct polymerization pathways. Further immobilization of enzymes in these polymeric matrices and 
their subsequent catalytic activity assessment by chronoamperometry, demonstrated a clear improvement 
of transducing performances when using the more electroactive ePDA films as support. The new 
structural insights presented in this work, undoubtedly prove the suitability of electrosynthesis to prepare 
organized and biocompatible polycatecholamines for biosensing and other electrochemical applications.    
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Lamellar Double Hydroxides (LDH) are solids with a structure similar to that of brucite Mg(OH)2 in 
which some divalent cations M(II) are replaced by trivalent cations M(III). This substitution creates an 
excess of positive charges in the octahedral layers, which is compensated by the presence of 
exchangeable anions in the interlayer space.1 The choice of electroactive cations for the synthesis of 
LDH-coated electrodes enables their reversible electrochemical oxidation and reduction2 that are 
observed using the cyclic voltammetry method. Coupling this technique with a crystal quartz 
microbalance (EQCM) that is sensitive to the nanogram enables the measure of the variations in mass of 
the coated film and witnesses the reversible transfer of anions3, 1  during a series of oxidation and 
reduction steps of cations of the brucitic layer of LDH. Reversibility of anionic exchanges (like nitrate, 
nitrite or arseniate) is of fundamental and industrial interest as it paves the way to applications in water 
treatment against anionic pollutants.4  
 
In this presentation the nature of the transferred species under the polarization of a thin film of LDH are 
further investigated with in situ techniques under a cycled electrochemical polarization. For this study the 
Ni/Fe LDH was chosen for its high electrical conductivity and for the facile reduction and oxidation of 
Ni.5 It was chemically synthesized by the coprecipitation method with variable pH to form nano-platelets 
(80 nm) that increase the LDH/aqueous medium interface and enhance the anionic exchanges. Its 
physico-chemical properties have been characterized. The XRD technique ensures that the material is a 
well crystallized LDH and SEM observations confirm the morphology of nano platelets. The nature of the 
anions in the interlamellar space is determined by infrared spectroscopy and finally, the cationic 
composition of the brucitic sheets is known by Energy Dispersive X-ray Spectroscopy. For the study of 
the ionic exchanges, we employ the ac-electrogravimetry6 technique. It is a laboratory-made 
nondestructive in situ technique that measures the transfer function ∆m/∆E(ω) of the polarized film to 
distinguish the contribution of several species (cations, anions, solvent) occuring in the exchange, as well 
as their molar mass, their concentration and kinetics. We also follow the intercalation/deintercalation of 
species by in situ XRD measurements by observing the (003) peak which is a markor of the interlamellar 
distance in the LDH. 
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Electroless nickel phosphorus (Ni−P) plating is an autocatalytic reduction process that has been used for 
various engineering applications. High phosphorus metallic matrix materials produced by electroless 
deposition are examined to exploit the good corrosion behavior of such coatings and the high mechanical 
properties of the composites. In order to obtain the desired properties, it is important to deeply understand 
the deposition mechanism and its influence on the final characteristics of the layer. The kinetic 
mechanism of the electroless deposition of NiP matrix from hypophosphite solutions is investigated from 
first principles with the intent of determining a set of elementary reactions that could effectively identify 
the most relevant steps of this complex process. The outcome of the computational approach is discussed 
in terms of experimental results obtained by electrochemical methods and surface analysis techniques 
[1,2]. The interaction of Ni++ and H2PO2

- with the Ni surface was studied using Ni clusters of different 
sizes (from 4 to 12 atoms), introducing solvation in water through the implicit polarizable continuum 
model. Though several theories were proposed to describe this key step in the literature, our search was 
guided by the original insight published several years ago [3], according to which the reduction of Ni++ 
requires the formation of an intermediate species containing the NiOH group. Such species would then 
take active part in the transfer of the OH group to H2PO2

-, thus favoring its oxidation to H2PO3-. In order 
to understand completely the adsorption phenomena on the electrode surface during the electroless 
deposition process, in situ-Raman analyses were performed. The effect of each complexing agent 
dissolved into electroless NiP bath on complexes adsorbed on the electrode surface and the comparison 
with the DFT computational analysis will be presented, highlighting the effect of additives, e.g. tungsten 
salts, added to the electrolyte to modify the properties of the matrix. A tool based on computational fluid 
dynamics CFD simulation for the co-deposition of the dispersed phase is also presented, showing the 
correlation between particles’ load in the bath and the amount of co-deposited particles as a function of 
hydrodynamic conditions. The results are discussed in light of the theoretical models proposed to describe 
the co-deposition processes. 
Following the theoretical description, composite coatings are produced and characterized in terms of 
particles content and distribution, morphology and mechanical properties. Erosion resistance is 
specifically investigated with respect to sand particles fluxes, discussing the optimal combination between 
the metallic matrix and the dispersed phase. Corrosion behavior is presented both in electrochemical tests 
and in accelerated tests in salt spray chamber. The effect of the applied thermal treatment to modify the 
mechanical properties is investigated and discussed as a function of the dispersed phase. 
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Polymer electrolyte membrane fuel cells (PEMFC) are amongst the most promising energy conversion 
technologies today. Herein non-precious transition metal-coordinated nitrogen doped carbons (MNCs) are 
very promising alternatives for Pt-based cathode catalysts.[1-3] The early reports on the application of such 
materials date back to the 1960´s when Jasinski demonstrated that N-coordinated transition metals can be 
active sites for the ORR.[4]  

 

The preparation of these catalysts was strongly optimized over the years; still they remain with 
harsh reaction conditions that complicate the selective formation of active MN4 sites. The employment of 
pyrolytic temperatures has been a dogma for the synthesis of MN4 sites, however coming with 
unfavorable side reactions.  
 

We recently introduced a mild procedure, which is conservative toward the carbon support and 
leads to active-site formation at low temperatures in a wet-chemical coordination step, essentially 
decoupling the preparation of NCs from the preparation of the active sites.  
 

The key concept for the success is the so-called active-site imprinting into the NC before the 
involvement of iron. Active-site imprinted NCs were synthesized employing Lewis-acidic Mg2+ salt in the 
carbonization. The obtained carbons with large tubular porosity and imprinted N4 sites lead to catalysts 
with a half-wave potential (E1/2) of up to 0.76 V vs. RHE (in halfcell tests) in acidic electrolyte after 
coordination with iron. The catalyst shows 4e− selectivity and exceptional stability with a half-wave 
potential shift of only 5 mV after 1000 cycles between 0.3 and 1.0 V in O2-saturated electrolyte. 
Spectroscopic results show that the most active catalyst closely match Fe(II)phthalocyanine, proving the 
formation of active and stable FeN4 sites at 80 °C. Interestingly, metalation with cobalt lead to strong 
improvement of the activity even at very low metal content whereas Zn coordination proved to have 
almost no effect.[5] 
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The knowledge-based development of novel electrochemical materials requires methods that provide 
atomic scale data on their interface structure under reaction conditions. A powerful tool for this task is the 
radiation provided by modern synchrotron sources, which offer X-ray beams of high photon energy and 
extreme brilliance. This allows deep penetration of the materials and the electrochemical environment and 
– together with 2D X-ray detectors – direct imaging of larger sections of reciprocal space (Figure 1). 
Using high-energy surface X-ray diffraction under grazing incident angles an extensive range of crystal 
truncation rods can be recorded rapidly, providing full information of the 3D interface structure within 
minutes. Alternatively, measurements in transmission surface geometry, where the X-ray beam passes 
through the sample and the electrolyte, allow simultaneous imaging of the full in-plane structure of solid 
surfaces. With the latter method also surface X-ray diffraction studies with micrometer spatial resolution 
are possible, opening up the way to map the atomic interface structure of spatially inhomogeneous 
materials or to study the surface properties of small samples. These novel methodological capabilities will 
be demonstrated by in situ studies of thin electrodeposited metal and oxide films, electrochemical 
intercalation, and the electrochemical oxidation and reduction of Pt(111) and Pt(100) electrodes. 
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Figure 1:  Schematic illustration of high-energy surface X-ray diffaction in (A) grazing incidence and (B) 
transmission geometry, showing the scattering geometry in real space (left) and reciprocal space (right). 
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Layered double hydroxides (LDHs) are lamellar compounds whose structure consists of positively 
charged brucite-like layers with interlayer anions balancing the positive charge. Conductive LDHs 
containing redox active transition metals are attracting much interest in the area of electrochemistry for 
applications such as batteries, supercapacitors, sensors, fuel cells and as efficient electrocatalysts for 
oxygen evolution reaction (OER). For all these applications a fundamental property is that the active 
material must be well adherent to the conductive support, thus guarantying the formation of a 
mechanically stable coating. 
Our group has proposed and optimized an electrochemical approach, based on the electrochemical 
generation of hydroxides by cathodic reduction of nitrate ions, in order to obtain LDH films on any kind 
of conductive supports of any shape and dimension, including porous substrates and transparent or 
flexible electrodes. The features of the deposited LDH (amount, thickness and composition) and the 
adherence of the film to the electrode surface depend on the procedure by which the potential is applied, 
on the composition of the electrolyte solution, and the surface morphology of the electrode itself [1]. 
The sequence of reactions involved in the electrodeposition has been deeply investigated considering 
different compositions of the electrolyte solution and using both classical disk electrodes and FeCr alloy 
foams or plates [2,3].  
This contribution is aimed to report some outstanding results obtained in the fields of sensing, energy 
storage and catalysis by using conductive supports modified with LDHs containing different bivalent (Ni, 
Co, and Mg) and trivalent cations (Al, Fe, Rh). 
In the field of sensing Pt or GC electrodes have been modified with Ni or Co based LDHs in order to 
develop amperometric sensors which exploit the capability of the redox active metals to act as mediators 
for the electrocatalytic oxidation of many analytes in alkaline solutions [4].  
Furthermore, the performances of LDH films containing Co or Ni and Fe or Al have been investigated for 
two important energy applications, i.e. as supercapacitors and as electrocatalysts for OER. In particular, 
our results show that LDHs containing Co as bivalent metal can be considered good candidates for 
supercapacitors development, especially when the trivalent metal is Fe: actually for Co/Fe LDH the redox 
process significantly involves also the inner surface of the LDH, giving a peculiar electrochemical 
behavior, where the capacitance has both Faradaic and charge separation origin [5]. As far as OER 
electrocatalysts are concerned the best performances in terms of onset potential, current density at a fixed 
potential and TOF were obtained for Fe-based LDHs, containing either Ni or Co as bivalent metal, our 
results proving that the presence of iron is crucial to significantly enhance the OER performances. [6]. 
LDHs containing Rh, Al and Mg have been also electrosynthesized on open-cell FeCr alloy foams with 
the aim to propose an alternative method to coat supports suitable to be used, after calcination, for the 
Catalytic Partial Oxidation (CPO) of methane to syngas. The operative conditions for the 
electrodepositions have been optimized in order to obtain a good adhesion of the material. The structured 
catalysts have been characterized before and after performing the CPO tests which have demonstrated 
proved good conversions and selectivities [3]. 
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Shape-controlled metal nanoparticles have unquestionably enhanced the Electrocatalysis of several 
electrochemical reactions both from fundamental and applied points of view [1-4]. Additionally, this type 
of nanoparticles has also remarkably contributed to a better understanding of the correlations between 
surface structure and electrocatalytic reactivity at the nanoscale. In this communication, we will present 
recent advances on the application of these shaped nanomaterials for different electrochemical reactions 
of interest [4,5]. Also, we will discuss about basic requirements to properly employ these systems in 
Electrocatalysis, including particle shape-surface structure correlations, surface cleaning [6], particle 
shape-surface structure stability [7] and surface modifications [8], among others.  
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Scandium (Sc) is mainly used in ceramics, lasers, phosphors, and certain high performance alloys for the 
aerospace industry and is getting increasing attention recently due to its unique properties and its possible 
applications (1). Scandium technological applications are unique, as it is a key component in producing 
Solid Oxide Fuel Cells (Scandia-Stabilized-Zirconia solid electrolyte layer) or high strength Aluminum 
alloys used in aerospace and 3D printing applications (SCALMALLOY®). Currently Sc, which has high 
melting point, is obtained by reduction of the fluorides with Ca at 1500 – 1600 ◦C. The reduction is 
carried out in tantalum crucibles under a protective gas or in vacuum (2). This result to a high production 
cost due to an expensive reaction apparatus required for handling the fluoride compounds and complexes. 
Yet Scandium supply is limited due to its scarcity and the high cost of its production, which currently 
takes place in Asia and Russia.  
 
In the present study the electrodeposition of scandium from ionic liquids is researched, as an alternative to 
high temperature molten salts electrolysis. Ionic liquids present a wide electrochemical window to 
support the reduction of metals that cannot be reduced in aqueous solutions, even at ambient temperatures 
and are considered as green solvents. In the present work the dissolution of Sc in a form of a chloride salt 
in the ionic liquid is studied. The solutions prepared are characterized in terms of conductivity and 
viscosity and the reduction of Sc from the solution prepared is researched by cyclic voltammetry, which 
showed a cathodic loop at -2.7V vs Fc/Fc+(Fig. 1) attributed to Sc reduction.  
 

 
Fig.1: Cyclic voltammogramm on a Platinum electrode with scan rate 20mV/s at 25oC: BMPTFSI (dash 

line) and 0.1M ScCl3  in BMPTFSI (solid line) 
 
Moreover, chronoamperometry was performed for 24h at -2.8V for 24h and the deposit was identified by 
SEM –EDS analysis (Fig.2), Raman Spectroscopy and XPS analysis and metallic Sc was proved to be 
electrodeposited. 

   

Fig.2: SEM image and EDS analysis of the electrodeposit. 
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Chemosensors selective with respect to human chorionic gonadotropin (hCG) protein hormone were devised.  
A macroporous film of molecularly imprinted polymer (MIP) was designed as recognition unit of the 
chemosensor to provide selectivity.  Two alternative platforms of analytical signal transduction were explored, 
namely an electric platform using the extended-gate field-effect transistors (EG-FETs) and capacitive 
impedimetry (CI).  A precise control over the structure of the material was successfully reached by combining 
three templating approaches used in material science, i.e., inverse opal structuring, surface imprinting, and semi-
covalent imprinting of proteins (Scheme 1).  A colloidal crystal templating with optimized potentiostatic 
polymerization of 2,3′-bithiophene enabled depositing an MIP film as an inverse opal.  Preliminary 
immobilization of the hCG protein on the colloidal crystal allowed for formation of molecularly imprinted 
cavities exclusively on the internal surface of the pores.  Furthermore, all binding sites were located on the 
surface of the imprinted cavities at locations corresponding to positions of functional groups on the surface of 

protein molecules.  This precise 
controlling of the positions of 
recognition sites was possible 
due to initial derivatization of 
the surface immobilized protein 
molecules with suitable 
functional monomers 
(Scheme 1).  This synergistic 
strategy resulted in a material 
with superior recognition 
performance.  Selectivity of the 
chemosensor with respect to 
protein interferences was very 
high.  Moreover, the limit of 
detection was in the femtomolar 

concentration range.   Scheme 1.  Illustration of the procedure of poly(2,3′-bithiophene) 
inverse opal imprinting with protein hormones.   
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The bottom-up approach is at the heart of modern material science and provides an enormous 
creativity in its use as tool for the fabrication of an almost undetermined choice of smart materials1, 
interfaces2 and nanoelectronic devices3. Ultrathin films of conjugated oligomers grafted on surfaces from 
diazonium salt reduction are of particular interest for the fabrication of molecular electronic devices.4 
They allow the fabrication in high yield of robust molecular junctions using CMOS-compatible 
processes.5 Among such layers, ultrathin films combining thiophene and EDOT units exhibit unique 
on/off switching of their transport properties in electrochemical environment6. Overall, such systems 
combine the advantages of conductive oligomers with those of diazonium-based layers, i.e. fine control of 
the film thickness in the 2 to 20 nm range, ability to generate robust, pinhole-free, electroactive layers 
with two redox states of different conductivity.4,7 In this work we investigate a bottom-up process based 
on the electrochemical oxidation of irreversible redox systems on such a switchable organic electrode, in 
order to create new ultrathin layers with tunable properties. Thus, two types of reactive radical-cations 
will be created in the vicinity of the electrode, and we will investigate the outcome of their chemical 
coupling and the resulting electrode modification.8 

 
Références 
(1) Santos, L.; Martin, P.; Ghilane, J.; Lacaze, P. C.; Lacroix, J.-C. ACS Appl. Mater. Interfaces 2013, 5 (20), 10159–
10164. 
(2) Nguyen, V.-Q.; Schaming, D.; Martin, P.; Lacroix, J.-C. ACS Appl. Mater. Interfaces 2015, 7 (39), 21673–21681. 
(3) Lu, W.; Lieber, C. M. Nat. Mater. 2007, 6 (11), 841–850. 
(4) Martin, P.; Della Rocca, M. L.; Anthore, A.; Lafarge, P.; Lacroix, J.-C. J. Am. Chem. Soc. 2012, 134 (1), 154–
157. 
(5) Fluteau, T.; Bessis, C.; Barraud, C.; Della Rocca, M. L.; Martin, P.; Lacroix, J.-C.; Lafarge, P. J. Appl. Phys. 
2014, 116 (11), 114509. 
(6) Stockhausen, V.; Trippé-Allard, G.; Van Quynh, N.; Ghilane, J.; Lacroix, J.-C. J. Phys. Chem. C 2015, 
150807093923005. 
(7) Fave, C.; Leroux, Y.; Trippé, G.; Randriamahazaka, H.; Noel, V.; Lacroix, J.-C. J. Am. Chem. Soc. 2007, 129 (7), 
1890–1891. 
(8) Stockhausen, V.; Nguyen, V. Q.; Martin, P.; Lacroix, J. C. ACS Appl. Mater. Interfaces 2017, 9 (1), 610–617. 

 

mailto:pascal.martin@univ-paris-diderot.fr


Electrodeposition of PEDOT-PTFE and PEDOT-Nano-diamond 
composite layers 

 
Adriana Ispas1, Andreas Bund2, Igor Efimov3 

TU Ilmenau, 1Chemistry Group, 2Electrochemistry and Electroplating Group 
Ehrenbergstraße 29, 98693 Ilmenau, Germany 

3University of Leicester, Department of Chemistry  
Leicester LE1 7RH, U.K. 

adriana.ispas@tu-ilmenau.de 
 

 
Electrochemically produced conductive polymers (CPs) have unique properties (e.g., high conductivities 
combined with high mechanical flexibility) which make them interesting for a variety of applications. 
However, CPs are usually mechanically soft and behave mostly as isolators in their neutral state. 
Therefore, various metal nanoparticles or carbon nanotubes / nanoparticles have been incorporated into 
CPs to improve their mechanical, electrical, or electrochemical properties [1-3].  
 
This paper will discuss recent results from the authors' labs on the electrodeposition of thin PEDOT, 
poly(3,4-ethylenedioxythiophene), layers with PTFE and nano-diamond particles. PEDOT is a conducting 
polymer that has found wide applications in batteries, sensors and electrocatalysis, just to name a few. 
 
Co-deposition of PEDOT with inorganic particles has recently received an increasing interest both in 
academia, as well as in industry. The composite materials are often used as thin layers and a good 
understanding of their mechanical properties is crucial for the applications. As model systems we studied 
the electrochemical synthesis of PEDOT/PTFE and PEDOT/diamond composites and characterized in-
situ their mechanical properties using the electrochemical quartz crystal microbalance (EQCM) 
technique. Porous layers were obtained from acetonitrile, while uniform composite layers with a low 
roughness were obtained from the aqueous electrolytes. The roughness of the layers increased with 
increasing the particle load. The experimental results will be discussed in the framework of possible 
technical applications. 
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Three new monomers, namely ((5-(2-ethylhexyl)-1,3-di(thienyl-2-yl)-4H-thieno[3,4-c]pyrrole-4,6(5H)-
dione (M1), 1,3-bis(2,3-dihydrothieno[3,4-b][1,4]dioxin-5-yl)-5-(2-ethylhexyl)-4H-thieno[3,4-c]pyrrole-
4,6(5H)-dione (M2) and 1,3-bis(3,3-didecyl-3,4-dihydro-2H-thieno[3,4-b][1,4]dioxepin-6-yl)-5-(2-
ethylhexyl)-4H-thieno[3,4-c]pyrrole-4,6(5H)-dione (M3)) were synthesized by Stille Coupling of 
thiophene, EDOT and dodecyl-ProDOT as donors and 1,3-dibromo-5-(2-ethylhexyl)-4H-thieno[3,4-
c]pyrrole- 4,6(5H)-dione as the acceptor unit [1]. Electrochemical properties of D-A-D type monomers 
were investigated by cyclic voltammetry in the ACN/DCM mixture containing 0.1 M 
tetrabutylammonium hexafluorophophate (TBAH) as the supporting electrolyte. The M2 monomer with 
EDOT donor unit exhibited the lowest oxidation potential among three monomers, which is attributed to 
the strong donor ability of EDOT [2]. M3 monomer was successfully polymerized via electrochemical 
methods in 0.1 M TBAH dissolved in ACN/DCM mixture as shown in Figure 1. The 
spectroelectrochemical studies showed that the corresponding polymer P3 has a band gap of 1.69 eV 
calculated from the onset of the maximum wavelength which is attributed to the π-π* transition band. 
Since the electrochemically obtained P3 polymer is soluble in common organic solvents such as toluene, 
THF, chloroform and DCM, M3 monomer was also polymerized via chemical oxidation by using FeCl3 
[3]. In order to determine the structure-property relationship, the properties of both the monomers and 
their corresponding polymers were compared.  
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Scheme 1. Electropolymerization of P3 monomer in 0.1 M TBAH dissolved in ACN-DCM mixture at a 
scan rate of 100 mV/s. 
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Separation and transfer of photo-generated charge carriers are key for efficient photocatalysis. TiO2 
photocatalysts have been studied for many years in numerous geometries, commonly decorated with 
randomly placed cocatalyst nanoparticles to overcome kinetic limitations and facilitate charge transfer. 
However, the poor control over cocatalyst placement typical of powder technology approaches can still 
lead to suboptimum efficiencies. In contrast, the site-selective placement of suitable charge-separation 
and charge-transfer cocatalysts on a defined TiO2 surface can provide a synergistic enhancement of the 
photocatalytic reactivity. 
 
Here, an electron-transfer cascade platform for photocatalytic H2 generation is introduced that is based on 
a defined noble metal/WO3/TiO2 stacked architecture [1]. TiO2 nanotube arrays grown by self-ordering 
electrochemical anodization are used as photocatalytic TiO2 substrate [2]. A crucial aspect in the 
photocatalyst design is the placement of the Au/WO3 stack at only the nanotube top, thus leaving free 
TiO2 surface at the nanotube bottom. This can be realized by sputter-coating the TiO2 nanotube surface 
with metal films, e.g. W and Au (in a “shallow” angle configuration). Then, with a suitable thermal 
treatment, the W film converts into a crystalline WO3 layer, while at the same time the Au film undergoes 
dewetting [3,4] and splits into Au nanoparticles at the WO3 surface (Fig. a). 
 

 
 
By adjusting the initial thickness of the W and Au sputtered films, one can tune with nanoscale precision 
the morphology of the cocatalytic Au/WO3 stack to form various architectures; factors such as the 
thickness of the WO3 layer, and the size and distribution of the Au nanoparticles are found to be crucial to 
enable the electron-transfer cascade mechanism, thereby enhancing the H2 generation performance. 
 
These photocatalytic structures can achieve H2 generation rates that are significantly higher than any 
individual cocatalyst/TiO2 combinations, including a classic noble metal/TiO2 configuration (Fig. b). The 
photocatalytic improvement is generated by a swift electron and hole transfer to the environment, which 
limits charge carrier recombination in TiO2: WO3 acts as a buffer layer for photo-promoted TiO2 
conduction band electrons, allowing for their efficient transfer to the Au nanoparticles and then to the 
environment for H2 generation (Fig. c); the fate for photo-generated TiO2 holes is a direct transfer to the 
electrolyte via the free (uncoated) TiO2 surface at the nanotube bottom. 
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The increased global metal consumption and limited natural resources impose difficult restrictions on  
sustainable metal recovery, and hence secondary raw material sources for metals need to be identified and 
utilized [1]. This is especially true in the case of precious metal recovery, as their use in state-of-the-art 
electroactive materials is on the rise. However, the secondary raw material sources typically have a wide 
range of other metals present, sometimes in large quantities (g/L), while they contain only low amount 
precious metals (ppm or even ppb level), thus making the recovery extremely challenging.  
 
In this presentation, we introduce electrodeposition–redox replacement (EDRR) method for the recovery 
of precious metals from real and simulated hydrometallurgical process solutions. Our results demonstrate 
that silver can be recovered from solutions containing Ag at ppb scale while the base metal (Zn) 
concentration was as high as 60 g/L, and in such concentration levels, EDRR is outperforming for 
example electrowinning [2].  Gold, on the other hand, was recovered from a solution containing only 
8 ppm Au and 1.2 g/L Cu, resulting in Au/Cu enrichment of 1000 at the surface cf. solution concentration 
- and yet, the energy consumption is comparable to electrowinning [3].  
 
Also, the role of other base metals such as Fe was studied and the preliminary results demonstrate that 
even if the recovered amount may be slightly reduced in the presence of impurities, they quite 
surprisingly may aid the overall purity of the end-product. The reason for this is believed to be the 
oxidative nature of Fe3+, which increases the purity of the deposit by the selective dissolution of the base 
metal. The power of EDRR lies in the fact that it is the EDRR parameters – rather than the solution 
composition – which are adjusted to obtain the desired surfaces, and therefore a sustainable recovery of 
precious metals is possible. 
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Deep eutectic solvents (DES) are interesting and useful alternatives to non-aqueous solvents and room 
temperature ionic liquids, with applications in many fields, in polymer science, metal electrodeposition 
and nanomaterials, with a few recent applications in sensors [1]. DES synthesis is normally done by direct 
mixing of two solid non-toxic components with some heating, the eutectic being a viscous liquid. For 
electrochemical applications, eutectic formation is achieved due to strong hydrogen bond interactions 
between a hydrogen bond acceptor, such as choline chloride, and a hydrogen bond donor such as urea, 
ethylene glycol or glycerol (amine or hydroxyl groups), the resulting DES being designated reline, 
ethaline and glyceline, respectively.  
We have been investigating the properties of electroactive polymer-modified electrodes, prepared by 
electropolymerisation in reline, ethaline and glyceline under varying experimental conditions in order to 
tune the nanostructure and surface morphology for electrochemical sensing and biosensing applications. 
The formation of redox polymers on the surface of glassy carbon electrodes (GCE) and carbon nanotube 
or graphene modified GCE has previously been investigated in aqueous solution [2]. Usually, a second 
hydrogen bond donor has been added in the form of a small percentage of a strong acid. The first studies 
involved formation of films of the conjugated polymer poly(3,4-ethylenedioxythiophene), where distinct 
responses to ascorbate are obtained depending on the DES used. 
Films of nanostructured redox polymers, obtained by electropolymerisation of phenazine monomers, have 
also been prepared in DES. It has normally been found that formation in ethaline leads to faster polymer 
film growth, owing to its lower viscosity. Polymers investigated have included poly(methylene blue), 
poly(neutral red) and poly(brilliant cresyl blue). Sensor and oxidase enzyme biosensor platforms, 
involving enzymes such as pyruvate oxidase and choline oxidase, immobilised by cross-linking, have 
been constructed. The enhanced characteristics of the sensors and biosensors for the analysis of key 
analytes such as ascorbate and acetaminophen will be described and compared with those at sensor 
platforms containing polymer films formed in aqueous solution. 
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TiO2 films obtained by plasma electrolytic oxidation (PEO) of Ti samples exhibit high crystallinity, 
excellent interfacial bonding and electrical contact to the substrate. Despite the interest of the scientific 
community in TiO2 for photocatalytic applications, only very few studies can be found on TiO2 
synthesised by PEO. The aim of this work is to explore the PEO process to obtain photo-electrochemical 
TiO2 films; in particular, the effect of oxidation voltage (100 V, 150 V and 200 V), and processing time 
(0.5 - 15 min) have been addressed. Scanning Electron Microscopy (SEM), X-ray Diffraction (XRD), 
UV–Vis spectroscopy, Cyclic and Linear Sweep Photo-Voltammetry were used to study morphology, 
crystallography, photo-activity and electrochemical surface area (ESCA).  
 
The Surface and cross section SEM images show that TiO2 films have a porous structure, with pore 
diameters in the range of 10-500 nm, and thickness of 2.5 to 3 µm (i.e at 150 V). Moreover, the cross-
section morphology of the samples shows a cross-linked porous surface and a dense structure underneath. 
XRD results (Fig. 1) reveal that as-prepared TiO2 films have a crystalline structure consisting of different 
relative amounts of anatase and rutile phases depending on the applied voltage, namely: pure anatase at 
100 V, 58% anatase / 42% rutile at 150 V, and pure rutile at 200 V. According to the UV-Visible spectra, 
the band gap was 3.29, 3.18 and 3.02 eV for oxidation voltages of 100 V, 150 V and 200 V, respectively. 
The photocurrent of TiO2 films obtained at 100 V and 200 V exhibits a Gaussian-like shape (Fig. 2), and 
a double-peaked curve at 150 V which might be attributed to the activity of both anatase and rutile phases 
[1]. As shown in Fig. 3, at processing voltage of 100 V the maximum incident photon to current 
conversion efficiency (IPCE) is 60% at 300 nm, while by increasing the voltage to 200 V, the IPCE 
changes to 1% and peaks at 400 nm. On the other hand, specimens obtained at 150 V exhibit a double-
peaked IPCE curve reaching 93% at 310 nm and 65% at 380 nm, with photoactivity extending up to 410 
nm, i.e. up to the visible region. Such significant difference, comparing with those of pure anatase (100 
V) and pure rutile (200 V), suggests a synergistic effect between the two different TiO2 polymorphs [2]. 
The ECSA of TiO2 samples obtained at 150 V is more than 4 times higher than that of samples processed 
at 100 V, suggesting a possible explanation for the higher IPCE values.  
 
 

   
Fig. 1: XRD pattern of TiO2 films 

obtained by PEO at different processing 
voltages 

Fig. 2: Photocurrent as a function of incident 
wavelength 

Fig. 3: IPCE as a function of wavelength 

 
 
 
 
1. D. O. Scanlon, C. W. Dunnill, J. Buckeridge, S. A. Shevlin, A. J. Logsdail, S. M. Woodley, C. R. A. Catlow, M. J. Powell, R. G. 
Palgrave, I. P. Parkin, G. W. Watson, T. W. Keal, P. Sherwood, A. Walsh, and A. A. Sokol, Nat. Mater. 12, 798 (2013). 
2. S. Franz, D. Perego, O. Marchese, A. Lucotti, and M. Bestetti, Appl. Surf. Sci. 385, 498 (2016). 
 

mailto:arab.hamed@polimi.it


Electroanalytical signal amplification and selectivity features  
of “insulating” and mesoporous solid-templated silica films 

 
Luigi Falciola, Valentina Pifferi, Luca Rimoldi, Daniela Meroni,  

Guido Soliveri, Silvia Ardizzone  
aDipartimento di Chimica, Università degli Studi di Milano 

Via Golgi 19, 20133, Milano, Italy 
luigi.falciola@unimi.it 

 
Mesoporous silica materials characterized by well-ordered microstructure and size- and shape-

controlled pores have attracted much attention in the last years. These systems can be used for the 
development of functional thin films for advanced applications in catalysis and electrocatalysis, sensors 
and actuators, separation techniques, micro- and nano-electronic engineering [1-2].  

In this work, “insulating” and mesoporous silica films were prepared by spin coating a home-
made silica sol on a cleaned ITO glass support. The mesoporosity was controlled by the use of 
Polystyrene (PS) latex beads with different dimensions (30-60-100 nm) as template. The number of 
successive multi-layer depositions was varied (1-2-3-5 layers) and after the template removal, stable, 
homogeneous and reproducible transparent films were obtained, characterized by an interconnected 
porous structure. The morphological features and the physicochemical and optical properties of the films 
and/or sol-precursors were studied by DLS, FE-SEM, AFM, UV-vis transmittance spectroscopy and 
wettability analyses. Moreover, a deep electrochemical characterization was also performed by Cyclic 
Voltammetry (CV) and Electrochemical Impedance Spectroscopy (EIS). In particular, the use of two 
redox mediator probes [(K4Fe(CN)6) and (Ru(NH3)6Cl3)], presenting opposite charge and different 
diffusional behaviour, allowed the comprehension of the mass transport and charge transfer phenomena, 
evidencing the effects of spatial confinement and charge selection.  

In the case of “insulating” films prepared without the use of PS latexes, we proved an 
experimental evidence for theoretical models [3] concerning electroinactive layer-modified electrodes, 
with a scan-rate-dependent variation of the CV shape due to a progressive increase in the diffusion 
coefficient inside the insulating layer. A complex balance between diverging effects (higher 
hydrophilicity and insulating behavior effects of silica) when increasing the numbers of layers was also 
observed [4].  

In the case of mesoporous layers, a better electrochemical response of smaller pores and of 
thicker layers was found, due to two main cooperative phenomena: i) a diffusion modification from fully 
planar to radial-convergent at the pore-silica interface due to surface porosity; ii) the presence of pores in 
a hydrophilic matrix which leads to a capillary pull effects, stronger in the case of smaller hydrophilic 
pores.  

The easiness of preparation and the interesting properties of these devices pave the way towards 
their use in many fields, particularly trace electroanalysis in real matrices. In fact, for example, the porous 
and properly charged network is able to exclude interfering macromolecules (mucin in our case), 
preventing electrode biofouling and enhancing the performances of the sensor towards dopamine 
detection. 
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The processing of metal-organic frameworks (MOFs) as thin films and surface coatings is a critical issue 
to realize their utilization in several applications. MOFs are porous crystalline compounds which consist 
of metal ions or metal clusters linked by organic molecules which form coordinative bonds to the metal 
centers with their functional groups. Electrochemical coating approaches allow for short growth times, 
mild preparation, dense and uniform films as well as controllability of phase, morphology and 
thickness.[1]  
We report on the electrochemical deposition of 1,3,5-benzenetricarboxylate (BTC)-based films and how 
their achieved tailored crystal morphology is exploited in various energy technology applications, such as 
omniphobic coatings to promote dropwise condensation in solvent recovery processes and 
electrochemical energy storage electrodes.  
To deposit MOF films, a sacrificial metal anode is electrochemically dissolved to provide metal ions to an 
organic linker-containing electrolyte solution.[2] As we demonstrate, Cu-BTC framework crystals can be 
rapidly synthesized on Cu foil as hierarchically rough films by electrochemically triggered self-assembly 
of meso/macroporous-structured crystals under suitable conditions. These coatings are used to immobilize 
a functional oil with low surface energy to provide stable coatings repellent to a wide range of 
hydrophobic as well as hydrophilic fluids without any further chemical treatment such as silanization. 
Regarding the application of electrochemical capacitor (supercapacitor) electrodes, we investigated the 
electrodeposition of cobalt- and manganese-benzenetricarboxylate films on metal foils, which are 
converted to already electrically contacted nanostructured metal oxide spinel (Me3O4)/carbon films by 
thermal decomposition under argon atmosphere. The coated metal foil substrates serve as current 
collector when applying the Me3O4/C electrodes in electrochemical energy storage devices. Thus, the 
presented approach saves various steps compared to conventional powder electrode preparation and 
decreases electron transfer resistances.[3] 
The thermolysis of MOFs is widely used to synthesize functional porous metal oxide or metal 
oxide/carbon materials benefiting from the framework’s constitution of homogenously and highly 
distributed metal ions and organic moieties as carbon source. Such MOF-derived materials are interesting 
for various applications in electrochemical energy storage and other fields.[4] For electrochemical 
capacitor electrodes based on metal oxide materials, it is desired to use transition metal ions which occur 
in several oxidation states to enable a pseudocapacitive current signature due to overlapping redox 
processes. Therefore, the syntheses of Co- and Mn-organic precursor films were investigated.  
[Co3(BTC)2(H2O)12] coatings on cobalt foil were obtained at room temperature overcoming the critical 
issue of precipitation just in the bulk solution due to an incubation period prior to nucleation. Thin 
manganese films were electrodeposited on stainless steel foil and subsequently partly anodically re-
dissolved in linker-containing electrolytes to synthesize Mn/Mn-organic bilayered films. This procedure 
extended the method of electrochemically coated metal-organic precursor films for any kind of 
conductive substrate and geometry. The coatings remained well-attached during thermal treatment 
forming highly electrochemically active Me3O4/C films as shown by electrochemical characterization as 
well as structural and compositional investigations. 
In conclusion, MOF precursor coatings based on suitable transition metal ions were successfully 
electrodeposited and applied for simplified fabrication of energy storage electrodes. Moreover such MOF 
films show great potential for further applications in energy technology due to their chemical, crystal-
morphological and porosity properties.  
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Various wet synthesis routes for nanoparticulate electrocatalysts, for instance for the oxygen 

evolution reaction (OER), have been developed with the goal to synthesize nanoparticles of desired size, 
shape and composition. These routes generally start from dissolved electrocatalyst precursor salts and solid 
conducting support nanomaterials, such as carbon black or carbon nanotubes. Subsequently to the synthesis, 
the particles can be transferred onto a substrate, e.g. a Nafion membrane or gas diffusion layer, forming a 
microporous, three-dimensional catalyst layer (CL) containing in addition an ion conducting polymer. 
Typically employed deposition techniques include small-scale drop-casting, large-scale electrospraying, 
screen-printing, or inkjet printing. Post-processing can be time-consuming thermal drying or rapid pulsed 
light-induced drying.1-2 In order to merge nanoparticle synthesis and CL production, we have recently 
introduced a new concept called Print-Light-Synthesis.3 This method combines inkjet printing of precisely 
defined inks containing catalyst precursor salts followed by their immediate thermal decomposition into 
nanoparticles upon exposure to a short light flash from a Xe flash lamp. The printed films and/or the chosen 
support layers absorb the light and generate locally the necessary heat for the decomposition. The flash 
light induced decomposition takes less than 1 sec and is carried out under ambient conditions simplifying 
the process conditions, as it was demonstrated for platinum nanoparticles for the oxygen reduction 
reaction.3  

In this contribution, we present the further utilization of the Print-Light-Synthesis of alloyed 
bimetallic electrocatalysts (e.g. Pt, Ni, Fe) on carbonaceous nanostructures.4 Mono-precursor inks were 
individually printed from separate printheads to adjust precisely their relative ratios on the substrate. Special 
care was taken for the right ink viscosity, surface tension, density, particle size and printhead characteristics 
in order to achieve stable printing and a homogeneous coating of the substrate. The application of stabilizing 
agents that are usually employed in wet synthesis to avoid uncontrolled particle aggregation (although 
degrading catalytic activity if not properly removed) is not required in this "clean" method. The obtained 
CLs were first characterized as printed using SEM, TEM, XPS and XRD. Furthermore, CLs were 
electrochemically analyzed by rotating disc electrode measurements, Soft-Probe-Scanning Electrochemical 
Microscopy (SECM) using soft platinum microelectrode arrays scanning in a gentle contact mode over the 
CLs and a scanning droplet cell. The Print-Light-Synthesis concept can be employed for a broad range of 
catalyst and catalyst support materials and offers great opportunities for digital CL fabrications under 
ambient large-scale process conditions.  

 
Schematic representation of the Print-Light Synthesis from ink precursors to bimetallic nanoparticles.  
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Reactive materials working in harsh environment require protection. In everyday life we know that 
ferrous metals in presence of moisture should be protected against oxidation. Since 1991, lithium ion 
batteries (LIBs) work thanks to a solid electrolyte interface that is a thin layer formed by reaction of the 
electrolyte that prevents the electrode against further reactions. Batteries are important systems to 
increase the electrification of the transport system and the integration in smart grids, which are important 
goals for the coming years. Current LIBs are very close to their limits of gravimetric and volumetric 
energy density. A drastic improvement of performance must be achieved through the development of 
advanced materials for the protection of reactive high voltage cathodes and of reactive anode such as 
lithium metal, for the improvement of the electrode/electrolyte/separator interfaces and of the current 
collector/electrode interface. The new coatings enable new generation LIBs, with a particular focus on 
high voltage systems (> 4.5 V) as well as post LIBs, such as Li/sulfur or metal/oxygen systems [1-5].  
In the present contribution we describe the exploitation of polymeric and inorganic electrode coatings in 
environmentally friendly and cost effective processes that are easily scalable to the industrial 
manufacturing of next-generation lithium batteries.  
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Already in the first thorough investigations on the electroplating of selenium, an anodic route starting 
with selenide solutions had been mentioned.[1] The reference linked to a patent from 1947, with only a 
rough outline of the process and no analysis of the results.[2] Since then, this patent has been the only 
source on an anodic route to selenium deposition, as all other investigations started from selenites due to 
their stability on air in contrast to selenides.[3,4] On the other hand, for good results, selenite solutions have 
to be acidic, while selenide solutions can and should be used in basic media. Avoiding selenides for this 
process also meant, that the electrochemical behavior of polyselenides of the form Sex

2– (with x in 
aqueous solution between 2/3 and 6),[5,6] has not been investigated intensely, although selenides and 
polyselenides were used as electrolytes together with an n-GaAs electrode in solar cells.[7] 
We herein present a study of this anodic selenium plating from basic potassium selenide solutions. Under 
various conditions selenium is deposited on a glassy carbon electrode and the prepared selenium layers 
are additionally characterized via scanning electron microscopy and X-ray diffraction. Strong similarities 
to the cathodic process starting from selenite solutions are found. In contrast, we unravel the inevitable 
formation of polyselenides during this anodic selenium plating, as the formed selenium reacts 
immediately with the remaining selenide ions to form soluble polyselenides. The behavior of these is 
studied in CV experiments, finding a shift of the peak potentials of the oxidation with reference to Se2–        
(Figure 1). From our study it seems that the reductive stripping of the formed selenium layer can proceed 
towards polyselenides or directly towards selenide.  
 

Figure 1: Top: First anodic and cathodic sweeps of the cyclo-voltammetry of a selenide solution. Bottom: 
First cathodic and anodic sweeps of the cyclo-voltammetry of a selenium layer, where the backpeak is 
dominated by the in-situ formed polyselenides. Both on a glassy carbon electrode vs. SCE.  
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Chirality is a concept strictly related to life and to its evolution. Capability to discriminate antipodes 
and/or produce enantiopure chiral chemicals through cheap and efficient protocols is a crucial task for our 
modern civilization. So identification of increasingly effective and robust chiral selectors is a challenging 
task also for the electrochemical community [1,2]. 
In this frame our research group is working on the so called “inherently chiral functional molecular 
materials”, ICFMMs; the idea is simple: make the stereogenic element responsible for chirality coincident 
with the functional group responsible for the material specific property (Figure, left). This approach has 
constituted an actual breakthrough in chiral electrochemistry, resulting in the preparation of efficient 
chiral electroactive surfaces [3,4,5] (and chiral additives/media, too [6]) invariably characterized by 
outstanding enantiodiscrimination ability in quite different working conditions and with chemically 
different chiral electroactive analytes. Notwithstanding plenty of proofs pointing to a general validity of 
the ICFMMs concept, a clear rationalization of  the enantiodiscrimination mechanism still lacks. 
To fill the gap a deeper knowledge of the behavior of our electrodeposited chiral films is mandatory. As a 
first step some of the most important experimental parameters governing the growth of the conductive 
coatings have been changed, one by one, to evaluate their impact on the morphological, optical and 
electronic properties of the final deposit. Results of the multi-technique characterization will be discussed, 
including profilometry, electrochemical impedance spectroscopy (Figure, right) and 
spectroelectrochemistry data, all aimed to collect clues useful to rationalize the way in which ICFMMs 
work. 
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Organic pi-conjugated polymers are soft materials characterized by a strong electron-
phonon coupling, eventually leading to polaron formation. Polarons are possible 
representation of charge, or energy, carriers dressed by self-localized distortion of the 
lattice. Usually, optical resonances at energy below the bandgap, as well as the 
appearance of intense vibrational modes (IVMs), are considered typical “polaron” 
signature evidence. The p-doped state of conjugated homo- and copolymers is studied 
by optical spectroscopy measurements from the far-IR to the visible energy range, 
experimental results are compared with first-principles theoretical calculations. 
Polaronic IVMs are found to feature absorption intensities comparable to purely 
electronic transitions and, most remarkably, the IVM frequency is dramatically scaled 
down (up to 50%) compared to the backbone carbon-stretching modes in the pristine 
polymers. Giant IVMs intensity is associated with displacement of the excess positive 
charge along the backbone, which is driven by specific vibrational modes. A 
quantitative picture for the identification of polaron shifting modes is provided. Our 
explanation rationalizes the elusive microscopic mechanism underlying the occurring of 
giant IR intensity of IVMs in doped polymers 1–3. 
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Novel synthetic route towards electroactive films of polymetalloporphines has been elaborated. It is based 
on the electrochemical transformation of the metal-free polyporphine film of type I (where neighboring 
monomeric units are linked by a single meso-meso bond) with replacement of protons inside the 
macrocycles by corresponding metal cations. Its efficiency has been demonstrated for Co(II)  and Mn(II), 
the latter polyporphine being never synthesized earlier. Compared to the conventional procedure of such 
ion exchange based on extended thermal treatment of macrocycles in the presence of the saturated 
solution of the metal salt the developed approach allows one to use dilute solutions of the metal cation at 
ambient conditions. 
These polymetalloporphines of type I have been transformed via electrochemical oxidation into the 
corresponding Co(II) or Mn(II) polymers of type II where the neighboring units are linked by single 
meso-meso and two beta-beta bonds. These films show strong redox activity of the polyporphine chains 
and high electronic conductivity within a very broad potential range (owing to their condensed molecular 
structure) as well as voltammetric peaks due to redox transitions of the metal ions (Fig. 1a). 
The resulting polymetalloporphines of both types possess a very high concentration of CoN4 or MnN4 
functional groups which are known as prospective catalysts of various processes. Strong electrocatalytic 
activity of both films of type II towards oxygen electroreduction in aqueous neutral (pH 6.7) and alkaline 
(pH 13) media has been found by means of cyclic and steady-state voltammetry (Figs. 1b,c). The results 
demonstrate that the efficiency (regardless of pH) of both thin polymetalloporphine films is comparable 
to that of bare platinum electrode: both the potentials of the reduction waves and the diffusion-limited 
currents are close to each other for all these electrode materials. In particular, the values of the diffusion-
limited current densities for coated GC and bare Pt electrodes (Figs. 1b,c) testify in favor of the 4-electron 
process. One can note that such strong activity towards the oxygen reduction process is well known for 
the monomeric porphyrins of Co while this property is very unusual for porphyrins of Mn. 

   
Fig.1. Redox response of polymetalloporphines of type II (a). Steady-state voltammograms of O2 
reduction from neutral (b) or alkaline (c) aqueous solutions at GC, Pt or polyporphine electrodes. 
Financial support of RFBR (grant 16-03-00916) of this study is acknowledged. 
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Organic materials as fruit peels are valued subproducts that could be used as biotemplates to obtain 
functionalized materials for applications such as selective adsorbents, sensors, supports for catalysis, 
organic materials for new batteries, among others, since they have a stable structure and porosity, despite 
not being conductive; these may or may not be used in a carbonized form. In this work, carbon paste 
electrodes (CPE) were made with amino-functionalized grapefruit peels for Ag(I) uptake, and carboxylic 
for Cu(II); the samples were: Grapefruit peel modified with urea (GPU), grapefruit peel modified with 
melamine (GPM); Grapefruit peel modified with citric acid (GPC). Cyclic voltammetry (CV), linear 
polarization and anodic stripping voltammetry (ASV) were applied for Ag(I) uptake analysis; pulse 
differential (DPV) was applied for the case of Cu(II) analysis. For both cases, test were carried out at 
different metal concentration in water. CPE electrodes were prepared in 20:80 ratio of functionalized 
biomaterial:powder graphite, and silicone oil as binder. For silver uptake analysis, experiments were 
carried out in a three electrode electrochemical cell in which the working electrode used was each of the 
prepared CPEs, the reference electrode Hg / Hg2SO4 / K2SO4 (sat.), SSE (ESSE = ESHE - 0.640 V / 
SHE) and a platinum wire was used as a counter-electrode. The cyclic voltammetry experiments were 
carried out in 1 mM Ag+ (ac) solution from AgNO3, and 20 mM NaNO3 was used as supporting 
electrolyte. From adsorption test and CV analysis, GPU and GPM adsorb effectively Ag(I) through: 
chemical sorption due to a complexation with amino groups for GPU, and mostly physical sorption for 
GPM with differences in adsorption sites. Tafel analysis explained that amino-functionalization increased 
the kinetic of Ag(I) uptake (log |I0| = -5.5 for GPU-CPE and log |I0| = - 6.3 for GPM-CPE). By ASV, the 
relation of the peak current with concentration is linear; for GPU-CPE the peak current is increased and 
the potential is more positive. The sensitivity of the method was verified, using concentrations lower than 
1mM (Fig 1.). 
In the case of Cu(II) analysis, test were performed in a 3-electrode cell (15 mL) using a Ag/AgCl 
reference electrode and a platinum wire as a counter electrode, using HCl 0.1 M as supporting electrolyte 
in water; different concentrations of Cu (II) were analyzed using a reduction potential of -0.4 V during 
180 s in agitation. Anodic differential pulse voltammetry was applied from -0.4 to 0.2 V at a speed of 50 
mV s-1, pulse amplitude of 100 mV and a pulse per period of 2.0 ms. The electrochemical response for 
Cu(II) indicate that the metal could be analyzed with a detection limit of 2.5 g L-1. 
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Fig 1.  Anodic stripping voltammograms (ASV) of Ag(I) process on the CPE, at different concentrations 

of Ag (I), sweep speed 10 mV s-1. a) GPM-CPE; b) GPU -CPE. 
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Self-assembly of graphene oxide (GO) or reduced graphene oxide (RGO) sheets with chitosan (CS) in an 
aqueous suspension has recently attracted the attention of researchers for several applications, including water 
decontamination [1], sensing [2] and fabrication of high mechanical properties composites [3]. Although the 
use of low content of CS between RGO sheets seems a promising approach for hindering the restacking of 
RGO sheets as supercapacitors electrode materials and thus, improving their capacitive performance, this 
possibility has not been examined yet. The limited reports on RGO–CS composite, are mainly dealing with 
high CS content (c.a. CS/RGO : 50–100) which in turn, requires further post-processing [4]. In the present 
work, we propose an easy yet effective way to prepare low CS content RGO–CS hybrids through a self-
assembly process.  
GO was obtained from graphite powder according to the Tour's method and was used as a 1.0 mg ml–1 water 
suspension. CS solution was prepared by dissolving CS powder in water (1.0 mg ml–1) and with addition of 6.5 
vol% acetic acid. The two mixtures were separately stirred for 6 h before mixing and then, were mixed under 
stirring (CS/GO: 0.1). 750 mg of ascorbic acid (AA) was then added to suspension, as the reducing agent and 
the mixture was heated to 95 °C for 2 h. The black product powder was washed, centrifuged and dried.  
Fig. 1a shows the XRD results of the pristine graphite, GO, RGO and RGO-CS. It is firstly seen that the AA 
reduction has successfully removed the GO peak at 10 ° and both RGO and RGO-CS are showing a peak at 25° 
close to the (002) peak of graphite at 26.54°. Moreover, the RGO-CS pattern shows a very small peak at 
19.55°, corresponding to CS, as magnified in the inset. TGA studies at air (not shown here), revealed a CS 
mass concentration of about 10 wt% in RGO–CS sample. Fig. 1b and c show the voltammograms of RGO and 
RGO-CS at 1 mVs–1 in 1M Na2SO4, normalized by mass and volume, respectively. It is seen that RGO-CS 
outperforms the RGO, particularly in the volumetric sense. Nevertheless, such superior behavior is limited to 
the low rates only as shown in Fig. 1e and f. This behavior could be in part explained based on the electrical 
conductivity decrease by CS addition (RGO: 145 S m–1 and RGO-CS: 1 S m–1, both under 5.5 MPa). This 
shortage could be minimized by optimization of the CS content. To assess possible pseudocapacitive 
contributions in the performance of both materials, staircase potentiostatic EIS was carried out at 5 mHz (Fig. 
1d, each curved normalized by the capacitance value at potential of zero charge, EPZC) in the potential window 
of –0.2 to 1 VSHE for differential capacitance calculations. Whereas an obvious peak (275 mVSHE) and a 
shoulder (650 mVSHE) are observed for RGO confirming some pseudocapacitive contributions, three peaks at 
100, 475 and 650 mVSHE are observed for RGO-CS, demonstrating characteristic redox reactions to play a 
remarkable role in superior capacitance of this material at low rates. Further optimization of the composition 
and pore structure oriented studies and modifications are underway. 
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Fig.1. (a) XRD results of graphite, GO, RGO and RGO-CS, (b and c) scan rate normalized gravimetric and volumetric voltammograms, 
respectively, of RGO and RGO-CS, (d) differential capacitance in the potential window of –0.2 to 1 VSHE, (e and f) gravimetric and volumetric 
capacitance, respectively, of RGO and RGO-CS, as a function of the scan rate.  
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Interdigitated Electrodes (IDEs) are electrodes where two opposing metal electrodes are deposited on an 
inert substrate with a ‘comb’ like structure. The fingers in the two combs are separated by a distance 
usually in the µm range. IDEs are increasingly being investigated for their use in electrochemical sensors 
especially in conductometric gas sensors (CGSs) (also known as chemiresistors) as they exhibit high 
sensitivity due to their favourable geometry. For a CGS based on an IDE, the sensing layer that is 
deposited onto the IDE is often a thin film of conducting polymer. The analyte of interest then interacts 
with the polymer by either reducing or oxidizing it, which locally changes the resistance of the polymer. 
The resistance can then be monitored as a function of the concentration of the analyte. However by 
operating the IDE in the electrical percolation region an enhancement of sensitivity and response times 
can be achieved. [1] The percolation region of an IDE is achieved when the sensing layer is formed in 
such a way that polymer deposition is stopped once the first few connection are made between the two 
electrodes of the IDE. There are many different ways to deposit the conducting polymer onto the 
electrode surface to explore the properties of the percolation regime such as spin-coating, drop-casting, 
dip-coating and thermal evaporation. However the most convenient method is electrochemical deposition, 
which allows controlled in situ film growth. We have recently shown how conducting polymer bridges 
can be formed electrochemically in the percolation region in-between micro gaps on IDEs deposited on a 
glass substrate. [2] We will be extending this work to flexible substrates as there is a growing need for 
wearable and flexible technologies. It will be shown that much higher sensitivities and response times are 
obtained for the electrochemical sensors on flexible substrates operating in the percolation region for 
ammonia gas detection. 
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The development of platinum-free (PGM-free) electrocatalysts derived from cheap and environmental 
friendly biomasses for oxygen reduction reaction (ORR) is a topic of particular interest particularly under 
the point of view of sustenability. Among PGM-free catalysts, carbon materials such as carbon black, 
graphene and carbon nanotubes, doped with nitrogen, showed interesting ORR electroactivity even 
though selectivity still remain an issue. Fe-nitrogen-doped carbon materials (Fe-NMC) have attracted 
particular interest as alternative to Pt-based materials due to the high activity and selectivity, the high 
availability and good tolerance to poisoning. To obtain carbon materials with high ORR performance and 
selectivity, three aspects need to be taken in account: (a) N species , which determine the amount and 
activity of the active sites (Fe-Nx) [1], (b) architecture in terms of high surface area and porous structure 
and (c) the degree of graphitization, which determines the conductivity and stability of material. Recently, 
many researches focused on developing synthesis transforming N-containing biomass into N-doped 
carbon [2]. 
In this paper chitosan (CS) was employed as suitable N-containing biomass for preparing Fe-NMC 
catalyst in virtue of its high N content (7.1 %) and unique chemical structure. Moreover the major 
application of CS is based on its ability to stronghly coordinate metal ions. In fact, the high hydrophilicity 
of CS given by the great number of hydroxyl groups it possesses and the large number of chemical active 
amino groups, which act as chelating ligands, as well as the flexible structure of polymer chains, afford an 
effective metal ion taking (Fig. 1a) [3]. The synthesis of Fe-NMC consists in the pyrolysis of a dried CS 
hydrogel. In particular in acidic aqueous solution, the preparation of physical cross-linked hydrogel 
allows to obtain sophisticated organization embedding an iron/phenanthroline complex, which should 
assure an optimal Fe dispersion and mesoporosity before pyrolysis [4]. After the thermal treatment at 900 
°C an high thermical stable material was obtained (Figure 1b), which was fully characterized by RRDE 
technique for undestanding the activity and the selectivity of the material. Special attention was put in the 
determination of the active site density according to nitrite electrochemical reduction measurements [5].  
 
 
 
 
 
 
 
 
 
 
   
Figure 1: (a) Proposed structure of some possible CS-Fe3+ complexes obtain in acidic medium, and (b) 
TGA of carbon material from chitosan. 
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Gallium Arsenide (GaAs) exhibits a direct and relatively narrow bandgap of 1.43eV (298K), which 
results in efficient photon-to-electron conversion and excellent performance when integrated in 
photoelectrochemical (PEC) water splitting devices. Unfortunately, GaAs suffers from fast 
photocorrosion when operating in aqueous media and under illumination, inducing semiconductor 
dissolution or forming an insulating oxide layer. Adding an ultrathin protective layer of noble 
metals/oxides, polymers or graphene is a general strategy to enhance stability,1 but these methods are 
typically complex and expensive. Electrodeposition of a thin Ni layer on GaAs is in contrast a simple and 
scalable approach, but it is rarely reported due to the difficulty to form a continuous film at low thickness, 
as conventional grain sizes and nucleation density lead to coalescence at high thickness, hindering the 
generation of electron/hole pairs due to the reduced photo-transmissivity. In this context, an 
electrodeposition process capable to achieve continuous coverage at few nm thickness is a prerequisite to 
form this thin protective layer for the further development of GaAs materials as a photoanode.  
 
In this work, we use a Ni electrodeposition process where the absence of a buffer induces the formation of 
Ni(OH)2 due to the local pH increase caused by H+ reduction, resulting in growth inhibition.2 Growth of 
such a Ni film of up to 4.4 nm on a n-doped GaAs surface was studied; the dependence of thickness on 
the deposition time at 10s and 60s was observed via X-ray reflectometry and XPS, confirming growth 
inhibition during deposition. This Ni film was employed as a protective layer to overcome the instability 
of n-GaAs towards aqueous media in PEC reaction conditions. Ni-coated GaAs showed enhanced 
photocorrosion resistance compared to a bare GaAs substrate, while self-limiting Ni growth on GaAs 
retains a high value of photocurrent (8.5mA cm-2 at 1.23V vs. RHE) compared to non-self-limited 
deposited sample (6.5 mA cm-2 at 1.23V vs. RHE), owed to a full coverage of the Ni layer and high 
photo-transmissivity resulting from a low coalescence thickness (~3.5nm). Moreover, we demonstrated 
that for self-limiting deposition, the thickness uniformity and surface imperfections depend on the 
deposition time; a 10s-deposition is optimum in terms of the photoresponse and stability of the Ni-
deposited GaAs photoanodes, despite the slight dependence of layer thickness on deposition time. 
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Figure 1. (a) X-ray reflectometry of self-limiting deposition with deposition time of 10s to 60s. The film 
thickness is calculated to be 3.5nm and 4.4nm respectively, indicating the slight influence of deposition 
time on thickness. (b) Photocurrent density at 1.23V vs. RHE under AM 1.5G solar illumination for self-
limiting deposited, non-self-limiting deposited and bare n-GaAs. (c) Photocurrent density measured in the 
same condition for self-limiting Ni deposited GaAs at various deposition times from 1s to 60s. A 
deposition time of 10s is determined to be optimum.  
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Transition metal dichalcogenides (TMD) consist of a whole family of layered materials whose properties 
in thin layer form differ from that of bulk form. They can be thinned down using the scotch tape method 
and have a range of electronic properties including semiconductors, metals and superconductors [1]. To 
measure their electrical properties, thin layers of TMDs are made into field effect transistors. The 2D 
material is contacted at either end by a source and a drain contact and a current passed through the 
material. Conventional field effect transistors use a back gate electrode contacted at the back of the 
substrate to apply a voltage through a dielectric material to tune the conductivity of the TMD. Here, the 
back gate is replaced by an ionic liquid placed on top of MoS2 and a voltage applied to a metal contact 
within the ionic liquid. This induces charge separation within the ionic liquid and the double layer created 
at the surface of the TMD dopes the material to make it highly conducting (Figure 1). 
 
MoS2 consists of a single layer of molybdenum atoms sandwiched between two layers of sulfur atoms. 
The 2H hexagonal polymorph of MoS2 is semiconducting with an indirect band gap of 1.2 eV in bulk 
form and a direct band gap of 1.8 eV in monolayer. Here I will present ionic liquid gating of 2H MoS2 
and show how upon application of a voltage to the ionic liquid DEME-TFSI (diethylmethyl(2-
methoxyethyl)ammonium bis(trifluoromethylsulfonyl)imide), the double layer at the interface of MoS2 
induces changes in the polymorph upon application of a high voltage. 
 
 

 

 

 

 

 

 

Figure 1. Diagram of an ionic liquid field effect transistor device with a positive gate voltage applied to 
the gate electrode. 
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The publication of its facile production and outstanding properties [1] has sparked vast scientific interest 
in graphene and its possible applications. Up to now, the electrochemistry of graphene has been studied 
mainly in conventional aqueous and non-aqueous electrolytes [2]. There are some reports on the 
electrochemical behavior of graphene ion ionic liquids that focus on the structure of the 
electrode/electrolyte interface, but the electrochemistry of graphene in deep eutectic solvents is even less 
well studied. In this context, deep eutectic solvents have mainly been used for exploring the potential 
application of graphene in supercapacitors [3] and as electrolytes for the electrochemical exfoliation of 
graphene [4]. 
Deep eutectic solvents are described as ionic liquid-like fluids that share many of the beneficial properties 
of ionic liquids, but additionally being cheap and environmentally friendly [5]. Consequently, they have 
been suggested in many fields of application [6] including electroplating/metal processing, 
nanotechnology, organic synthesis, biomass processing, and electrochemical energy storage. For 
electrochemical applications and heterogeneous catalysis, a sound understanding of the interfacial 
behavior of deep eutectic solvents is necessary. 
Due to the extensive knowledge of its properties, graphene could serve as an ideal model system for other 
carbon electrodes. The well-defined structure of CVD-graphene allows modelling of the interfacial 
properties more easily compared to less ordered graphite or glassy carbon electrodes [7]. However, it is 
essential to validate the resulting models against experimental data. We have thus studied the 
electrochemistry of CVD-graphene in the 1:2 mixture of choline chloride and ethylene glycol (12CE). 
The aim of this study was to establish the electrochemical potential window of CVD-graphene in 12CE 
and to compare its behavior to that of glassy carbon electrodes. We used CVD-graphene monolayers of 
macroscopic size transferred onto insulating silicon oxide covered Si wafers and electrically contacted 
them laterally in order to observe signals exclusively from graphene avoiding interference of any 
conductive support. Apart from background cyclic voltammograms, we have selected three electrode 
reactions to illustrate the applicability and limitations of CVD-graphene electrochemistry in deep eutectic 
solvents. 
On the one hand, we used the ferrocene/ferrocenium couple to characterize the electron transfer kinetics 
and correlated this to the defect density of the CVD-graphene, estimated from Raman spectra. On the 
other hand, the ferrocene/ferrocenium reaction was used to test the graphene behavior towards the anodic 
end of the potential window of 12CE. The electrodeposition of zinc and germanium were used to explore 
the CVD-graphene behavior towards the cathodic potential limit of 12CE. Similarities, but also distinct 
differences between graphene and glassy carbon have been found for these phase formations [8]. 
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Abstract: Room temperature ionic liquids (RTILs) have a number of attractive characteristics, including a 
wide electrochemical window, low vapor pressure, high thermal stability, good ionic conductivity and no 
hydrogen evolution. Recently decades, RTILs were used as good solvents in the electrodeposition of metals, 
alloys and semiconductors. Especially, some reactive metals can be electrodeposited form RTILs 
electrolytes. Our research group developed several RTILs electrodeposition techniques, including cobalt 
nanowires and rare earth- iron group alloys as magnetic materials [1], lithium-copper alloys as anode 
materials in lithium-sulfur batteries [2], and CuInxGa1-xSe2 (CIGS) membrane used in solar cells [3]. 
Template-assisted electrodeposition was applied to obtain macroporous CIGS films as Fig.1 shown. 1-
butyl-3-methylimidazolium tetrafluoroborate (BMImBF4) and 1-butyl-3-methylimidazolium 
trifluoromethanesulfonate ([BMIM][TfO]) were two kinds of RTILs having good stability in the air and 
were often used in our study. Ethanol and propyl alcohol were added in some electrolytes as co-solvents to 
decrease viscosity and decrease conductivity of RTILs. The electrodeposition processes, deposition 
mechanisms and effect of co-solvents were studied.  
 

 

Fig.1 (a) SEM micrograph and (b) XRD pattern of three-dimensional ordered macroporous CIGS film.[3] 
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3.6 million tons of chlorate are produced annually, 3.2 million of which are used in environmentally 
friendly elemental chlorine free bleaching of pulp. Chlorate is made electrochemically in a membraneless 
setup. To prevent backreaction of both the intermediates and final product, Cr(VI) is added as an essential 
additive - without it, the process cannot produce chlorate. It has long been known that Cr(VI) forms a thin 
film of Cr(III) on the cathode during operation, eliminating the unwanted back-reactions and providing 
selectivity towards hydrogen evolution (HER)[1], although the underlying mechanism remains unclear to 
this day[2]. However, chromium is present in the electrolyte as hexavalent species that are highly 
carcinogenic, and thus fall under REACH legislation: they have been banned in the EU per September 
2017[3]. Consequently, an alternative must be found urgently for chlorate production to remain 
economically viable within the EU. 
 
Similar cathodic selectivity has been found when chromium is replaced with closely related but less toxic 
compounds, such as permanganate[4]. Rather than forming a thin film like Cr, however, Mn grows much 
thicker, making it an unsuitable additive for industrial use[5]. In order to find a non-toxic additive that 
provides selectivity without forming a thick layer, we have studied the growth and dissolution behavior of 
Cr(III) films, to find the mechanism behind its self-limiting growth. A clue can be found in the charge 
transferred (figure 1): there is a factor 5 more charge used for reduction (deposition) of the film than for 
oxidation (dissolution).  
 
We present here an approach comparing the mass of the film, determined using an electrochemical Quartz 
Crystal Microbalance (eQCM), to the charge transferred, so we can determine what fraction of the charge 
contributes to film growth. Rotating Ring Disc (RRDE) measurements and in situ Raman spectroscopy 
were used to study the dynamics of the interface between electrode and electrolyte. We find that all 
oxidative charge results from film dissolution, but only a fraction of reductive charge can be attributed to 
film growth: the rest appears to be related to the formation of a soluble product (figure 1). This implies 
not only a direction to finding a non-toxic replacement additive that doesn’t grow too thick, but also the 
identity of a formerly unknown source of continuous cathodic current loss in the chlorate process[2]. 
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Figure 1: Graphical abstract of the charge discrepancy between oxidation and reduction, and the proposed 
explanation. The majority of reductive charge is attributed to reduction of Cr(VI) to a soluble species, and 
a minor charge contribution can be linked to the formation of a thin film of Cr(III)(OH)3.  
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Ultra-thin chips packaging poses various challenges in terms of mechanical handling and stress for silicon 
wafers. The hub blades mounted on aluminum alloy substrates are used for dicing silicon wafers in IC 
industry. The mounting method is to electrodeposit Ni/diamond composite coatings on aluminum alloy hub 
substrates and to etch outer edged aluminum alloy for exposing the blades. In order to decrease the width 
of dicing slot, it is necessary to reduce the width of blades and increase the hardness, toughness and wear 
resistance of the Ni/diamond composite coatings. The effect of 1,4-Bis(2-hydroxyethoxy)-2-butyne (BEO) 
in the sulfamate electrolytes was studied under direct current power supply. With the increase of BEO 
concentration in the electrolytes containing nickel amino-sulfonate, nickel chloride, boric acid, sodium 
dodecyl sulfate ( SDS) and diamond particles in sizes of 3~5μm, the polarization potentials of the liner 
sweet voltammetry (LSV) curves shift to more negative direction. When the BEO concentration was 
adjusted to 0.2 g/L, the hardness of Ni/diamond composite coating reached to more than 636HV and the 
coefficient of frictions went down to 0.55. Fig.1 showed the SEM image of the above coating. By the 
addition of BEO in the electrolytes, the preferred orientations of Ni/diamond composite coatings were 
changed from (111) to (200). When the thickness of the Ni/diamond composite coating was 15μm, the width 
of its dicing slot was 22μm. Quantum chemical calculation and molecular simulation were carried to 
analyze the function of BEO in the electrolytes. 

 
Fig. 1 SEM image of Ni/diamond composite coating obtained from an electrolyte containing 0.2g/L BEO. 
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In order to replace the established I-/I3
- redox electrolyte in ZnO-based dye-sensitized solar cells (DSSCs) 

adjustments are needed to allow well-functioning cells. ZnO, in particular when electrodeposited provides 
attractive pathways to prepare crystalline but porous photoanodes on a variety of substrates, even at low 
processing temperatures. The replacement of I-/I3

- by CoII/III or CuI/II as redox mediators opens the way 
towards DSSCs with increased photovoltages. However, these redox couples need bulky ligands which in 
turn lead to rather slow diffusion. Such slower diffusion can become critical for cell performance, in 
particular for electrodeposited ZnO as porous anode material because a very fine porous network is 
typically formed. In this work we, therefore, analyzed the formation of the pore system during 
electrodeposition. We observed a constant porosity in the films with, however, narrow pores near the 
substrate widening towards the film surface upon further growth. This structure was tuned towards 
increased porosity as well as increased pore size by modification of the bath composition and the 
deposition conditions. A successfully decreased diffusion resistance for these electrodes was revealed by 
photoelectrochemical impedance spectroscopy. Faster diffusion led to improved fill-factors and, hence, 
increased efficiencies of the cells. 
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To best exploit the catalytic properties of materials, their catalytic surface should be as ‘available’ as 
possible. This is achieved (A) by using nanomaterials like nanoparticles (NPs) with high surface area. 
(B) By avoiding surfactants or additives which can block active sites and which are hardly removable 
without any detrimental impact on the catalytic performance. (C) By ensuring that the catalytic surface is 
accessible to reactants under catalytic operation, in order to avoid mass-transport limitation 
phenomena (e.g. by suitable ‘ink’ formulation in electrocatalytic applications). 
In addition, to assess and fully understand the intrinsic (electro)catalytic activity of nanomaterials, 
systematic studies where only one material/electrode property is changed at a time are necessary (e.g. 
changing size independently of material loading). Electro-synthesis can be a route meeting most of the 
expectations detailed above, however the nature of the support/electrode used during synthesis can 
influence the nanomaterials properties, thus possibly preventing truly systematic studies. 
An alternative approach to perform truly systematic studies where only one property of an electrocatalyst 
(composition of the catalyst, size, metal loading, inter-particle distance, nature of support material etc.) is 
changed at a time, rely on colloidal surfactant-free syntheses. By separating the synthesis of precious 
metal NPs (e.g. Pt, Ir) and their immobilization on a support (e.g. high surface area carbon), superior 
control is achieved for the electrode design. More detailed studies of the effect of one experimental 
parameter can be performed. The result is the rational study and preparation of optimized electrocatalysts. 
 

The concept behind the ‘toolbox’ approach to perform such systematic studies and optimization is 
introduced. The toolbox has successfully been implemented to study the effect of carbon support, metal 
loading, nature of electrochemical tests, optimal amount of ionomer etc. for the design of Pt NP based 
electrodes, for instance for the oxygen reduction reaction (ORR) at the core of fuel cell devices [1]. 
In this talk the latest development of the toolbox are presented and their benefits to better study and 
optimize precious metal catalysts. This includes: (1) the key achievement of a reliable size control in the 
surfactant-free ethylene glycol synthesis of Pt NPs [2]. Size control is achieved in the range 1-5 nm by 
controlling the NaOH/Pt molar ratio during synthesis, this the size range of interest for several 
applications like fuel cells and heterogeneous catalysis. (2) Beyond synthesis, the strong influence of pH 
in the ink formulation of electrode materials for the rotating disk electrode tests is highlighted [3]. (3) To 
alleviate the drawbacks of the ethylene glycol synthesis (e.g. high boiling point solvent, need for washing 
steps) the benefits of a new surfactant-free colloidal synthesis of precious metal NPs are presented [4]. 
The new synthesis method in low boiling point alkaline mono-alcohols bears significant advantages for 
large scale production and industrial applications [5]. It is simple, yet sensitive to parameters screened in 
other routes like the nature of the base used [6]. Size control in the range of 1-6 nm is simply achieved by 
controlling the growth mechanism using solvents with different oxidation properties. 
The overall approach and the combined achievements presented lead to a better understanding of 
electrocatalysts, e.g. giving new inside into the long debated NP size versus proximity effects in 
electrocatalysis. An optimised testing and design of Pt and Ir NP electrodes with enhanced properties 
and performances for the ORR and the oxygen evolution reaction (OER) is also achieved. 
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We recently focused our interest on oxyfluorides as positive electrode materials for Lithium-ion batteries. 

They were proved to exhibit higher operating voltages vs. Li than oxides due to an increased ionicity of the M–
(O,F) bonds. As an example, Li2VO2F exhibits a potential of 2.7 V vs. Li+/Li which is 200 mV higher than for 
Li2VO3 [1-3]. Interestingly, lithium-rich oxyfluorides display high theoretical capacity (463 mA.h/g) much 
higher than the well-known LiCoO2 (274mA.h/g) or LiFePO4 (170 mA.h/g). We explored the approach to other 
analogous phases of Li2VO2F such as Li2FeO2F and Li2TiO2F. 

 
Li2MIIIO2F (with M = V, Ti and Fe) was synthesized by high energetically ball milling. Attempt to obtain 
Li2VO2F by other synthesis route was not successful. However Fe and Ti analogous were successfully obtained 
through a ceramic route besides previously mentioned ball milling. The prepared materials crystalizes in FCC 
(Space group N° 225) crystal structure which can be described as a layered phase, in which lithium and the 
transition metal cations segregate into layers in the cubic (111) direction (Figure 1). 
 
The mechanism by which energy is stored in these materials is different to well-known lithium storage into a 
stable host. Instead of that, lithium ions are populating and vacating lattice sites of the material itself [1,2]. This 
new principle leads to unprecedented higher energy and higher power density compared to other battery 
materials. As results, large amounts of energy and power can be stored and/or supplied from small spaces. 
 

 
 

Figure 1: Voltage profile vs. capacity at C/20 for different type of lithium rich oxyfluorides cycled in Swagelok 
half-cell with Li metal as anode. Top right represent a 3D representation of their corresponding crystal structure 
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Aluminum is a very useful metal for supporting our modern life and will be of increasing significance 
because it has many favorable features, e.g., light weight (2.70 g cm–3), high electric conductivity, good 
corrosion resistance, high energy density per unit volume (8046 mAh cm–3), and the third highest crustal 
abundance. However Al is electrodeposited only in non-aqueous electrolytes including high-temperature 
molten salts for the Hall-Héroult process because of its negative electrode potential. The current trend of 
the electrolyte for Al electrodeposition is chloroaluminate ionic liquid (IL). Lewis acidic AlCl3–1-ethyl-3-
methylimidazolium chloride, [C2mim]Cl, (more than 50 mol% AlCl3) is one of the commonly-used ILs 
[1,2], since it has wide electrochemical window and relatively high ionic conductivity. A number of 
articles on Al electrodeposition from the Lewis acidic AlCl3–[C2mim]Cl have been reported. But the 
preparation cost for the [C2mim]Cl will be a big issue from a practical application perspective. Recently 
different research groups have reported new families of chloroaluminate mixtures for Al 
electrodeposition, which are often called solvate ILs or deep eutectic solvents, composed of AlCl3 and 
certain polarizable organic compounds [2]. Of these, AlCl3–urea mixture reported by Abbott, et al., is 
recognized as an economical electrolyte [3]. In the present study, we examined physicochemical 
properties of the Lewis acidic AlCl3–urea solvate ILs to offer deep insight into the electrodeposition 
mechanism and carried out Al electrodeposition in the AlCl3–urea solvate ILs. 

The procedures used for the purification of the AlCl3 and urea were identical to those described 
in previous articles [2,4]. The preparation of the Lewis acidic AlCl3–urea solvate IL was conducted 
by adding AlCl3 little by little to urea in a glass bottle with a magnetic stirrer bar. The mixture was 
agitated at 343 K for 12 hours using a magnetic stirrer. The crude solvate IL was purified by a 
constant current electrolysis using two Al electrodes at 10 mA for 24 hours. The final product was a 
clear, colorless liquid at 303 K. All the electrochemical experiments were conducted using a three-
electrode cell. A Teflon® sheathed Pt disk electrode was used for the working electrode. A coil of 1.00 
mm diameter aluminum wire was employed for the counter electrode. The reference electrode was an Al 
wire immersed in the same composition solvate IL and was separated from the bulk IL by a glass frit. 
All experiments were carried out in an Ar gas-filled glove box with O2 and H2O < 1 ppm.  

In the cyclic voltammograms recorded at a Pt stationary disk electrode in a Lewis acidic 60.0-
40.0 mol% AlCl3–urea solvate ILs, Al deposition/stripping waves appeared at 0 V vs. Al(III)/Al by 
the following electrode reaction that is commonly known in the Lewis acidic chloroaluminate ILs 
[2].  

4 [Al2Cl7]− + 3 e− ⇄  Al + 7 [AlCl4]− 

However, unignorable IR drop was recognized compared to that recorded in a 60.0-40.0 mol% AlCl3–
[C2mim]Cl IL because of lower ionic conductivity of the AlCl3–urea solvate ILs. Electrodeposition 
experiments were conducted using Cu rod or plate electrodes under various conditions such as different bath 
temperature, different applied current density, with or without toluene as an additive. We have succeeded in 
the Al electrodeposition with ease. But the surface morphology strongly depended on the experimental 
conditions. For example, in the 60.0-40.0 mol% AlCl3–urea solvate IL, the leaf-like deposits were formed on 
the Cu substrates, when the applied current density, –j, was less than 10 mA cm–2. The deposits became larger 
with increasing the bath temperature and with decreasing the current density. Thickness of most leaf-like 
deposits was less than several hundreds nanometers. XRD analysis revealed that the electrodeposits are 
oriented to (111) plane. If the applied current density exceeded 15 mA cm–2, the surface was uniformly 
covered with dense Al metal crystals. In addition, smooth Al metal coating was achieved by addition of 
toluene to the solvate ILs.  
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A new strategy to develop highly conductive platforms for biosensing applications is reported. 
Hybrid materials based on conducting / electroactive redox polymers and carbon nanotubes (CNT) 
reinforced the bioanalytical field, especially the biosensors’ development, due to their capability of 
tailoring their structure and enhancing the sensitivity and electrocatalytic activity of the corresponding 
biodevices [1]. Deep eutectic solvents (DES) have recently emerged as innovative solvents in various 
areas, including nanotechnology, due to their particular properties as new “green solvent”, offering an 
inexpensive, biodegradable and robust alternative to conventional ionic liquid solvents [2]. 
Therefore, hybrid composites consisting of poly(methylene blue) films (PMBDES) made by 
electropolymerisation in DES and carbon nanotubes were developed (fig. 1). The DES synthesized 
polymer shows nanostructured features which increased its electronic conductivity / redox activity 
compared to the aqueous analogue, and together with CNT enabled the construction of highly 
performance electrochemical sensors [2, 3].  
 

 
Fig. 1. SEM images of a) CNT, b) PMBDES and c) and d) of PMBDES covering the CNT at two different magnifications 

 

The developed modified electrodes were used as amperometric and voltammetric sensors for ascorbic 
acid (AA), 5-aminosalicylic acid (5-ASA), and acetaminophen (APAP). These molecules were chosen to 
evaluate the catalytic properties of the newly developed electrode in terms of reducing the detection 
overvoltage and increasing the sensor analytical signal. Low limits of detection 13.8 µM, 0.12 µM, and 
1.6 µM were obtained, with excellent sensitivities of 2.2 μA cm-2 μM-1, 8.5 µA cm-2 μM-1, and 68.7 µA 
cm-2 μM-1 for AA, 5-ASA, and APAP respectively, outclassing other similar sensors found in the 
literature. The new sensors showed good stability, reproducibility, repeatability and high recovery factors 
when used in pharmaceutical formulations, providing a new method for the simple and highly sensitive 
detection of key analytes in complex matrices and broadening the use of green solvents in electrochemical 
sensors and pharmaceutical analysis. 

 

[1] M.M. Barsan, M.E. Ghica, C.M.A. Brett, Anal.Chim.Acta 881 (2015) 1–23. 
[2] O. Hosu, M.M. Barsan, C. Cristea, R. Săndulescu, C.M.A. Brett, Electrochimica Acta, 232 (2017), 
285–295.  
[3] O. Hosu, M.M. Barsan, C. Cristea, R. Săndulescu, C.M.A. Brett, Microchimica Acta (2017), 1-9. 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  

a) b) 

c) d) 

1 μm 

1 μm 0.5 μm 

0.5 μm 

0.2 μm 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

  

a) b) 

c) d) 

1 μm 

1 μm 0.5 μm 

0.5 μm 

0.2 μm 

mailto:hosu.oana@umfcluj.ro


Anodic Titanium Oxides for Resistive Switching Memories 
Shaochuan Chen1,2, Seyedreza Noori3, MariaPia Pedeferri3, Mario Lanza1, Maria Vittoria Diamanti3 

1 Institute of Functional Nano and Soft Materials, Collaborative Innovation Center of Suzhou 
Nanoscience & Technology, Soochow University, 199 Ren-Ai Road, Suzhou, 215123, China  

2 Department of Electronic, Electrical and Automatic Engineering, Rovira i Virgili University, Avinguda 
Països Catalans 26, Tarragona, 43007, Spain  

3 Department of Chemistry, Materials and Chemical Engineering “G. Natta”, Politecnico di Milano, Via 
Mancinelli 7, Milan, 20131, Italy 

Email: mariavittoria.diamanti@polimi.it 
 

The interest in titanium and its oxides arises from their peculiar engineered properties, which find 
applications in several fields, from architecture to bioengineering, from automotive to photovoltaic cells 
and photocatalytic devices, as well as to produce self-cleaning surfaces [1]. More recently, titanium 
dioxide thin films in the order of few nanometers of thickness were observed to show resistive switching 
capabilities, i.e., changing resistance state as a function of external stimuli, which opened new paths for 
applications in electronics [2].  
Indeed, in recent years resistive random access memories (RRAMs) have gained growing interests as the 
next-generation nonvolatile memories (NVMs) due to their excellent performance in information storage 
and easy fabrication. RRAMs are composed of a thin dielectric layer with resistance switching properties 
sandwiched between top and bottom electrodes, where metal (or multilayer) oxides are the most widely 
used materials as switching layer. In this context, TiO2 could find a new niche of application, if suitable 
film quality and reliability is achieved [3]. 
Here, we present an effective and inexpensive electrochemical method, anodic oxidation, as a means to 
fabricate titanium oxide/titanium based resistive switching memories. Different electrolytes were 
employed, including (but not limited to) H3PO4 and NH4H2PO4. Anodizing voltage was varied between 
2.5 V and 40 V.  
High-quality and homogeneous titanium oxide films have been grown onto a metallic substrate by anodic 
oxidation using different electrolytes and the thickness of anodic films has been accurately controlled by 
modifying cell voltage during anodization. Films morphology has been characterized by atomic force 
microscopy (AFM) (Figure 1), their electrical properties have been analyzed both at nanoscale and device 
scale. In this study, thin anodized oxides show very low variability of breakdown voltage, and as-
fabricated TiO2/Ti based RRAM devices exhibit superior performances, i.e., low operation voltages down 
to 0.4 V, high current on/off ratio up to 102, endurance up to 600 cycles, as well as low device-to-device 
variability (Figure 2). Results reveal that anodic oxidation can be a promising method for the growing of 
high-quality, dense and homogeneous oxide films for resistive switching memory devices. 
 

  
Figure 1 - Topographic map of 1 μm × 
1 μm titanium oxide film anodized at 

2.5 V by using H3PO4. 

Figure 2 - (a) Typical I-V curves collected in a 100 μm × 100 
μm Pt/TiO2/Ti device in which the TiO2 films has been 
anodized at 2.5 V using H3PO4, and (b) NH4H2PO4 as 

electrolytes. 
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Abstract 
 
Graphene, a two-dimensional sheet of sp2-hybridized carbon discovered in 2004 by Geim and co-
workers, has attracted tremendous attention owing to its unique geometric structure and excellent 
electrical conductivity. Owing to these unique properties, graphene has been used in a variety of 
applications, such as field effect transistors, sensors, fuel cells, batteries and supercapacitors. 
However, the exfoliated graphene tends to restack or aggregate due to the strong dangling bonds among 
individual graphene sheet, resulting in low surface area (down to ≤ 100 m2 g-1) and thus limiting its 
many unique properties and practical applications. 
Herein, we report on a one-step ion-exchange/activation combination method using a metal ion 
exchanged resin as a carbon precursor to prepare a novel stereotaxically constricted graphene powder 
materials. The novel graphene powder is designed on the basis of the following two key considerations: 
(i) the graphitization of the resin can be uniformly preceded by using ion-exchange resin to locally 
exchange catalytic ions like Ni2+; (ii) the 3D HPG is fabricated by adding KOH into the exchanged resin 
and heated to form high surface area and highly graphitized materials. The synthesized graphene powder 
contains (I) abundant micro- and mesopores which can provide high surface area, resulting in large 
capacitance; (II) sub-micrometer sized macropores which can form ion-buffering reservoirs and provide 
short diffusion distance to the interior surfaces; (III) interconnected micro-, meso-, and macropores which 
can provide fast ion channels to facilitate ion transport; (IV) graphene structure provides excellent 
electrical conductivity and high electrochemical stability, resulting in high rate capability and high 
stability. 
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Abstract: Charging reaction essentially accompanies the electrodeposition of Li+ ion and 

Discharging does to the electrochemical dissolution of Li metal to electrolyte, when SEI formation 

can be daringly neglected for Li metal NE in Ionic Liquid. Based on such a presumption, the gravity 

level effects on the coupling behavior during C/D operation was tried to simulate by the 

electrochemical reactions Cu in aqueous solution confined in meso-/micro-space at extremely high 

current density inside JAMIC drop tower. Cu dendritic growth in Cu2+ depleted zone during 

charging operation as well as passive CuSO4 precipitation in supersaturated Cu2+ electrolyte zone 

during discharging could be easily monitored by measuring the electrode potential variations. 

Induction of a kind natural convection surely determined the incubation period for the phase 

transformation phenomena. These results may provide a base toward the multi-scale physical 

modeling during C/D operation for advanced battery. 
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Iron group metal oxides are among best noble metal-free catalysts for oxygen evolution reaction (OER) 
[1] which explains they recently catch a great attention for storage of electricity issued from renewable 
energies. Different approaches have been used to synthesize these catalysts and it appears rather difficult 
to compare their performances because their morphology may be quite diverse and their surface structure 
is generally unknown which is a difficulty to describe a complex and slow reaction such as OER. Most 
operando characterizations rely on spectroscopic characterizations which yields insights into the oxidation 
state of the surface region.  
 
In this work we study the structural changes of epitaxial layers of Co and Fe oxides thin films while OER 
is taking place using operando surface x-ray diffraction characterizations (SXRD). The catalysts are 
prepared by electrochemical deposition from alkaline solutions (pH 14) containing the metal cation and a 
suitable complexing agent. Co oxide is deposited from a dilute Co(II) tartrate solution of pH 14. Iron 
oxide is deposited from a FeCl3 solution containing TEA. Both solution are derived from adapted Ref. [2] 
and [3° which were modified to obtain 2D thin films. These solutions were adapted from Refs. [2] and 
[3], to obtain 2D thin layers. Results show that we can grow Co3O4 (111), CoOOH(001) and Fe3O4 (111) 
thin films. After a description of the mechanisms of nucleation and growth of epitaxial layers, the 
presentation will focus on operando characterizations using a custom designed SXRD electrochemical 
cell allowing high resolution characterizations while gas evolution proceeds and simultaneous monitoring 
of the sample optical reflectivity. SXRD data and voltammetry are suggesting that a thin surface layer 
region is modified under OER conditions. The effect is accompanied with in-plane and out of plane 
strains relaxation. The effects are essentially reversible. These observations will be discussed at the 
conference.. 
 
[1] C. C. L. McCrory et al., Benchmarking Hydrogen Evolving Reaction and Oxygen Evolving Reaction 
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The (electro-) reduction of aryl diazonium salts1 is nowadays a common technique used to 

functionalize many surfaces. Aryl diazonium salts (electro-) reduction was proposed for a wide range of 
applications, ranging from corrosion protection,2 active plasmonic devices,3 to super-capacitors4 and 
molecular diodes.5,6 Devices allowing the control of molecular transport and electron transfer such as 
molecular sieves and rectifiers are of high interest. Electrochemical devices with current rectification 
properties have been originally reported by Murray et al.7 Briefly, electrochemical current rectifiers 
(ECR) consist in surfaces functionalized by redox species allowing unidirectional current of solution-
phase redox probe to pass through. Despite the versatility and robustness of the procedure, only very few 
examples of ECR fabricated by the electro-reduction of aryl diazonium salts were demonstrated. The 
design of molecular sieves also attracts attention of many research groups these days as they could find 
utility in tomorrow applications as water desalination,8 gas separation9 or acting as membrane in fuel 
cells.10 The reduction of aryl diazonium salts generally yields dendritic multilayered films, i.e. 
unorganized films. Hence the intrinsic nature of these films is not suitable for molecular sieving. 
 

In this work,11 we report the formation of ultrathin organic films through the electro-reduction of 
aryl diazonium salts having both electrochemical current rectification properties and molecular sieving 
properties. The characterization of these films has been performed by Cyclic Voltammetry (CV), X-Ray 
Photoelectron spectroscopy (XPS), Infrared absorption spectroscopy (IR), ellipsometry, Atomic Force 
Microscopy (AFM) and contact angle measurements. Results reveal that both specific properties are due 
to the organization of the deposited thin organic films.  
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Carbon nanomaterials have a great relevance in most of catalytic processes for energy and environment 
protection due to their specific properties, such as high surface area, adjustable structure and morphology, 
and high conductivity [1]. Among energy conversion and storage devices, bioelectrochemical systems 
(BES) can be considered as an efficient and flexible platform for integrated waste treatment and energy 
recovery. The extensive research work devoted to this technology demonstrates its promising outlook, but 
the slow kinetics of oxygen reduction reaction (ORR) at the cathode and the resulting need of expensive 
catalysts, such as platinum, hamper the sustainable development of this technology [2]. As recently 
reported, platinum group metal-free catalyst allows achieving ORR rate comparable to reference 
platinum, by tailoring surface distribution and chemistry of active sites [3,4]. In this work, we developed 
ORR electrocatalysts based on iron anchored on different types of carbon nanostructures having different 
morphology and intrinsic porosity. Surface chemistry of the carbon nanostructure was optimized, by 
developing different functionalization strategies, including post-treatments based on gas annealing and 
heteroatoms doping in solution. The materials were characterized by combining the use of 
electrochemical and spectroscopic techniques, thus different morphology and surface chemistry were 
correlated to electrocatalytic activity and durability. The applicability in BES devices was also assessed 
by assembling the iron-based catalysts at the cathode side of lab-scale prototypes of Microbial Fuel Cells, 
which power and voltage generation was evaluated. The obtained results show that those materials 
outperform reference platinum, as schematically illustrated in Figure 1.  

 
 

Figure 1: Schematics of the use of nanostructured electrocatalysts for BES application. 
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During the last years, surface-bound coordination network compounds (CNCs) have found 
application for sensing purposes (electrical, optical, and magnetic read-out), charge storage, 
electrochromic and optoelectronic layers, transparent coatings, bipolar switches, thermoelectric materials, 
catalytic, photocatalytic and light harvesting applications [1]. However, most of these applications require 
electrically conductive coordination network compounds (CCNCs). This requirement severely limits the 
choice of CNCs for the above-mentioned applications. Hexacyanometallates are coordinative networks 
with high electrical and ion conductivity that possess interesting redox properties and tunable 
electrochemical redox transitions associated with clear color changes [2]. 
We developed and characterized CCNCs such as copper hexacyanoferrate as thin crystalline films and 
characterized their optical, magnetic, electrical and dielectric properties. Thin films of these compounds 
were fabricated on gold and silicon oxide coated by self-assembled, cyanide-terminated monolayers using 
alternating immersion in their precursor solutions. X-ray diffraction (XRD) analysis confirmed the 
crystalline nature of the films. The thin films can be switched by exploiting the redox chemistry of the 
metal centres. The modulation of the electrical transport properties provides great potential benefits for 
numerous future applications in microelectronic device technologies. Structural and electronic changes of 
the films were probed by X-ray photoelectron spectroscopy (XPS) and polarization modulation infrared 
reflection absorption spectroscopy (PM IRRAS) before and after electrochemical oxidation and reduction 
[3]. The results demonstrate the possibility for electrochemical switching of the material properties for 
each compound but also indicate the complications in those transitions originating in the existence of 
different structures and defects in which (mobile) alkali metal cations may or may not reside in the pores 
and provide charge compensation.  
Growing of thicker crystalline layers yield materials with interesting conductivity behavior in all solid 
state devices. 
 
 
 
 
 
 
 
 
 
 
Fig 1. PM IRRA spectra of an 
electrochemically deposited CuHCF 
film on Au electrode in positively 
(blue lines) and negatively going (red 
line) potential scans at potentials given 
in the figure 
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Platinum has excellent efficiency as an electrocatalyst for ethanol electro-oxidation. Nevertheless, it is 
difficult to widely apply Pt in direct ethanol fuel cells (DEFCs) for both stationary and portable 
applications because of the high price and scarcity of Pt. It is widely acknowledged that CH3CH2OH 
electrooxidation involves two parallel pathways: the complete oxidation (CH3CH2OH + 3H2O = 2CO2 + 
12H+ + 12e) and the incomplete oxidation (CH3CH2OH + H2O = CH3COOH + 4H+ + 4e). In addition, 
the Pt catalyst is inefficient at breaking the C−C bond in ethanol oxidation. Considerable progress has 
been made toward improving ethanol electrooxidation performance on Pt-based bimetallic 
electrocatalysts, such as alloying with Pd, SnO2, and Rh. Meanwhile, atomic steps, ledges, and kinks were 
proven to play a significant role in ethanol electro-oxidation in our previous work. Because the atomic 
steps, ledges, and kinks of Pt-skin catalysts are different from those of pure Pt catalysts, we synthesized 

Pt3Co with a Pt-skin surface, supported on porous 
graphitic carbon (PC) (denoted as Pt3Co@Pt/PC). 
Pt and Co precursors were reduced by controlled 
thermal treatment[1], and the Pt3Co nanoparticles 
were well-dispersed on PC, even after high-
temperature treatment. The reason for the formation 
of a Pt-skin may be the following: first, at 300 °C 
during 3 h, platinum and cobalt precursors are 
reduced under forming gas (10 vol % H2 in 
nitrogen). This process facilitates a surface 
segregation of Pt because it has a trend to form 
moderate segregation. Further, while it was heated 
up to 700 °C for 3 h, the segregation of Pt happened 
on the surface, and the high temperature provides 
H2 enough energy to preferentially combine with Pt 
on the surface, which is a process similar to the 
high-temperature process to form Pt-skin on a 
single crystal. We proved the thickness of the Pt-
skin is 1−2 atomic layers, about 0.5 nm by atomic 
resolution high-angle annular dark field  scanning 
transmission electron microscope (STEM) imaging, 
coupled with electrochemical in situ FTIR 
spectroscopy. Ethanol electrooxidation was studied 
by cyclic voltammetry and in situ FTIR 
spectroscopy and DFT (Fig. 1). Benefiting from the 
bimetallic synergetic effect and unique structural 
advantages, the mass activity of 0.79 mA μgPt−1 is 
achieved on Pt3Co@Pt/ PC, which is 2.5 times as 
high as that of Pt/C toward ethanol electro-
oxidation. Via in situ FTIR spectra and DFT, 
ethanol prefers breaking the α−C-H bond producing 

CH3COH* rather than breaking the β−C-H bond yielding CH2COH* on Pt3Co@Pt/PC. 
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Figure 1. (a) Cyclic voltammograms (CVs) of Pt3Co@Pt/PC and Pt/C 
in 0.1 M CH3CH2OH + 0.1 M HClO4, 50 mV s− 1. In situ multi-step 
spectroscopy of  (b) Pt3Co@Pt/PC and (d) Pt/C for CH3CH2OH 
oxidation in 0.1 M CH3CH2OH + 0.1 M HClO4. (c) Ratio of integrated 
intensities of CO2 and intensities CH3COOH as a function of working 
potentials of the two electrocatalysts. 

 

Figure 2. Energy profiles of ethanol electro-oxidation on 
the stepped Pt3Co(211) surface. 
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In the recent years new category of materials emerged in the scientific and technological scenario: the 
two-dimensional (2D) materials. These compounds exhibit peculiar properties, respect to the bulk, when 
one dimension falls in the atomic scale. A special class of such materials are the Topological Insulators 
(TI): materials that are internally insulating but with symmetry-protected conducting states on the surface, 
with many implications in electronic applications. 
 
We focus our attention to metallic bismuth and bismuth selenide. Bi exhibit interesting magnetoresistance 
properties (1) and TI behavior when confined at the nanoscale (2). Even Bi2Se3 is a TI; moreover, it has 
implications in optoelectronic devices and it also owns thermoelectric as well as magnetoelectric 
properties (3). 
 
Up to date, the main synthetic routes include molecular beam epitaxy, thermal annealing and bulk crystal 
exfoliation (4). In this study we explore the possibility to apply the Electrochemical Atomic Layer 
Deposition (E-ALD) technique to these systems. E-ALD enables the deposition of highly ordered ultra-
thin films from aqueous solutions at room temperature and pressure. We investigated the conditions to 
obtain an Under Potential Deposition (UPD) of the elements, resulting in a deposition of one atomic layer 
by one exploiting Surface Limited Reactions (SLR). 
 
The compounds were grown on an Ag (111) single crystal electrode and, after the electrochemical 
characterization with voltammetric techniques, we performed also a compositional characterization with 
X-ray Photoelectron Spectroscopy (XPS), Energy Dispersive X-ray spectroscopy (EDX) and a 
morphological characterization with Atomic Force Microscopy (AFM) and Scanning Electron 
Microscopy (SEM). 
 
 
References: 

1. Sunglae Cho, Yunki Kim, A. J. Freeman et al.; Appl. Phys. Lett. (2001), 79, 22, 3651 – 3653. 
2. Mukul Pradhan, Intek Song, Jinho Lee et al.; RSC Adv. (2016), 6, 106960 – 106963. 
3. Zengji Yue, Gaolei Xue, Juan Liu et al.; Nat. Commun. (2017), 8, 15354. 
4. Liping Sun, Zhiqin Lin, Jian Peng et al.; Sci. Rep. (2014), 4, 4794. 



Charge-discharge mechanism of NixCo1-x(OH)2: new insights by means 
of in-situ localized micro-potentiometry. 

 
Alberto Adán-Más, Maryna G. Taryba, Teresa M. Silva, Liliane Guerlou-Demourgues, M. F. Montemor 
Centro de Química Estrutural-CQE, DEQ, Instituto Superior Técnico, Universidade de Lisboa, 1049-

001, Lisboa, Portugal 
alberto.mas@tecnico.ulisboa.pt 

 
In-situ localized micro-potentiometry has been used to measure pH, pNa and dissolved oxygen changes in 
the vicinity of the α-NixCo1-x(OH)2/electrolyte interface, providing new data regarding the oxidation-
reduction mechanism of nickel-cobalt hydroxide. 
 
α-Ni(OH)2 has been widely used in energy storage, especially when combined with cobalt due to its 
stabilization effect [1,2]. To optimize this material’s applications, the charge-discharge mechanism shall 
be completely understood. However, as a consequence of both reactant and product being solid [3], the 
exact mechanism is an ongoing discussion since Bode et al. proposed a first phase transformation diagram 
in 1966 [4,5]. Although many experimental techniques have been used, it is challenging to understand the 
role of cations, anions and solvent molecules in the oxidation-reduction process [6].  
 
To gain further insights, local micro-potentiometry was used. This technique enables the measurement of 
specific ions activity at a quasi-constant micro-distance over an active surface in an electrolyte. Since the 
charge-discharge mechanism is thought to be based on either proton or hydroxyl transport, with different 
possible cation and solvent contributions, measuring the concentration of protons and sodium ions in the 
vicinity of the interface brings new light to the already proposed mechanisms.  
 
To the best of our knowledge, this is the first time this technique has been applied in the field of energy 
storage. As a result, an oxidation-reduction mechanism is proposed, exemplifying the potential of this 
technique in understanding material’s reactivity, especially in the case of those materials based on 
intercalation mechanisms, such as LDHs. 
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Gas bubble templated deposition is an effective method for the preparation of porous layers onto 
electrodes. In its more common cathodic version, a metal (or an alloy) is deposited, under diffusion 
control, at currents large enough to cause vigorous hydrogen evolution [1]. The H2 bubbles act as 
template for the growing metal layer. Our group has explored the anodic version, by electrodepositing 
porous PbO2, exploiting O2 bubbles as a transient template [2]. By reacting porous PbO2 with Co2+ in a 
galvanic displacement process, we produced outer Co3O4 layers onto PbO2. Co3O4-modified PbO2 
electrodes were active catalysts for OER [3].  
Normally, the electrochemically active surface area of porous metals prepared by hydrogen bubble 
templated deposition is markedly larger than that of porous PbO2, because the metals consist of 
nanowires, whereas PbO2 has a more compact morphology and its porosity is entirely due to pores several 
microns wide, caused by O2 bubbles. With the aim of enhancing the electrochemically active surface area 
of Co3O4-modified PbO2 electrocatalysts, we investigated a new route based on (i) cathodic deposition of 
porous Pb, (ii) its oxidation to Pb oxides and (iii) its final reaction with Co2+. Thus, we obtained 
electrodes consisting of assemblies of nanowires (typically 100-200 nm in diameter and some micron in 
length) which surface was coated by Co3O4. These electrodes had higher activity in OER than those 
obtained by submitting to galvanic displacement porous PbO2 layers prepared by oxygen bubble 
templated anodic deposition, and exhibited good stability.  

 
Fig. 1. SEM images of (a) porous Pb, (b) oxidized porous Pb, (c) Co3O4-coated porous Pb/Pb oxide.  
(d) Current potential curves for OER in 1.0 M NaOH (and relevant Tafel plots, in the inset) obtained with 
catalysts shown in part c. The duration of the galvanic displacement reaction is indicated.  
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Rh is an element of great interest in catalysis, alone or in association with other metals. Ag-Rh aggregates 
are known e.g. for their excellent properties in the reduction of oxygenated nitrogen species. The Ag-Rh 
system is characterized by the presence of a large miscibility gap, especially by a total insolubility of Rh 
in Ag in the solid state. However, metastable Ag-Rh phases have been recently reported [1, 2].  

Ag-Rh nanoparticles with the structural properties of a solid solution have been prepared by reduction of 
Ag+ and Rh3+ ions in solution (polyol method). A significant hydrogen-storage property, absent in the 
original metals, has been reported for phases of composition around Ag50Rh50 [1]. The property was 
explained [2] with the similarity between the valence band structures of the alloy – made of two elements 
neighboring Pd in the 4d transition metal series – and that of Pd, well known for its peculiar hydrogen 
storage capacity.  

We present here the electrodeposition of a series of Ag-Rh alloys, including compositions around  
Ag50Rh50. SEM investigations show the formation of porous, strongly polycrystalline materials (Fig. 1). 
The joint use of EDS and XRD analyses indicates the formation of metastable solid solutions obeying 
Vegard’s law, despite the immiscibility reported for metallurgical preparations from the melt. These 
results confirm the ability of electrodeposition to prepare metastable metallic phases. 

A literature method for the voltammetric analyses of hydrogen generation and uptake at Pd [3, 4] 
(adsorption and/or absorption) has been tuned on a Pd thin layer (Fig. 1, left): a convenient potential Ehold 
is applied at which the Pd layer is loaded with H, then the potential is driven in a positive direction 
causing H extraction (oxidation peak). Similar experiments are done at a Ag-Rh deposit of average 
composition Ag41Rh59, containing a predominant phase Ag47Rh53. At variance with evidence obtained at 
Pd, and literature claims for Ag-Rh nanoparticles [1, 2], results (Fig. 1) do not confirm significant 
hydrogen absorption at Ag-Rh alloys. Possible reasons for the discrepancy are discussed. 

 
Figure 1. Left: CVs, with potentiostatic steps at appropriate cathodic limits Ehold, of Pd compact layer 
(500 nm, 0.6 mg cm-2) and Ag-Rh deposit (0.6 mg cm-2). Right: plot of applied reduction charges and 
extracted oxidation charges at Pd and Ag-Rh, as a function of the residence time at Ehold. 
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During the last decade it has been shown that electrodeposition [1] readily can be used to manufacture a 
wide range of nanostructured electrode materials for use in lithium-ion microbatteries. Such freestanding 
electrodes, lacking binders and other additives, have also been demonstrated [2-4] to facilitate the 
attainment of an improved understanding of the electrochemical reactions taking place in lithium based 
batteries. At presence there is a large interest in the manufacturing of safe and durable lithium electrodes 
e.g. for use in Li-O2 or Li-S batteries. It is therefore interesting to study the possibilities of manufacturing 
nanostructured lithium electrodes using electrodeposition and to investigate the properties of such 
electrodes.  
 
This presentation will focus on the electrochemical manufacturing of lithium coated copper nanorods 
using electrodeposition and the performance of the obtained three-dimensional lithium electrodes in a 
microbattery also containing an electrodeposited Cu2O coated copper nanorod electrode [5]. Fundamental 
issues regarding the electrochemical processes, including the formation of “cathodic passive layers” and 
“trapping of lithium” in the copper nanorods [5], as well as a new approach for the electrodeposition of 
homogeneous lithium films on lithium electrodes (see Figure 1) will likewise be discussed.  
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The surface science model approach is well known in heterogeneous catalysis. In order to investigate the 
properties of structurally complex nanomaterials, well-defined model catalysts are prepared and studied 
under ultra-high vacuum (UHV) conditions. Here, we apply this approach to electrocatalysis. We transfer 
complex, but atomically-defined model catalysts from UHV into the electrochemical environment. [1] 
As a model system we prepared Pt nanoparticles (NPs) supported on ordered Co3O4(111) thin films 
grown on Ir(100). Both the oxide support and complete model catalyst were characterized by various 
surface science techniques, namely, low-energy electron diffraction (LEED), Auger electron spectroscopy 
(AES), scanning tunneling microscopy (STM), and x-ray photoelectron spectroscopy (XPS). In the next 
step, we transferred these systems to an electrochemical environment without exposure to ambient 
conditions. Using a scanning flow cell (SFC) coupled to an inductively coupled plasma mass 
spectrometer (ICP-MS) and electrochemical infrared reflection-absorption spectroscopy (EC-IRRAS), we 
were able to determine the stability window of the Co3O4(111) thin films under electrochemical 
conditions. The film stability was also confirmed by LEED and XPS. [2] 
Employing Pt/Co3O4(111) catalysts with different Pt loadings we followed the CO electro-oxidation by 
EC-IRRAS and cyclic voltammetry (CV). As a reference, we performed CO adsorption under UHV 
conditions analyzed by infrared reflection-absorption spectroscopy (IRAS). We identify different 
adsorption sites and observe a suppression of bridging CO on small NPs. Furthermore, we identify 
electronic metal support interactions (EMSI) by IRAS, XPS and EC-IRRAS, which lead to the formation 
of partially oxidized Pt. The EMSI influences the CO adsorption behavior and, thereby, also the 
electrocatalytic properties. 
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Noble metal electrocatalysts are largely used in electrochemical processes, e.g. energy conversion, 
electroanalysis etc. The main objective is to obtain highly dispersed metallic phase that may ensure high 
mass activity and low costs of the catalyst. Here we report on the use of poly(3,4-
ethylenedioxythiophene) (PEDOT) coatings for electroless deposition of Pd nanoparticles and explore the 
role of the electrode substrate, PEDOT doping and extent of polymer reduction for this process [1,2]. The 
electroless metal deposition is based on the opportunity to use pre-reduced PEDOT with initial potential 
negative enough with respect to the equlibrium potential of the metal ions in solution and to couple metal 
ions reduction and PEDOT oxidation: 
 
 
 
PEDOT is synthesized by anodic polymerisation in aqueous solutions containing EDOT and either 
polystyrenesulfonate (PSS) or dodecylsulfate (DDS) as doping ions. Glassy carbon or spectral graphite 
(SGE) electrodes are used as substrates. Pre-reduction of the PEDOT-coated electrodes, necessary to 
drive the electroless deposition process, is carried out by using different pre-conditioning of the CP-
coated electrodes corresponding to mild and strong pre-reduction of PEDOT. The electroless metal 
deposition process is monitored by registering open circuit potential transients in the course of the 
coupled oxidative/reductive reaction. The amount of deposited palladium is determined by anodic 
voltammetric stripping and the type of metal deposit is imaged by SEM. 
 

  
SEM of Pd nanoparticles deposited on (a) PEDOT/PSS- and (b) PEDOT/DDS-coated SGE after strong 
pre-reduction of PEDOT. 

 

It is found that PEDOT-mediated electroless Pd deposition provides the opportunity for homogeneous 
dispersion of metallic nanoparticles over the polymer surface. Use of highly porous spectral graphite 
electrodes under deep reduction conditions ensures the deposition of large amounts of metal due very 
probably to the involvement of reduced hydrogen (apart from reduced PEDOT) as additional reductant 
driving the electroless deposition process. The doping ions of PEDOT affect markedly its structure and 
thus the surface distribution of the deposited metal nanoparticles. 
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Zinc oxide is a technologically-important, earth-abundant, low-cost, wide band-gap n-type semiconductor 
with high optical transparency and unusual electronic properties. In ambient conditions, the ZnO surface 
is terminated by hydroxyl groups that cause the conduction and valence bands to bend downwards, 
creating an electron accumulation layer and surface metallicity.[1] In this state, the ZnO surface is highly 
susceptible to adsorbates which can modulate the electron accumulation layer leading to changes in 
surface conductivity. While this behavior is desirable for gas-sensing, it may be undesirable for other 
applications such as ultraviolet photodetectors and transparent thin film transistors where stable, 
reproducible semiconductor performance is required.  
 
Our work aims to remove the unwanted surface sensitivity of ZnO by modifying the hydroxyl layer and 
removing the downwards band bending and electron accumulation layer at the surface. Using thin films 
of O-polar terminated ZnO, we grafted nanoscale nitrophenyl and trifluoromethylphenyl layers to the 
surface via electroreduction of aryldiazonium ions. Details of the layers and their effect on surface band 
bending were examined using synchrotron and laboratory-based X-ray photoelectron spectroscopy. These 
measurements reveal that phenyl groups are covalently bonded to the surface through Zn-O-C bonds. 
Both surface modifiers remove the native downwards band bending, with the nitrophenyl layer producing 
a large upwards band bending consistent with an electron-depleted surface. Surprisingly, X-ray-induced 
reduction of the nitrophenyl film further increases the upwards band bending. 
 
The well-known robustness of organic layers grafted through aryldiazonium salts and the strong effect of 
these layers on the electronic properties of ZnO suggest this strategy should be useful for stabilizing the 
surface and tuning the band bending of other important metal oxides. This presentation will describe our 
work on ZnO, and briefly, preliminary data obtained from investigations of similarly-modified SnO2.  
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New electrode material – heavily boron-doped synthetic carbonado (bulk polycrystalline diamond) [1] 
was synthesized at high pressures and high temperatures in the C–metal (Co, Ni, or Fe) –B growth 
systems. In the synthesis, metal borides, apart from being dopant (boron) source, were used as the 
growth-medium forming substances for graphite-to-diamond transformation at temperature about 1300oC 
and pressure of 8 GPa. For comparison, etalon carbonado-type electrodes with nearly limiting 
concentration of boron in diamond used to be synthesized by subjecting the mixture of amorphous boron 
with graphite to much higher temperatures (2200--2500oC) under the same pressure. Despite the much 
lower synthesis temperature, these new boron-doped carbonado electrodes are superior to the etalon 
compacts (not to speak of the traditional CVD-diamond electrodes) in their electrochemical activity, as 
judging by the onset potential and current density of anodic chlorine evolution from KCl solution (figure). 
The presence of metal-containing structural defects in boron-doped diamond matrix is supposed to be 
responsible for the enhanced catalytic activity of the electrodes, exerting catalytic effect. High-pressure 
synthesis of bulk metal-modified boron-doped diamond opens a new avenue in the development of 
superior functional electrode materials 
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Given that CO2 is a greenhouse gas, using the energy of sunlight to convert CO2 to transportation fuels 
(such as methanol or methane) represents a value-added approach to the simultaneous generation of 
alternative fuels and environmental remediation of carbon emissions. Electrochemistry and 
photoelectrochemistry have been proven to be a useful avenue for solar water splitting. CO2 reduction, 
however, is multi-electron in nature (e.g., 6 e- to methanol) with considerable kinetic barriers to electron 
transfer. It therefore requires the use of carefully designed electrode surfaces to accelerate e- transfer rates 
to levels that make practical sense. In this talk I will present hybrid photoelectrodes leading to enhanced 
efficiency, selectivity, and stability. 

First, I will present the use of electrosynthetic (and photoelectrosynthetic) methods for preparing 
semiconductors on nanocarbon-modified electrode surfaces. Composites of nanocarbons with both 
inorganic and organic semiconductors represent an interesting class of new functional materials. 
Therefore, I will show how electrodeposition can be used to tune composition, crystal structure, and 
morphology of the nanocomposites for targeted applications.  
In the second part of my talk, I will focus on how to use semiconductor/nanocarbon hybrid materials for 
the photoelectrochemical reduction of CO2. Carbon nanotubes and graphene (either alone, or as building 
blocks of organized 3-D superstructures) can facilitate enhanced charge transport property for the 
photoelectrodes. I will present examples for Cu2O, TiO2, and Fe2O3-based electrodes, where the 
nanocarbon-containing photoelectrodes outperformed the pure semiconductor counterparts, both in terms 
of the achieved current densities and stability. Taking these observations together, as a general model will 
be presented on the role of the nanocarbon scaffold. 
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 Surfaces that lack mirror or glide plane symmetry have been proposed to use to differentiate between 
enantiomers of three-dimensionally chiral molecules [1]. In fact, there is speculation that homochirality in 
Nature was induced by the adsorption of amino acids on certain crystal faces of minerals [2]. For low-
symmetry structures such as the triclinic system all planes lack mirror symmetry, while in an fcc metal such as 
Au, planes in which h ≠ k ≠ l ≠ 0 lack mirror symmetry. All other planes are achiral. An example would be the 
(643) surface of Au. There has been previous work on chiral recognition on (643) surfaces of bulk Au and Cu 
single crystals [3]. Here, we explore whether we can produce these chiral surfaces as inexpensive epitaxial 
metal films on Si(hkl) wafers. Metal films such as Au are electrodeposited onto Si(643) wafers using the 
methods outlined by Allongue and coworkers [4,5]. 
 The degenerate Si(643) wafers (supplied by Virginia Semiconductor) were produced from a Si(111) 
ingot by slicing at 16.06 degrees towards [5-1-4]. Au was electrodeposited onto the Si(643) from a 0.1 mM 
Au(III) solution at a potential of -1.9 V vs. Ag/AgCl. Other materials such as Pt, Ag, Cu and Cu2O were then 
electrodeposited onto the Si(643)//Au(643). Pole figures of the Au films are shown in Fig. 1. The pole figures 
show the out-of-plane and in-plane orientation of the films, but they do not elucidate the surface structure. 
Chiral recognition studies in tartrate and glucose will be presented. Our ultimate goal in this work is to use 
these surfaces to separate enantiomeric compounds by chiral crystallization. 
 

 
Figure 1. X-ray pole figures of Au electrodeposited onto Si(643) and Si(-6-4-3). 
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Conducting redox polymers (CRPs) are composed 
of a conducting polymer (CP) backbone and a redox 
active functional group (RG) and they provide an 
attractive alternative as organic matter based 
electrical energy storage materials. The CP 
backbone renders the material conductive and, due 
to the large molecular size, prevents material 
dissolution thus mastering two of the most 
significant obstacles in achieving powerful and 
stable battery materials from organic compounds. 
The RG, on the other hand, can provide high charge 
storage capacities to the material. Combining CPs 
with high charge storage capacity RGs thus has the 
possibility to form powerful materials for battery 
applications provided that the individual properties of the CP- and the RG component can be preserved 
and operate in synergy in the CRP. One prerequisite for synergetic RG-CP combinations is redox 
matching. As CPs are only conducting in their charged state successful RG-CP combinations rely on that 
the pendant group has a redox potential within the conducting region of the CP backbone.  
 

 
Figure 1: Electrochemical characterization of a CRP material with a quinone pendant group covalently 
attached to a PEDOT backbone using a) scan rate dependent cyclic voltammetry, b) EQCM and c) in-situ 
conductance measurements.  
 
In this work we present the characterization of quinone-based CRPs in protic electrolytes using 
electrochemical techniques coupled in-situ with quarts-crystal microbalance, conductance, electro-
peramagnetic resonance and UV-vis spectroscopy and we show that the CRP-based electrode materials 
can provide 

• Pendant groups redox conversion rates on the sub-second time scale (Figure 1a) 
• A redox-chemistry that rely only on proton cycling (Figure 1b) 
• Semi-metallic electronic conductivities (Figure 1c) 

In addition a complete all organic proton battery is presented where both anode and cathode is based on 
quinone-based CRPS and where a voltage difference between the anode and the cathode is accomplished 
by the use of different quinone pendant groups.   
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The asymmetric synthesis of chiral molecules is one of the most fascinating approaches to produce a 
single enantiomer product. We report here the preparation of chiral-encoded mesoporous metal, obtained 
by the electrochemical reduction of platinum salts in the simultaneous presence of a liquid crystal phase 
and various chiral template molecules, such as 3,4-dihydroxy-phenylalanine, mandelic acid and 
phenylethanol [1, 2]. The chiral imprinted mesoporous metal perfectly retains the chiral information even 
after complete removal of the template and exhibits a very significant discrimination between two 
corresponding enantiomers when measured by Differential Pulse Voltammetry (DPV). To illustrate the 
application of asymmetric synthesis, such nanostructured metals have been applied for the 
electrochemical synthesis of various chiral molecules (e.g., mandelic acid and phenyl ethanol) as model 
compounds [3, 4]. Interestingly, an enantiomeric excess (%ee) is observed when using the corresponding 
chiral imprinted electrodes. We could demonstrate very recently that by playing with the electrosynthesis 
conditions, such as pulsing the potential, a very high %ee (>90%) can be obtained, especially when using 
a very short pulse time [5]. Therefore, these designer surfaces open up very promising perspectives with 
respect to highly enantioselective synthesis using nanostructured designer electrodes.  
 
 

  
 

Scheme 1 Illustration of enantioselective electrosynthesis at mesoporous chiral metal surfaces from 
prochiral molecules based on their adsorption in chiral-imprinted cavities of the mesoporous metal, 
followed by its stereoselective reduction and desorption5 
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Cathodic corrosion is a chemical phenomenon that can drastically alter metallic electrodes at cathodic 
potentials [1]. This process was recently demonstrated to preferentially create specific surface sites on 
corroded electrodes (Fig. 1), which was suggested to be caused by the adsorption of electrolyte cations 
during the corrosion process [2,3]. Though this hypothesis would explain several experimental results, 
definitive studies of the role of cations in cathodic corrosion are currently unavailable.  

The work presented here therefore aims to elucidate to which extent the type of electrolyte cation 
affects electrodes during cathodic corrosion. This is done by mapping the cathodic corrosion behavior of 
Pt, Rh and Au in LiOH, NaOH and KOH electrolytes of various concentrations. This characterization 
through cyclic voltammetry (CV) and scanning electron microscopy (SEM) reveals a pronounced 
influence of the cation on both the cathodic corrosion onset potential and site formation preference. 
Though the site preference as a function of the cation varies for electrode materials and electrolyte 
concentrations, some trends can be identified and tentatively explained with the aid of density functional 
theory (DFT) calculations of cation adsorption energies. 

Using these insights, cathodic corrosion can be used as a tool to alter the surface structure of 
metallic electrodes by creating nanoscale features with a well-defined orientation. As will be shown, such 
modifications can be used to enhance the activity and selectivity of metallic electrocatalysts for reactions 
like glycerol oxidation and oxygen reduction. Once optimized, cathodic corrosion in a properly chosen 
electrolyte could therefore be used to tune ‘generic’ electrocatalysts to catalyze a variety of reactions. 
 

 
Fig. 1: Scanning electron micrographs of platinum (a), rhodium (b) and gold (c) electrodes corroded in 
10 M NaOH. 
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Non-aqueous Li-O2 batteries possess a high theoretical energy density, 10 times higher than that of the 
current lithium ion batteries; this has spurred considerable academic and industrial efforts in the past 
decade to understand and realize the battery system. Despite of the enormous global research investment, 
many great challenges remain in Li-O2 batteries. One of the most fundamental problems concerns the side 
reactions that occur during cell cycling. During battery discharge, O2 is reduced to form Li2O2 via an 
intermediate LiO2; on charging Li2O2 decomposes releasing O2, i.e., 2-electron oxygen 
reduction/evolution reactions.  Both the superoxide and peroxide (either as solvated ions or solid phases) 
are highly reactive and cause electrolyte and electrode decompositions, especially in the presence of high 
overpotentials. We recently focus on the roles of additives, e.g., water and soluble mediators, in 
redefining the oxygen chemistry and their impact on the electrochemical performance. In this 
presentation, I will illustrate these synergistic effects of additives that impact on the oxygen 
electrochemistry. The characteristics (the reversibility, side reactions, mechanisms etc.) of the oxygen 
electrochemistry in nonaqueous Li-O2 batteries will be discussed using a range of off-line and operando 
spectroscopic and microscopic techniques (DEMS, pressure measurement, in situ Raman, NMR, SEM, 
TEM, XRD, UV-vis, FTIR, XPS, and DFT calculations). 
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The synthesis of highly-ordered nanostructures of valve metal oxides has recently attracted huge scientific 
and technological interest motivated by their possible use in many applications. The most established 
member of this group of materials is nanoporous Al2O3, which has been prepared two decades ago by 
anodic oxidation of Al into perfectly ordered, honeycomb-like porous structures employing suitable 
electrochemical conditions [1]. Owing to the flexibility of the pore diameter/length and the relative ease 
of the Al2O3 dissolution, its porous membranes have been since than widely used as template material of 
choice for a range of materials [2-4]. 
 
Self-organized TiO2 nanotube layers have received the highest attention after Al2O3 motivated by its 
range of applications, including photocatalysis, water splitting, solar cells and biomedical uses. Very 
significant research efforts have led to reproducible synthesis of self-organized TiO2 nanotube layers by 
means of anodic oxidation, during which the starting Ti substrate is converted into a highly-ordered 
nanotubular layer by anodization in suitable electrolytes [5-8]. Although advancements in the anodic 
synthesis of self-organized TiO2 nanotube layers have been presented over the past years [7], the degree 
of ordering has not reached so far the level known from porous alumina [1]. Numerous factors influence 
the ordering and the homogeneity of the TiO2 nanotube layers. 
 
In the presentation, we will demonstrate i) new growth regimes that are mainly available due to new 
electrolyte compositions and optimized anodization conditions [9,10], ii) advancements in the ordering of 
the nanotubes towards ideal hexagonal arrangements [11],  iii) recent progress in the understanding of the 
influence of Ti substrates on the TiO2 nanotube growth [12,13] and finally iv) strategies to promote 
efficient charge transfer within the nanotube layers [14]. 
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The implant devices such as bone and joint replacements and dental implants have been developed 
along with the improvement of healthcare and longevity of human population. They must be compatible 
mechanically, chemically, and biologically with biological cells. Biomedical coatings have been studied 
to reduce abrasion and corrosion. To increase biocompatibility, high wettability is usually required for 
stabilizing biological cells at the interface. A number of studies have been made on diamond and 
diamond-like carbons because of high hardness, high chemical inertness, and biocompatibility [1,2].  

Cubic boron nitride (cBN) is the second hardest material next to diamond. Among the potential 
advantages of cBN over diamond are that cBN is inert against ferrous materials and resistant to oxidation. 
Vapor-phase deposition of cBN films usually requires impact of high-energy ions on the substrate. Since 
the high ion energy results in low crystallinity and poor adhesion, the number of studies on application of 
cBN films have so far been limited. The introduction of the chemistry of fluorine enabled one to produce 
high-quality cBN films with high crystallinity and good adhesion [3,4]. The role of fluorine has been 
discussed as (i) preferential etching of sp2-bonded BN phase leaving cBN phase and (ii) stabilization of the 
growing cBN surfaces. However, the F-terminated cBN surfaces are stable due to the high B-F bond 
energy on cBN, and thus believed to be the origin of low wettability. 

In this study, we try to enhance wettability of fluorinated cBN films by hydrogen plasma treatment 
with or without low-energy (<40 eV) ion irradiation. The wetting properties are examined in terms of 
surface morphology, surface free energy, and bonding characteristics. 

 
cBN films were deposited on n-type Si(100) substrates in the high-density source region of an 

inductively coupled plasma (ICP). The films were then exposed to treatment using H2 or O2 gas in a 
microwave plasma (MWP) at 13.3 kPa or an ICP at 40 Pa severally. The main difference was that ion 
impact was effective in an ICP but not in a MWP due to different pressures. Fourier transform infrared 
spectroscopy (FTIR), scanning electron microscopy (SEM), atomic force microscopy (AFM), and x-ray 
photoelectron spectroscopy (XPS) were used for characterization of the films. Contact angle was 
measured by the sessile-drop method. A droplet of deionized water, ethylene glycol, or 1-
bromonaphthalene released onto a film was observed by a charge-coupled-device camera. 

 
SEM and AFM images of cBN films before and after the plasma treatment showed that the films 

consisted of a number of micron-sized island grains consisting of submicron-sized subgrains. The root-
mean-square roughness was 230 to 320 nm. Contact angle measurement showed that the as-deposited 
film was relatively hydrophobic with a contact angle of water of 63º. The MWP treatment showed only a 
moderate decrease in contact angle of water to 25º-35º. The ICP treatment using H2 was found to decrease 
contact angles of the three probe liquids greatly to almost 0º (below the measurable limit), where the drop 
spread wholly over the film surface, then the film became superhydrophilic. The enhanced wettability 
was attributed to the abstraction of surface-bonded F atoms by gaseous hydrogen atoms and ions and the 
formation of stronger dipole-dipole interactions as indicated by a great increase in polar component of the 
surface free energy [5]. 
 
[1] Y. L. Zhong, K. F. Chong, P. W. May, Z.-K. Chen, K. P. Loh, Langmuir 23, 5824 (2007). 
[2] L. Yang, B. W. Sheldon, T. J. Webster, Biomaterials 30, 3458 (2009). 
[3] S. Matsumoto, W. J. Zhang, Jpn. J. Appl. Phys. Part 2 39, L442 (2000). 
[4] K. Teii, S. Matsumoto, Thin Solid Films 576, 50 (2015). 
[5] K. Teii, S. Kawakami, S. Matsumoto, RSC Adv. 6, 87905 (2016). 



Electrodeposition of ternary Sn-Cu-Ni alloys involving choline chloride 
based ionic liquids 

 
Stefania Costovicia, Oana Tutunarua, Calin Moisea, Teodor Visana,b, Liana Anicaia 

aCenter of Surface Science and Nanotechnology, University Politehnica of Bucharest, Splaiul 
Independentei 313, Bucharest, 060042, Romania 

bDepartment of Inorganic Chemistry, Physical Chemistry and Electrochemistry, University Politehnica of 
Bucharest, 132 Calea Grivitei, Bucharest, Romania, 010737, Bucharest, Romania 

lanicai@itcnet.ro 
 

As a result of the imposed restrictions on the use of hazardous materials by electronic industries, the 
development of lead-free solders including those based on Sn-Cu-Ni alloy attracted an increased interest. 
Moreover, Sn-Cu based solders with nickel additions may be considered as lower-cost alternatives to the 
well-known Sn-Ag-Cu ones. 
Electrodeposition represents a faster and cheaper route suitable to  synthesize solder layers, with a great 
potential for scaling up to industrial level production. In addition, the use of electrolytes based on ionic 
liquids (ILs) and deep eutectic solvents (DESs) allows obtaining of a quite constant alloys composition 
which mainly depends on the metallic cations ratio, with no need for supplementary addition of 
surfactants, grain refiners and brighteners or oxidation inhibitors, as compared to classical water based 
electrolytes. This issue represents a significant advantage, especially when binary and ternary alloys are 
intended to be electrodeposited, thus providing an easier bath control. 
Therefore, the paper presents some experimental results regarding the electrodeposition of Sn-Cu-Ni alloy 
from choline chloride-ethylene glycol (denoted ILEG) and choline chloride–malonic acid (denoted ILM) 
eutectic mixtures. The objective was to optimize the main operation parameters in order to achieve the 
corresponding alloy composition (Sn99.4Cu0.6 + Ni) able to possess the eutectic or near eutectic melting 
temperature of about 227 o C. The final electrolytes contained 500mM SnCl2+0.055 mM NiCl2+0.345 
mM CuCl2 dissolved in either ILEG or ILM solvents. 
Adherent, bright and uniform Sn-Cu-Ni alloy deposits have been obtained from ILEG based electrolytes 
for applied current density values between 2.5-8 mA.cm-2 at 60oC. 
The obtained results  on the solderability performance and on the the risk of whisker formation involving 
the electronic industry standards (i.e. IPC TM 650 - Method 2.4.12, JEDEC 201: Environmental 
Acceptance requirements for Tin Whiskers Susceptibility of Tin and Tin Alloy Surface Finishes) are also 
reported. It should be noticed that no whiskers appearance was evidenced during the performed tests. 
 
 

    
 
SEM images of the electrodeposited Sn-Cu-Ni alloy: (a) initial, (b) after 2880 h of exposure at controlled 

temperature and humidity (60 ±5 °C and 87 +3/-2 % RH ) 
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Abstract: 
Rare earth elements (REE’s) have recently gained increased scientific attention, owing to their unique 
optical, electronic, and magnetic properties, particularly, the very lightweight and highly heat resistant 
quality they provide to magnets. For instance, REE’s based products are essential in clean energy 
technologies for wind turbine generators, low energy-lighting, magnetic refrigeration, fuel cells, 
smartphones, medicine, catalysis, and rechargeable hybrid electric vehicles. However, the path to climate 
change and to generate sustainable energy with heavy electric vehicles and wind turbine will result in an 
increased consumption of REE’s. Consequently, the amount of rare earth metals should be reduced in a 
product for their sustainable use. Thus, REE’s based products should be designed in a cost-effective 
manner to ensure a supply of REE’s for future applications. In this regards, electrochemical anodizing of 
REE’s in combination with aluminium provides a cost-effective method to effectively use the minimum 
amount of high cost rare-earth metals [1, 2]. Follwing this concept, composite anodic films are developed 
and investigated systematically on thermally evaporated aluminium-holmium combinatorial alloys 
covering a 2.0 -12.0 at.% Ho compositional spread by using electrochemical robotic system. Scanning x-
ray diffraction and scanning electron microscopy reveal that structure and morphology of the parent 
alloys library drastically change above 6.5 at.% Ho. Anodic films were formed when the as-evaporated 
alloys were stepwise anodized potentiodynamically to a maximum of 10 V in phosphate buffer regardless 
of film composition and morphology. Simultaneous in-situ electrochemical impedance spectroscopy 
discloses a good co-relation between film thickness and formation factor with the composition and 
morphoelogy of parent alloys, suggesting a strong influence of holmium concentration on the structure, 
morphology of parent alloys as well as on the dielectric properties of resulting anodic films. Inductively 
coupled plasma optical emission spectroscopy measurements allowed a quantitative determination of the 
dissolved species in ppb range during anodization. Figure 1 highlights the influence of holmium 
concentration on the film structure, morphology and resulting film properties. 

 

 
Figure 1: Schematic illustration representing the change in parent alloys structure, morphology and 
resulting anodic films thickness as a function of holmium concentration in Al-Ho alloys library.  
 
References:  
[1] A. I. Mardare et al. J Solid State Electrochem. 22 (2017) 869–876.  
[2]  H. Habazaki et al., J. Mater. Res. 12 (1997) 1681–1684. 



Synthesis of Tin/Tin Oxide Nanowires by Applying  
Template-Assisted Direct and Pulse Electrodeposition 

 
E. Rosolymou, E.A. Pavlatou 

School of Chemical Engineering, National Technical University of Athens 
 9 Heroon Polytechniou Str., Zographos Campus, Athens, GR15780 

rosolymou@central.ntua.gr 
 

In recent years, nanowire structures have attracted considerable attention, due to their unique chemical 
and physical properties and their exciting prospects in electronic, photonic and sensors applications. One 
of the simplest methods to fabricate metal nano-structures, is the template-assisted electrodeposition 
which makes use of porous membranes such as anodized aluminium oxide (AAO). The electrochemical 
deposition method is one of the most important processes for manufacturing nanostructured materials or 
devices while is cost effective and simple in use. It is easy to produce uniform nanowires of the same 
diameter, length and with uniform density. 
Tin nanowires are considered to be potentially interesting for a variety of applications, including 
electronics and catalysis. Also tin oxide in the nanowire form has enormous potential to work as building 
blocks for nanoelectronics, and is also expected to offer superior chemical sensing performance due to 
enhanced surface to volume ratio.  
In the present work commercially AAO templates were used in order to produce tin/tin oxide nanowires 
with the desired characteristics (diameter 100nm, length 60μm). The nanowires were fabricated by 
electrodeposition from aqueous electrolytes, into commercially membranes with pore diameter 100nm 
and pore length 60μm. The electrochemical deposition was carried out under different potential 
conditions of direct and pulse current. A detailed analysis of the structural and morphological properties 
of the nanowires was performed using X-ray Diffraction, Field Emission Microscopy and TEM. The 
observed structural and morphological characteristics of the produced metallic NWs were correlated with 
the imposed current conditions as well as with the template dimensions (diameter and length of pores 
with AAO templates). 
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Macrocyclic receptors, such as amino-β-cyclodextrins (CDs), are based on the host-guest 
chemistry, due to their ability to form inclusion complexes (IC) with guest molecules that have an 
adequate size to interact with their hydrophobic cavity. The range of applications of the CDs are large. In 
particular their use in the environmental protection has been increasingly promoted due to their capability 
of forming ICs with contaminating molecules. Among these contaminants are antibiotics such as 
tetracycline (TET). Its presence in water can cause adverse effects, such as bacterial resistance. An early 
detection of TET is a fundamental requirement, for the subsequent treatment of the contaminated waters. 
CDs-modified gold surfaces can be used to detect this type of contaminant.   

In this work, the amino-β-CDs were immobilized on the gold surface using the strategy 
described by Garcia et al. [1]. Briefly, the -NH2 groups located at the narrow edge of CD structure, form 
amide bonds, with the terminal -COOH groups of 4-mercaptobenzoic acid (4-MBA), previously 
chemisorbed on surface. Two types of amino-β-CDs were used: 
6‐ monoamino‐6‐monodeoxy‐β‐cyclodextrin hydrochloride (β-CD1), and 
6‐monoamino‐6‐monodeoxy‐per‐methyl‐β‐cyclodextrin hydrochloride (β-CD1Me). The effect that the 
functionalization of the CDs broad rim produces on the host-guest interactions was studied using TET as 
guest molecule.  

The stability of the Au/4-MBA/CD1 and Au/4-MBA/CD1Me, modified surfaces, was evaluated 
through cyclic voltammetry (CV), using [Fe(CN6)]3- as redox mediator in phosphate buffer at pH 8.0. In 
these conditions an Ipc= (87 ± 2 µA cm-2) and Ipa= (43 ± 4 µA cm-2), are observed on bare Au, which 
correspond to the process of reduction and oxidation, respectively, of the redox mediator, being ΔEp= 79 
± 2 mV (vs Ag/AgCl). When the gold surface is modified with each of the amino-β-CDs, a more 
irreversible redox process was observed with ΔEp= 181 ± 2 mV and ΔEp= 185 ± 12 mV for surfaces 
Au/4-MBA/CD1 and Au/4-MBA/CD1Me, respectively. The cathodic peak current (Ipc) decreases 7% and 
the anodic peak current (Ipa) decreases 16% (respect the bare electrode), for Au/4-MBA/CD1 and for the 
surface Au/4-MBA/CD1Me the Ipc decreases 22% and the Ipa 56%.  The stability of both modified 
surfaces was evaluated through two methods (i) electrochemical stability consisting of an anode potential 
sweep (from -0.7 V to 1.25 V), in phosphate buffer of pH 6.0 and (ii) mechanical stability that consists of 
sonicating the electrodes modified for 5 min in ultra-pure water. After that, the CVs of the mediator 
[Fe(CN6)]3- in phosphate buffer at pH 8.0 were again recorded on the surfaces Au/4-MBA/CD1 and Au/4-
MBA/CD1Me. The obtained voltammetric profile does not present significant changes, with respect to the 
registered profile before subjecting the modified surfaces to a potential sweep and sonication, which 
confirms the stability of the construction on the gold electrode.  

The electrochemical behavior of tetracycline (TET) on electrodes Au/4-MBA/CD1 and Au/4-
MBA/CD1Me was evaluated by amperometry in buffer phosphate at pH 6.0. The applied potential was 
1.25 V, to completely oxidize the phenol ring of the TET to the quinone species [2]. In the amperometry 
10 additions of 30 µL of stock solution of 2mM TET were added every 50 s, obtaining a concentration 
range in the cell of 10-100 µM. Registered current for the surface Au/4-MBA/CD1 is a 31 % higher, than 
the current recorded for the surface Au/4-MBA/CD1Me. Both amino-β-cyclodextrins having an -NH2 
group at the narrow edge of their structure allow greater freedom of movement of the CDs at the end of 
the spacer (4-MBA), which allows greater orientation of the CDs to form inclusion complexes with the 
tetracycline, increasing the entropy contribution. According to the results obtained, functionalization of 
the -CH3 groups located on the wide border of the CD1Me does not improve the detection of TET, 
compared to the native CD1.  
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Graphene and their derivatives present interesting properties such as electronic conductivity, high surface 
area, flexibility, and chemical stability. In addiction valuable electrochemical properties, which could be 
applied on electro- and photocatalysis (1). Graphene provides efficient electron transfer through its 
network and can be used as a conductive matrix for electroactive materials as metallic oxides. In this 
context, TiO2 is widely study as a photocatalyst and photoelectrocatalyst, as well as the composite TiO2-
graphene. The methodologies to synthesize the composites usually involves either commercial TiO2 (2) or 
long reaction time (3). Besides that, the RuO2-TiO2-graphene oxide nanocomposite is reported in the 
literature only using the conventional hydrothermal methods (4), which demand a long reaction time. 
Hence, the development of a simple, rapid, and energy saving methodology for the preparation of this 
materials is desirable. In this work, in situ growth of RuO2-TiO2 nanoparticles assembled in graphene 
oxide sheets was performed by the microwave assisted hydrothermal method. The syntheses were carried 
out in acid media to avoid premature titanium precursor hydrolysis. The formation of RuO2-TiO2 
nanoparticles was investigated at temperatures of 110 and 150 ºC, and short reaction time of 5 and 20 
minutes. The field-emission scanning electron microscopy images reveal a thin, transparent, and 
corrugated graphene oxide sheets (Fig. 1a). Also, it observed on these sheets a regular distribution of 
nanoparticles with petal-like morphology and average size of 130 nm (Fig. 1b). The X-ray diffraction 
patterns show the presence of anatase phase of TiO2 as well as rutile phase that can be assign to both TiO2 
and RuO2. No characteristic peaks of graphite can be observed although a peak around 11º (2T) assigned 
to graphene oxide was detected. The intensity of this peak decreases at 150 ºC, which indicates the 
exfoliation of graphene oxide flakes. Also, it is observed that at higher temperature the percentage of 
anatase phase increase. Therefore, it was demonstrated a one-pot, simple, and fast methodology to the 
synthesis of the ternary composite TiO2-RuO2-graphene oxide, which could be applied on photocatalysis 
due to ally the properties of graphene and metallic oxides TiO2 an RuO2. 
 

a)      b)  
 
Fig. 1 – SEM images of (a) graphene oxide and (b) TiO2-RuO2-graphene oxide composite. 
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Depositing ceria-based materials onto the surface of 3D supports like open-cell metallic foams leads to 
potential structured catalysts for several gas-phase heterogeneous processes, where the oxygen storage of 
the CeO2 and the enhanced mass and heat transfer of the 3D support are merged. They are promising 
alternatives for honeycomb-monolith converters in three-way catalysts (TWCs) and potential materials 
for wide range of catalytic applications, e.g. reforming processes, photocatalysis, water-gas shift reaction, 
organic reaction [1]. Although cathodic electrodeposition of ceria has been long investigated as 
environmental friendly alternatives to Cr(VI)-based materials for protection of the steel [2], several 
aspects have to be investigated to extend this method for the preparation of structured catalysts in which 
the loading, the compositions, and type of active components play an important role in the catalytic 
performances. Firstly, the coating layer must reach to a certain thickness (e.g. 20 µm or thicker) to 
provide sufficient loadings. Secondly, depending on the catalytic processes, a second element (either 
noble metals, i.e. Pd, Rh or transition metals i.e. Cu, Co, Ni) is incorporated into the coating layer. Such 
incorporation makes the electrodeposition process become more complicated, especially in the presence 
of highly reducible cation like Pd2+. Lastly, the simultaneous electrodeposition of multiple components 
generates a challenge in control of the composition. 

In this study, we investigated the use of the electro-base generation method for the one-step preparation of 
Pd-CeO2 materials on open-cell FeCrAl foam. The aims are to obtain a homogeneous coating with 
controllable composition. The influence of various parameters, cathodic potential, time, Pd precursor, pH, 
and concentration of electrochemical bath to obtain optimum synthesis conditions were firstly 
investigated. Then the effect of the foam pore size was also studied. The catalysts are obtained by 
calcination at 550 °C and characterized by SEM/EDS, TEM, N2-physisorption, ICP, XPS, Raman. 

Sole CeO2 electrodeposition resulted in homogeneously layers coating the foam surface without any pore 
blockage. The solid loading/coating thickness could be easily tailored with the charge exchanged, while 
the morphology was related to the bath concentration. In the electrodeposition of PdCeO2, Pd precursor 
was a critical factor and hence determined the adjustment of the electrochemical parameters. The Pd 
ammine complex could create a good coating but with low Pd content while the PdCl2 provided a better 
controlled deposition but could not avoid the co-deposition of Pd metallic species as shown in Figure 1.  
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Figure 1. Effect of Pd precursors and electrosynthesis conditions on properties of PdCeO2 catalyst: SEM 
images (a, a1, b, b1); PdCeO2 from PdCl2 precursor: Raman (c) and XRD (d). 
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One of the major issues of the electrochemistry lies in the progressive deterioration of the performance of 
the electrode due to surface fouling, which is often observed in the case of carbon-based materials and of 
Pt. In addition, conventional electrode materials most often suffer from poor selectivity, which represents 
a key requirement in electrosynthesis and amperometric sensing. 
These issues have been approached using non-conventional electrode materials based on Ti and Cu [1-4]. 
As a specific item, the electrocatalytic investigations have been also exploited in the development of 
amperometric sensors. These devices constitute appealing alternatives to the analytical methods 
developed so far. They possess a number of advantages, such as simplicity, low cost, and possibility to 
operate in turbid solutions, often not requiring any pre-treatments of the sample. Effective amperometric 
sensors may be adopted in order to perform in situ monitoring of different industrial processes and 
consequently activate actions devoted to improve efficiency, safety and environmental impact.  
Bulk Ti and Cu [4] have been employed for the determination of Au and of H2O2, respectively. Relevant 
sensors have been used in real matrices such as solutions from metal recovery processes and from 
wastewater. In addition, the electrochemical behavior of a number of bulk Cu alloys have been 
investigated in the presence of different organic species, such as methanol, ethanol, glucose and 
formaldehyde and strong oxidants such as H2O2. Some alloys exhibited a significantly lower anodic 
overpotential and better reproducibility of the responses with respect to the relevant pure components. 
Hence, it is possible to conclude that a synergy between the constituents of the alloys occurs. 
Coatings based on Au nanoparticles [2] and MnxOy, deposited on bulk Ti have been employed for the 
anodic oxidation of different organic species, such as carbohydrates and alcohols. The results showed 
these electrode systems possess a peculiar electrocatalytic behavior in terms of sensitivity and selectivity 
toward the species in solution; as example only aldoses can be anodically oxidised on Au nanoparticles 
deposited on Ti. 
The expertise gained on these electrocatalysts allowed the formulation of innovative inks based on Au-Ti 
nanocomposites and Cu nanoparticles [1] that can be deposited on paper support. These unconventional 
electrode systems were tested in the presence of some of the listed organic species, aiming at developing 
disposable and inexpensive sensing elements.  
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Fig. 2: POM-porphyrin copolymer.  

Schematic energy diagram. 

 
Fig. 1: Various copolymers obtained by electropolymerization. 
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The study of the reactivity of the porphyrin -radical cations and dications with nucleophilic 
compounds as well as the electrosynthesis of multiporphyrin systems from oxidation of porphyrin 
macrocycle is motivating for the fabrication of new photovoltaic materials and devices. A direct 
electrochemical oxidation of the porphyrin in the presence of pyridine as Lewis base leads to substitutions 
of protons by pyridiniums onto the macrocycle.1 Furthermore, this method has allowed the 
electrosynthesis of dimers, and more generally oligomers, of porphyrins, either in using 4,4’-bipyridine 
which possesses two nucleophilic sites,1 or in using porphyrins substituted by pendant pyridyl group(s).2 
The control of the degree of substitution of the oligomers obtained is permitted by a judicious choice of 
the applied potential or in varying the number of pyridyl groups onto the porphyrin used as Lewis base, 
respectively.2 Then, dimers and oligomers obtained possess pyridinium or viologen spacers having 
interesting electrochemical properties (Fig. 1). Moreover, this reactivity-type of porphyrins has also 
allowed the development of an original methodology for the electropolymerization of porphyrins, in using 
porphyrins and species having two nucleophilic sites.3-4 With this method, it is possible to modulate easily 

the nature of the bridging spacers between 
the porphyrin macrocycles, allowing the 
formation of polymers with specific 
chemical and structural properties.  

For instance, copolymer with 
diarylethene spacers (Fig. 1D) can be 
obtained and shows interesting reversible 
photo-switches upon UV or visible 
illumination.5 Moreover, the reduction of 
the viologen or double viologen spacers 
of polyporphyrin can induce the 
formation of stable -dimer ((V+•)2) 
characterized by EPR and UV-Vis-NIR 

spectroelectrochemistry.4 Furthermore, this novel way of electropolymerization opens up also interesting 
synthesis routes for the elaboration of new functional materials. Original organic-inorganic copolymers 
can be obtained in using inorganic compounds functionalized by two pendant pyridyl groups. For 
example, inorganic compounds such as polyoxometalates 
(Anderson, Dawson, Lindqvist, Keggin, etc.) having remarkable 
photoelectrochemical properties, can be employed, the presence of 
the porphyrin within the copolymer allowing then a 
photosensibilization for applications in photoelectrocatalysis.6-10 
Their photovoltaic performances have been investigated under 
visible-light illumination (Fig. 2). 
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Composites containing conductive polymers and Au and Ag nanoparticles were introduced into the 

environmentally sensitive poly(N-isopropylacrylamide) hydrogel channels. The composites were 
synthesized directly in the channels by two phase polymerization procedure. The presence of polyaniline 
and metal nanoparticles increased conductivity of both types (ionic and electron) while the hydrogel 
properties, such as: flexibility, plasticity and ability to phase transition, were preserved. The presence of 
nobel-metal nanostructures added catalytical activity to the new materials. Optical and SEM (Fig. 1) 
investigations revealed that polymer-metal composites were uniformly distributed in the entire gel 
samples.  

 
Fig.1. SEM images of lyophilized cross-sections: (A) NIPA hydrogel, (B) NIPA-PANI-Au 

 
NIPA-PANI-Au composites exhibited a sharp volume phase transition in response to changes in 

temperature and ionic strength. That behavior was similar to unmodified poly(N-isopropylacrylamide) 
hydrogel [1]. The new material was electroactive (Fig. 2) and had electrocatalytical properties towards 
electrooxidation of ethanol. Electroactivity of the modified gel was a strong function of the swelling ratio; 
the shrinking process enhanced the voltammetric response [2]. 

 
Fig. 2. Cyclic voltammograms obtained with GC electrode in NIPA-PANI-Au composite. Swollen state: 

solid gray curve (20°C, 0.1 M HClO4,); shrunken state: dashed gray curve (20°C, 0.6 M HClO4,) and 
dashed black curve (40°C, 0.1 M HClO4). 
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Polymer nanogels are constituted by networks of polymer chains expanded by solvent molecules that 
infiltrate into their pores, giving rise to nanometric structures with multiple applications. Recently, they 
have found an essential niche market in biomedicine since biocompatible nanogels become unique 
platforms to convey drug molecules and genetic material in living tissues [1]. 
 
A large variety of techniques is available nowadays to induce the formation of covalent bonds within or 
between polymer chains, eventually yielding nanogels with dimensions and architecture that depend on 
the intra/intermolecular crosslinking ratio. One of the most recent synthesis approaches makes recourse to 
pulse radiolysis of semi-dilute polymer aqueous solutions, employing a high energy input to yield free 
hydroxyl radicals homogenously distributed in the solution volume. This, in turn, allows the formation of 
radicals onto the preformed polymer chains via H-abstraction [2]. The interest of poly(vinylpyrrolidone) 
(PVP) as starting polymer arises from its high versatility, showing high hydrophilicity and 
biocompatibility, absence of toxicity and ability to form interpolymer complexes. 
 
We have recently provided the proof of concept that •OH-mediated PVP crosslinking can be fostered by 
an electrochemical process such as electro-Fenton (EF) [3]. In contrast, the performance of electro-
oxidation (EO) has not been investigated in detail yet. From an application standpoint, EO is the most 
convenient EAOP since it requires simpler setups and no addition of metal catalyst, unlike EF, which 
favors its potential implementation and presupposes the production of higher purity PVP nanogels. In 
order to avoid an excessively aggressive transformation that could end in significant bond cleavage of 
polymer coils, it is necessary to employ materials with a lower oxidation power like the so-called 
dimensionally stable anodes, where M(•OH) is chemisorbed. Different reactions involving just one radical 
(e.g., chain scission, hydrogen transfer) or two radicals (e.g., crosslinking, disproportionation) may occur, 
depending on the electrolysis conditions. This communication presents the first thorough study of the 
influence of operation parameters on the formation of PVP nanogels from crosslinking of PVP 
nanoparticles with electrogenerated M(•OH) under potentiostatic mode. The experimental results suggest 
that, among the various aforementioned elemental reactions, EO at constant anode potential with a 
dimensionally stable anode mainly promotes intermolecular crosslinking. Quite interestingly, the average 
size of the modified macromolecules can be controlled by tuning the electrode potential and the circulated 
charge. At high anodic potential values, the hydroxyl radicals formed at the anode surface were also 
effective to generate reactive functional groups on the PVP backbone, becoming a very interesting feature 
within the field of biomedical applications. 
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In current research, micro- and nanoparticulate electrode materials have taken their place because they 
offer a large internal surface area with respect to the macroscopic dimensions of such electrodes [1]. The 
nano-impact method is a powerful tool that enables the characterization of individual particulate nano-
objects in solution and study of their reactivity [2]. A three-electrodes setup system, working as a 
standard electrochemical cell, is typically used. Magnetite (Fe3O4) nanoparticles, with the strongest 
saturation magnetization of all naturally occurring iron oxides combined with properties such as low 
toxicity, good biocompatibility, high stability, and low production costs, have attracted a lot of interest 
[3]. There is also substantial interest in their use as magnetic fluids, in data storage, in catalysis, and as 
electrode materials. 
In this work, magnetite micro- and nanoparticles have been synthetized by chemical precipitation method 
in presence of surfactants or functional organic polymers. The use of surfactants to stabilize these 
synthesized nanoparticles is crucial, as Fe3O4 nanoparticles have high surface energies and tend to 
aggregate, besides their high chemical activity. Magnetite particles are used as particulate electrode in 
different fluid and characterized into a three-electrodes cell in order to evaluate their electrochemical 
behavior. A deeper understanding of the particulate electrode has been performed in situ on supported 
particles through electrochemical AFM/STM measurements, highlighting the behavior of the single 
aggregate. Together with the charge transfer characterization as a function of particles size and 
concentration, functionalization and fluid composition, practical applications of the particulate electrodes 
will be presented. 
These instructions are an example of what a properly prepared meeting abstract should look like. Proper 
column and margin measurements are indicated. 
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Fe-Sn binary compounds and related alloys are of interest for industrial application due to their 
reported magnetic properties [1], low costs of the starting elements and harmless to the environment. The 
available literature shows studies on the structural and magnetic properties of Fe-Sn obtained by 
mechanical milling [2], co-sputtering [3] and solidified under high magnetic fields [4]. Almost no 
literature evidence was found in the field of electrodeposition of Fe-Sn [5]. The phase diagram of Fe-Sn 
contains five intermetallic compounds out of which Fe3Sn2, Fe5Sn3 and Fe3Sn are ferromagnetic [1]. 
Electrodeposition has a potential to obtain phases which are non-equilibrium and have different physical 
properties than ones obtained from the thermodynamically stable phase diagram [5].  

In the given talk various compositions of chloride-based electrolytes will be presented. The Fe 
content in the deposit will be varied. Magnetic properties of the DC electrodeposited Fe-Sn layer will be 
studied by VSM. The results will be correlated with the structural and compositional properties obtained 
from XRD and EDAX experiments. Electrode polarisation behaviour in electrolytes with various 
compositions will be presented. The influence of the electrochemical deposition parameters on the 
physical properties of the electrodeposited layer will be shown. The influence of the thermal treatment as 
a post-plating process on the structural as well as on the magnetic properties of the deposit will be 
introduced. 
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Abstract 

In this work we have used the electrodeposition technique to synthesize NaYF4 thin films doped and co-
doped with trivalent lanthanides (Ln3+) ions on glass/FTO substrates. The deposition of these metal 
fluorides in thin films by electrochemical processing has not been developed extensively, so that in this 
study, we report the deposition conditions required to achieve the growth of NaYF4:Ln3+ thin films by 
using rather an oxidation reaction instead of a direct reduction reaction process. NaYF4 matrix allows the 
incorporation of lanthanides ions and exhibits Down- and Up-Conversion (DC and UC) luminescence, so 
it could be used as a spectral converter to capture sub-bandgap solar radiation in photonic or photovoltaic 
solar cell applications. The doping process of these thin films was performed by using five different 
lanthanides, Nd3+, Eu3+ Tb3+, Er3+ and Yb3+, and for the co-doping of NaYF4 thin film the pair of Yb3+-
Er3+ ions were used for UC process. Results showed the effect that each atom has within the host lattice 
due to the differences in ionic radius size. Also the results have confirmed the crystalline quality of the 
thin films which reinforce the idea of a semi-epitaxial deposition process. One of the most important 
achievements in this work was to use electrochemical synthesis to obtain these dielectric thin films since 
this technique is normally used to deposit metal or semiconducting materials. We report the structural 
properties obtained by XRD studies, chemical composition and morphology by SEM/EDS, and finally 
optical emission of Ln3+ by Photoluminescence spectroscopy results. The NaYF4:Yb-Er thin films were 
analyzed under an excitation wavelength with a near infrared laser of 980 nm, photoluminescence results 
have shown that the thin films exhibited visible up-conversion luminescence from Er3+ as a result of 
energy transfer from Yb3+. 
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One of the top priorities during last decade is clean, safe and drinkable water. Disinfection – usually the 
last step in water treatment involves usage of chlorine, because of its low price. However not only 
chlorine is harmful to people, but it can react with naturally occurring organic matter forming toxic, 
carcinogenic disinfection byproducts. [1] 
Metal foams are being used in many fields, however since they provide robust frame, big surface area 
they are usually used as templates for numerous catalysts or sensors [2]. There are many possible ways to 
manufacture metal foams, however electrochemical deposition is one the cheapest and easiest to control 
methods of metal foams production. Using dynamic hydrogen bubble template one can form the foam on 
top of desired conducting surface, while controlling deposition conditions (current density, addtives, 
temperature, etc.) one can also control porosity and diameter of pores. 
Cobalt foams were deposited on copper substrates using galvanostatic and pulse deposition techniques, 
employing high cathodic current densities (1-2.5 A/cm²). Influence on porosity of metal foams, using 
different precursor anions (Cl- and SO4

2- ions) as well as presence of cations (NH4
+) have been 

investigated. Additives such as Glycolic acid and isopropyl alcohol were used to modify the morphology 
of cobalt foams. Deposited foams were investigated using SEM equipped with EDS module, and XRD 
spectroscopy. Estimation of true surface area of deposited cobalt foams was done using Double Layer 
Capacitance data obtained from Electrochemical Impedance Spectroscopy. 
To investigate chlorine sensing abilities, cobalt foams were modified using K4[Fe(CN)6] solution with the 
help of cyclic voltammetry. Surface composition after modification was again investigated using EDS, to 
ensure successful deposition. Chlorine sensing capabilities were investigated using cyclic voltammetry. 
 

   
Fig. 1 SEM pictures of Cobalt foams deposited at: a) 0.2M CoSO4 + 1M (NH4)2SO4 + 2M isopropyl alcohol, pulse 
plating for 60 cycles program j=2.5A/cm² t= 300ms, j= 0.6A/cm² t=5s, b) 0.2M CoCl2 + 2M NH4Cl+ 2M isopropyl 
alcohol, pulse plating for 100 cycles program j=2.5A/cm² t=150ms, j=0.75A/cm² t=5s 
 
 
References: 

[1] Richardson SD, Plewa MJ, Wagner ED, et al (2007) Occurrence, genotoxicity, and 
carcinogenicity of regulated and emerging disinfection by-products in drinking water: A review and 
roadmap for research. Mutat Res - Rev Mutat Res 636:178–242 . doi: 10.1016/j.mrrev.2007.09.001 

[2] Li Y, Yang S, Li H, et al (2016) Electrodeposited ternary iron-cobalt-nickel catalyst on nickel 
foam for efficient water electrolysis at high current density. Colloids Surfaces A Physicochem Eng Asp 
506:694–702 . doi: 10.1016/j.colsurfa.2016.07.047 

 
Acknowledgements: authors acknowledge funding from H2020 project SMARTELECTRODES 
(No.778357) and the Moldavian national project (15.817.02.05A). 

A 

300µm 300µm 

B 



Electrochemical Sensing Applications of Metallophtalocyanines (MPcs) 
 

Özlem UĞUZ, Duygu AKYÜZ, Atıf KOCA 
Department of Chemical Engineering, Engineering Faculty, Marmara University, 34722, Kadikoy, 

Istanbul, Turkey 
ozlem.uguz@marmara.edu.tr 

 
Phtalocyanines are quite electrochemically active species which allows its central cavity to be 
accommodated by 63 different elemental ions. Metallophtalocyanines (MPcs), as being a macrocyclic 
planar compound, is a derivative of phtalocyanines that includes one or two metal ions in its chemical 
structure which contributes to its electron transfer abilities. Furthermore, 18π conjugated ring system of 
metallophtalocyanines tailored with various substituent environments and metal ion centers have drawn 
attention in various engineering and technological fields such as photosensitization, solar cells, electronic 
sensors, optelectronics, photodynamic therapy and photoreceptor devices [1-3]. 
 
In this study, electrochemical and spectroelectrochemical characterizations and electrochemical sensing 
responses of MPcs were investigated with voltammetric and in situ spectroelectrochemical techniques.  
Observation of reversible and multi-electron redox processes at small potentials with especially MPcs 
having redox active metal centers indicated their usability in different electrochemical technologies. 
Changing color of MPcs during redox processes showed their functionality in optical and electrochromic 
applications. For practical applications, MPc complexes were coated on various substrates with different 
coating techniques and then they were characterized.  As an example of their electrochemical 
applicability, their pesticide sensing responses were analyzed and discussed. MPcs showed possible 
sensing responses especially for various pesticides with good sensitivity and selectivity. It was found that 
substituents and metal centers of MPcs and electrode modification methods considerably influenced the 
sensing responses of MPcs. Sensors constructed with click electrochemistry and electropolymerization of 
MPcs illustrated better stability and selectivity for the target pesticides. Sensing data showed availability 
of the MPc based electrodes for different target species, glycose, ascorbic acid, etc.  
 
 
Keywords: Electrochemistry; Metallophtalocyanines; Sensor application; Electrode modification. 
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Polypyrrole (PPy) layers obtained from electropolymerization are among the most promising and 
versatile materials for controlled drug release applications. Such versatility is mainly due to their intrinsic 
electroactive properties, which allow the control of release rate by applying electrical stimuli. Moreover, 
PPy is simple to electropolymerize on many substrates, costless and biocompatible. 
 
To optimize loading capacity and to modify release profiles of PPy layers, a possible approach can be the 
nanostructuring of the polymer to increase specific surface and to create cavities able to store the drug. A 
widely used technique to achieve nanostructuring is the inverse opal formation [1]. In this methodology, 
polymeric nanoparticles self-assembly on a conductive substrate to form highly ordered arrays of closely 
packed spheres. The structure formed in this step is called colloidal crystal template. PPy is subsequently 
deposited in correspondence of the voids between each sphere. Finally, the spheres are removed dipping 
the substrate in a suitable solvent. The main drawback of this method resides in the formation of the 
colloidal crystal template, which requires controlled conditions to efficiently form [2]. Templates require 
techniques like sedimentation or centrifugation to form, while ordinate colloidal crystal formation is 
possible only on planar surfaces characterized by relatively low roughness. 
 
In the present work, poly methyl methacrylate (PMMA) nanospheres are directly dispersed in the PPy 
electrolyte and codeposited with PPy to form nanostructured layers. After codeposition, PMMA is 
dissolved by immersing the composites in a suitable mixture of solvents. The coatings obtained in this 
way (figure 1) lack the highly ordered structure of the inverse opal, but present the same nanoporous 
microstructure (adequate for drug release). The main advantages of direct PMMA/PPy codeposition are 
related to the possibility to deposit the material on curved surfaces, characterized by various degrees of 
roughness, in a simple and fast way. PMMA content in the PPy film is optimized and the coatings are 
characterized from the morphological point of view. Controlled drug release is investigated loading the 
layers with Rhodamine B and monitoring its release in water. 
 
 

 
 

Figure 1. SEM image of a PMMA/PPy composite after PMMA dissolution 
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Interdisciplinary studies revealing general guidance of preparation of a stable nickel-salen based polymers 
as new materials for energy storage were accomplished. The electrochemical performance of the nickel-
salen complexes is directly connected to the salen ligand structure. This performance depends upon 
electrochemical conditions suitable for providing environment appropriate for electropolymerization 
and charge transfer for Ni-salen based polymers. Depending on the purpose of use of the poly(Ni-salene) 
electrodes it is possible to control the oxidation state of the coordinated nickel ions or increase the amount 
of the charge stored in the polymer conjugated system by appropriate tuning both the chemical structure 
of the polymer and electrochemical conditions. For Ni-salen polymers, the rate of the charge transfer 
is strongly dependent on the presence of steric hindrance between polymer layers ensuring efficient 
counter ions doping. We have demonstrated that certain steric requirements with respect to nickel-salen 
complexes have to be met for generation of highly conductive and stable/durable during potential multi 
cycling films. Spectroelectrochemical characterization of a new poly(meso-Ni-SaldMe) reveals 

an efficient way of doping by counter ions during 
the charge transfer and a polymerization mechanism 
for meso-Ni-salen polymer. The UV-vis, FTIR-ATR, 
and low-temperature ex situ ESR spectroscopy 
techniques were employed to prove that the charge 
transfer in the doped polymer involved bisphenolic 
radical cation and dication formation depending on the 
oxidation state of the polymer1. Moreover, structures 

responsible for the charge transfer in the polymer and present during electropolymerization were modeled 
with quantum-chemistry calculations using the DFT method. The polymer exhibits high value of specific 
capacitance (SC) and high durability, which are promising for its application as an active material 
for energy storage devices. For example, combining electrochromic and capacitive features 
of the poly(meso-Ni-SaldMe) film enabled constructing a supercapacitor, which changes its color 
with the state of charging1. Next, the poly(meso-Ni(II)-SaldMe) film was utilized to fabricate a new 
laboratory model of an asymmetric supercapacitor with a dual anode and a dual cathode. Polypyrrole 
(PPy) and poly[meso-Ni(II)-SaldMe] were separately deposited on a carbon paper electrode preliminary 
coated with a film of reduced graphene oxide, RGO, and then used as a positive electrode (dual anode). 
The negative electrode (dual cathode) was prepared by deposition of a C60-based polymer and PPy 
on the (carbon paper)/RGO electrode. The fabricated device was operated in the voltage range of  0  to 
 2.20 V in 0.1 M (TBA)PF6, in propylene carbonate, thus allowing for  maximum charging 
of all composite electrodes and delivering a high energy density of  102.60 W h kg-1 at the power density 
of 12.21 kW kg-1. The life-time of charge-discharge cycling of this supercapacitor was excellent retaining 
91% of its SC after 10 000 consecutive cycles2. 
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In the last couple of years, most of the work was devoted to synthesize new sensing nanocomposites to 
improve a sensor performance in terms of sensitivity, selectivity, and biocompatibility. Of those 
synthesized nanomaterials, conducting polymers composites have been widely used in the construction of 
sensor surfaces. Several conducting polymers i.e. polythiophene, polyaniline, polymethylene blue, 
polyanthranilic acid, polypyrrole, and poly(o-phenylenediamine) display advantages due to their charge 
transport properties and electrochemical redox efficiency, which are attributed to the delocalization of π-
electrons over the polymeric backbone [1, 2]. 
For a greater enhancement of the electrochemical sensor performance, different electrode systems have 
been developed based on surface modification with nanomaterials [3]. The synergy of multifunctional 
materials, recognition elements, and electrochemical methods is improving the selectivity, stability, and 
reproducibility, thus promoting the development of sensors for assays and bioassays.  
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 a) Conducting polymers schematic representation;  

b) Electrochemical polymerization of aniline at a graphite screen printed electrode (GSPE) 
 
 

Several types of conductive polymers (polyaniline, polyanthranilic acid, polydopamine) were used to 
obtain a nano/micropatterned surface at graphite screen printed electrodes (GSPEs) with applications in 
the biosensors field. The obtained polymeric films were electrochemically characterized by cyclic 
voltammetry and electrochemical impedance spectroscopy in different redox probes. Scanning electron 
microscopy was used as a surface characterization method to compare the morphologies and the 
nanostructured surfaces. Different architectures were obtained by depositing noble metal nanoparticles 
(AuNPs, PtNPs) at the modified electrodes and the performance of the hybrid composites was assessed. 
Applications of the newly developed polymer-based electrodes will also be presented, with emphasis on 
quantification of food and water contaminants.  

Proc. 465571/2014-0, Brasil CNPq: National Institute for Alternative Technologies of Detection, 
Toxicological Evaluation and Removal of Micropollutants and Radioactives. 
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One of the biggest challenges of the 21th century is to consume environmentally friendly energy instead 
of conventional non-renewable ones. Our largest available renewable energy source is sunlight, which can 
be harnessed using the nearly 45 years of knowledge gained in the field of photoelectrochemistry. 
 
Photoelectrodes can help to utilize solar energy in different ways: solar energy is either converted into 
electricity with photovoltaic solar cells or stored in the form of chemical energy utilizing different 
photoelectrochemical (PEC) processes. This latter strategy, which relies on chemical reactions initiated at 
the semiconductor/electrolyte interface by photogenerated charge carriers, offers a viable avenue for 
direct hydrogen evolution and CO2 reduction to useful fuels.  
 
There are several requirements that a photoelectrode must fulfill: it has to be stable, insoluble in the test 
medium, resistant to photocorrosion; but in the meantime, it is expected to have a broad optical 
absorption, and to show good charge separation-, and transfer behavior. One single material, however, 
according to our current knowledge, cannot meet all these criteria. For this reason, the attention shifted to 
composite materials, which contain different components. Design and preparation of an effective 
composite photoelectrode material is a major undertaking – hence, it has become one of the main research 
projects in the field of photoelectrochemistry. 
 
In this study, we prepared nanocarbon based photoelectrodes, and investigated the reasons behind their 
improved PEC performance. For this purpose, various nanostructured electrodes were prepared, including 
carbon nanotube networks, spray-coated graphene films, and 3D graphene foams. Variable amounts of p-
type Cu2O [1], n-type TiO2 

[2] and n-type α-Fe2O3 was loaded on their surface via a controlled, carefully 
designed, multiple-step electrochemical deposition protocol. We carried out optimization of nucleation 
step by varying the electrochemical parameters (potential or current density) and we also investigated the 
effect of the bath temperature and pH on the morphological properties of deposited layers.  
 
By comparing and contrasting the PEC behavior of these hybrid photocathodes, we investigated the effect 
of various nanocarbon scaffolds, with primary focus on the spray-coated graphene film. 
(Photo)electrochemical measurements revealed better performance for the 2D graphene containing 
photoelectrodes, compared to the bare films, if the geometrical area of the electrodes is considered. After 
taking into account the actual surface area of the nanostructured photoelectrodes (which is vastly different 
for each carbon substrate), in the case of Cu2O the 3D graphene-based hybrids outperformed their 
counterparts. This could be rationalized by its interconnected structure, which facilitated effective charge 
separation and transport, leading to better harvesting of the generated photoelectrons. [1] 
 
These results can be exploited for the rational design and electrochemical preparation of hybrid 
photoelectrodes, to obtain photoelectrodes for PEC energy conversion schemes, such as water splitting or 
CO2 reduction. 
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Thermoelectric materials (TEMs) are of interest for converting waste heat to electricity and could be 
useful in applications such as power generation.1 Currently bulk bismuth telluride (Bi2Te3) is the most 
commonly used TEM for refrigeration and waste heat recovery. However, theoretical calculation2 
predicts that the performance of TEM can be dramatically improved by confining the dimensions of this 
material, such as 1-D nanowire.  
 
Electrodeposition provides a bottom-up technique compared to conventional coating methods, such as 
physical vapor deposition (PVD). It is of advantage in the efficient use of the starting material and can be 
used to plate curved surfaces and even inside of topologically demanding surfaces.3 The use of 
electrodeposition to fill nano-structures is also achievable, which is exploited in the Damascene process to 
grow 20 nm diameter Cu wire.4  
 
In electrochemical experiments water is the most commonly used solvent but its limitation includes 
narrow potential window, which is crucial in electrodeposition as water reduction will be a competing 
process as metal reduction/deposition and provides complexity to experiments. Here we employ an 
electrolyte system based on tetrabutylammonium chlorometallate metal sources with compatible 
tetraalkyl halide supporting electrolytes in non-aqueous, weakly coordinating solvents,5,6 which provides 
the ability to deposit alloys with desired structures and properties.  
 
In this work we report the deposition of Bi2Te3 films and nanostructures from dichloromethane. Bi2Te3 is 
a narrow band gap layered semi-conductor and it is demonstrated that the composition and structure of 
the BiTe films can be controlled by tuning the electrochemical parameters, such as the electrolyte 
concentration and deposition potential (Figure 1). Templated Bi2Te3 nanostructure growth will also be 
discussed. 

 
  
Figure 1 (a) SEM image of the electrodeposited Bi2Te3 films and the corresponding (b) EDX spectra.  
 
This work is conducted as part of the ADEPT project funded by EPSRC (EP/N035437/1). 
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Nowdays, spectroelectrochemical techniques have been applied to the study of the electrochemical 

process in direct alchol fuel cells. Still, these techniques often require a model systems to mimic the 

electrodic process of interests. Conversely, the exploitation of synchrotron light to perform operando 

characterization of electrochemical system, has a recent history of success, overcoming the limitations of 

other spectoelectrochemical techniques. Fixed Energy X-ray Absorption Voltammetry (FEXRAV) is a 

novel operando technique which has proven to be very useful at following the changes of the valence 

state of a redox system during a voltammetric scan. We present the first FEXRAV study of the Pd 

deactivation in a Pd/C standard catalytic layer, showing that the signal registered through the 

Fluorescence detector can be easily correlated with the potential applied to a Pd-bearing catalytic layer. 

However, it is not always safe to provide an interpretation of the changes of the FEXRAV signal in terms 

of chemical process occurring at the solid-liquid interface. We propose a numerical model clearly 

pointing out the dependence of the chemical speciation on the applied potential, where changes of the 

relative amounts of Pd and Pd(II) are responsible for the change of FEXRAV intensity during the 

voltammetric scan. Thanks to the speciation models, we were able to assign Pd(OH)4
2- as the main Pd(II) 

species the applied potential. On this ground, we were able to delve deeper in the interpretation of the 

electrodissolution processes of Pd under the operative conditions in DAFC. This hybrid 

experimental/numerical approach can be considered of general interest in helping the analysis of the 

chemistry underlying an electrochemical process occurring at a solid-liquid interface. 
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The design and synthesis of new π-conjugated small molecules and their conjugated polymers is still an 
attractive research area due to their interesting optoelectronic properties which make them potential 
candidates in various applications [1]. Three new donor–acceptor–donor (D–A–D) type monomers 
bearing 2,7- or 3,6-linked carbazoles as the donor unit and 2,5-dihydro-3,6-di-2-thienyl-pyrrolo[3,4-
c]pyrrole-1,4-dione (DPP) as the electron poor acceptor unit were synthesized via Suzuki cross coupling 
reaction [2]. The monomers were electrochemically polymerized in acetonitrile–tetrabutylammonium 
hexafluorophosphate electrolytic medium containing boron trifluoride diethyl etherate. Optical and 
electrochemical properties of the monomers and their corresponding polymers were investigated in DCM. 
It was found that that all the monomers synthesized in this work exhibit a strong band in the visible region 
due to ICT and show slight variations depending on both the substituent on the nitrogen atom and the 
linkage site. Monomers, besides reversible oxidations and reversible reduction peaks similar to those 
present in the differential pulse voltammogram of the acceptor unit, exhibit one irreversible oxidation 
peak responsible for initiating the electrochemical polymerization of the monomers. Both the 
electrochemical and optical band gap values for the polymers were found to follow the same trend i.e. 
P(27CzDPP) > P(36CzMeDPP) > P(36CzEtDPP) and the difference was explained in terms of lower 
planarity of the 2,7-linked carbazole. 

  

 
Figure 1. (a) DPV of 36CzEtDPP in 0.2 M TBAPF6/DCM electrolytic solution (step size 20 mV, sample 
period 1 s, pulse time 0.1 s and pulse size 25 mV). (b) Electronic absorption and fluorescence emission 
spectra of 36CzEtDPP in DCM. Inset: photograph of monomer taken under day light and a UV lamp 
(excitation at 550 nm). (c) Electronic absorption spectra of polymer film (30 mC.cm−2) on ITO in 0.1 M 
TBAPF6/ACN solution recorded at various potentials between −0.5 and −1.0 V for P(36CzEtDPP) and 
between 0.0 and −1.2 V.  Inset: The first cycles of CV recorded at an voltage scan rate of 10 mV s−1.  
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Among Polythiophene derivates, Poly(3,4-Ethylenedioxythiophene) (PEDOT) is one of the most 
successful conducting polymer due to its excellent environmental stability and high electrical 
conductivity. 

Numerous researches have been conducted on PEDOT synthesis by electrochemical and 
chemical polymerization of 3,4-Ethylenedioxythiophene (EDOT). Chemical approaches, performed by 
high-concentration water-based emulsion polymerization of EDOT, produce PEDOT precipitates as dark-
blue powders, which are insoluble in water [1]. To improve PEDOT solubility and conductive properties, 
PEDOT polymers can be doped with sulphonated dopants, the most commonly used being 2-
Naphthalenesulphonic acid and para-toluene sulphonic acid, which however yield to scarce possibility to 
modify and tailor the properties of the final materials. 
 Anyway, as already shown in previous investigations, electrodes modified with SPAES (e.g. 
deposited on glassy carbon supports) demonstrated to possess good electrochemical performances in 
terms of higher analyte currents, strongly dependent from the casting solvent [2] and on the ion exchange 
capacity (IEC). 

In this context, in the present work, Sulphonated Polyarylethersulphone (SPAES) polymer, 
synthesized via homogeneous synthesis with different IEC [3], is proposed as new doping agent, allowing 
both a tight control over the IEC and a charge separation already present in SPAES structure, deriving 
from the pre-sulphonated comonomer [3,4]. PEDOT doped with SPAES is synthesized via a high-
concentration solvent-based emulsion polymerization of EDOT in four different reaction solvents (N,N-
dimethylformamide, dimethylacetamide, dimethyl sulfoxide and N-methyl-2-pyrrolidone). Bare SPAES, 
bare PEDOT and PEDOT doped with 2-Naphthalenesulfonic acid are also synthesized for comparison.  
 Despite the very low amount of SPAES used (1% w/w respect to EDOT), PEDOT_SPAES 
appears to be a material very different from its original components. For instance, wide-angle scattering 
(WAXS) measurements show how the crystalline structure of bare PEDOT or PEDOT doped with 2-
Naphthalenesulfonic acid is lost, with an increase of the amorphous phase when SPAES is added as 
doping agent.  

These new materials, when used as electrode modifiers, yield to an increase in the general 
electroanalytical performances, in terms of higher peak currents (with respect to the Ru probe). In 
particular, the type of casting solvent appears to be an important parameter for the modulation of the 
adhesion, homogeneity and porosity of the polymeric membrane on the electrode surface and 
consequently of the electrochemical signal. The electrochemical investigation demonstrates also the 
importance of other variables, such as IEC, stabilization time, drying temperature and pressure, to assure 
a good electrode response. Therefore, a Principal Component chemometric Analysis is also employed for 
results rationalization. 
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Bentonite clay (Bt) has many attractive properties such as high ion-exchange and intercalation capacity, 
strong adsorption, high thermal and chemical stability and large surface area-to-mass which can be used for 
the stabilization of metal nanoparticles (M NPs). These properties make it as an excellent electrode surface 
modifier and as a durable catalyst support. In this work, the synthesis, characterization and sensing 
applications of Ag NPs immobilized Bt (Ag-Bt) and Au NPs immobilized Bt (Au-Bt) are presented. After due 
characterization of the synthesized materials (by UV-vis absorption, powder X-ray diffraction, scanning 
electron microscopy, transmission electron microscopy and atomic force microscopy), Ag-Bt and Au-Bt 
based electrochemical sensing platforms are constructed for the sensitive determination of H2O2 and 
arsenic(III), respectively. A wide linear calibration range for the determination the analytes were observed 
with selective determination of the target analytes at low overpotentials. Amperometry, cyclic voltammetry 
and other electrochemical techniques are used for the sensitive determination of the target analytes which will 
be presented together with the electro-kinetics and possible mechanisms.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1  Amperometric signal obtained for the incremental additions of H2O2 using Ag-Bt (A) and cyclic 

voltammograms showing the oxidation of increasing arsenic(III) concentrations by Au-Bt (B). Inset 
of A shows the calibration plot. Photographs of films of Ag-Bt and Au-Bt are also shown as insets.  
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Conductive polymers such as polyaniline (PANI) and poly-3,4-ethylenedioxythiophene 
(PEDOT) were prepared by electrochemical polymerization of aniline and 3,4-ethylenedioxythiophene 
(EDOT), respectively, in the presence of sulphonated polyelectrolytes with different structure and 
different molecular weight. The following flexible-chain polyelectrolytes were used: poly(styrene-4-
sulfonic acid) (PSSA), poly-(2-acrylamido-2-methyl-1-propanesulfonic acid) (PAMPSA), and their 
sodium salts in the case of EDOT. The aniline and EDOT electropolymerization was performed in 
potentiostatic (PS), galvanostatic (GS) and cyclic voltammetry (CV) regimes. To elucidate the role of 
polyelectrolyte in the synthesis we have performed in situ Raman and UV-Vis spectroscopy studies 
during aniline and EDOT electropolymerization. The films obtained were characterized by cyclic 
voltammetry, Vis-NIR and Raman spectroelectrochemistry and AFM-microscopy.  

The synthesis of PANI in the presence of high-molecular-weight (HMW) polyelectrolytes 
proceeds as the traditional electrodeposition in the inorganic acid with low pH. Crucial differences in the 
kinetics of synthesis and the properties of prepared films were observed in the case of electrochemical 
polymerization of aniline in the presence of low-molecular-weight (LMW) PAMPSA and, to a lesser 
degree, in PSSA (Fig. 1a). In case of using LMW polyelectrolytes the aniline electropolymerization has 
non-autocatalytic character in PS and GS regimes, as well appearance of the “middle peak” during CV 
polymerization. This leads to defect structure of PANI films obtained.   

On the contrary, the electropolymerization of EDOT in the presence of HMW and LMW 
polyelectrolytes proceeds as the traditional electrodeposition in organic media. But the 
electropolymerization rate is higher in PS regime and the potential of polymerization in GS regime is 
lower in the presence of low-molecular-weight PSSNa (Fig.1b). Moreover the rate of EDOT 
electropolymerization depends on the form (acid or salt) of polyelectrolyte.  

The dependence of polymer properties and character of the synthesis on polyelectrolyte structure 
and its molecular weight is discussed considering peculiarities of the aniline and EDOT distribution in the 
solution of polyelectrolyte with different hydrophilicity, conformational state and spatial distribution of 
sulfonic groups in polyelectrolyte coils.  
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Fig. 1. Time dependences of the potential during galvanostatic synthesis of PANI (a) in aqueous solutions 
containing PAMPSA (Mw 900 000) – 1, PAMPSA (Mw 100 000) – 2, PSSA (Mw 1 000 000) – 3, PSSA 
(Mw 70 000), and PEDOT (b) in aqueous solutions containing PSSNa (Mw 1 000 000) – 1, PSSNa (Mw 
70 000) – 2. 
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Nanostructured semiconducting metal oxides such as TiO2, ZnO, Cu2O, CuO, Fe2O3, are very 

attractive, green materials for solar energy harvesting including photovoltaics and photoelectrochemical 
water splitting. Up to now, the main problem that limits the practical application of such nanomaterials is 
a relatively high cost of nanofabrication process. Therefore, considerable research efforts worldwide 
focus on the development of novel synthetic strategies allowing the fabrication of novel nanostructured 
materials with precisely designed morphology and desired composition. One of the most popular method 
for fabrication of nanostructured oxide layers on the metal surface is controlled anodic oxidation 
(anodization) of metallic substrates under appropriate conditions. Anodization, typically used for the 
synthesis of nanoporous alumina and nanoporous or nanotubular titania have been recently employed to 
fabricate nanostructured oxides on the surface of other metals (e.g. Nb, Hf, W, V, Zr, Cr, Fe, Ni, Sn) and 
alloys, including brass [1,2]. 

Here, we present some initial results on electrochemical fabrication of anodic films on the surface of 
brass foil. Nanostructured oxide layers were obtained by simple one-step anodic oxidation of brass in 
NaOH electrolyte. Prior to anodizing, metallic substrate was mechanically polished to the mirror finish. 
All anodizations were carried out in a home-made Teflon cell [3] with the brass sample placed 
horizontally on the conductive plate, and the Pt grid serving as a cathode. Several series of anodizations 
were performed under various operating conditions including concentration of the electrolyte, anodizing 
potential, temperature, duration of the process, electrolyte stirring. The morphology of as-obtained oxide 
layers was analyzed by using FE-SEM, while the composition of the samples was examined by EDS, 
XRD and XPS. Preliminary results on photoelectrochemical activity of as-formed materials are also 
presented. FE-SEM images of anodic films grown by electrochemical oxidation of brass in strongly 
alkaline electrolyte at different potentials are shown in Figure 1. 
 

 
Fig. 1. FE-SEM images of anodic films formed on brass during anodic oxidation in 1M NaOH at the 

potential of 2 V (A) and 1 V (B). 
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Recently, simple anodic oxidation (anodization) has received a great scientific attention as an 
effective, cheap and versatile method that can be used for fabrication of nanoporous or nanotubular oxide 
layers on the surface or various metals. Among many advantages of this simple technique is its high 
controllability and possibility of obtaining of ordered periodic structures over a large surface area. The 
simplest anodization procedure carried out at a constant potential or current density usually results in the 
growth of anodic films containing parallel nanosized pores or tubes perpendicularly oriented to the 
metallic substrate. Over the past decades, anodic formation of nanoporous alumina and nanoporous or 
nanotubular titania has been extensively investigated. On the other hand, our knowledge about the 
formation of nanoporous tin oxide films during anodic oxidation is still at the early stage. It is noteworthy 
that a typical morphology of an anodic tin oxide is completely different from the well-ordered structures 
observed in anodic alumina or titania. The randomly distributed nanochannels (see Figure 1) are 
discontinues, and the oxide film often consists of stacked layers of several hundreds of nanometers [1–3].  

Here, we present some recent findings on the formation of porous tin oxide layers by anodic oxidation 
of Sn foils. Porous anodic SnOx layers were obtained by simple one-step anodization of metallic tin in 
acidic [1–3] and alkaline [4–6] electrolytes. The morphology and composition of synthesized 
nanostructured oxides were investigated by various techniques (SEM, EDS, XRD, XPS) and correlated 
with the anodizing conditions. Moreover, 3D reconstructions of as obtained layers were obtained by 
electron tomography. 

A special emphasis is put on the new method of anodization carried out in strongly alkaline electrolyte 
which allows for the synthesis of crack-free nanoporous tin oxide layers with completely open pores [4–
6] as well as on fabrication of multilayered nanoporous tin oxide films [4]. Possible mechanism of the 
oxide growth will be also discussed [6].. Finally, the photoelectrochemical properties of as obtained 
porous layers were extensively investigated. 

 
Fig. 1. FE-SEM images of anodic films formed by anodic oxidation in of metallic 1M NaOH at the 

potential of 4 V. SEM images (A) and electron tomography reconstruction (B). 
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Redox hydrogel films are commonly applied for bioelectrode fabrication and we recently demonstrated 

that such matrices can be engineered to efficiently protect the hydrogenases from O2 damage to enable 

their integration into H2/O2 biofuel cells [1,2]. The formation of these films is highly reproducible for 

thicknesses between 30 to 300 µm. However, the most relevant thickness range for technological 

applications is in the low micrometer thicknesses which are more challenging to produce due to film 

thickness heterogeneities. Here, we propose the in-situ gelation of monodispersed viologen-modified 

macromolecules to achieve homogeneous films with thicknesses down to 100 nm. The relative standard 

deviations of the mean film thickness, was found to be only 4.8%. Electroanalytical investigations reveal 

defect-free, efficient electron transfer pathways over the complete film. We illustrate the advantage of this 

method and the importance of the film homogeneity for bioelectrocatalytic applications by investigating 

the behavior of bioanodes built from ferredoxin-NADP+-oxidoreductase or NiFe-hydrogenase for 

NADPH and H2 oxidation, respectively. The ability of forming thin films reveal that peak catalytic 

performances are reached at 10-fold lower catalyst loading compared to conventional approaches owing 

to the extreme homogeneity in film morphologies. This method will be generally transposable to other 

related applications, involving catalyst deposition by drop-casting with strict demands for film 

homogeneity. 
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Raman spectroelectrochemistry is a powerful tool to monitor structural transformations during 
electrosynthesis and doping/dedoping of conducting polymers. However, laser beam used for excitation 
of Raman scattering passes several interfaces, where absorption, refraction and reflection processes may 
occur. These are: air/glass (the wall of spectroelectrochemical cell); glass/electrolyte; electrolyte/film (of 
conducting polymer); film/electrode. It is important that the film of conducting polymer changes its 
thickness, absorption and refraction during the electrosynthesis and doping/dedoping. Moreover, 
conducing polymer films are inhomogeneous consisting of conductive domains distributed in non-
conductive matrix. The sizes of these domains are changing during doping/dedoping thus changing 
Rayleigh component in the total scattering. All these processes influence the shape of in situ Raman 
spectra and also are dependent on the incident angle of the laser beam.  
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Fig. In situ Raman 
spectra of PANI-
PSSA film on Pt 

electrode registered 
at -0.2 V (Ag/AgCl) 
in 1M aqueous HCl. 
Laser excitation at 

532 nm. 
 

In the reduced state (at -0.2 V) the film of polyaniline (PANI) doped with poly(styrenesulfonic acid) 
(PSSA) is maximally transparent and exhibits an intensive vibration near 600 cm-1 (Fig., 0 deg). Similar 
vibration, which can be assigned to Pt-O stretching due to oxygen adsorption, is observed on clean Pt 
immersed into deionized water without applying potential. So, in the reduced state Raman spectrum of the 
PANI-PSSA film is superimposed with that of Pt. At the same time, the latter can not be simply 
subtracted form the overall spectrum in accordance with common procedure as the vibrations on clean Pt 
are far more intensive. By increasing incident angle of the laser beam from 0 to 24 degrees one can 
minimize the intensity of 608 cm-1 vibration in the spectrum thus minimizing the influence of Pt substrate 
on the spectrum shape. At further increasing of the angle the 608 cm-1 vibration decreases down to 
negative values, which is possibly due to interaction of the incident, scattered and reflected beams in the 
multilayered structure of the electrode. Similar angular dependence is observed for 1618 cm-1 vibration 
usually ascribed to C-C stretching in benzenoid rings of PANI. These changes can not be attributed to any 
Raman resonance or surface enhancement phenomena indicating that 1618 cm-1 vibration is also 
superimposed with some signal from the substrate. So, by changing laser incident angle one can minimize 
the substrate influence on the spectrum shape without significant changes of characteristic Raman bands 
of the polymer under study.  
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Thin films of polyaniline (PANI) and poly-3,4-ethylenedioxythiophene (PEDOT) complexes 
with water-soluble sulfonated polyelectrolytes of various structure were formed electrochemically in 
galvanostatic regime. The layers were used as a transparent hole-transport layer (HTL) in hybrid solar 
cells (HCSs) where CH3NH3PbI3 layer of perovskite structure served as a photoactive layer (Fig.1). For 
the fabrication of HCS devices, an electrochemical polymerization technique is preferable, since it is a 
single-step process providing thin films with controlled thicknesses and morphology. The latter is 
important as it determines the structure and quality of interface with subsequent layers. 

The poly-(2-acrylamido-2-methyl-1-propanesulfonic acid) (PAMPSA) and poly(styrene sulfonic 
acid) (PSSA) and their sodium salts (in the case of PEDOT) were chosen as polyelectrolytes. They are 
characterized by good film-forming properties, optical transparency and high ionic conductivity that 
allowed performing PANI or PEDOT electropolymerization without supporting electrolyte. Thin bilayer 
HTLs were also prepared by electrochemical layer-by-layer deposition of PANI-polyelectrolyte and 
PEDOT-polyelectrolyte complexes.  

The HTL energetic parameters were obtained from cyclic voltammetry measurements. Highest 
occupied molecular orbital (HOMO) energy values were calculated from correlation between the Fermi 
energy level and the half-wave potential. HOMO levels of all the HTLs were found to match well to the 
valence band edge of the photoactive layer of CH3NH3PbI3 (-5.4 eV), so holes are easily transferred from 
the CH3NH3PbI3 layer to the HTL and further to ITO electrode in the HCS devices. The power conversion 
efficiency of the devices ranged between 8 and 11%.  

The efficiency of the HCS devices was found to depend on the composition of the polymer-
polyelectrolyte complexes and the structure of the polyelectrolyte. In particular, for PEDOT, the nature of 
polyelectrolyte cation influenced the HCS characteristics as well. The photovoltaic behavior is discussed 
considering that the formation of HTLs is defined by the aniline and EDOT molecules distribution in the 
synthesis solution. The distribution, in turn, depends on the hydrophobicity and conformation of the 
polyelectrolyte macromolecules. 

 
  

 
Fig. 1. Hybrid solar cell architecture. 
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The cobalt(II) complexes with amines, such as ethylenediamine, diethylenetriamine, and  
triethylenetetraamine, etc.  are strong reducing agents and are used in the electroless metal deposition to 
obtain copper coatings. According to the contemporary views on autocatalytic metal ion reduction 
processes, an anodic oxidation of reducing agent is a partial reaction supplying electrons for metal ion 
reduction. Therefore, the investigation of the electro-oxidation of cobalt(II) complexes is important for 
understanding the regularities and mechanism of electroless plating processes. 
In this study, electrochemical quartz crystal microgravimetry (EQCM) on copper electrode was used to 
study the dependence of the electro-oxidation of cobalt(II)-amine complexes on the solution pH, electrode 
potential, and hydrodynamic conditions.  
The EQCM data under stopped-flow and wall-jet conditions show that the cobalt(II) oxidation rate on the 
copper electrode in the amine solutions increases with solution pH. It was found that the cobalt(II) 
oxidation rate is higher under wall-jet conditions compared to that at stopped-flow. 
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The electrochemical conversion of carbon dioxide to value-added products attracts close in view of 
closing the carbon cycle and compensating anthropogenic CO2 emissions, using electricity from 
renewable source as input. In this framework, the proper design of electrocatalysts is mandatory to 
selectively yield a desired product from CO2 reduction [1]. Here, cost-effective electrodes based on tin-
modified copper foams fabricated through a simple two-steps electrodeposition process and characterized 
by high selectivity toward carbon monoxide formation are presented.  
 
By varying electrodeposition parameters, different Cu foam morphologies, from nanoparticulate to 
dendritic one, can be obtained (the dendritic foam is shown in Fig. 1). The electrocatalytic activity of the 
various Cu-based electrodes was deeply analyzed, revealing a predominant hydrogen production. 
However, when the surface of Cu foams is modified through the presence of Sn species, a drastic change 
of selectivity was obtained, with CO and HCOOH being the main products. In particular, dendritic Cu-Sn 
foam was characterized by excellent faradaic efficiencies for CO formation, with a maximum value of 
94% at low-moderate overpotentials (-0.7 V to -0.8 V vs RHE), as reported in Fig. 2. The suppression of 
hydrogen evolution reaction and the variation of the obtained products on tin-modified foams were 
studied through electrochemical impedance spectroscopy and mass transport modeling, revealing a 
change in the local pH in proximity of the electrode caused by different morphologies, which offer a large 
number of electrochemically active sites and facilitate mass transport.  
 
 

 
 
Figure 1: FESEM images of dendritic Cu foam 
at different magnifications. 
 
 
 

 
Figure 2: Faradaic efficiencies of the major 
products and CO partial current densities for 
dendritic Cu and Cu-Sn electrodes. 
 

 
[1] J. Qiao, Y. Liu, F. Hong and J. Zhang, Chemical Society Reviews 43 (2014) 631-675. 



Synthesis of TiO2@PEDOT Composites for Photoelectrochemical 
Applications 

 
Renata Palowska, Joanna Kapusta-Kołodziej, Agnieszka Brzózka, Grzegorz D. Sulka  

Department of Physical Chemistry and Electrochemistry, Jagiellonian University 
Gronostajowa 2, 30-387 Krakow, Poland 
e-mail address:kapusta@chemia.uj.edu.pl 

 
During the last years there has been an increase in scientific interest in highly ordered nanoporous anodic 
titanium dioxide (ATO) and its possible applications as a promising material for sensors, electrochromic 
devices, solar cells, and supercapacitors. As one of the most studied photocatalytic materials, TiO2 has 
many advantages: its abundance, low cost, low toxicity, superior photostability, and high intrinsic catalytic 
activity under UV illumination. Although TiO2 has good optical properties and photoactivity, the usage of 
titania nanopores/nanotubes as a photoelectrode material is limited to the UV range as a result of the wide 
band gap energy. Therefore, innovative approaches are urgently needed in order to address these limitation 
and disadvantages. In that regard, strong interdisciplinary research strategies combining the efforts of 
engineers, nanoscientists and material scientists are being undertaken to shift the photoactivity of TiO2 
nanopores towards visible wavelengths. Different strategies to make visible light-responsive TiO2 based 
materials were recently proposed in the literature [1-3]. All of them are based on the modification of 
electronic band structure of TiO2. In particular, doping with metal or non-metal ions such as C, S, and N, 
sensitization by organic molecules, formation of heterojunctions either with other semiconductors with 
lower band-gaps, such as metal oxides, or deposition of conducting polymers. On the other hand, heating 
in vacuum or reduction with hydrogen at elevated temperatures or electrochemical reduction, and 
fabrication of self-doped TiO2 are standard procedures to increase the conductivity of semiconducting 
titanium oxide. In view of the above mentioned drawbacks that should be overcome. The aim of these 
research is to create ATO-PEDOT and ATO-CuO composites with improved properties for use in 
photoelectrochemistry. 
 
Nanoporous ATO layers were prepared via a two-step anodization of titanium foil in an ethylene glycol 
solution containing NH4F (0.38 wt%) and H2O (1.79 wt%) at constant anodizing potential of 40 V. The 
process was performed at 20 °C in a two-electrode cell, where a Ti mesh sample was used as an anode and 
the Ti foil was a cathode. The duration of the first step of anodization was 3 h. After the first step, the grown 
oxide layers were removed by an adhesive tape and the samples were re-anodized again in freshly prepared 
electrolyte for 10, 30 or 60 min. The samples were then annealed for 2 h at 400°C and reduced in a 0.1 M 
H2SO4 solution at constant potential of -1 V or constant current density of 5 mA∙cm-2. The process was 
carried out in a three-electrode cell with a Pt mesh as a counter electrode and Ag/AgCl/3M KCl as a 
reference electrode. The duration of reduction varies from 2.5 to 40 min. As prepared ATO layers were 
then coated with PEDOT (electropolimerization by means of cyclic voltammetry in a 12.5 mM LiClO4 
solution containing 2.5 mM EDOT at potentials from 0.44 V to 1.125 V in a three-electrode cell with the 
Pt mesh as the counter electrode and Ag/AgCl/3M KCl as the reference electrode) or CuO particles (sputter 
deposition and anodization in a 1 M NaOH solution with Hg/HgO electrode as the counter electrode). The 
structural and morphological characterizations of as-prepared ATO layers were performed using a field 
emission scanning electron microscope (FE-SEM). Then, photoelectrochemical properties of synthesized 
composites were tested. 
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Recently, redox-active metal-organic frameworks (MOFs) have attracted significant interests in the 
applications in various fields such as catalyst, energy storage and electric device.  Prussian blue (PB) is a 
typical redox-active MOF, of which nanopores can capture and release ions such as K+ accompanied by 
the redox reactions of PB.1 When applied MOF as a device, it is essential to control both electron transfer 
(ET) and ion insertion. But a such example hasn’t yet been reported.  We found that PB nanocrystals were 
grown spontaneously on the primer layer of Ru complexes by a simple immersion of the modified ITO 
substrate into the mixed solution of Fe3+ and [Fe(CN)6]3-. As for the Ru primer layer, we used three 
different Ru complexes, Ru-CP, Ru-NP, and Ru-NL(see Figure 1), in which the redox potentials were 
tuned by changing the bridging ligand. As a contrast, the PB nanocrystals grown by electrochemical 
deposition on an ITO substrate showed two reversible redox waves at +0.18 V and +0.88 V vs Ag/AgCl 
in KCl solution by cyclic voltammetry (CV), each of which correspond to the PW/PB and PB/BG 
couples. When monitoring mass change by electrochemical quartz crystal microbalance (EQCM) at the 
same time of CV, two steps of ion capture/release were observed. In the heterolayer films of ITO||(Ru 
layer)||(PB), the blocking of ET occurred by the potential gradient between the Ru complex and the PB; 
the access to PW/PB and/or PB/BG couples was regulated by the redox potential of the primer layer 
(Table 1). Using EQCM to monitor the ion migration on the ITO||(Ru layer)||(PB) heterolayer film, K+ ion 
movement in PB is determined by the redox behavior of PB which was controlled by Ru complex 
rectifying layer. Next, we focused on the ion movement of PW/PB process for ITO||(Ru-NP)3||(PB). In 
this PW/PB process, a large hysteresis of mass change was observed when the redox potential of Ru 
complex was reversed. So, we regarded +0.55 as “write”, -0.20 V as “erase” and +0.19 V as the “read” 
voltage. The monitored mass change for the applied potential sequence is shown in Fig. 2 (black line). 
The difference between blue area (0.19 V after 
0.55 V) and yellow area (0.19 V after -0.2 V) was 
0.7µg/cm2, and was memorized as the mass 

change. 
 
 
 
 
 
 
 
 
[1] K. Itaya, et al., J. Am. Chem. Soc., 1982, 104, 4767 

Fig. 1 Structures of dinuclear Ru complexes. 
Table 1. Regulation for redox behavior of PB in 
the hetero layer on the Ru primer layer. 

Fig.2 Mass change of ITO||(Ru-NP)3||PB on 
EQCM chip under the applied square pulse 
sequence in 0.1M KCl solution. 
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The detrimental effects to human health and to the environment of a range of metal ions motivate the 
design of sensors for their detection and of devices for their extraction from aqueous media. A generic 
strategy that has been explored for both these goals – respectively, determination and remediation – is 
metal ion uptake by an appropriately functionalized surface-immobilised electroactive film. A key issue is 
the relationship between the metal ion concentration in solution and its uptake by the film. Dependent on 
the nature of the surface film and the metal ion(s) in question, different in situ probes may be used to 
evaluate metal ion uptake.  
 
Here, we report on specific exploitation of this strategy, based on the post-deposition functionalization of 
conducting polymer films with carboxylate-type ligand groups. A combination of electrochemical, 
acoustic wave and spectroscopic techniques is used to establish efficacy of the strategy.  
 
The practical challenge is that functionalisation of small aromatic monomer molecules introduces 
sufficient steric hindrance that their electropolymerization is not generally effective. We therefore explore 
a three stage alternative approach based on electropolymerization of monomers functionalised with 
relatively small labile groups, followed by hydrolysis of the labile groups within the surface film, and re-
functionalisation with the desired ligand. Specifically, this strategy is developed for pyrrole-, thiophene- 
and aniline-based monomers functionalised with either 9-fluorenylmethoxycarbonyl (fmoc) or 
pentafluorophenyl groups via ester linkages. Following electrochemically controlled polymerization, the 
resulting polymer films were treated with base to remove the labile groups, then with NαNα-bis-
(carboxymethyl)-L-lysine to couple N-nitrilotriacetic acid functionalities via amide formation.  
 
The effectiveness of these ligand functionalised films was explored in terms of their facility to take up 
nickel, cobalt and copper ions from aqueous solution. Coulometric, gravimetric and spectroscopic assays 
were used to establish stoichiometry of the functional components (polymer spine, synthetically 
introduced ligand and coordinated metal ion). The electroactively addressable polymer redox site 
population was determined coulometrically; combination with QCM data provided the film solvent 
content; this is significant in terms of metal ion transport rate; ultimately, this will dictate sensor response 
time. The effectiveness of the surface synthetic sequence was evaluated using FTIR spectroscopy, with 
particular attention focused on the carbonyl functionality: this is initially part of an ester, then an acid and 
finally an amide function.  
 
At high metal ion concentration, the ligand sites are saturated; this permits metal:ligand stoichiometry to 
be evaluated. Coulometric and gravimetric (QCM) data at various points in the process and as a function 
of solution metal ion concentration permit the acquisition of isotherms for metal ion uptake. The films can 
be regenerated, i.e. restored to metal-free state, by exposure to EDTA solution. This is significant for 
sensing and remediation applications. The relative merits of different isotherms (Langmuir, Frumkin, 
Temkin and Freundlich) are discussed and the viability of the films for metal ion capture are evaluated.  
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Herein we present a simple approach for preparing an efficient catalyst for methanol electro-oxidation. 
The fiber-shaped Co decorated with very low amounts of Pt nanoparticles was prepared by a two-step 
process which involves electrochemical deposition of fiber-shaped Co coating followed by a spontaneous 
Pt displacement from platinum(IV)-containing solution.  
The morphology, structure and composition of the prepared catalysts were examined by FESEM, EDX 
and ICP-OES. The electrocatalytic activity of  the prepared Pt nanoparticles decorated Co catalysts was 
evaluated towards the electro-oxidation of methanol under alkaline conditions using cyclic voltammetry, 
chronoamperometry and chronopotentiometry.  
It was found that the prepared fiber-shaped Co decorated with very low amounts of Pt nanoparticles 
demonstrated it significantly higher electrocatalytic activity for methanol electro-oxidation, compared 
with that of bare Co and seem to be a promising anode materials for direct methanol fuel cells. 
 
Acknowledgment 
This research was funded by a grant (No. M-ERA.NET-1/2016) from the Research Council of Lithuania.  
 
 
 
 
 
 



High-Voltage Pulse Anodization of Aluminum in Phosphoric Acid 
 

Dominik Wójcikiewcz, Agnieszka Brzózka, Grzegorz D. Sulka 
Jagiellonian University in Krakow, Department of Physical Chemistry and Electrochemistry, Faculty of 

Chemistry, Gronostajowa 2, 30378 Krakow, Poland 
sulka@chemia.uj.edu.pl 

 
Anodic aluminum oxide (AAO) films formed by electrochemical oxidation of metallic substrates have 
been investigated broadly and used in numerous applications. In recent years, nanoporous AAO with  
a hexagonal arrangement of monodisperse nanopores has become a popular template for the synthesis of 
various functional nanostructures [1–3]. 
Nanoporous aluminum oxide has traditionally been made by mild anodization with a low current density 
(j = 1–5 mA cm−2) [1] or by hard anodization with much higher current densities (j = 30–250 mA cm−2) 
[4]. The first method produces self-ordered pore structures, but it only works for a narrow range of 
conditions and is very slow. The latter one is faster but it requires specific conditions. Pulse anodization 
[5] combines advantages of both of these processes. The approach is based on employing a series of 
potential waves that consists of two or more different pulses with designated periods and amplitudes, and 
provides unique tailoring capability of the internal pore structure of anodic alumina. The fabrication of  
a desired product by using relatively low voltages has already been mostly developed, but the growing 
demand for nanopore arrays with diameters of more than 150 nm is one of the reasons why high voltage 
pulse anodization of aluminum is still developed. This is because the diameter of produced nanopores and 
the distance between them is proportional to the used anodizing voltage. On the other hand, the higher 
anodizing voltage the more likely uncontrolled oxidation of the sample and burning phenomena can 
occur.  
The goal of this work was to fabricate nanoporous aluminum oxide by high voltage pulse anodization in 
phosphoric acid and to optimize the process conditions. Aluminum oxide was synthesized by a pulse 
anodization of aluminum in a 1 wt.% phosphoric acid solution. The pores of resulting AAOs exhibit 
modulated diameters along the pore axes. In particular, both the pore diameter and length of modulated 
segments  increase with the amplitude and period of current oscillations, respectively. Moreover, the 
current peak profile determines the internal geometry of nanopores. The key parameters such as the 
diameter of nanopores,  density of nanopores, and distance between nanopores were estimated from 
Scanning Electron Microscope (SEM) images. Additionally, the analysis of nanopore shape was 
performed through accurate observation of cross-sections of resulting alumina layers. 
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In the last couple of decades, electrode coatings based on proton conducting polymers were 

extensively adopted in the electroanalytical field for the preparation of modified electrodes to be used as 
highly performing sensors. These devices offer several advantages: they reduce adsorption phenomena, 
suppress the inclusion of interfering species, protect the electroactive surface from passivation and 
fouling, act as pre-concentrating agents towards selected analytes, modify the process kinetics and 
diffusion yielding to high electroanalytical sensitivity and selectivity [1-2].  

In this context, we would like to show some results on the use of sulphonated poly(aryl ether 
sulphone) (SPAES) [2-3], an innovative polymer in this field, whose properties can be appropriately 
designed, tailored and used in the preparation of modified electrodes for electroanalytical applications [2].  
Since connectivity and morphology of the modifying polymer are critical factors in controlling 
conductivity, stability, active surface and diffusion mechanism of the modified electrodes, much attention 
is devoted to the polymer casting conditions on the glassy carbon support. In particular, the effect of the 
use of different casting solvents (dimethylformamide (DMF), N,N-dimethylacetamide (DMAc), 
dimethylsulphoxide (DMSO), N-methylpyrrolidone (NMP)) is evaluated and different quantities of 
sulphonic groups, in terms of ion exchange capacity (IEC), are tested.  

Each sample is characterized in terms of residual solvent, water contact angle and analyte 
adsorptive preconcentration capability. The electrochemical performances are investigated by using a 
positively charged probe molecule (ruthenium(III) hexaammine chloride), while lead ion is chosen to 
evaluate the electroanalytical features of the polymeric membranes towards a small analyte of 
environmental interest. In this last case, linear sweep voltammetry with and without the stripping 
preconcentration step is employed and the best conditions for lead determination are discussed. In 
particular, the polymeric mesoporous structure obtained in controlled conditions, appears to be the major 
responsible of a preconcentration effect yielding to higher peak currents and hence increased sensitivities 
and lower detection limits in sensors applications. 

Finally, a Principal Component chemometric Analysis is also employed for results 
rationalization.    
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Invar Fe-Ni alloys having iron contents of 55 to 70 wt% are used as low thermal expansion 
materials having low coefficient of thermal expansion (CTE) values which range from 1 to 8 ppm/K, the 
so-called “Invar property.” Invar Fe-Ni alloys fabricated via an electrochemical bottom-up process such 
as electo/electoless plating are expected to implement precise micro-fabrication, which is not possible in 
the commercial process e.g., melting/casting, rolling, and machining. With respect to Invar Fe-Ni alloy 
films obtained via usual an electo-plating process, detailed results for thermal expansion and mechanical 
properties of the films have been previously reported1). In contrast, the properties of electroless deposited 
Invar Fe-Ni alloy films have not yet been reported, although the electroless-plating process enables film 
synthesis on non-conductive substrates and is superior in uniformity compared with the electro-plating 
process. In our previous study2), we reported about crystal structure and CTEs of electroless deposited Fe-
Ni alloy films as-prepared. In this study, we investigated the effect of heat treatments on the CTEs of the 
electroless deposited Invar Fe-Ni alloy films, correlated to their crystal structures 

Electroless-plating bath compositions were as follows: FeSO4·7H2O (15 mmol/L), NiSO4·6H2O 
(18 mmol/L), dimethylamine borane (25 mmol/L), potassium citrate (100 mmol/L), potassium 
pyrophosphate (5 mmol/L) and glycine (1 mmol/L).  The bath temperature was 343 K and the bath pH 
was adjusted to pH 10.0. A flat 4-inch Ni/Cr seed layers sputtered Si wafer was used as a substrate. The 
thicknesses of Ni and Cr seed layers are both approximately 10 nm. A contact plating method was applied 
to enhance the electroless deposition reaction; an aluminum plate was contacted with the substrate. Heat 
treatments were carried out in a vacuum furnace at 5 mPa for 5 minutes. 

We obtained the electroless deposited Fe-Ni alloy film on the Ni/Cr/Si wafer. The Fe content 
was 63.2 wt% ± 1.1 wt%, the boron content was 0.12 wt%, and the thickness was 410 nm ± 30 nm 
(hereinafter, this sample is referred to Fe-37wt%Ni). Fig.1 and 2 show effects of heat treatment 
temperature on the CTEs and XRD patterns indicated crystalline phases of the electroless deposited Fe-
37wt%Ni alloy films, respectively.  The CTE value for the as-deposited film was about 10 ppm/K, which 
is smaller than those for pure iron and nickel (12-13 ppm/K) but larger than those for the pyrometallurgi- 
cally produced Fe-35 to 37 wt%Ni alloys, referred to as “Invar 
alloys,” having low CTE values ranging from 1 to 2 ppm/K. The 
crystalline phase of the as-deposited film was almost single 
metastable bcc phase, which is different from the fcc single phase 
for the pyrometallurgically produced Invar Fe-Ni alloy. 

The CTE values after heat treatments at 500 ºC drastically 
decreased to 6 ppm/K. Furthermore, the CTE value of the film after 
heat treatment at 600 ºC was close to that of the pyrometallurgically 
produced Invar Fe-Ni alloy and was as low as that of Si and Si3N4 
with CTEs of approximately 3 ppm/K. The XRD peaks originating 
from the fcc phase, i.e., thermal equilibrium phase, began to appear 
at 300 ºC. The crystalline phase changed to the phase mainly 
comprised the equilibrium crystalline fcc phase at 500 ºC, and 
accompanied by this phase transformation, the CTE value 
considerably decreased. Furthermore, the Invar films entirely 
changed to single fcc phase at 600 ºC, thereby the CTE value 
decreased to 3 ppm/K similar to that of the pyrometallurgically 
produced Invar Fe-Ni alloy.  

It was revealed that the electroless deposited Invar Fe-Ni 
alloy films with CTE controlled to 3 to 10 ppm/K were produced by 
electroless plating “bottom-up” process and post heat treatment. It is 
considered that the change in the CTE resulted from the phase 
transformation caused by heat treatment.  
Reference 1) T. Nagayama et al., Electrochimica Acta, 205, 178, 
(2016).       2) T. Yamamoto et al., ECS Trans., 75, 77 (2017). 
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HKUST-1 is one of the most studied copper-based metal-organic frameworks (MOFs), containing Cu2+ 
dimers and trimesic acid (btc) as building units. It is characterised by a highly porous lattice with a BET 
specific surface area as high as 2000 m2 g-1, and it has properties including gas storage1, 2 and catalysis.3, 4 
In this work we aimed at developing a general procedure for growing stable conductive coatings based on 
HKUST-1 to promote the use of MOF materials in electrocatalytic applications. Graphene was mixed 
with HKUST-1 to form a homogeneous composite material, which was chemically attached to pre-
functionalised glassy carbon electrodes. Diazonium salt electrografting was used for pre-
functionalisation.5 
The addition of graphene was beneficial for the formation of coatings with a denser film without pin-
holes. In-depth characterisation of the coatings revealed crystalline HKUST-1 and successful inclusion of 
graphene. Moreover, graphene led to the formation of conductive films, despite the insulating properties 
of the bare MOF material. The electrochemical stability of the composite electrode films in acetonitrile-
based electrolyte solutions was also verified. 
 
 

 
 
Schematic representation of the synthetic procedure used to produce HKUST-1/graphene conductive 
coatings over glassy carbon electrodes (here drawn as grey rectangles). Charges are not shown for 
simplicity. The various parts composing this figure are not shown on scale. 
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Selective hydrogenolysis of xylitol to ethylene glycol (EG) and propylene glycol (PG) has nowadays 
raised attention due to their role in the chemical industry as monomers for bio-based polyester plastics. 
Currently, this process is performed in catalytic reactors with 40-120 bar of H2 and ~ 200 °C. In this 
work, different electro-catalysts were investigated for the electrochemical reduction of xylitol to valuable 
products, under milder temperature and pressure than the conventional processes, i.e. 100°C and 30 bar. 
In the latter case, the H2 or H+ needed for the reaction would be electro-generated in-situ by mean of an 
applied cell potential and the evolved H2 would have an increased solubility under the high pressure and 
could be readily usable. Nanoparticles (NPs) of Ni, Cu, Pd, Pd-Au and Au, deposited on carbon 
nanotubes (CNTs) and supported on Sigracet® gas diffusion layer (loading of 4 mg/cm2) were studied. 
The role of the pH on the products distribution was investigated, by testing the electrocathodes at three 
different pH: 13, 10 and 7, by using 0.1 M of KOH, Na-carbonate and K-phosphate buffers, respectively. 
The experiments were carried out in a lab-scale electro-chemical batch reactor with two-chambers (250 
ml each) separated by a PBI-based anionic exchange membrane, with a concentration of xylitol of 10 g/l 
at a current density of 10 mA/cm2 for 23 h. The final solutions were analyzed by HPLC, to determine 
both xylitol conversion and products distribution, and to draw some conclusions in relation to the reaction 
mechanisms (see Fig. 1). Ni NPs demonstrated the highest xylitol conversion (62 %) at pH 13, with a 
faradic efficiency of 78 %, whereas their efficiency sharply decreased both at pH 10 and 7. Cu NPs gave 
similar results at all the pH, while the Pd and Au NPs achieved their best performances at pH 10. For all 
cathodes, the conversion at pH 7 
was below 50 %. At high pH, 
mainly lactic acid was formed, 
together with glycerol, threitol and 
glycolaldehyde. At pH 10, lactic 
acid was not formed, but 
glycolaldehyde and threitol were the 
main products. Under neutral pH, 
only glycerol and a few of xylose 
were detected. EG and PG were not 
found in any of the final solutions. 
We found that the limiting steps for 
the xylitol electroreduction were the 
dehydrogenation of either xylitol to 
xylose or glycolaldehyde to EG. 
Instead, the hydrogenation steps, 
were fast enough to provide a high 
selectivity towards glycerol and 
threitol at low pH, while at high pH, 
the Cannizzaro disproportionation 
towards lactate was favored. 
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Fig. 1: General mechanism of reaction of electrocatalytic 
reduction of xylitol 
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Poly-3,4-ethylendioxthiophene (PEDOT) is one of the conducting polymers that has reached the 
commercial stage due to its excellent properties including thermal stability, good conductivity, and high 
chemical stability [2]. The solvent plays an important role during the charge/discharge process due to its 
nucleophilic properties, as well as its influence on the ionic transport required to compensate the charges 
generated by the redox reactions; therefore, the solvent directly affects the charge transfer and the 
polymeric chain stability of the thus materials generated [3]. This work describes the electrochemical 
behavior of poly-bithiophene (PBTh), poly-ethylene-3,4-dioxythiophene (PEDOT), and poly-3,4-ortho-
xylendioxythiophene (PXDOT) in an EtOH/H2O (1:1) mixture using 0.1 M LiClO4 as supporting 
electrolyte and AcOH/AcONa to buffer pH. PBTh suffers fast degradation, whereas PEDOT and PXDOT 
show reasonable stability in the EtOH/H2O mixture. A strong interaction between the 3,4-
alkoxythiophene polymers and the EtOH/H2O mixture (Figure 1) was evidenced by a charge/discharge 
process limited by ionic movement and slow electron transfer (as signaled by a large ∆Ep). Both of these 
processes were faster in ACN. The stability of the prepared films was studied through 100 
charge/discharge cycles in ACN and in the EtOH/H2O mixture. Considerable electroactivity loss for 
PEDOT and PXDOT was observed in ACN, which may be caused by charge trapping phenomena and 
oligomer release [4]. This loss diminished substantially in the EtOH/H2O mixture showing a current 
higher than 75% of the initial value and an electrochemical reversibility (i.e., the Qc/Qa ratio) higher than 
90% (Figure 2). The formation of a solvation sphere in the protic solvents that provides more stability to 
the positive charges generated during the polymer oxidation is proposed as the reason for the stability of 
the polymeric chain in the EtOH/H2O mixture. 

 
Figure 1. Solvation and stabilization process of charged poly-3,4-dialkoxythiophenes in EtOH/H2O. 
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Figure 2. Cyclic voltammetry of PBTh, PEDOT, and PXDOT films deposited on vitreous carbon 

electrodes in acetic acid/sodium acetate buffer (0.05 M/0.008M) EtOH/H2O (1:1) solution. v = 25 mV/s. 
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 Nowadays, III-V semiconductors became more and more popular in the field of nanotechnology. 
Particular interest in this group of compounds is a result of their optical and electrical properties such  
as high thermoelectric efficiency, surface sensitivity, and high electron mobility. The mentioned features 
make these materials ideal for applications in electronics, optoelectronics, and sensing. Among  
the semiconductors, indium antimonide is a compound which deserve for special attention due to its 
narrow band gap, small effective mass, one of the highest electron mobility and electron velocity. 
Especially advantageous is to use InSb in a form of nanowires. Materials have a large specific surface 
area and high length-to-diameter ratio.  
 The aim of this research was to obtain InSb nanowires with different diameters. Furthermore, 
the effects of nanowire diameter and annealing temperature on properties of synthesized InSb nanowires 
were investigated. Nanostructures were synthesized by pulsed electrodeposition from a citric bath 
containing 0.06 M In3+ and 0.045 M Sb3+. As template was used anodic aluminum oxide (AAO) with pore 
diameters of about 30, 50 and 70 nm. Received InSb nanowires were annealed at different temperatures 
ranging from 350 K to 450 K. The morphology, chemical composition, optical and electrical transport 
properties of deposited InSb nanowires were examined in detail. 
 It is worth to note that recent studies demonstrated that an appropriate heat treatment creates 
opportunity to change the nature of charge transport from holes (p-type) to electron (n-type) in InSb 
nanowires [1], but such effect has been inspected for only one diameter of nanowires so far. 
 

 
Fig. 1. Sample SEM microphotographs of InSb nanowires synthesized via pulse electrodeposition  
(ton = 1 ms, Eon = -2.3 V vs SCE, toff = 5 ms, Eoff = -0.5 V vs. SCE) using the AAO template with a pore 
diameter of about 70 nm. 
 
[1] K. E. Hnida, S. Bäβler, L. Akinsinde, J. Gooth, K. Nielsch, R. P. Socha, A. Łaszcz, A. Czerwinski, 
      G. D. Sulka, Nanotechnology 26, 285701 (2015) 
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Graphene (GR) is a carbon nanomaterial that is being thoroughly studied for its utilization in many 
different fields (i.e. sensor development, energy storage and conversion etc.) [1]. The functionalization of 
GR allows to improve specific properties, which is needed for certain applications [2]. In previous 
studies, we have investigated the oxygen reduction reaction (ORR) on chemical vapor deposition-grown 
GR and commercially available GR grafted with anthraquinone (AQ) groups by reduction of 
aryldiazonium salts [3,4]. 
 
In the present work, the ORR was studied on AQ modified and unmodified electrochemically exfoliated 
GR-based catalysts [5]. The electrochemical exfoliation of graphite and chemical grafting with AQ 
molecules were carried out simultaneously by an innovative one-pot synthesis process [5,6]. For the 
functionalization, the reduction of aryldiazonium method was used. For comparison purposes, the AQ 
modified GR was prepared in solutions with two different AQ diazonium ion concentrations: 5 and 16 
mM. The procedure for the preparation of these materials and thorough physical characterization has been 
published previously [6]. 
 
For the physical characterization of the materials, Raman spectroscopy and thermogravimetry were used. 
In case of unmodified graphene, Raman spectroscopy results showed the presence of high quality 
graphene with very few defects. The presence of AQ functionalities on graphene was ascertained by both, 
physical and electrochemical characterization methods. The amount of electroactive AQ groups was 
determined by cyclic voltammetry in alkaline and acidic solutions. The highest AQ surface concentration 
of 2.25 nmol cm−2 was measured in Ar-saturated 0.5 M H2SO4 in case of AQ modified GR, which was 
prepared in 16 mM AQ diazonium ion solution. The ORR was studied using the rotating disk electrode 
(RDE) and linear sweep voltammetry (LSV) techniques in acidic and alkaline medium. For the ORR 
investigations, the AQ modified and unmodified GR catalyst materials were coated on the glassy carbon 
(GC) electrode. In comparison with bare GC, all catalysts showed higher activity toward the ORR by 
LSV and RDE experiments. In alkaline solution, the number of electrons transferred per O2 molecule was 
calculated to be higher than two indicating the partial further reduction of peroxide to water [5]. 
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Poly(3,4-ethylenedioxythiophene) (PEDOT) is one of the most attractive conductive polymer in terms of 
practical applications especially in energy conversion and storage devices such as solar cells, 
supercapacitors and fuel cells [1]. PEDOT has excellent properties, including low-cost, flexibility and 
good electrical conductivity which results in fast electrochemical redox reaction. However, the major 
drawback is low cycling stability due to its poor mechanical strength [2]. In order to improve this 
properties composites of PEDOT and graphene or graphene oxide (GO) have been synthesized by 
chemical or electrochemical polymerization. Generally, electropolymerization of PEDOT requires 
organic media, but in terms of environmental and economic requests, aqueous solutions are more 
preferable. Moreover, by adding the surfactants or polyelectrolytes to the aqueous solutions it is possible 
to: increase the low solubility of 3,4-ethylenedioxythiophene (EDOT) in water, reduce the EDOT 
oxidation potential, accelerate EDOT polymerization and improve PEDOT mechanical and hole-transport 
properties [3].  
In this work, electrochemical polymerization of PEDOT/GO layers was carried out at constant potential 
in an aqueous solution containing 0.02 mol dm-3 EDOT monomer and 0.01 mol dm-3 poly(4-styrene 
sulfonate) (PSS) as supporting electrolyte with addition of 2 mg ml-1 GO. The presence of PSS can 
enhance not only the polymerization step but also the morphology and microstructure of PEDOT layer. It 
was expected that, beside PSS anion, GO will also be incorporated within the PEDOT layer as negative 
counter ion. Therefore, this method was considered to be one-step electrochemical method for 
PEDOT/GO composite layer preparation. The incorporation of GO could significantly increase cycling 
stability as well as porosity of the material. According to this, improved pseudocapacitive properties 
suitable for supercapacitor application were expected for composite materials. Morphological and 
structural properties of the obtained layers were characterized by means of scanning electron microscopy 
and UV/Vis spectroscopy. The pseudocapacitive properties were determined in 0.1 mol dm-3 KCl solution 
by using cyclic voltammetry  and electrochemical impedance spectroscopy methods. 
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Thiophene based conjugated polymers are a vast class of organic semiconductors which can be 
used as electron-donors or hole transport materials in electronic devices[1], polymer light-
emitting diodes (PLEDs), sensors[2], polymer solar cells (PSCs), and field effect transistors 
(FETs). The oxidation of the neutral, aromatic polymer is usually highly reversible and leads to a 
high conducting, low visible absorbing, chinoidal state characterized by the presence of 
delocalized bipolaronic bands. In contrast, the n-type process is seldom reported and its 
reversibility strongly depends on the monomer molecular structure as well as on the electrolyte 
composition[3]. 
Aim of the present contribution is to report the characterization of several polythiophenes as 
poly-3,4-ethylnedioxythiophene, poly-dispiro[1,3-dioxalane-2,4’(5’h)-benzo[2,1-b:3,4-
b’]ditiophene (poly-DTO-B) and poly-2,7-(Benzo[2,1-b:3,4-b']dithiophene-4,5-dione) to 
rationalize the correlation between the molecular structure and the electrochemical properties 
considering the interactions of the material with the chemical environment. Polymers have been 
growth from the corresponding monomers by electropolymerization on transparent conducting 
oxides and characterize by cyclic voltammetry, by electrochemical quartz crystal microbalance, 
and spectroelectrochemistry in monomer free solutions.  
 

  
PolyDTO-B in a) TBAClO4 and b) LiClO4 in ACN solvent. 

 
Ab-initio DFT based CMAB3LYP/6-31G quality calculations were also performed to determine 
the different interaction between polymer and electrolyte cations in terms of energy and 
conformation. Moreover, molecular dynamic simulations reveal the irreversible mechanism of 
polymer degradation after the electrochemical reduction in presence of small cations (Li+). The 
reversibility of poly-DTO-B in TBAClO4 has been attributed to the peculiar molecular structure 
and the low interaction energy with the large TBA+ cation. This reversibility opens the door for 
the development of symmetric electrochemical devices wherein the DTO-B polymer can be used 
as both anode and chatode.  
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The development of sensors with high selectivity and sensitivity for the detection and quantification of 
chemical compounds at low concentrations is a major concern because of its potential impact on people’s 
health. PEDOT is a conducting polymer whose properties depend on the method used for its deposition and 
of the counterions included in its structure during the deposition process [1]. This polymer has been used 
with different dopants for the detection of many organic and inorganic compounds. Furthermore, 
nanostructures such as carbon nanotubes, metal oxides, reduced graphene oxide and metal particles have 
been included in it to improve its analytical performance [2,3]. In this work PEDOT/ClO4 and PEDOT/SDS 
films were prepared on glassy carbon by cyclic voltammetry. The electroless deposition of silver was 
performed from a silver precursor solution for a long time which implied that the structure exhibits a 
different electrochemical behavior in comparison to previous reports [4,5]. The performance of the final 
structure for the detection of ascorbic acid was evaluated. 
 
The electrodeposition was carried out by scanning the working electrode potential between -0.3 and 1.1 V 
vs Ag/AgCl 3.5 M at 50 mV/s. After the electrodeposition, the films were reduced at -0.3 V for 10 minutes 
and then silver nanoparticles were deposited on the films at open circuit potential for 30 minutes. The 
morphology of the PEDOT/ClO4 films with and without SDS modified with silver particles was analyzed 
by SEM. According to the SEM micrographs, the surface of PEDOT/ClO4/SDS film was compact and 
rough with globules while the PEDOT films were less rough, homogeneous and porous. The pores are 
distributed all over the surface of the films and their size is between 50 nm and 200 nm. After the reduction 
of the polymer and the electroless deposition of the silver nanoparticles on PEDOT/ClO4 and 
PEDOT/ClO4/SDS the nanoparticles are seen as bright spots in the SEM images. In both films there are 
isolated and conglomerated nanoparticles. In the PEDOT/ClO4 films the nanoparticles are distributed 
mainly in the globules while in the PEDOT/ClO4/SDS films silver nanoparticles are also placed a greater 
depth in the porous structure. The size of the nanoparticles in the PEDOT/ClO4/SDS films is between 6 
and 100 nm. The chemical composition of the films modified with silver nanoparticles was determined by 
EDX. The analytical performance of PEDOT/ClO4/SDS modified with the nanoparticles for the detection 
of ascorbic acid was evaluated by differential pulse voltammetry. The sensitivity of the sensor was 0.026 
+/-0.001 / µA µM-1. 
 

  
Figure 1 – SEM micrograph of PEDOT/SDS/Ag     Figure 2 – DPV curves for dopamine detection 
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In the midst of the Fourth Industrial Revolution research and development within the metal finishing 
sector is rising. The demand for durable metals and adaptable manufacturing processes are needed across 
a wide range of applications, from automotive and aerospace to jewelry and machinery [1]. An essential 
step in the production line is the surface engineering of metals, as this determines the final appearance 
and functionality of a product. Among a plethora of coating techniques, electroplating is recognized as a 
mature technology allowing the low cost fabrication of defined surfaces with extensive property profile.  
Galvanic electrodeposition accounts today for almost 40% of the global market value share with North 
America and Western Europe leading the scenery. The most commonly used deposited metals are zinc 
alloys, followed by nickel, copper, chromium, tin and precious metals. Although technological and 
processing advancements occurred in the past forty years, industrial firms are still struggling to provide 
solutions to corrosion protection, energy conservation as well as reduction of costs and toxic wastes. 
Specifically, large-scale industrialization of electroplating techniques will continue to be limited by strict 
environmental regulations. Due to adverse ecological impacts, the adoption of plating processes involving 
toxic metals such as lead or cadmium is prohibited by the global legislations. Moreover, price volatility of 
the highly demanding electroplated materials gold, copper and nickel is expected to impact the market 
share for more than 60% by 2026. In this respect, alloy plating offers better answers in terms of economic 
growth and environmental sustainability due to fine tuning composition, morphology and crystallinity [2].  
The purpose of this study is to outline the current research status on new materials and process innovation 
for alloy electrodeposition highlighting future directions and open challenges from an industrial 
perspective. The main categories of alloy compounds are presented and the most important properties for 
the manufacturing process discussed. Particular attention is devoted to advances in industrial quality 
control and viable solutions for the reduction of precious metal content in electroplated accessories as 
well as replacement of cyanide and nickel baths with non-toxic compounds. 
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In the current chemical industry, only minor amounts of CO2 deriving from external sources are utilized. 
Actual chemical uses of CO2 have a minor impact on the reduction of GHG (greenhouse gasses) 
emissions. CO2 reduction using electrochemical method is one of the most promising methods to address 
this issue. However, scalable CO2 electroreduction still awaits catalysts that are active, selective, and 
cost-effective.  
Herein, we present a metal-organic framework mediated approach to achieve the high cost-effectiveness 
of the catalyst. A new kind of Ag coordination polymer is grown with a layer-by-layer method onto 
carbon cloth electrode, and afterwards it is electrochemically reduced to metallic Ag (see Figure). The in-
situ generated Ag catalysts are then tested in CO2 electroreduction reaction. The resultant Ag catalyst 
shows outstanding mass activity on a relatively large electrode.  
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Quinone compounds play an important role in the 
biological system to show proton-coupled electron 
transfer (PCET) reactions between redox proteins 
via cascade processes. They act as multi-electrons 
and protons reservoirs and can be applied to 
various functional devices such as redox catalysts 
and proton rocking-chair redox capacitors. As for 
electrochemical catalysts, quinols which have 
electron and proton may have an ability to interact 
with small organics to activate the catalytic reaction. [1],[2] In this study, novel bidentate ligand, 2-(pyridin-
2-yl)-1H-benzo[d]-imidazole-4,7-dione (PyQ) and its Ru complexes having both PyQ and 2,2-bipyridine 
(bpy) were synthesized (Figure 1) and their spectral and electrochemical properties were examined from 
the viewpoint of proton-coupled electron transfer (PCET) reaction.  The [Ru(bpy)2(PyQ)]2+ complex has 
both a proton dissociation N-H site and also PCET site on quinone moiety. From the spectrophotometric 
pH titration of [Ru(bpy)2(PyQ)]2+, the pKa of imino-NH group was determined as pKa = 2.60, which is 
significantly acidic compared to that of [Ru(bpy)2(PyB)]2+ (pKa = 6.8). From Proubaix diagram of 
[Ru(bpy)2(PyQ)]2+, PCET reaction occurred below pH < 2.5.  Figure 2 shows the cyclic voltammogram of 
[Ru(bpy)2(PyQ)]2+ in acidic CH3CN.  At acidic condition, one RuII/III oxidation couple at E1/2 = +0.87 V 
and one irreversible reduction peak at Epc = -0.32 V were observed. After the reduction, the corresponding 
oxidation peak appeared at Epa = +0.51 V during the reverse scan. For the reduction process of 
[Ru(bpy)2(PyQ)]2+, the benzoimidazole-4,7-dione moiety was reducted at Epc = -0.32 V to form 
semiquinone radical, followed by the intermolecular proton transfer to semiquinol radical. The resulting 
protonated semiquinol radical was reoxidized at Epa = +0.51 V. Therefore, the present reduction process 
occurred through the ECEC mechanism (Figure 3). Furthermore, deprotonated [Ru(bpy)2(PyQ)]2+ exhibited 
a weak emission at 679 nm in CH3CN.  By adding proton into the deprotonated complex, emission 
wavelength was shifted to 622 nm with a decrease of its intensity.  We will also discuss the 
spectroelecrochemistry and photophysical properties of the Ru complex in the presentation. 
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Figure 2. CV of [Ru(bpy)2(PyQ)]2+ in 
MeCN in acidic condition 
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Figure 3 ECEC reaction mechanism 
of PyQ complex  followed by 
reduction of quinone 

Figure 1 Chemical structures of two Ru 
complexes, [Ru(bpy)2(PyQ)]2+ (left) and 
[Ru(bpy)2(PyB)]2+ (right). 
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Molecular design and preparation of redox active films displaying mesoscopic levels of organization 
represents one of the most actively pursued research areas in nanochemistry. These mesostructured 
materials not only are of great interest at the fundamental level because of their unique properties but they 
can also be employed for a wide range of applications such as electrocatalysts, electronic devices, and 
electrochemical energy conversion and storage.  
Herein, we introduce a simple and straightforward strategy to chemically modify electrode surfaces with 
self-assembled electroactive polyelectrolyte-surfactant complexes. These assemblies are constituted of 
amino-appended polyaniline (PABA) and monododecyl phosphate (DP). After spin-coating, the films 
presented a well-defined lamellar structure, directed by the strong interaction between the phosphate 
groups of DP and the positive charged ammonium groups in the polyelectrolyte. The amounts of 
surfactant used to precipitate the electroactive polymer allowed obtaining different film thickness 
between 10 and 45 nm. Also, as proved by GISAXS, the proportion of surfactant works as a driving force 
to order the lamellas parallel to the substrate.  
The films obtained displayed intrinsic electroactivity in both acidic and neutral solutions.  The self-
assembled films were also able to manage the electron transfer to a soluble reversible redox couple. These 
results suggest that although the increment of the surfactant concentration yields more ordered stratified 
and hydrophobic coatings, the PANI-like polymer remains electroactive and ionic transport is still 
possible through the film. 
The enhanced electroactivity in neutral solution of PABA as compared with PANI also makes these 
assembled films good platforms for the integration of bioelectroactive proteins, such as glucose oxidase. 
Furthermore, due to their high hydrophobicity, they could also provide adequate environments for 
membrane or membrane-associated proteins, which may pave the way to new bio-nanoarchitectonic 
devices.  
The present results also open the door to further studies involving the assemblies of PABA and other 
surfactants in order to enhance their conducting properties for the design of highly connected films as 
electroactive components in sensing or energy devices.  
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Aluminum (Al) metal is an important material due to the lightweight, workability, and corrosion re-
sistance, and is used as various forms such as bulk, foils, films, and composites.  At the same time, Al is 
an anode candidate for next-generation battery, because of its negative electrode potential and high theo-
retical capacity.  Not only for the preparation of foils and films, but also for the battery application, elec-
trodeposition of Al is a fascinating subject of research, whereas it is not possible in aqueous electrolytes.  
Therefore, non-aqueous media, such as fused salts, organic solvents, and ionic liquids, are employed as 
solvents for Al electrodeposition.  While the 
fused salts have been used for Al electrodeposi-
tion in smelters, the latter two solvents enable 
the electrodeposition at room temperature (RT).  
The organic solvents so far reported are, howev-
er, quite volatile and flammable (e.g. diethyl 
ether and tetrahydrofuran) or solid (e.g. dime-
thyl sulfone) at RT.  Recently, we published two 
papers on RT electrodeposition of Al using a 1:5 
(by mol) mixture of AlCl3 and diglyme (G2) 
[1,2].  Diglyme has a boiling point of 162 °C 
and is much less volatile at RT than both diethyl 
ether and tetrahydrofuran.  It is true that G2 is 
somewhat more volatile than ionic liquids, but it 
is a less expensive electrolyte.  The Al layers 
obtained from the AlCl3/G2 solution were uni-
form, but the appearance was jet-black due to 
surface morphology.  To seek relationship be-
tween the color and surface morphology, in the 
present work, we tried to obtain flat and smooth 
silver-grayish Al deposits as is common with 
plated metal layers. 

All electrochemical experiments were performed in an Ar-filled glove box.  Anhydrous AlCl3 was added 
to well-dried G2 (water content < 20 ppm) little by little to obtain the AlCl3/G2 solution without noticea-
ble degradation due to the heat of mixing.   We adopted three strategies to obtain the target Al deposit: (i) 
the use of additive(s), (ii) preliminary electrolysis to reduce impurities in the electrolyte, and (iii) the ap-
plication of periodic potential change during electrodeposition.  Among several chemicals tried, dime-
thylamine hydrochloride (CH3)2NH·HCl had an effect to improve the throwing power of the electrolyte.  
The preliminary electrolysis was also found effective in promoting the nucleation and improving the 
smoothness of the deposits.  These two strategies were, however, not enough to eliminate the black ap-
pearance.  For further tuning of nucleation and subsequent grain growth through the modification of the 
Nernst diffusion layer, three different potential waveforms were employed as summarized in Figure 1.  A 
commonly used rectangular pulse-reverse (PR) deposition resulted in a compact Al deposit, while the 
appearance remained blackish, probably due to the flake-like surface structure (Fig. 1c).  In contrast, a 
silver-grayish deposit was obtained using a triangular waveform with relatively long cathodic and anodic 
periods as is used in cyclic voltammetry.  The resulting layer was composed of compactly arranged spher-
ical grains and the appearance was flat and smooth.  We also tried a sawtooth waveform consisting of 
cathodic potential-step followed by a linear ramp-up toward anodic.  The sawtooth waveform gave a 
mixed surface texture comprising the flake-like and spherical grains.  This implies that the cathodic po-
tential-step is the cause of flake-like texture. 

[1] A. Kitada, K. Nakamura, K. Fukami, and K. Murase, Electrochemistry, 82, 946 (2014). 
[2] A. Kitada, K. Nakamura, K. Fukami, and K. Murase, Electrochim. Acta, 211, 561 (2016). 

Figure 1.  Photographs (b) and scanning electron mi-
croscope images (c) of Al layers obtained with poten-
tial waveforms (a).  The potentials are in V vs. Al 
QRE.  Note that 0 V vs. Al QRE is ca. 0.2 V positive 
to the equilibrium potential of Al3+/Al [2]. 
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Abstract: Due to the large (~10-5 cm-1) optical absorption coefficient and the ability to tune the bandgap 
(1.05 to 1.67 eV), Polycrystalline thin films of Copper Indium Gallium Selenide (CIGS) have been proved 
to be one of the most efficient absorbers layer for photovoltaic solar cell [1]. It was demonstrated that the 
CIGS solar cells attained a highest efficiency of 22.6% by physical vapor deposition [2] and it may be one 
of the most efficient materials for mass-manufacturing. This experiment method needs multistep vacuum 
technique with high cost which may be hard to accommodate daily production. To lower the cost by against 
waste of raw materials and ensure the conversion efficiency, different methods are attempt to practice non-
vacuum processes [3]. Herein, CuInxGa1-xSe2 (CIGS) absorber layers was fabricated by two-step 
electrodeposition from 1-butyl-3-methylimidazole trifluoromesilate (BMIM-OTF) ionic liquid, without 
further Selenization. Unlike in the aqueous solution, the deposition potentials and electrochemical processes 
of binary systems Cu-In and Ga-Se are studied in the ionic liquid. Then, the systems have different 
codeposition potential of -1.80V and -1.40V respectively. After annealing at 500 oC, the morphology of 
CIGS become a dense and crystallized absorber layers. Through experiment from X-ray diffraction pattern, 
Raman spectroscopy and transmission electron microscopy, the film presents ideal chalcopyrite 
crystallization and a band gap in 1.1~1.7 eV. The average Hall coefficients of the absorber layers show that 
the initial CIGS is n-type semiconductor, then turns into a p-type semiconductor after annealing. And a high 
efficiency of the CIGS devices have been achieved by using optimized electrodeposition conditions. 
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The electrodeposition of nanostructured Te films on gold substrate in either choline chloride-urea or 
choline chloride-ethylene glycol deep eutectic solvents (DES), at a molar ration of 1:2, both containing 
0.05 mol L–1 TeCl4 was studied. The electrochemical behaviour of Te4+ ions on gold was investigated 
using cyclic voltammetry and the Te films were obtained by potentiostatic electrodeposition from 30 to 
100 °C. In addition, the physical characterisation of as-deposited Te films were done using a field 
emission gun-scanning electron microscopy (FEG-SEM) equipped with energy dispersive X-ray 
spectroscopy, X-ray diffraction (XRD) and transmission electron microscopy (TEM). The results showed 
that the cathodic process corresponding to electrochemical reduction of Te4+/Te occurred via one-step 
four electrons transfer process by diffusion control in both electrolytes. Moreover, it was observed that 
the reduction peak potential of the couple Te4+/Te shifted towards to more positive values with the 
enhancing of the peak current for higher temperatures. Additionally, the reduction Te/Te2– was also 
observed in the scan at more negative potentials. Furthermore, the analysis of potentiostatic current 
transients based on the Scharifker-Hills’ theoretical model revealed that the electrodeposition of Te on 
gold electrode proceeded a three-dimensional progressive nucleation mechanism regardless of the nature 
of the solvent and the temperature of the electrolytic bath. In addition, the values of the diffusion 
coefficient (D) of Te4+ species varying from 1.27 ± 0.04×10–7 cm2 s–1 at 30 °C to 4.50 ± 0.15×10–7 cm2 s–1 
at 80 °C in choline chloride-ethylene glycol. In choline chloride-urea, the values of D increased from 4.50 
±0.75×10–8 at 30 °C to 4.97 ± 0.30×10–7 cm2 s–1 at 60 °C. Moreover, SEM micrographs of Te 
electrodeposits from both DES revealed a large-scale Te rods-like morphology with hexagonal cross-
section in nanoscale regime uniformly distributed on the electrode surface. It was observed that the 
temperature played a key role in the diameter of Te nanorods arrays, reducing from 134 ± 40 nm at 30 °C 
to 94.2 ± 21.5 nm at 100 °C in choline chloride-ethylene glycol, while this reduction was from 88.5 ± 20 
nm at 30 °C to 80 ± 19 nm in choline chloride-urea. XRD patterns of the films revealed characteristic 
diffraction peaks of hexagonal Te (ICSD 40008). Finally, TEM images revealed that the spacing between 
adjacent lattice planes was 0.195 nm corresponding to (003) planes (Fig. 1). It suggested that the Te 
single crystalline grew preferentially along to direction of [001]. 
 

 
Fig. 1: TEM image of an individual Te nanorod obtained in 1ChCl:2U at 30 °C and detached from the 
gold surface. Inset corresponds to the SAED pattern.  
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Ir has been deposited on Ti via a simple galvanic deposition process [1] whereby a freshly etched Ti 
substrate has been treated with an Ir(IV) solution. The deposition is driven by the difference in the 
standard potentials of the following half-cell reactions: 

IrCl6
2- + 4e– ↔ Ir + 6Cl-  (E0 = +0.860 V vs SHE) (1) 

 
TiO2 + 4e– + 4H+ ↔ Ti + 2H2O (E0 = -1.095 V vs SHE) (2) 

which results in the spontaneous reduction-deposition of Ir(IV) as metallic Ir on the surface of the Ti 
substrate with the simultaneous oxidation of freshly reduced nearby Ti sites to TiO2 (Figure 1). The 
surface voltammetry of the resulting Ir/Ti electrode revealed features of IrO2 oxide formation at positive 
potential values during continuous potential cycling, while EDS and XPS analysis of the deposits 
provided evidence for the presence of small quantities of Ir on the surface of the electrodes. These 
exhibited an increase in oxygen evolution reaction (OER) activity with respect to pure Ti, when tested as 
OER anodes by near-steady-state slow sweep rate voltammetry (Figure 2). Compared to other IrO2 
anodes prepared on Ir substrates by electrochemical oxidation [2, 3], they exhibited similar specific 
current density (OER current per charge associated with IrO2 formation) but the amount of Ir deposited 
and their stability were highly dependent upon the Ti substrate etching conditions (HCl acid 
concentration, F- presence, temperature).    
 

                                                             
Figure 1: Formation of the IrO2/Ti structure. Figure 2: Linear sweep voltammograms (5 mVs-1) 

for OER, at both IrO2/Ti (etched in boiling 
HCl+NaF) and Ti electrodes.  
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CuGaS2 is a ternary chalcogenide semiconductor composed by elements more abundant than that 
chalcogenides based on In, Cd, Se and Te1. Although, its band gap energy (2.40 eV) is higher than that 
optimal calculated according to the Shockley-Queisser limit to a single band gap device (1.4 eV), it is 
possible to modulate its band gap by intermediate band formation, which can theoretically reach up to 46 
% of solar cell efficiency. Based on that, CuGaS2 thin films preparation have been attracted considerable 
attention and reported by several physical methods, for example, electron beam physical vapor 
deposition, metalorganic vapor phase deposition, and spray pyrolysis2. These methods are relatively 
expensive due to the use of vacuum equipment and may present throughput limitations. In addition, the 
electrochemical approaches reported in literature describe methodologies to deposit the Cu-Ga metallic 
alloy using deep eutectic solvents, or toxic complexing agents to improve Ga incorporation, followed by 
sulfurization thermal treatment step. The advantages of electrodeposition methods to prepare thin films 
consist in an easy scalability, cost-effectivity, and suitability for several conductor substrates3. In this 
work, we present a novel one-step approach to produce CuGaS2 from an electrolytic bath containing the 
all three elements precursors, [CuCl2]/[Ga2(SO4)3]/[Na2S2O3]=1.25/1.0/4.0, using 23 mmol L-1

, C8H5KO4 
as a complexing agent, and 100 mmol L-1 LiCl as supporting electrolyte. Electrodeposition was carried 
out in a three electrodes system using FTO, Pt and Ag/AgCl, as working, counter and reference 
electrodes, respectively. As an optimized condition, electrodeposition was performed by double pulse 
method, applying -0.8 V and -0.2 V (vs Ag/AgCl) with duty cycles (θ) of 25% and 33% during 900 s at 
room temperature. The as-deposited nanocrystalline films on FTO were treated at 500°C/N2 during 30 
min to improve crystallinity. XRD patterns of the thermal treated CuGaS2 films (Fig.1) show the three 
main characteristic peaks of chalcopyrite at (112), (220)/(204), and (312) around 29, 48, and 57°, 
respectively. The pulsed electrodeposited film with θ=25 % presented higher relative crystallinity and 
crystallite size (33 nm) than those non-pulsed (θ=100%) and pulsed with θ=33 % electrodeposited films. 
Moreover, the pulsed deposited films with θ=25 % presented no CuS impurity phase, and the MEV 
images show a surface comprised by large grains of up to 1µm. On the other hand, the other deposited 
films show a peak of CuS at 32° 2θ, and plaques of digenite as shown in MEV images. As a conclusion, 
we present for the first time a one-step approach to double pulse electrodeposit CuGaS2 thin films on FTO 
with high relative purity and crystallinity, contributing to promising applications of CuGaS2 to 
intermediate solar cells. 
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Figure 1. (Left) XRD of CuGaS2 thin films deposited a) at -0.8 V during 900 s, and pulsing at -0.8V and - 
0.2 V with a duty cycle of b) 25 %, and c) 33 %. (Right) MEV images of CuGaS2 electrodeposited at -0.8 
V (θ = 100%) and the pulsed electrodeposited (θ = 25%), before and after thermal treatment, respectively. 
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Rapid development of civilization leads to enhanced energy consumption and environment, especially 
water, pollution. Because of future depletion of fossil fuels, it is essential to investigate new ways to 
produce sufficient amount of energy without harmful by-products. Also, water purification systems 
should be efficient and inexpensive in use. Within this context, photoelectrochemical (PEC) water 
splitting has been considered as one of the most promising methods for large-scale generation of gaseous 
hydrogen. On the other hand, photocatalysis involving semiconducting photocatalysts appears to be an 
extremely useful technology that can be applied for the effective removal of various organic contaminants 
from water. 
Among many different semiconductors widely used for both aforesaid applications, zinc oxide (ZnO), 
seems to be a very attractive material due to its unique properties including good photocatalytic activity, 
abundance in nature, low cost and environment-friendliness. It is also well known that a significant 
improvement of photocatalytic activity can be achieved by using nanostructured materials instead of their 
bulk counterparts. 
Considering simplicity, versatility and low cost of synthesis, anodic oxidation (anodization) is an 
excellent method that can be employed for a synthesis of nanostructured oxide layers. Appropriate 
optimization of the reaction conditions allows to obtain different types of nanostructured oxide layers on 
the surface of various metallic substrates, including Zn [1,2]. 
Here, we present the synthesis of dark nanoporous ZnO films by one-step anodic oxidation of metallic 
zinc in 1 M sodium hydroxide electrolyte. Anodization was carried out at different potentials (2 V and 
4 V) for 30 minutes at room temperature. Some samples were annealed at 200°C for 2 h to investigate the 
influence of the thermal treatment on the morphology, chemical composition and crystallinity of as-
obtained oxide layers. The morphology of ZnO layers was analyzed by using a Field-Emission Scanning 
Electron Microscope. The crystallinity and phase composition of ZnO nanostructures were examined by 
XRD measurements. The effect of anodizing conditions on the morphology and composition of anodic 
films is discussed.  
 

 
Figure 1 Anodic zinc oxide layer obtained in 1 M NaOH electrolyte at 2V for 30 minutes. 
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Bismuth telluride is among best thermoelectric materials performing at moderate temperature. Its 

hexagonal layered structure provides possibility of Bi layers inclusion resulting in formation of 
(Bi2)m(Bi2Te3)n superlattice with low phonon conductivity and topological insulating properties.  

Solid state synthesis of (Bi2)m(Bi2Te3)n superlattices was reported in [1,2]. Here we show 
electrochemical pulse deposition of such layered compounds onto stainless steel from acidic Bi3+ and 
TeO2 solutions of different Bi3+/TeO2 ratio. The film composition has been found to vary from Bi1.7Te3 up 
to Bi7.3Te3, which covers all possible m and n in (Bi2)m(Bi2Te3)n formula according to phase diagram of 
Bi-Te system whereas the structure of the deposits was proved using XRD analysis in comparison with 
simulated XRD patterns. 

The formation of these Bi-rich compounds is in good accordance with cyclic voltammetry profiles 
of their electrochemical deposition and anodic oxidation processes. The oxidative dissolution of the 
superlattice structures show two well defined peaks; one of that was attributed to oxidation of interlayered 
bismuth whereas the second peak corresponds to bismuth telluride anodic dissolution (Figure 1). 

The composition of (Bi2)m(Bi2Te3)n films is controlled by parameters of pulsed electrodeposition and 
electrolyte composition, which provides an easy route to prepare various superlattice films interesting for 
functional materials fabrication. 

  
Figure 1. (a) Anodic oxidation potentials of Bi in superlattices vs. bulk Bi and bismuth telluride, (b) XRD 

experimental data for various superlattaces in (Bi2)m(Bi2Te3)n series 
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Research on non-precious metal catalysts (non-PGMCs) as an alternative to Pt-catalyst for the oxygen 
reduction reaction (ORR) in proton exchange membrane fuel cell have been developed over several 
decades. Relevant studies on this perspective have validated that the carbon-based electrocatalysts 
especially with nitrogen-doping could be the better replacements for the state-of-the-art Pt based systems. 
From the pioneering work of Jasinski on Co-phthalocyanine for oxygen reduction reaction in alkaline 
medium [1], the activity in this direction has been maintained by the continuous efforts exploiting 
materials like transition metal-nitrogen-doped carbon nanostructures M-N-C. In fact, if the doped 
heteroatom such as nitrogen can bind with appropriate metal counterparts such as Fe or Co or both [2], a 
substantial leap in the performance characteristics of the materials toward ORR can be expected [3]. 
Catalytic activity strongly depends on the metal precursor and varies as Fe > Co > Ni [4]. However, it is 
not clear how the degree of activity, stability and durability depends on the type of metal complexes and 
in the ancillary ligand in particular.  

There are two important aspect to be taken into account for catalytic performance: (i) the surface 
area and porous structure of the carbon support2 and (ii) the N-groups acting as the coordinating 
environment for metal ions resulting in FeN4-moieties, which are supposed to be catalytic sites [5,6]. In 
this paper, we evaluate the influence of different N-based ligand on the formation and density of active 
site in Fe-N-C catalysts (Fig. 1). Iron complexes of 1,10-phenanthroline, cyclam and TPMA were 
synthetized and added in varying ratios to a Vulcan XC72 and treated in tubular furnace at 900 °C for 
generating the FeN4-moieties. The final materials were fully characterized by RRDE technique for 
understanding the activity and selectivity of the material. Special attention was put in the determination of 
the active site density according to nitrite electrochemical reduction measurements that were correlated to 
Mossbauer spectroscopy information [7].  

 
 
 
 
 

 
  

Figure 1: (a) 1,10-phenanthroline, (b) cyclam and (c)TPMA are  
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The oxygen reduction reaction (ORR) has received much attention due to the recent interest on fuel cell 
devices (FCs) over the past decade [1]. The ORR is typically catalysed using Pt or Pt-group metals, which 
currently constitutes a bottleneck for the commercialisation of these devices; therefore, there is great 
interest in replacing these precious metal catalysts with non-precious and possibly earth abundant 
materials to make FCs commercially viable. Nitrogen doped carbon-based electrode materials are an 
interesting class of sustainable ORR catalysts that have received increased attention due to their 
remarkable activity in alkaline environment [2]. The mechanism and the role of N-sites in imparting 
catalytic activity is still not completely clear as well as the effect of different functionalities on the 
stability and ORR activity at other pH values [3, 4]. In this work we discuss a study of the catalytic 
activity towards ORR of nitrogen doped film electrodes with different varying nitrogen composition (load 
and type) obtained via reactive sputtering deposition followed by selected post-deposition 
treatments. Electrochemical characterisations were performed in Ar- and O2- saturated 0.1 M HClO4 
and 0.05 M phosphate buffer solution (PBS) to evaluate activity and stability in the oxygen 
reduction reaction (ORR). Results obtained in acidic environment show that ORR is influenced by 
the choice of annealing temperature to a greater extent than by the initial nitrogen content in the 
film electrodes. Catalytic activity is also higher in PBS solution than in acidic one as reported by the 
ORR onset potential during the acquisition of the linear sweep voltammetries of the considered 
samples. Electrochemical results were also coupled with X-ray photoelectron (XPS) and Raman 
spectroscopy to evaluate the concentration and type of nitrogen sites incorporated at the catalyst 
surface. The catalytic performances are interpreted on the basis of the observed distribution of 
graphitic, pyrrolic and pyridinic sites in the carbon electrodes. Raman spectra indicates that the 
initial nitrogenation level can also affect the structure of the amorphous carbon electrodes; the role 
of this structural reorganization has on ORR electrocatalysis will therefore be discussed. 
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Anodic oxidation of metal foils is a common method for the preparation of metallic oxides and hydroxides. The 
great interest of worldwide scientists on this topic has started after the discovery of two-step anodization of 
aluminum by Masuda et al. [1]. Apart from aluminum [1], such materials as titanium [2], zirconium [3], tin [4], 
zinc [5], copper [6], nickel [7], and stainless steel [8] are anodized. The structural parameters and chemical 
composition of formed oxides/hydroxides are influenced by anodization conditions [9], thus their change results 
in the different morphology, and chemical composition of obtained materials. The possibility of control both 
structure and composition at the synthesis stage is very interesting and desirable, especially in the context of 
future applications. Anodic oxidation of copper foil is usually conducted in an aqueous alkali solution which 
leads to the formation of Cu2O or Cu(OH)2 structures. Further thermal annealing of Cu(OH)2 can lead to the 
formation of more desirable CuO [10], without any morphological changes. CuO as a p-type semiconductor with 
relatively narrow band gap (i.e., 1.2 eV) can be applied as an anode in lithium-ion batteries, catalytic material, 
high-temperature semiconductor or as an optical switch [11]. Therefore, one-step synthesis of CuO with different 
morphologies by a simple anodization method seems to be very desirable. 
The aim of this research was to examine the influence of anodic oxidation conditions of Cu foil on structural 
parameters, crystallinity and chemical composition of as obtained copper oxides and hydroxides. The copper 
oxidation was performed in an aqueous NaOH solution in the concentration range of 0.2 – 1 M at two different 
temperatures of 20 and 30 °C, and at different current densities ranging from 0.1 to 5 mA cm-2. Also, different 
anodization durations, from 5 min to 1 h, were tested. The morphology of obtained copper oxides (Cu2O, CuO) 
and hydroxide (Cu(OH)2) was examined by using field-emission scanning electron microscopy (FE-SEM), while 
the chemical composition and crystallinity of the obtained materials were confirmed with EDS, XPS, and XRD 
techniques. The conducted research allowed to state that Cu2O, CuO, and Cu(OH)2 nanostructures can be 
obtained by simply changing the conditions during the anodization of copper in the alkali solution. The 
morphology, structure, and chemical composition of obtained nanostructures are influenced by anodization 
conditions, especially temperature, current density, and electrolyte concentration. 
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One of the most important directions of global research centers are studies on issues related to the 
acquisition, conversion, and energy storage. Currently, more and more work is devoted to research on 
nanostructured materials as building blocks of batteries and electrochemical capacitors. Electrochemical 
capacitors (ECs) are energy storage devices which can find applications ranging from portable electronics 
to hybrid vehicles and large scale power generations. The ECs offer a number of desirable properties, such 
as fast charging (within seconds), reliability, long-term cycling (more than 500.000 cycles), and the ability 
to deliver 10 times more power than batteries. Moreover, ECs can be used to recovery energy from 
repetitive processes (descending elevators, braking cars), due to their fast charging rate. Electrochemical 
capacitors may be divided into two main categories based on their energy storage mechanism: electric 
double-layer capacitors (EDLCs) and supercapacitors. EDLCs store electrical charge in a double layer at 
the interface between the electrode and electrolyte. On the other hand, supercapacitors are devices thatyield 
two different capacitive behaviors: electric double-layer capacitance (DLC) and pseudo-capacitance (PC) 
related to a redox reaction at the interface between an electrolytic solution and electrode surface [1]. 
As pseudo-capacitive materials metal oxides and conducting polymer have been extensively studied in the 
past decades [2]. Conducting polymers, such as polypyrrole (PPy), combine advantages of organic 
polymers with electronic properties of semiconductors, and hence, are attractive materials for the use in 
data storage media and photovoltaic cells. They also can be used as electrochromic devices, chemical 
sensors and biosensors, logic or switching elements and supercapacitors [3]. Furthermore, Ni-based 
nanostructures and thin films have been extensively used as electrode materials for lithium-ion batteries 
and fuel cells, electrochromic films, gas sensors, and electrochemical supercapacitors. Since Ni is cheaper 
than Ru, environmentally benign, and easy to process using a variety of methods, it deserves considerable 
research activities toward high-performance electrochemical supercapacitor applications [3]. 
In the search for new materials, hybrid materials play an important role. As a multicomponent system, 
hybrid materials combine the properties of their constituents, which make it possible to overcome the 
drawbacks of individual components. Therefore, the aim of the presented research was to synthesize 
nanowire arrays which can be applied as an electrode material in supercapacitor. This material was obtained 
by using two different methods: (i) direct current pulse electrodeposition from a single solution containing 
pyrrole monomer and nickel ions or by (ii) electropolymerization of PPy from an aqueous solution 
containing pyrrole monomer and subsequent modification of PPy nanowires surface by electrodeposition 
of nickel nanoparticles after the template removal. 
The structural features of the hybrid PPy@Ni nanowires were investigated by means of Field Emission 
Scanning Electron Microscopy (FE-SEM). The chemical composition of such nanowire arrays was 
evaluated by Energy-Dispersive X-ray Spectroscopy (EDAX). The surface states of the hybrid PPy@Ni 
nanowire array was investigated by X-ray photoelectron spectroscopy (XPS). The hybrid PPy@Ni 
nanowire arrays were examined by cyclic voltammetry, galvanostatic charge–discharge tests, and 
electrochemical impedance spectroscopy in order to determine their capacitance values, optimal working 
potential range, and charge propagation. The discussion will also include the cyclability tests and the 
capacitance retention during an accelerated ageing procedure. 
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It is known that the injection of organic additives in the electroplating bath can improve the quality of the 
cathode coating. Organic compounds can act as ligands, adsorbates, inhibitors, colloids, buffer additives or 
exhibit additive effects. The insertion of organic ligands in the galvanic sediments leads to the formation of 
organometallic composite coatings on the cathode.  
This paper presents the results of a study of the material and elemental composition of copper, bismuth and 
copper-bismuth coatings obtained from solutions of complex organic ligands, and statistics of the quality, 
structure and properties of galvanic precipitation. 
The study used ethylenediaminetetraacetic (EDTA) and citrate electrolytes in which depending on 
concentration of components and acidity of solution the prevailing equilibrium forms were the protonated, 
mononuclear, homo- or heteropolynuclear complexes of metals. Electrodeposition of copper or bismuth from 
ethylenediaminetetraacetic solutions carried out at a molar ratio of metal and ligand of 1:1 (pH 1-8), copper-
bismuth coatings - 1:1:2 (pH 3-8) in the Hull cell. Using citrate solutions a molar ratio - metal: ligand was 1:6 
or 1:1:12 (binary copper-bismuth coating) at pH 5 to 7. The metal content in alloys and electrolytes were 
determined by spectrophotometry and atomic absorption methods. Quantitative elemental analysis of organic 
substances in the electroplating is made by high-temperature decomposition/oxidation of solid samples in the 
CHN-analyzer. Identification of organic inclusions was carried out by IR-spectroscopy of solid samples. The 
material composition of the organometallic coatings was investigated by thermogravimetric and differential 
thermal analysis. It was controlled the quality of coverings, current efficiency, internal stresses, 
microhardness and rust resistance of coverings.   
It is established that the greatest impact on organic content in galvanic settlings is exerted by the nature of the 
electrofissile complexes. Under conditions of discharge on the cathode of protonated metal complexonates, 
dark, coarse-grained, poorly adherent coatings with a high degree of grinding of mosaic blocks and high 
microstresses are formed. The mass fraction of carbon in coverings reaches 25%, nitrogen – 6%, hydrogen – 
3%, the content of nonmetallic impurity in a cathodic deposit reaches 60%. The C:N:H molar ratio in the 
coatings indicates the inclusion of two compounds, the EDTA and EDDA anions, in the metal precipitates. 
From ethylenediaminetetraacetic solutions at pH 2-8, dense fine-crystalline copper and bismuth films with 
small internal compressive stresses are deposited. Coverings contain up to 1-2% of carbon, the current 
efficiency of metal makes 90-100%. In the course of electrodeposition of alloys copper-bismuth the smooth 
opaque or semilustrous, strongly linked to a substrate metal films containing C and less than 1% of N to 2% 
are formed of solutions of heteropolynuclear complexes of metals with EDTA at рН from 3 to 8. The copper-
bismuth and copper coverings electrodeposited from citrate solutions contain the slight number of organic 
inclusions – ligand destruction products, contents the C less than 3%, H – less than 0,3%. Smooth, semi-
bright coatings are formed with low tensile stresses, which have high corrosion resistance.  
The conducted researches made it possible to establish the nature of electroactive complexes, the functional 
composition of nonmetallic inclusions, the mechanism of the discharge of complex metal ions and the 
formation of metalorganic coatings from ethylenediaminetetraacetic and citrate solutions. 
The nature of the organic ligand largely determines the elemental and phase composition, structure and 
properties of the composite electroplating coatings, which opens up new possibilities for improving the 
electrochemical technologies for surface modification. 
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Intermetallic ZnPd offers unique catalytic properties in methanol steam reforming, due to a synergy be-
tween in-situ formed ZnO on ZnPd [1]. ZnO lowers the water dissociation energy, thus enabling the 
steam-reforming path and ZnPd is vital for a high turnover frequency (TOF). As ZnPd is a conducting, 
non-hydride forming compound and water activation is also beneficial in the hydrogen evolution reaction 
(HER), it is likely that ZnPd might also work as cathode in water splitting. 
Foil shaped electrodes were prepared by a solid-vapor synthesis method, allowing a precise compositional 
control better than 0.1 at% [2]. This is crucial, as the chemical activity and therefore the catalytic behav-

ior of ZnPd is changing drastical-
ly within the homogeneity range 
of this intermetallic phase [3]. In 
this preliminary study slightly 
zinc- and palladium rich samples 
were investigated in the HER 
under alkaline conditions. The 
linear galvanodynamik scan 
(Fig. 1A) shows a difference in 
the HER onsets of the two sam-
ples, which is diminishing when 
reaching higher current densities. 
The higher activity of Zn52Pd48 at 
low overpotentials might be relat-
ed to the high twin density within 
the grains, visible under polarized 
light (Fig. 1A, Inset), possibly 
offering unique reaction sites. 
When forcing a current density of 
-200 mA/cm² over 48 h (Fig. 1B), 
the difference in composition 
causes different long term stabili-
ties, as zinc leeching happens 
faster on the zinc rich sample and 
preferably at certain twin orienta-
tions as can be seen under differ-
ential-interference-contrast (DIC) 
(Fig. 1B, Inset). While the over-
potential at the zinc rich sample 

increases stepwise, indicating a continuous surface reconstruction, the one at Zn48Pd52 recovers slightly 
after one major drop, stabilizing within the last four hours of the experiment. Even so an equalization of 
the a priori different surfaces under the chosen conditions is possible, the small compositional change 
within one crystal structure, has a big influence on the electrocatalytic behavior. This knowledge can be 
used for the optimization of intermetallic catalysts under less harsh electrochemical conditions. 

[1] M. Friedrich, S. Penner, M. Heggen, M. Armbrüster, High CO 2 Selectivity in Methanol Steam Reforming 
through ZnPd/ZnO Teamwork, Angew. Chemie Int. Ed. 52 (2013) 4389–4392. doi:10.1002/anie.201209587. 

[2] D.C.A. Ivarsson, U. Burkhardt, K.W. Richter, R. Kriegel, L. Rößner, M. Neumann, M. Armbrüster, Simple 
vapor-solid synthesis of Zn-based intermetallic compounds, J. Alloys Compd. 743 (2018) 155–162. 
doi:10.1016/j.jallcom.2018.01.385. 

[3] M. Friedrich, D. Teschner, A. Knop-Gericke, M. Armbrüster, Influence of bulk composition of the 
intermetallic compound ZnPd on surface composition and methanol steam reforming properties, J. Catal. 
285 (2012) 41–47. doi:10.1016/j.jcat.2011.09.013. 

Figure 1: A) Linear galvanodynamic Scan, 100µA/s cm², 1M KOH, Inset: 
light micrographs of Zn52Pd48 before the catalytic test. 
B) Chronopotentiometry, -200 mA/cm², 1M KOH, Inset: light micrographs 
of Zn52Pd48 after the catalytic test. 
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Introduction: In the electrolyte with CoCl2•6H2O and SeO2 as main salt, Co-Se compound was prepared 

by potentiostatic electrodeposition method. Co-Se compound has high catalytic activity for oxygen 

reduction reaction, which is an good alternative to the precious metal fuel cell cathode catalyst to solve 

the problem of high cost. 

Results: 

Fig. 1 SEM morphologies of Co-Se deposited at various concentration radio between CoCl2•7H2O and 

SeO2:(a)1:2;(b)1:1;(c)2:1;(d)4:1. Fig. 2 (a)HRTEM images and the corresponding mapping images (b)Co 

(c)Se: the concentration of CoCl2•7H2O and SeO2 in the electrolyte was 7 mmol•L-1, the pH of 

electrolytes is 2, CoSe2 compound was deposited at the potential of -0.7 V for 10 min at 40 ℃. Fig. 3 

(a)(b)(c)HRTEM images (d)Selected area electron diffraction (SAED) image of CoSe2. 

Fig. 4 Cycle voltammograms of Co-Se co-electrodeposition at scan rate 30 mV•s-1. Fig. 5 Linear 

polarization curves of CoSe2 catalyst at different rotational speeds in alkaline media. Fig. 6 The stability 

test of CoSe2 catalyst in alkaline media. 

Conclusion: CoSe2 compound prepared by this method has the advantages of low cost, good catalytic 

performance and high stability, which is expected to be used in commercial fuel cell. 
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Molecules with structurally tunable properties are of both fundamental and practical interest. They are 
strongly required in material science and can serve as models for establishment of structure/reactivity 
relationships and mechanistic considerations. One of possible approaches is fabrication of bulky 
molecules with impeded rotation containing electron rich and electron poor phenyl rings simultaneously. 
In this case, changes in the dominant electronic interaction of a reaction center with the rest of the 
molecule can occur upon a simple rotation. Such systems are beneficial for both kinetic and 
thermodynamic stabilization of the oxidized and reduced species and can be considered as perspective 
redox active materials or other functionally interesting molecules.  
A series of diarylamines and diarylnitroxides containing bulky electron donating and electron 
withdrawing groups in different rings will be discussed. 
 

Electrochemical investigation of donor/acceptor bulky 
diarylnitroxides supported by DFT calculations showed an 
interesting feature: under oxidation and reduction they behave as 
“electrochemical chameleons”. The chameleonic behavior 
logically follows from the electronic requirements of cationic and 
anionic species and is provided by the combination of structural 
features, due to which rotation around C-N bonds can turn the 

donor/acceptor effects on and off contributing to stabilization of both oxidized and reduced species. This 
strategy allowed obtaining the first examples of diarylnitroxides which can be used as ambipolar redox 
active electrode materials as well as mediators not only in oxidative (as TEMPO and its derivatives) but 
also in reductive processes. The examples will be discussed in the presentation. 
 
As for the bulky diarylamines, changing in electronic demands dictates a change in the preferred 
delocalizing stabilization mode in the radical-cations formed under electrochemical oxidation and 
influences the subsequent reaction channel leading to either corresponding tetraarylaminobiaryls 
(benzidines) which are practically important or para-aminodiarylamines. The possible mechanism of 
electrochemical oxidation will be discussed in the context of electronic nature of the substituents in the 
phenyl rings. Preparative electrolysis of bulky donor/acceptor diarylamines  constitutes a convenient route 
to new hole-transporting materials of the benzidine type. 
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The wide and growing interest in improving biosensing technologies by increasing their sensitivities and 
lowering their cost has led to the exploration and application of advanced nanomaterials as signal 
transducers and enhancers.1 Electroactive nanoparticles represent a promising alternative to redox enzymes as 
electrochemical transducers since they are significantly more affordable in production and engineering, while 
their robustness allows easy storage and longer half-lives (i.e. temperature, pH).2 In this work, the 
electrochemical properties of monodispersed bimetallic nanoparticles with finely tunable morphology, 
composition and size were studied in order to assess their potential as electroactive labels. This analysis 
revealed a strong correlation between the reproducible electrochemical signal generated, easily 
measurable through voltammetric techniques, and the relative amount and distribution of the two metals. 
By modulating precisely the synergy between both metals through a highly controlled synthetic protocol, 
an enhancement in the electrochemical current is triggered without the need of any further reagent. The 
ability of this novel bimetallic nanoparticles to “switch on” the generation of an amplified electrocatalytic 
current makes of them an extremely promising material for biosensing applications. 
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The electrical conductivity of graphene with an ideal structure is assumed to exceed the 

corresponding value for a real graphene with structural defects. However, the results of experimental and 
theoretical studies show an increase in the electrical conductivity of graphene with the increase in the 
number of defects in nanosheets. Previously, graphene oxide (GO) was considered as a raw material for 
the production of graphene and graphene materials. However, at present, GO is actively studied as a 
component to be utilized in various devices and composite materials. Conductivity of graphene is of a 
special interest due to the potential application of graphene-like materials in nanoelectronic devices. At 
the same time, carbon nanostructures are promising materials for the development of catalysts for oxygen 
electroreduction. 

In water vapors, GO films demonstrate protonic conductivity, which depends logarithmically on the 
relative humidity (RH). Unlike GO, in the partially reduced graphene oxide films, both electronic and 
protonic conductivity are observed. In dry atmosphere, there is only an electronic conductivity; and in wet 
conditions, the mixed electronic-protonic conductivity is realized. 

In the present study, electrochemical exfoliation of graphite was used to obtain few-layer graphene 
structures (FLGS). Anodic-cathodic pulses were applied to the graphite electrodes in a 0.1 M Na2SO4 
solution. FLGS are graphene-like particles with rough edges and a wide size distribution (from 200 to 600 
nm) and a thickness of 2–4 nm. According to the data of IR spectroscopy and X-ray photoelectron 
spectroscopy, on the FLGS surface, there are functional oxygen-containing groups, which are mainly 
epoxy (4.4 at.%) and carboxyl (9.9 at.%) groups. 

Application of 100 mV voltage 
to the FLGS film at RH < 7 % 
(region I in the figure) results in a 
current response of ca 250 nA due to 
the electronic conductivity. In wet 
conditions (RH = 100 %), the current 
decreases (region II). Returning the 
sample in dry atmosphere (region III) 
restores initial current value. 

The observed decrease in total 
conductivity of FLGS at RH = 100 % 
can be explained by insulation of 
FLGS flakes by a water film that 
leads to an increase in the film 
resistance (the number of contacts 
between FLGS flakes decreases). A 
similar decrease in the electronic 
conductivity with the increase in 

humidity is observed for composite materials due to the insulation of conductive particles. In general, 
electronic conductivity of the film in dry atmosphere is a qualitative criterion of low functionalization of 
the surface of few-layer graphene structures. 

In conclusion, we have measured the current-voltage parameters of the film formed of few-layer 
graphene structures which were obtained by electrochemical exfoliation of graphite. Few-layer graphene 
structures possess electronic conductivity, which argues for a low degree of surface functionalization. The 
conductivity is governed by external conditions, namely the humidity of ambient environment. The 
resistance of the film of few-layer graphene structures increases with the relative humidity due to the 
insulation of FLGS flakes by a water film. 
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Carbon nanomaterials doped with atoms of p-elements (N, S, P, B) demonstrate distinct 
electrocatalytic properties in the reaction of oxygen electroreduction. At present time, few-layer graphene 
structures (FLGS) are of the most interest compared to other carbon nanoforms. Among the variety of 
methods of FLGS production, electrochemical exfoliation of graphite deserves mention because of its 
simplicity and efficiency. The method can be sufficiently enhanced by application of pulse voltage. For 
example, under certain conditions, impulses of high voltage lead to the formation of electrolysis plasma in 
the near-electrode region. This phenomenon results in a great effect on the electrode surface. In the 
present study, such an approach was utilized for the production of FLGS doped with nitrogen atoms. 

The synthesis of FLGS was carried out by application of repetitive anodic-cathodic pulses to the 
graphite electrodes of different size in a 0.2 M N2H4H2SO4 solution with the addition and without 
acetonitrile. Cathodic voltage impulses of 200–250 V with the duration of 10–20 ms and the rising edge 
of 500–700 ns resulted in the formation of electrolysis plasma around the electrode of a smaller size. At 
the same time, an intensive oxygen emission took place on the opposite electrode. Both processes led to 
the destruction of electrodes and the formation of black suspension was observed. Obtained suspended 
matter was separated from the electrolyte in the course of several steps of centrifugation and decantation. 
As a result, a stable suspension of few-layer graphene structures in water was produced. FLGS are 
graphene-like particles with rough edges and wide lateral size distribution (100–600 nm) and a thickness 
of 2–4 nm. Based on the results of elemental analysis, the nitrogen content is 2–6 at.%. According to the 
data of X-ray photoelectron spectroscopy, on the FLGS surface, there are functional oxygen-containing 
groups, which are mainly epoxy and carboxyl groups; nitrogen atoms are pyridinic N and pirrolic N. 

Electrocatalytic activity of FLGS was studied by means of a linear sweep voltammetry (LSV) 
performed on a VED-06 rotating disk electrode setup. The surface of a glassy carbon (GC) electrode was 

covered with a 7 µl drop of 2 mg/ml 
FLGS suspension. It was dried at 
ambient temperature and LSV 
measurements were carried out in an 
aerated 0.1 M KOH solution. A wave 
of oxygen reduction to hydrogen 
peroxide was observed. For FLGS, the 
limiting diffusion current of reduction 
process increased 1.2 times and the 
overvoltage decreased by ca 0.1 V as 
compared to the initial polished GC. 
The analysis of experimental data with 
the usage of Koutecky-Levich equation 
revealed that total electron number 
involved in oxygen reduction on FLGS 
was ca 2.3±0.1 in the potential region 
of –300 ÷ –500 mV vs Ag/AgCl (sat. 
KCl). 

 
Thus, plasma electrochemical exfoliation of graphite resulted in nitrogen doped few-layer graphene 

structures. Such structures were shown to possess catalytic activity towards oxygen reduction reaction. 
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The development of highly active, low-cost, and robust electrocatalysts for the oxygen evolution 
reaction (OER) is critical for generating hydrogen fuel through electrochemical (EC) and 
photoelectrochemical (PEC) water splitting.[1,2] Here, we present a facile and controllable one-step 
electrodeposition of spinel-type non-precious metal oxides, MxM’3-xO4 (M and M’ represent Co, Fe, Zn, 
and Ni), as highly active and stable oxygen-evolving electrocatalysts.[3,4] Take ZnxCo3-xO4 as an example, 
previously reported synthetic methods for ZnxCo3-xO4 usually involved high-temperature annealing of the 
hydrothermally or electrochemically synthesized Zn-Co precursors,[5-7] which were time-consuming and 
not suitable for the direct synthesis of catalysts on semiconducting substrates like Si. In contrast, in our 
work, the electrodeposited ZnxCo3-xO4 electrode could be directly used as the anode for the water 
electrolysis without any post treatment. The ZnxCo3-xO4 film shows a low and stable overpotential of 
~0.33 V at 10 mA cm-2 (and ~0.35 V at 20 mA cm-2) for over 10 hours and a Tafel slope of ~39 mV dec-1 
toward the oxygen evolution reaction (OER) in 1 M NaOH (as shown in Fig. 1), comparable to the best 
performance of the non-precious OER catalysts reported for alkaline media. The enhanced OER activity 
of ZnxCo3-xO4 compared to Co3O4 could be attributed to the surface structural modification and higher 
density of the accessible active Co3+ sites induced by the incorporation of Zn2+. The electrodeposition 
method in this work could also be used to synthesize other binary and ternary metal oxide-based catalytic 
electrodes for reactions like OER and oxygen reduction reaction (ORR). 
 

 
Fig. 1. Tafel slope and long-term stability test of the electrodeposited ZnxCo3-xO4 film in 1 M NaOH at 
room-temperature. 
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Aerospace systems contain a number of electronic devices responsible for data acquisition and 
transmission, device control, and power storage. Resistant structural materials, and light electronics are of 
strong interest to the aerospace industry. Thus, it is possible to aggregate these properties in a single 
electroactive composite material for application in new aeronautical structures of panels, circuits, de-icing 
and anti-icing systems, and sensor integration. The combination of carbon fiber with conductive polymer 
results in a material that can replace printed circuit board metal with improvements in the properties of 
thermal and mechanical resistance, and density resulting in a lighter material and electric conductor. The 
most suitable forms of electrodeposite polyaniline in carbon fiber structural cables were tested, including 
cleaning of epoxydic sizing, sweep rate, concentration and number of electrochemical cycles. In general, 
the electrochemical cell can be described as carbon fiber (CF) used as work electrode, against platinum 
electrode, using cyclic voltammetry in the region of -0.20 V to +1.05 V vs. Ag/AgCl at variable sweep 
rate from 5 up to 50 mV/s, and different numbers of voltammetric cycles, 2, 4, 6 and 9, in a 0.02 up to 0.5 
mol/L aniline and H2SO4 0.5 mol/L solution. It was used potentiostat-galvanostat Metröhm AUTOLAB 
PGSTAT 302. For half of the samples, the structural carbon fiber was subjected to superficial cleaning 
procedures, in order to verify the influence of the sizing composed of epoxy resin on the electrochemical 
growth parameters of the PANI film. It was verified that the presence of epoxy resin applied during the 
carbon fiber manufacturing process does not influence the characterization of the fibers. However, at the 
PANI@CF composite treated at low sweep rates and low monomer availability, due to the increased 
viscous friction between the fiber strands of the structural fiber, impacts the obtained amount of the 
conductive polymer, since the polyaniline can not adhere in regions where epoxy resin agglomerates are 
present; at speeds greater sweep rate, the low availability of monomer affects the production of 
polyaniline, which has formations non-uniformly on the carbon fiber cable and is proven with tests in 
optic microscopy which showed high amounts points without polyaniline. By varying the number of 
voltammetric electrochemical cycles, it is possible to conclude that the carbon fiber is covered relatively 
uniformly, where there is polymorphic and polycrystalline polyaniline throughout the fiber filaments, 
with no apparent fiber damage. The polyaniline obtained is in the form of emeraldine, its most stable form 
and with the highest electroactivity, tending to an extremely conductive form. There are improvements in 
the charge accommodation structure and in the macroscopic regularity of the PANI @ FC composite 
when the number of potentiodynamic cycles is reduced and the end-of-scan potential is equal to the 
maximum oxidation current leucoemeraldine → emeraldine. The consistency of the degree of oxidation 
(emeraldine form) with the high concentration of protons in the forming groups induces the existence of 
predominantly bipolaronic and therefore conductive forms (to the detriment of the simply polar, more 
related to capacitive or semiconductive properties). The PANI obtained with 2 cycles presents smaller 
(but with a high protonation index) molecules than the more cyclized ones. A number of cycles which 
appears suitable for obtaining thin, conductive and moderately oxidized emeraldine films is 4 when 0.5 
mol/L of aniline is used at a scanning rate of 5 mV/s. When 9 cycles are used, the conductive properties 
are more relevant at 50 mV/s, but without film uniformity. The film is uniform using dilute aniline 
solution (0.02 mol/L), but the conductivity is low, having capacitive character highly influenced by the 
carbon fiber. Mechanically tested for universal tribometer traction, PANI obtained using 9 
electrochemical cycles in 0.5 mol/L solution of aniline and a scanning rate of 5 mV/s, the resistance 
increased by around 14.2 mN in the tensile force of the monofilament. Applied in an aeronautical 
composite, under flexion, this same PANI@CF provided increase of tenacity, but drop of the limit of 
rupture. 
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Conductive polymers such as polyaniline (PANI) are materials useful as a filter for electromagnetic 
interference (EMI). This work consists of the study of the composite polyaniline@carbon fiber felt, the 
latter annealed previously to 1300° C under action of electromagnetic field in the range of microwaves, in 
order to better understand the relationship between its electrosynthesis parameters and their behavior as 
an EMI filter. The composite samples were obtained in different numbers of voltammetric cycles, 3, 6 and 
9, in a 0,1 mol/L aniline and H2SO4 0,5 mol/L solution. Carbon fiber felt (CFF) was work electrode, 
against platinum electrode, using cyclic voltammetry in the region of -0.50 V to +1.05 V vs. Ag/AgCl at 
sweep rate 25 mV/s. It was used potentiostat-galvanostat Metröhm AUTOLAB PGSTAT 302. To analyze 
electromagnetic response, the samples were cut 23 mm long by 10 mm wide, with their respective 
measured thicknesses and then put into rectangular waveguide WR90, usinf two ports, at HP 8510 vector 
network analyzer at frequency range of 8.2 to 12.4 GHz. In all cases, polyaniline was formed as 
polycrystalline material. Intense growth was recorded after six cycles. From the infrared and Raman 
spectroscopy, formation of emeraldine occurred progressively, from leucoemeraldine to emeraldine, but 
all protonated, with polarons, and with bipolarons quantity increased in an order of magnitude.  

  
Figure 1: Nyquist Plots of 
PANI@CFF composites 
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 Figure 2: Scattering parameters to 
microwave reflexion on 9 cycles 
PANI@CFF. 
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Figure 3: Scattering parameters to 
microwave transmission through 9 
cycles PANI@CFF. 

Electrochemical Impedance Spectroscopy (figure 1) showed that the felt shows typical behavior of 
amorphous carbon, which underwent gradual changes with the cycles, increasing the capacitance and 
decreasing the electrical resistivity. PANI@CFF composites from nine cycles showed more electroactive 
interfaces, increasing both the accumulation and the release of electrical charge from the material to the 
electrolyte environment. The higher the conductivity, the higher the reflectivity, which can be explained 
by the amount of PANI on surface, which in turn is explained by the difference between the curves of the 
modules of the wave energy scattering parameters s11 and s22. Such difference indicates heterogeneous 
surfaces. The greater the amount of bipolarons, the greater the"metallic character", acting as a microwave 
reflector. To S-Parameters s11 and s22 composite obtained with 3, 6 and 9 cycles (Figure 2), there is 
variation of intensity as the frequency increases, both along itself and from one profile to the other, which 
indicates that the surfaces of the samples are anisotropic and heterogeneous, that is, the surfaces are 
different in relation to the mobile electric charge distribution. The S-Parameters s21 and s12 show the 
transmission behavior inside sample, from one surface to another, in both directions. It was observed that, 
for 3 and 6 cycles, s21 and s12 show a similar behavior among themselves, which indicates an electrically 
inner homogeneous and isotropic environment, unlike that obtained with 9 cycles (Figure 3), which 
shows an electrically inner heterogeneous and anisotropic medium, which may suggest whether the PANI 
grew inside the carbon felt, or if the growth was only external, which would explain the difference in 
behavior from the external to the internal environment. 
Acknowledgements: The authors are grateful for the support of FAPESP (project 2016/11462-3), 
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Abstract:  
 
The ability to convert low-grade heat energy into current has the potential to generate significant amounts 
of electricity. Not only does the human body generate a large quantity of thermal energy as waste, but there 
are numerous other processes that release low grade waste heat energy. If this problem is met using earth 
abundant and cheap redox pairs such as iron salts and iron complex salts then there is the economic 
possibility to scale-up this energy harvesting on a potentially world-wide level. However, to date most 
attention has focused upon ionic liquid and aqueous thermal energy harvesting. Both of these present 
problems, largely due to the expense of ionic liquids and the good thermal convection of liquid media, 
along with the leaking problem normally associated with liquids. 
 
It has been demonstrated already that by simply gelling the electrolyte the leaking problem has been 
alleviated, while maintaining the ability to harvest thermal energy. [1] But there is a stark decrease in power 
output when compared to aqueous-based systems. [2] The aims here are two-fold; (1) to generate, optimise 
and characterise both pseudo n-type and pseudo p-type ionic conductive materials for thermal energy 
harvesting, and (2) to examine novel electrolyte redox active pairs for their ability to harvest thermal energy. 
The ferricyanide | ferrocyanide redox pair has already demonstrated a high harvesting efficiency in the            
p-type or ‘anionic’ direction (oxidation occurs at the hotter electrode), and for this redox pair an anionic 
polyacrylate-based superabsorbent gel has been synthesised and optimised. However, there is no 
comparable redox pair and super-adsorbent gel for the n-type or ‘cationic’ direction (reduction occurs at 
the hotter electrode). This presentation will introduce optimised ferri|ferrocyanide-containing polyacrylate-
based superabsorbent gels. It will also introduce some novel electrolytes and the cationic superabsorbent 
gel required to complete a pseudo n-type, p-type system for in-series thermoelectrochemical energy 
harvesting.  
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(left) Ferricyanide | Ferrocyanide adsorbed polyacrylate-based gel which generates potential (V) and power density (Wm-2) 
(right) when subjected to a temperature difference between electrodes (centre), 

 
 
References: 
 
[1] Wu, J. et al. Electrochimica Acta, 2017, 225, 482-492. 
 
[2] Maimani, M. A. et al. Electrochemistry Communications, 2016, 72, 181-185. 



Ferroelectric properties, crystal and electronic structure  
of (K, Na)NbO3-based ceramics by SPS method and Cu doping 

 
Yoshiaki Hirasawa, Naoya Ishida, Naoto Kitamura, Yasushi Idemoto 

Faculty of Science and Technology, Tokyo University of Science 
2641 Yamazaki, Noda, Chiba 278-8510, Japan 

7217660@ed.tus.ac.jp 
 

Lead zirconate titanate (PZT)-based piezoelectric ceramics have been widely used in actuators, 
sensors and other electric devices, owing to their outstanding electrical properties. However, their raw 
materials containing PbO cause serious harm to human health and environmental, and thus it is an 
important issue to develop lead-free piezoelectric materials which can replace these lead-based ceramics. 

(K, Na)NbO3 based ceramics is considered to be one of the most promising lead-free piezoelectric 
ceramics1), but the problems such as volatilization of alkali metals, inferior siterability and lower 
electrical properties than PZT are pointed out. In order to improve the piezoelectric properties of (K, 
Na)NbO3 (KNN), some previous works prepared solid solutions of KNN-based lead-free piezoelectric 
ceramics with another perovskite oxide. In this study, we investigated the effect of Cu addition and spark 
plasma sintering (SPS) method on the sinterability and the properties of KNN ceramics. We discussed 
ferroelectric properties on the basis of crystal and electronic structure obtained by the Rietveld analysis 
using synchrotron X-ray diffraction date. 

Starting materials were wet-mixed in appropriate proportions, and then calcined at 850 ℃ in air 
for 2 h. Thereafter, the samples were grounded by a ball mill. After drying the mixtures, they were wet-
mixed again with CuO in appropriate proportions. Then they were sintered by SPS method under an 
uniaxial pressing at 50 MPa at 1050 ℃ in vacuum for 5 min. For the obtained products, an annealing 
treatment was performed at 980 ℃ in O2 for 4 h. The identification of the phases and the evaluation of the 
lattice parameters were performed by XRD. Relative densities of the pellets were estimated by the true 
density method. The surface morphologies of the samples were observed by SEM. P-E hysteresis loop 
measurements were carried out at various frequencies using a TF-2000FE device (aixACCT) with the 
virtual ground mode. The temperature dependences of the dielectric permittivity (εs) and dielectric losses 
(tanδ) of the samples were measured by LCR meter (HP-4284A). For average crystal structure analysis, 
we performed the Rietveld analysis (Z-Rietveld, RIETAN-FP) using neutron diffraction patterns 
(iMATERIA, J-PARC) and synchrotron X-ray diffraction patterns (BL19B2, SPring-8). The electron 
densities were determined by the maximum entropy method (MEM, Dysnomia program). 
      (1-x)(K0.45Na0.55)NbO3-xCuO (x=0, 0.0025, 0.005) could be identified as the perovskite structure with 
the orthorhombic (Amm2) symmetries without impurity phases. It was found that all of the sample were 
sufficiently dense by the true density method and the observation by SEM. From P-E hysteresis loop 
measurements, it was demonstrated that the leakage currents were suppressed and the remanent 
polarization (Pr) increased, the coercive field (Ec) decreased by Cu-doping. The relative dielectric 
constant at the Curie temperature (Tc) increased. with Cu-doping. Therefore, it can be considered that Cu-
doping has favorable influence on the ferroelectric property. However, the piezoelectric constant (d33) and 
the electromechanical coupling coefficient (Kp) decreased. In order to clarify an origin of such changes in 
the electrical properties, crystal structures and 
electron density distributions of the samples were 
analyzed. From the crystal structure analysis by the 
Rietveld method, the good fitting patterns were 
obtained. We also calculated octahedral distortions 
of λ and σ2 from bond length and angles, 
respectively. These values changed depending on 
the copper addition amount and corresponded to 
the behavior of the ferroelectric properties. From 
the electron density distribution obtained by MEM, 
it was considered that the electron density between 
B-site and O-site decreased due to the copper 
addition amount, leading to the instability of 
structure. It is suggested that this influences the 
ferroelectric properties.  
1) Y. Saito, et al, Nature, 432, 84 (2004) 

Fig.1 P-E hysteresis loop of  
(1-x)(K0.45Na0.55)NbO3-xCuO at 10Hz 
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A speciation model is proposed for the determination of the concentration of different species formed in an 
aqueous solution containing Mo(VI), Ni(II), citrate, ammonia and sulfate at 298 K, 105 Pa and variable pH 
and Mo(VI)/Ni(II) activity ratios. This solution is to be used as electrolyte in the electrodeposition process 
of thin films of Mo and Ni oxides, which appears to be a promising material for the fabrication of photo-
anodes for water splitting in photo-electrochemical cells. The speciation model comprises 53 species and 
their stability constants, which are related through molar and charge balances to estimate the composition 
of the solution given a pH value and formal concentrations. As a result, predominance and distribution 
diagrams are produced, based on which electrolyte conditions (pH and central species concentrations) are 
recommended to maximize the availability of desired species for the electrodeposition process. These plots 
were used to discuss and choose adequate conditions for the co-electrodeposition process of molybdenum 
and nickel oxides, suggesting that a pH = 9 and pCMo = pCNi = 2 are recommendable when pCcit = pCN(III) = 
pCS(VI)=1 is fixed.  
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TiO2 is one of the most extensively studied compound in materials science owing to its outstanding 
properties in photocatalysis, dye-sensitized solar cells, and biomedical devices. In the present work, we 
focus on anodically grown TiO2 NTs.  

Over the years, a range of morphological variations of anodic TiO2 have been produced, 
including bamboo tubes, branched tubes, membranes, or single-walled TiO2 NTs [1]. Generally, all the 
self-ordered, anodic TiO2 nanotube arrays grow in a hexagonally close-packed (CP) configuration, i.e., 
have no or only very narrow tube-to-tube spacing. Here, differently, we show how to establish and control 
spacing between the growing nanotubes without losing self-organization. The present work provides a 
detailed approach to the growth of TiO2 nanotubes with a defined tube-to-tube spacing and discuss key 
factors such as electrolyte composition and electrochemical conditions [2,3]. 

Having defined tube-to-tube spacing from top to bottom is beneficial for a number of 
electrochemical and photoelectrochemical applications, e.g., solar cells, ion-intercalation devices, sensors, 
capacitors, and fuel cells. For instance, we show that the spacing allows a conformal decoration of 
nanoparticles without clogging the tube mouth, it can accommodate volume change and withstand 
structural stress/strain, it allows easier penetration of electrolyte, and it improves permeability of fuel or 
gas. We compare the morphology (diameter, wall structure, chemical composition, and crystal form) and 
the electrochemical–photoelectrochemical performance of the spaced NTs with those of classic close-
packed tubes. We evaluate the TiO2 NTs with tube-to tube spacing for supercapacitor [4,5], Li-ion battery 
[6], and photoelectrochemical [7] applications to demonstrate the advantageous features of spaced 
nanotubes.  
 

(a) (b)

 
Figure (a) 3D drawing of spaced nanotubes consisting of small and large nanotubes [2]. (b) SEM images 
showing cross-section and inset top view of spaced nanotubes (scale bars are 500 nm) [6].  
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Electroless copper plating solutions are widely used in electronics for deposition of metallic copper layers 
on semiconductors or dielectrics (silicon wafers, resins etc.). Theindustrial electroless copper plating 
solution containing formaldehyde as reducing agent areknown from the middle of the last century and are 
widespread in the practice up to now. 
Electroless copper deposition process is recognized now as being electrochemical by natureand consisting 
of two reactions, anodic formaldehyde oxidation and cathodic Cu(II) reduction, occurring simultaneously 
on the same surface. The anodic formaldehyde oxidation on Cu in a negative potential region is described 
by the stoichiometry (1): 
                                          HCHO + 2OH- → HCOO- + H2O + 1/2 H2 + e-                                              (1) 
Ethylenediaminetetraacetic acid (EDTA) is one of the most widely used ligand in alkaline electroless 
copper plating baths due to its perfect chelating properties. The data on use of EDTA in electroless copper 
plating as a Cu(II) ligand are enough wide-ranging, but, it is worth noting that practically all data are 
obtained at room or higher temperature. Therefore in this work copper coatings were deposited from 
alkaline formaldehyde-containing solutions, using EDTA as Cu(II) ligand at temperatures, mainly lower 
than room temperature. 
Our studies were carried out in electroless plating solutions at pH 12.0 - 13.0 and 5 - 30 °C temperature 
during 0.5 and 1h (Fig. 1). The thickness of the compact copper coatings obtained under optimal 
operating conditions in 1 h can reach ca. 4 μm, depending on the pH and temperature. The maximum 
values of plating rate are reaching at pH 12.5 at all investigated temperatures. The real surface areas (Rf) 
of deposited copper coatings vary widely, i. e. from ca. 3.1 up to 39.3. The maximum Rf values were 
obtained at pH 12.0 for investigated temperatures. 
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Fig  1 . Dependence of copper plating rate on pH and temperature. Solution composition (mol l-1): 
[Cu(II)] – 0.05, [CH2O] – 0.15,  [EDTA] – 0.055. Plating time a) 0.5 h, b)  - 1 h. 
 
Anodic formaldehyde oxidation measurements were carried out in formaldehyde solution at pH 12.5. It 
was found, that the rate of formaldehyde anodic oxidation depends on conditions of the formation of 
copper coatings – the highest rate of HCHO oxidation was determined on the surface’s electrolessly 
obtained at 5 °C and pH 13.0.  
The possible solution equilibria in alkaline Cu(II)-EDTA-formaldehyde solutions is also discussed. 
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The natural water contamination has been a huge problem for the modern society. Particularly, dye 
wastewater present a complex composition where conventional treatments have become inadequate. 
Electrochemical advanced oxidation process have appeared as a promising and clean technique, which 
does not require additional chemical species using the electrons as the main reagent. In this context, new 
anode materials have been demanded, concerning the enhancement of organic degradation [1,2]. Thus, 
porous structure of three-dimensional oxidized carbon fibers (OCF) associated to titanium dioxide can 
effectively improve the mass transport in its enlarged area promoting superior performance as anode in 
dye degradation. Binary TiO2/OCF electrodes were produced from an optimized OCF surface for 
different TiO2 deposition times.  Firstly, CF samples of 1 cm2 surface area, from PAN precursor and heat 
treated at 1000ºC, were anodically polarized using 0.5 mol L-1 H2SO4 in a fixed potential of 2.0 V vs 
Ag/AgCl/KCl(sat) for 5, 10, 20 and 30 min. Emphasis was given in the influence of oxygen functional 
groups on the CF surface in the anodic hydrolysis of TiCl3 for obtaining TiO2/OCF composites. TiO2 
electrodeposition was performed under potentiostatic mode, at a fixed potential of 0.75 V for 30 min, in 5 
mmol L-1 TiCl3 (pH=2) + 0.1 mol L-1 KCl aqueous solution. From scanning electron microscopy (SEM) 
and Raman analysis the suitable produced binary  TiO2/OCF composite was obtained from oxidized CF 
for 30 min, as depicted in Fig. 1. Concerning TiO2 presence several characteristic Raman bands of anatase 
modes at 150, 398, 511, and 620 cm-1 were observed. These results were corroborated with the samples 
photoelectrochemical activities under UV irradiation that increased with TiO2 deposition time increase. 
After the optimization of all electrochemical parameters, larger TiO2/OCF electrodes, of 4.4 cm2 surface 
area, were produced and characterized aiming their application as anode for Brilliant Green dye 
degradation. For this purpose, TiO2/OCF samples were used with a platinum screen as cathode in a 
polypropylene home-made single cell of 450 mL. Electrolysis were performed at current density of 10 
mA cm-2, using 100 mg L-1 of Brilliant Green dye in K2SO4 aqueous solution (0.1 mol L-1), in a total 
treatment time of 300 min. Aliquots were taken at times: 0, 15, 30, 45, 60, 75, 90, 120, 150, 180, 240 and 
300 min. Their UV-Vis spectra were recorded using the maximum absorption at 426 nm to calculate the 
dye concentration decay curves as a function of electrolysis time, as shown in Fig. 2. To improve the TiO2 
crystallinity samples were also heat treated at 500 ºC for 2 h in Argon atmosphere. The results showed the 
TiO2 effects on the electrolysis efficiency.  

                

Fig. 1. SEM image of TiO2/OCF 30min. 
Inset in higher magnification. 

Fig.2. C/C0 Brilliant Green dye concentration 
decay as a function of electrolysis concentration. 

 
[1] B. Yang and J. Tang, Int. J. Electrochem. Sci., 13 (2018) 1096. 
[2] F. Yi, S. Chen, C. Yuan, J. Haz. Mat., 157 (2008) 79. 
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In many sources of water, pesticides contamination is a widespread environmental problem, especially in 
areas of intensive agriculture. Bentazon is a post-emergence herbicide used to control many broadleaf 
weeds in crops of beans, rice, maize and peanuts. It has been reported that its persistence in soil is of 2–3 
months and its ingestion causes vomiting, diarrhea, dyspnea, tremors and weakness as well as being 
suspected of causing irritation to the eyes and the respiratory tract [1]. As a consequence, it is necessary 
to develop simple, inexpensive and accessible technologies for monitoring Bentazon levels in water 
aiming human health and environmental safety. Electroanalytical techniques can be very useful for this 
purpose, although these methods present a severe limitation due to strong adsorption of the reaction 
products on the electrode surface. Thus, the electrode composition plays a crucial role in Bentazon 
detection. This work presents the production and characterization of two types of PAni/BDD/CF 
electrodes, in addition to their application in Bentazon detection, using square wave voltammetry (SWV) 
technique. Firstly, the electrochemical behavior of Bentazon was investigated by cyclic voltammetry 
(CV) using electrochemically (potentiostatic and galvanostatic) synthesized PAni on BDD/CF electrode 
surface. These experiments were carried out using 200 mg L-1 of Bentazon in 0.1 mol L-1 Britton-
Robinson buffer containing 1% Triton® X-100 surfactant, in order to avoid poisoning on the electrode 
surface. In this step, the influence of pH (pH = 2.2, 7.0 and 10.0) was investigated. In addition, CV 
measurements were also performed by using CF and BDD/CF electrodes, to verify the PAni importance 
in Bentazon detection. After the parameter optimizations, the galvanostatic synthesis of PAni was 
considered the most suitable for the proposed application, as well as the pH 7.0 electrolyte and, therefore, 
these conditions were selected for the next step. SWV parameters were then studied by variations of 
frequency, amplitude and step potential, keeping the potential range from 0.25 to 1.1 V for all 
measurements. Thus, the parameters for SWV detection were defined as 8 Hz of frequency, 25.05 mV of 
amplitude and 2.55 mV of step potential. The analytical curve was then obtained by varying Bentazon 
concentrations in 10, 20, 30, 40, 50, 60, 75, 100, 125, 150, 175 and 200 mg L-1. Five measurements were 
taken with the same electrode, and the medium peak current values were considered for the analytical 
curve, which showed a linear behavior up to 60 mg L-1. The limit of detection (LOD) obtained was 0.55 
µmol L-1. Intra-day repeatability studies (n=5) were performed, at two Bentazon concentrations (45 and 
120 mg L-1), providing a relative standard deviation of 0.4%, which indicates that there was no Bentazon 
adsorption on the electrode surface. System reproducibility was verified using a set of five electrodes for 
Bentazon detection for concentration variations from 10 to 200 mg L-1, which showed the same behavior. 
Therefore, PAni/BDD/CF electrode showed to be a promising material for Bentazon detection, since it 
provided great repeatability and reproducibility, showing no significant analyte adsorption on the 
electrode surface. Moreover, the limit of detection was close to the smallest values reported in the 
literature for voltammetric techniques [2] with an effective analytical curve in a large linear range 
allowing Bentazon quantification with very low relative standard deviation. 
 
 
[1] SECK, E. I. et al. Photocatalytical removal of bentazon using commercial and sol–gel synthesized 
nanocrystalline TiO2: Operational parameters optimization and toxicity studies. Chemical Engineering 
Journal v. 203, p. 52–62, 2012. 
[2] SILVA, T. A. et al. Square-wave voltammetric determination of the herbicide bentazon using a 
cathodically pretreated boron-doped diamond electrode. Chemical Sensors, v. 4, p. 1–6, 2014.  
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Gold-palladium (Au-Pd) alloy nanoparticles (NPs) have received considerable attention recently 

because of its promising use as a catalyst in CO oxidation, vinyl acetate monomer synthesis, 
hydrogenation of hydrocarbon, and especially in ethanol oxidation reaction (EOR) in alkaline media[1, 2]. 
As we all know, the catalytic activity of these alloy NPs is strongly determined not only by the particle 
size but also by the Au/Pd ratio at the surface and the surface structures. Long-term fundamental studies 
based on single-crystal model catalysts have pointed out that Pd nanoparticles bound by high-index facets 
which possess high density of low-coordinated atoms such as step atoms and kink atoms perform superior 
catalytic activity and stability than that surrounded by low-index facets[3, 4]. Hence, combined with the 
alloy effect, surface structure controlled synthesis of alloy nanoparticles is an effective way to produce 
nanocatalysts with improved properties. Here, we choose Au as the doping element in Pd nanocatalysts 
and focus on the electrochemically-controlled synthesis of  Au-Pd  alloy nanocatalysts with high-index 
facets because it was found that Au could improve the selectivity and stability of Pd catalysts in the 
alkaline condition. 

 Au modified tetrahexahedral (THH) Pd NPs was firstly prepared for investigating the promotion of 
Au in the catalytic activity of Pd NPs towards EOR. Pd NPs with well-defined THH shape was prepared 
by electrochemical square-wave potential method[5] and then Au element was modified on the surface of  
THH Pd with controlled coverage from 0.16 to 0.69 by direct galvanic replacement. The obtained  Au 
modified THH Pd NPs with the coverage of 0.2 showed the highest catalytic activity towards EOR in the 
solution of 0.5M EtOH and 1.0M KOH with a peak current density of 5mAcm-2 which is about 5 times of 
that of the THH Pd NPs. This part of the work demonstrated the promotion of Au in the catalytic activity 
of Pd NPs towards EOR and lay the foundation for the controlled synthesis of Au-Pd alloy NPs. 

Au-Pd alloy NPs with high-index facets were then prepared by employing the electrochemical 
square-wave potential method on the support of ITO. The ITO was served as both the electrodes and 
supports and immerged directly in the precursor solution containing Au and Pd. By adjusting the applied 
potential, the concave trioctahedral (TOH) and concave hexoctahedral (HOH) Au-Pd alloy NPs  were 
successfully prepared. Moreover, the transformation between TOH and HOH can also be realized by fine 
regulation of the square-wave potential. 
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In the last decades, there has been an astronomical increase of the drinking water demand, due to the 
exponential growth of the World’s human population. For this reason, the protection of the integrity of 
the water resources has become one of this century’s critical environmental issues. One of the main 
current worldwide concerns is the growth of water pollution by organic compounds arising from human 
activities. The vast majority of them being persistent organic pollutants (i.e. recalcitrant pollutants), 
owing to their resistance to conventional wastewater treatments. As a result, these compounds are 
building up in nearly every water body of the planet: they have been detected in rivers, lakes, oceans and 
even drinking waters all over the world. Due to their toxicity and potential hazardous health effects (v.g. 
carcinogenicity and mutagenicity) on living organisms, including human beings, their accumulation 
constitutes a serious environmental health problem. 
 
Since the late 80’s, a large number of research teams have focused on developing more effective 
technologies to totally remove recalcitrant organic pollutants from wastewaters. In this context, 
electrochemical advanced oxidation processes (EAOPs) have gained increasing attention. This technology 
uses electrical energy as a vector for environmental decontamination: the organic compounds are 
degraded either by direct electron transfer to the anodic electrode (i.e. direct oxidation pathway), or by 
oxidants that have been electrochemically generated in situ (i.e. indirect oxidation pathway). The wide 
diversity of effluents that have been successfully treated with this technology shows its great efficiency 
and flexibility. Ceramic electrodes based on SnO2 have been widely reported in literature as promising 
alternatives to the actual state-of-the-art EAOP anodes (i.e. BDDs). SnO2 has a high ability for generating 
hydroxyl radicals, compared with Pt and other dimensionally stable anodes. However, pure SnO2 
electrodes have limited application, due to the low conductivity of this material. This limitation has been 
overcome by using antimony as a dopant. Another necessary condition to increase the degradation 
efficiency of these electrodes is to increase their specific area and the number of active sites. This work 
explores two possible ways to achieve this goal: changing the sintering temperature, or using a sintering 
aid and a pore generator. 
 
In this work, two series of ceramic electrodes were investigated as potential EAOP anodes. On the one 
hand, a first series of (Sn, Sb)O electrodes was considered: SnO2 as bulk material, and Sb2O3 as dopant. 
All the electrodes in this series had a common composition (SnO2 96.2 wt.% and Sb2O3 3.8 wt.%), and 
were sintered at different sintering temperatures (1050ºC, 1150ºC, 1200ºC and 1250ºC). On the other 
hand, a second series of (Sn, Sb, Cu)O electrodes was considered: SnO2 as bulk material, Sb2O3 as 
dopant, and CuO as sintering aid. All the electrodes in this series had a common base composition (SnO2 
97.8 wt.%, Sb2O3 1.0 wt.% and CuO 1.2 wt.%). Before sintering the electrodes, different amounts of coke 
(0%, 20% and 40%), a pore generator, were added to the mixture. A complete electrochemical 
characterization of these anodes was done in a 0.1 M Na2SO4 electrolyte. First, cyclic voltametries were 
performed in the anodic domain at 10 different scan rates; and then, the electrochemical impedance 
spectrum was measured at 15 different overpotentials. From these measurements, several parameters that 
are relevant for the characterization of the performance of the electrodes as EAOP anodes, were obtained: 
the electrochemical window, the electrochemical rugosity factor, and the oxygen evolution reaction 
(OER) Tafel slope and intercept. The results were compared with analogue results obtained for Pt and 
BDD anodes. 
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Lately, electrochemical advanced oxidation processes (EAOPs) are promising technologies for the 
elimination of refractory and emerging organic compounds in the wastewaters by anodic oxidation. They 
are based on the production of hydroxyl radicals (OH·) whose oxidation potential (2.8 V) is higher than 
that of sulfate radicals, hydrogen peroxide and ozone. For this purpose, the most used anodic material at 
lab-scale is boron-doped diamond (BDD). Although the BDD electrodes have a wide potential window 
and a high chemical stability, they suppose a high manufacturing cost for their application on an industrial 
scale. 
 
This work focuses on the effect of the presence of CuO particles on new ceramic electrodes based on 
SnO2 doped with antimony oxide ((Sn,Sb)O) that could compete with the BDD electrodes. The 
electrochemical behavior of these electrodes was studied at constant applied current density (83 mA·cm-2) 
with an electrolyte composed of Norfloxacin (NOR), an antibiotic considered as an emerging compound, 
and 0.1 M of Na2SO4. The effect of adding coke to increase the porosity of the electrodes and, therefore, 
the effective area was also studied. 
 
The results showed, that for the same current density, the removal of Norfloxacin at the end of each test is 
complete for all electrodes except for the ceramic electrode with coke. The fastest removal of NOR is 
obtained for the BDD anode followed by the ceramic electrode that contains CuO particles (Fig. 1i). 
Similar results were obtained in terms of total organic carbon (TOC), the ceramic electrodes with CuO 
particles are more efficient in terms of mineralization compared with the rest of ceramic electrodes,  
approaching degradation values close to those obtained with the BDD electrode (Fig 1ii).  
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Figure 1. Degradation of (i) Norfloxacin and (ii) Total Organic Carbon vs time for the different 
electrodes: (a) BDD; (b) (Sn, Sb)O; (c) (Sn, Sb, Cu)O and (d) (Sn, Sb, Cu)O with coke. 
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 Electrochemical deposition/dissolution of aluminium to/from aluminium in deep eutectic solvent 
(DES), made of the AlCl3+urea, at temperatures of 25 to 60°C have been investigated. The depositions 
were performed in potentiostatic modes. The morphology of the obtained deposits was characterized 
using scanning electron microscopy (SEM) and energy dispersive spectroscopy (EDS).  
 Critical overpotential of aluminium deposition increased from around – 0.120 V at 25°C to 
around – 0.050 V at 50°C. All recorded currents were generally speaking small, but would substantially 
increase with increasing working temperature (from 0.01 mA cm-2 up to 0.25 mA cm-2). Current/time 
transients recorded at overpotentials over – 0.100 V vs. Al indicate continuous three-dimensional 
nucleation and growth. Epitaxial growth over aluminium substrate was not observed under applied 
experimental conditions. 
 Electrodeposition/dissolution processes of aluminium under chosen conditions were reversible, 
reproducible and slow (relatively small current densities, bellow 0.3 mA cm-2). Polarization curves 
recorded noticeable dependence of aluminium deposition/dissolution reversible potential on temperature 
applied. 
 The deposits obtained showed variety of morphological shapes (needles, rods, flakes, Fig.1) 
depending on the working temperature and potential applied. All the deposits were made of crystallites 
grouped randomly into more or less separate agglomerates which were positioned over lower layer of 
densely populated much smaller crystallites. Lower layer showed good adherence to the substrate and 
exhibited high surface area. Density of the crystallites distribution over the substrate and complicity of the 
crystal forms increased with the potentials applied.  
 

  
 
Figure 1: SEM photographs of electrodeposited aluminium onto aluminium substrate from DES obtained 

in a potentiostatic mode 
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The magnesium oxide (MgO)/magnesium hydroxide (Mg(OH)2) in recent years have received 
considerable attention as one of the nanomaterials intended for specific application. The interest in this 
material is standing from promising utilization in next generation solar cells, advanced catalysis, 
medicine, toxic waste remediation and similar. More advanced utilizations, however, require controlled 
surface morphology and composition of the oxy/hydroxide. 
 It is now common knowledge that electrodeposition technique provides a suitable way to obtain 
materials of micro or nano scales in the desired forms. Additionally, shape and size of the deposited 
material can be conveniently controlled by the choice of parameters and regimes of electrolysis. 

A novel approach to electrochemical synthesis of magnesium oxide/hydroxide meso - and 
nanostructures on glassy carbon electrode from the melt made of magnesium nitrate hexahydrate melt at 
100 °C have been considered. The electrodeposition of magnesium oxide/hydroxide commences in 
magnesium underpotential (UPD) and continues through the magnesium overpotential (OPD) region. 
Chronoamperometric analysis showed that magnesium oxides/hydroxides syntheses taking part 
simultaneously at various applied potentials are a result of reactions between magnesium cations and 
products of water and nitrate anions reduction processes. Chemical reactions responsible for direct 
formation of magnesium oxide observed are those of magnesium ions and oxygen ions, formed by nitrate 
reduction taking part in the close vicinity of the working electrode. The morphology of magnesium 
oxide/hydroxide obtained by galvanostatic regime were characterised using scanning electron microscopy 
(SEM) technique. Network of individual very thin needles were formed in both magnesium UPD and 
OPD region, as well as those grouped in flower-like aggregates in magnesium OPD regions, Fig.1. 

 
  

               
               a)                       b) 

 
Figure 1: SEM photographs of flower like MgO/Mg(OH)2 deposits obtained from MgNO3x6H2O melt on 

glassy carbon substrate at 100 °C, current desity 4 mA cm-2, 2 Coulombs of electricity used.  
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Spinel structure of lithium titanate (Li4Ti5O12, LTO) has been paid attention due to its superior characteristics 
such as high operating potential (1.55~1.56V vs. Li/Li+), large tap density, and good stability when used as 
anode in Li-ion battery. Spinel LTO is generally prepared by a solid state reaction using lithium compounds and 
titanium compounds through homogeneous mixing and subsequent heat-treatment (800~1000 oC) [1-3]. In this 
study, we prepared spinel LTO by conventional solid state reaction using Li2CO3 and TiO2 mixture treated by 
high energy ball milling and investigated its structural characteristics on experimental parameters. In addition, 
as a titanium reactant, titanium oxysulfate(TiOSO4) was tested for the synthesis of spinel LTO. TiOSO4 is 
intermediate phase derived by Ti refinement from ilmenite as a cheap Ti compound for an industrial application.  
Spinel LTO was easily synthesized at higher temperature than 750 oC using Li2CO3 and TiO2 mixture or LiOH 
and TiO2 mixture (Li/Ti molar ratio of 0.8). However, the use of TiOSO4 in the reaction could result in the 
formation of Li2SO4 as well as spinel LTO, in which the stoichiometric Li/Ti molar ratio is 2.8 for the synthesis 
of Li4Ti5O12 together with Li2SO4. The reaction of Li2SO4 formation was favorable than that of spinel LTO and 
the co-existed Li2SO4 is easily removed by water washing. For the preparation of spinel LTO, various Li/Ti 
molar ratios were tested in the range from 0.8 to 3.59 with heating temperature from 700 oC to 900 oC. As Li/Ti 
molar ratio was lower than 3.29, TiO2 derived from TiOSO4 existed and Li2TiO3 was formed with Li/Ti molar 
ratio higher than 3.49 and higher heating temperature than 900 oC. The electrochemical performance of resulting 
LTOs with spinel structure was compared by charge-discharge cycle test, in which the highest discharge 
capacity (mAh∙g-1) was obtained with spinel LTO prepared by Li/Ti molar ratio of 3.39 using LiOH-TiOSO4 
mixture. 
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Fig. 1. Discharge curves of cycle performance with spinel LTOs prepared with various experimental conditions. 
(a) LiOH/TiOSO4 mixture (Li/Ti:3.39, 800oC 6h), (b) LiOH/TiOSO4 mixture (Li/Ti:3.49, 700oC 6h), (c) 
LiOH/TiOSO4 mixture (Li/Ti:3.59, 700oC 6h), (d) LiOH/TiO2 mixture (Li/Ti:0.8, 750oC 8h), and (e) 
Li2CO3/TiO2 mixture (Li/Ti:0.8, 750oC 8h) 
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The electrochemical behaviors of Sm(III) in LiCl-KCl and LiCl-KCl-SnCl2 molten salt on W 

electrode were studied by cyclic voltammetry, square wave voltammetry and open circuit 
chrnopotentiometry. The reduction of Sm(III) on W electrode in LiCl-KCl molten salt takes place in 
only one step of Sm(III) to Sm (II). The system of Sm(II)/Sm(0) was not observed within the 
electrochemical windows, which inhibits the extraction of Sm from the melt on an inert electrode. 
Comparison of the cyclic voltammograms (CVs) obtained in LiCl-KCl-SmCl3 (blue curve), 
LiCl-KCl-SnCl2 (black curve) and LiCl-KCl-SnCl2-SmCl3 (red curve) molten salt on W electrode 
shown in Fig. 1a, a series of new couple peaks are observed in the red curve corresponding to the 
formation/dissolution of Sm-Sn intermetallics. In order to confirm the attribution of these peaks, CVs 
were registered at different reversion potentials shown in Fig.1b. It was obvious that five couple peaks 
I/I´, II/II´, III/III´, IV/IV´ and V/V´ were detected. The deposition potential of Sm on pre-deposited Sn 
film electrode shifts to more positive than that on W electrode due to the formation of Sm-Sn 
compounds. Furthermore, galvanostatic electrolysis was performed on liquid Sn electrode in 
LiCl-KCl-SmCl3 molten salt at -0.1 A for 10 h. Fig.1c and d shows the images of scanning electron 
microscope (SEM) and energy dispersive spectrometer analysis (EDS) of the Sm-Sn deposit. The result 
indicated that obtained Sm-Sn alloy consisted of SmSn3 intermetallic compound. 

 
Fig.1. (a) Cyclic voltammograms obtained in LiCl-KCl-SmCl3 (blue curve), LiCl-KCl-SnCl2 (black 
curve) and LiCl-KCl-SnCl2-SmCl3 molten salt (red curve) on W electrode. (b) Cyclic voltammograms 
of LiCl-KCl-SmCl3-SnCl2 molten salt on W (S = 0.322 cm2) electrode at different reversion potentials. 
Scan rate: 0.1V/s. (c) SEM image and EDS analysis of Sm-Sn alloy (Fig. 1c and d) obtained on liquid 
Sn electrode by galvanostatic electrolysis at -0.1 A for 10 h in LiCl-KCl-SmCl3 (3.04×10-4 mol cm-3) 
molten salt at 773 K. 
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Past few decades, titanate nanostructures have been attracting much interests in most of research fields 
due to its special physicochemical properties as effective nano-structure, large surface area, and 
economical one step synthesis. Unique physicochemical properties make titanate nanotubes (TNTs) a 
widely acceptable nanomaterial in different applications such as in Li-ion batteries, photo-catalysis, 
hydrogen storage, solar batteries, ion-exchange, and gas sensors. In addition, the titanate nanotubes can be 
used as excellent adsorbents for the removal as well as recovery applications of both organic and 
inorganic materials such as metal ions (e.g. Pb2+, Cd2+, Ni2+, Cr2+, Cu2+, and Sr2+), dyes, and radioactive 
isotopes. The anodization is fascinating method to prepare TiO2 nanotube from titanium foil. Also, 
hydrothermal synthesis is a one-step procedure for the preparation of titanate nanotube from TiO2 
precursor. In this study, we prepared vertically-aligned titanate nanotube array and investigated the effect 
of synthetic condition on the structure and formation mechanism of various titanate nanotubes vertically 
grown on Ti foil. It is firstly reported that TiO2 nanotube anodized on Ti foil was used as a TNT precursor 
in the process of alkali  hydrothermal synthesis. The anodic potential and anodization reaction time for 
anodic TiO2 nanotube array were optimized using a two-electrode electrochemical process. The 
morphology and crystallinity of the vertically-aligned TiO2 nanotubes were analyzed via FE-SEM, TEM 
and XRD characterizations. One pot alkaline hydrothermal synthesis was used to transform the crystalline 
TiO2 nanotubes arrays into vertically-aligned titanate nanotube structure. The optimization of titanate 
nanotube was studied successfully. Low calcination temperature and low hydrothermal reaction time 
allowed the synthesis of vertically-aligned titanate nanotube structure that show good adhesion on the 
surface of Ti-foil. This vertically-aligned titanate nanotube foil was used for Sr2+ adsorption. The 
adsorption behavior including an adsorption isotherm and kinetics was observed under the various 
experimental conditions. As a strategy of increasing Sr2+ uptake and selectivity against Ca2+, we tested the 
effect of applied potential on the performance of Sr2+ adsorption. Finally, the recyclability of titanate 
nanotube foil was improved by NaOH treatment where it can increase the consecutive number of 
adsorption cycles.  
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Lithium titanate (Li4Ti5O12, LTO) has drawn significant attention as a next-generation anode material in 
lithium-ion batteries (LIBs) because it shows some interesting features such as low toxicity, low volume 
change (2-3%) on both lithium insertion and de-insertion, along with an excellent cycling life [1-2]. 
Therefore, the efficient synthetic process needs to be developed for the mass production of noble LTO 
nanostructure. In this study, spinel-type Li4Ti5O12 particles (LTO-IEP) were obtained successfully by 
calcination of the partially H+-exchanged Li2TiO3 (HxLi2-xTiO3) particles which prepared by treatment of 
Li2TiO3 particles in HCl solution. Li2TiO3 phase has a high ion exchange capacity between Li+ and H+ 
and it forms at lower calcination temperature (< 600 oC) than Li4Ti5O12 [3-5]. First, we prepared TiO2 
particles using TiOSO4 as Ti source and then, Li2TiO3 particles were synthesized using TiO2 and LiOH. 
The structural analysis demonstrates that the final LTO-IEP has similar morphological properties with 
initial TiO2 nanoparticles. The electrochemical performance of LTO-IEP for different charge and 
discharge C-rates was evaluated by galvanostatic charge-discharge technique. At 0.1 and 10 C-rate, LTO-
IEP showed high discharge capacities of 165.0 and 131.1 mA h g-1, respectively. Additionally, we will 
report results of investigations on the effects of H/Li ratio in ion-exchange process of Li2TiO3 particles 
and calcination temperature in the preparation of spinel-type Li4Ti5O12 particles. 

 

 
 
Fig. 1. Schematic illustration of synthetic process of Li4Ti5O12 nanoparticles by ion-exchange reaction. 
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Spinel lithium titaniate (Li4Ti5O12, LTO) is considered as promising anode material of lithium ion battery(LIB) 
due to its excellent safety, long life cycle and negligible volume change during charging and discharging [1]. In 
particular, nano-size spinel LTO is actively investigated because high rate capability could be achieved by large 
surface area. However, the large surface area also gives a low tap density, which will reduce the volumetric 
energy density [2]. Three-dimensional (3-D) architecture is an effective way to achieve high tap density. In this 
study, 3-D microsphere structure of LTO is synthesized by sequential microwave assisted hydrothermal method. 
At first, meso-porous titanate (TiO2) microsphere consisting of nano-size particle was obtained without template 
through hydrothermal treatment of titanyl sulfate (TiOSO4) solution mixed with urea. Li-Ti-O precursor was 
prepared by hydrothermal treatment of lithium hydroxide (LiOH) and as prepared TiO2 microsphere. The 
precursor was calcined at difference temperature (denote as LTO-temp) to synthesize spinel LTO. The Li-Ti-O 
precursor calcined at 500~600 oC (LTO-500, LTO-600) exhibited LTO-TiO2 mixed phase but spherical 
structure and porosity of TiO2 was maintained. On the other hand, LTO-800 is almost pure spinel LTO but the 
spherical morphology was destructed and caused severe decrease in surface area (see fig. 1). It indicates that 
high (> 800 oC) calcination temperature caused complete conversion of Li-Ti-O precursor to spinel LTO but 
results in destruction of microsphere structure. The initial specific capacity of LTO-500 is higher (157 mAh/g) 
than that of LTO-800 (122 mAh/g, 1C, 1~2.5V (vs Li/Li+)). Severely decreased surface area and pure spinel 
LTO phase affects the capacity. The electro-chemical performances of LTO-500 and LTO-800 were evaluated 
and the effects of characteristic changes caused by calcination temperature were discussed further. 
 

 
Fig 1. XRD patterns (a), BET surface area (b) and SEM image (c) of LTO microsphere calcined at 500, 600, 

700 and 800 oC 
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Electrochemical silver (Ag) plating including electroless and displacement methods is an industrially im-
portant process due to the excellent electroconductivity, optical reflectivity, antibacterial activity, decora-
tive effect, and anticorrosive property.  For a stable plating operation of electrochemically noble Ag with-
out dendrite formation caused by the inherent high exchange current density of Ag+/Ag0 redox, cyanide 
baths with or without appropriate additives have historically been employed for Ag plating as: 
[Ag(CN)2]– + e = Ag + 2CN–.  To avoid using toxic cyanide compounds, non-cyanide baths containing 
organic ligands and/or additives have been investigated strenuously, but some creates a new problem: For 
example, ammoniacal silver nitrate solutions produces an explosive silver azide as a by-product.  Calcium 
chloride hexahydrate, CaCl2·6H2O, is a low-temperature melting salt (m.p. 29 °C), and was recently ap-
plied for the electrodeposition of UO2 [1].  In such hydrate melts free from bulk water, metal cations to be 
reduced are coordinated by chloride ions.  The absence of free water molecules could work effectively in 
the uniform electrodeposition.  In the present work, we tried concentrated CaCl2 hydrate melts as novel 
environmentally benign baths for silver displacement plating. 

In Figure 1 we display the solubility of AgCl to aqueous so-
lutions with ten different CaCl2 concentrations (m in mol kg–1 

H2O) at room temperature.  The solubility gave the maximum 
value of 44.4 mmol dm–3 (i.e. Ag(I) concentration of 8.07 g 
kg–1 H2O) at the H2O/CaCl2 molar ratio (n) of 9.  This equals 
to the Cl–/Ag+ molar ratio as high as 164 and, in such a situa-
tion, Ag(I) species can dissolve as stable chloro complexes, 
[AgClx](x–1)– (x ≥ 2).  For higher m, i.e. n = 8 and 6, the AgCl 
solubility is decreased irrespective of higher Cl– concentra-
tions.  This may well be attributed to the decrease in Cl– ac-
tivity by a larger coulombic interaction between Ca(H2O)n

2+ 
and Cl– ions.  In any case, the Ag(I) concentrations exceeding 
10 mmol dm–3 is comparable to those in commercially avail-
able displacement Ag plating baths [2]. 

The displacement deposition 
of Ag was carried out by 
immersing a copper sub-
strate in each of the above 
CaCl2 solutions (n = 6–12) 
saturated with AgCl at 25 
°C.  Immersion potential of 
the substrate was stable after 
starting each deposition, and 
uniform Ag layers were ob-
tained within 15 minutes as 
shown in Figure 2.  The 
growth rate of the layer de-
termined by electrochemical 
QCM exceeds 20 nm min–1 
when n = 9 and 10, being 
sufficient for practical use. 

[1] A. Uehara, O. Shirai, T. Fujii, T. Nagai, and H. Yamana, J. Appl. Electrochem., 42, 455 (2012). 
[2] S. Shimizu and K. Ohkubo, Hyomen Gijutsu, 53, 34 (2002) [in Japanese]. 

Figure 1.  Solubility of AgCl in water as a 
function of CaCl2 concentration.  
H2O/CaCl2 molar ratio (n) is indicated for 
each point. 

Figure 2.  (a) Photograph, (b) X-ray diffraction pattern, and (c) scanning 
electron microscope image of Ag layer on Cu substrate, obtained by dis-
placement deposition for 15 minutes using the solution (n = 9) in Figure 1. 
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The tin deposition process has been carried out and studied for a long period of time. It has become one of 
the most popular surface coating processes due to its various applications in different industrial sectors. 
Tin electroplating offers many important properties to the substrate, like good wettability, solderability, 
and compatibility. It is also one of the few metals that is suitable for being in contact with food and 
chemical products. In order to gain a better understanding of the fundamentals of tin electrodeposition, a 
gold electrode was chosen as a model substrate to study the initial stages of tin deposition at atomistic 
level. Our study has focused on tin deposition from sulfuric acid and methanesulfonic acid electrolyte 
solutions, both of them commonly used in the industry, in order to understand the effect of the different 
electrolyte anions on the deposition process. 
 
 
We show at least three different modes of tin deposition on gold: irreversible adsorption, underpotential 
deposition, and overpotential (bulk) deposition. We show the influence of the electrolyte anion (sulfate vs 
methanesulfonate) on these processes, aiming to explain why tin deposition is slower from a 
methanesulfonic acid electrolyte. 
 
 

 
Figure 1. Cyclic voltammograms of a polycrystalline gold electrode 0.6 mM SnSO4 different electrolyte 

compositions  at 30 mV/s and 900 rpm 
 
 
Figure 1 shows how tin deposition/dissolution is affected by the composition of the supporting 
electrolyte. Measurements from electrolytes with a higher concentration of sulfuric acid suggested that a 
higher amount of tin is being deposited from these solutions. In this regard, it seems to be related with tin 
deposition being faster in sulfuric than in methanesulfonic acid. On the other hand, tin redox reactions at 
the gold surface are also limited when using methanesulfonic acid as supporting electrolyte. 
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Composite plating is an effective method for the fabrication of next-
generation thin-film materials.  Understanding the codeposition 
mechanism of composite plating is important for controlling the volume 
fraction of embedded particles in the plated films.  The effects of fluid flow 
in a plating bath on particles adsorbed onto a deposition frontier have to be 
taken into account because particle embedding occurs under agitation.  In 
the present study1), diamond particles of various diameter with similar 
surface states were prepared to study the effect of fluid flow using a rotating 
disk electrode (RDE)2) under rotation rates of 0–1200 rpm (Fig. 1).  The 
dependence of the volume fraction of embedded particles on the rotation 
rate was investigated.  We found that the volume fraction of particles of 5 
nm or 20 nm in diameter increased with increasing flow rate because mass 
transport was promoted (Fig. 2(a)).  In contrast, the volume fraction of 
particles of 100 nm, 200 nm, 500 nm or 1000 nm in diameter decreased with 
increasing flow rate (Figs. 2(c)–2(f)), and we attributed this behavior to the 
Magnus force3).  The force was estimated to be significantly larger than 
those of gravity and buoyancy.  Accordingly, the force dominated the 
codeposition process for particles over 100 nm in diameter. 

1) K. Matsumoto, K. Hodouchi and H. Matsubara ; J. Surf. Finish. Soc. Jpn., 68, 286 (2017).  
2) J. Fransaer, J. P. Celis and J. R. Roos ; J. Electrochem. Soc., 139, 413 (1992). 
3) B. Bozzini, B. Brevaglieri, P. L. Cavallotti, G. Giovannelli and S. Natali ; Electrochim. Acta, 45, 3431 
(2000). 
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The global environmental concerns and the escalating demand for energy, coupled with a steady progress 
in renewable energy technologies, are opening up new opportunities for the utilization of renewable 
energy resources. Electrodeposition is well known for depositing metals and metallic alloys at the 
industrial level, with a wide range of applications from large area surface treatments to most advanced 
electronic industries. Electrodeposition of semiconducting materials represents a new challenge, not only 
from the academic point of view, but also from the economic point of view, since this method presents 
interesting characteristics for large area, low cost and generally low temperature and soft processing of 
materials. In this presentation, we exploited alternated electrodeposition of some metals by E-ALD 
(Electrochemical Atomic Layer Deposition) to obtain thin films, controlling the growth of the structures 
at the nanometric level. In this presentation we will report the results for the electrodeposition of an entire 
p-n junction of semiconductors deposited by E-ALD technique. In this communication we present a 
structural study of these composite ultra-thin films by means of electrochemical operando SXRD 
experiment performed at ID03 in Grenoble. We also present the results of modified surfaces obtained by 
electrodeposition or new catalysts obtained from microwave assisted pyrolysis (MAP) of waste tires for 
direct alcohol fuel cells. A fundamental aim of material sciences is to reckon the relationship between the 
properties of a device, and the morphological and structural characteristics of the surface. Combining 
basic electrochemical techniques with spectroscopic, microscopic and structural techniques is crucial for 
characterizing the structure-activity relationship for many different Materials for Energy Applications.. 
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The electroreduction process of Zr(IV) ions in LiCl-KCl melts was studied by a series of electrochemical 
techniques on W and Sn-coated W electrode. The result indicated that on an inert W electrode, Zr(IV) 
ions were reduced to metallic Zr through two consecutive steps: Zr(IV)+2e-→Zr(II) and Zr(II)+2e-→Zr. 
Cyclic voltammograms and square wave voltammogram (Fig. 1a and b) obtained on Sn-coated W 
electrode exhibited a series of reduction peaks at less negative potential than that on W electrode due to 
the formation of different Zr-Sn intermetallic compounds. The thermodynamic properties, such as activity 
and partial molar Gibbs energies of Zr-Sn alloy and standard molar Gibbs energies of formation for Zr-Sn 
compound were estimated by open circuit chronopotentiometry (Fig. 1c). Furthermore, galvanostatic 
electrolysis was performed at various current intensities and electrolytic products were analyzed by X-ray 
diffraction (XRD) and scanning electron microscopy (SEM) coupled with energy dispersive spectroscopy 
(EDS). Experimental results indicated that intermetallic compound ZrSn2 was prepared on liquid tin 
electrode in LiCl-KCl-K2ZrF6 melts (Fig. 2). 
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Fig. 1 (a) Cyclic voltammograms obtained in LiCl-KCl-K2ZrF6-SnCl2 melts on Sn-coated W electrode at 
different terminal potentials at 853 K. (b) square wave voltammogram of K2ZrF6 obtained in LiCl-KCl-
SnCl2 melts on Sn-coated W electrode at 853K with the frequency of 3 Hz; (c) open circuit 
chronopotentiomogram of K2ZrF6 melts obtained on Sn-coated W electrode at 853 K, deposition 
potential: -1.6 V; time: 60 s; S=0.32 cm2.  
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Fig. 2 (a) XRD patterns of deposit attained on liquid Sn pool electrode by galvanostatic electrolysis at 
0.12 A for 18 h and 0.1 A for 22 h; SEM image (b) and EDS analysis (c and d) of deposit by galvanostatic 
electrolysis at 0.12 A for 18 h on liquid Sn pool electrode in LiCl-KCl-K2ZrF6 melts at 853 K. 
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Secondary reactions corresponding to the reduction of a proton to Hads and the evolution of molecular 
hydrogen occur simultaneously during the nickel electrodeposition. Also, the Hads could be absorbed and 
diffused in the substrate. 
 
In this work, we studied the effect of the boric acid and SDS (Sodium Dodecyl Sulfate) on the hydrogen 
permeation that has been carried out during the nickel electrodeposition process using a nickel sulfamate 
bath. The experiments were carried out at pH 3 and T=25 ° C, with a Devanathan Starchuski cell and with 
different concentrations of SDS and boric acid. 
 
The results showed that the diffusion coefficient Deff and the concentration of absorbed hydrogen Habs 
decreased with increasing content of H3BO3 and that the SDS additive presents little effect. Finally, we 
discuss how these additives influence the different steps of the possible mechanism. 
 
Keywords: Nickel, Electrodeposition, Hydrogen, Permeation, Boric acid 
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The electrochemical co-reduction of Gd(III) and Pb(II) ions on W electrode was investigated in 
LiCl-KCl molten salts using cyclic voltammetry, square wave voltammetry, chronopotentiometry and 
open circuit chroonopotentiometry. Three reduction peaks, corresponding to the formation of GdxPby 

intermetallic compounds, were observed at more positive than that for Gd(III) on Pb film electrode 
from cyclic voltammogram and square wave voltammogram (Fig. 1). Furthermore, potentiostatic 
electrolysis was performed at different conditions. The electrolytic products were analyzed by X-ray 
diffraction and scanning electron microscopy coupled with energy dispersive X-ray spectroscopy 
(shown in Fig. 2). Experimental results indicated that intermetallic compound GdPb3 was prepared in 
LiCl-KCl-PbCl2-GdCl3 molten salts.  
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Fig. 1 (a) Cyclic voltammogram, (b) square wave voltammogram, (c) chronopotentiograms and (d) 
open circuit chroonopotentiogramsobtained in LiCl-KCl-PbCl2-GdCl3 melts on Pb film electrode at 
different terminal potentials at 773 K. Applying a deposition potential: -2.2V, time: 100 s. 
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Fig. 2 XRD patterns of deposit attained by potentiostatic electrolysis at -1.48 V for 10 h (a) and 13 h 
(b) on a liquid Pb pool electrode in LiCl-KCl-PbCl2-GdCl3 melts at 773 K; SEM image (c) and EDS 
analysis (d) of deposit by potentiostatic electrolysis at -1.48 V for 13 h on a liquid Pb pool electrode.  
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Nowadays, spent fuel reprocessing restricts sustainable development of nuclear energy. The 

pyrochemical separation processes using molten chlorides and fluorides as solvent are considered as a 
promising technique for the extraction of actinides (Ans) and Lns from the FPs [1,2]. Thus, the extracting 
Lns from molten salts was widely studied by electrodeposition on reactive cathodes. In this paper, the 
electroreduction process of Tm(III) ions in LiCl-KCl eutectic salts was studied by a series of 
electrochemical techniques on W and Cu electrode. The result indicated that on an inert W electrode, 
Tm(III) ions are reduced to metallic Tm through two consecutive steps: Tm(III)+e-→Tm(II), Tm(III)+e-

→Tm(II). Cyclic voltammograms (Fig. 1) and square wave voltammogram showed that four reduction 
peaks, corresponding to the formation of four Tm-Cu intermetallic compounds, were detected at less 
negative potential values. Moreover, thermodynamic properties such as activities and relative partial 
molar Gibbs energies of Tm in the Tm-Cu alloys as well as Gibbs energies, enthalpies and entropies of 
formation for CuTm, Cu2Tm, Cu9Tm2 and Cu5Tm were calculated from the open circuit 
chronopotentiograms (Fig. 1b) and listed in Table 1. Electrochemical preparation of Tm-Cu alloys was 
executed by potentiostatic and galvanostatic electrolysis on Cu electrode, respectively. X-ray diffraction 
(XRD) indicated that Tm-Cu alloy were comprised of different Tm-Cu intermetallics. The surface 
microstructures and micro-zone chemical analyses of Tm-Cu alloys were also characterized by scanning 
electron microscopy (SEM) and energy dispersive spectrometry (EDS). While the product which formed 
by galvanostatic electrolysis on Cu electrode is composed of Cu5Tm and Cu by XRD (Fig. 1c). 
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Fig. 1(a) Cyclic voltammograms and (b) open circuit chronopotentiograms obtained in LiCl-KCl-TmCl3 
melts on Cu electrode in LiCl-KCl-TmCl3 melts. Deposition potential: -2.5 V; time: 60 s. (c) XRD pattern 
of the Cu-Tm alloys obtained in LiCl-KCl-TmCl3  melts on Cu electrode by galvanostatic electrolysis at -
0.05 A for 9 h; SCu=2.4 cm2. 
Table 1 Thermodynamic properties of Cu-Tm intermetallic compounds. 

Intermetallic compounds -1/kJ molfH'  -1 -1S /J mol  Kf'  -1/kJ mol' fG
 

Cu5Tm -154.99 -50.99 -155+0.051T 
Cu9Tm2 -300.94 -93.65 -301+0.094T 
Cu2Tm -113.49 -47.57 -113+0.048T 
CuTm -96.37 -52.10 -96+0.052T 
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The use of 3D substrate in electrode configurations for supercapacitors applications has been found 
particularly convenient in boosting the performance of transition metal oxides [1]. On a planar current 
collector, the thickness of these materials is restricted by their semiconductive nature, resulting in a very 
low mass load (usually a few micrograms per cm2). If a porous scaffold is used, the mass load can be 
significantly higher with no relevant increase in thickness, due to better material distribution throughout 
the large surface area. In addition, the high conductivity of porous scaffolds ensures short electron 
transport length to the material’s active sites. A variety of 3D porous scaffolds have been studied for this 
purpose, including carbon based materials [1] and commercial metal foams [2]. However, the vast 
majority of these structures are obtained via template assisted, multi-steps or complex fabrication routes. 
Also, the design of commercial products like Ni foams does not necessarily fit the purposes of ideal 3D 
electrode for supercapacitors, where available surface area per cm2 is more important than large pore 
volume. These characteristics, on the other hand, can be easily controlled via a binder free, one-step 
electrodeposition employing dynamic hydrogen bubble template (DHBT) [3]. As a result, 3D porous 
materials with high surface area maximized by developed morphology are obtained. By changing the 
process parameters or combining different metals fully tunable surfaces with properties, that meet the 
specific need of an application can be produced.  
 
In this work, MnOx was deposited via cathodic reduction of KMnO4 on tailored NiCo and Ni foams and 
tested in 0.5M Na2SO4. The as obtained bare foams were compared regarding surface area, mass and 
porosity. The influence of the deposition current density of MnOx on the structure and electrochemical 
performance of composite electrode are discussed. The results showed, that 1 mg cm2 of MnOx deposited 
on Ni foam delivered specific capacitance around 300 F g-1, while this value increases above 400 F g-1 
when NiCo was used as a 3D support. To the best of author’s knowledge, no study has been focused on 
direct influence of tailored 3D porous metals on MnOx performance. Thus, this work paves the way to 
design electrodes for supercapacitors with enhanced electrochemical performance. 
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 Nitrate electroreduction is a promising method for reducing nitrate in water. In order to develop 
the method, it is important to study the cathode materials. Sn-Pd bimetallic catalyst is a promising one [1]. 
It has been reported that the electrocatalytic properties to nitrate about Cu-Pd catalyst depend on the 
preparation method [2, 3]. It affects the morphology and structure of the catalyst. However, nitrate 
electroreduction by Sn-Pd co-electrodeposited film has not been studied in detail. This preparation 
method is a cost-effective and easy way to obtain alloy catalyst. In this study, we examined the 
electrocatalytic properties to nitrate by Sn-Pd films prepared by co-electrodepositing.  
 
 Sn-Pd films were electrodeposited on Cu substrate in chloride bathes that contained SnCl2 and 
PdCl2 with different concentrations. The obtained film’s composition measured by EPMA were Sn70Pd30 
and Sn40Pd60. These surface area were calculated by the AFM images. Sn70Pd30 film was 1.4 times and 
Sn40Pd60 film was 1.6 times larger than Cu substrate’s surface area. These structures were different from 
each other and they were composed of uniform phase according to the XRD analysis. The electrocatalytic 
properties to nitrate were examined by cyclic voltammetry (CV) and prolonged electrolysis. CV 
measurements were performed in 1 M NaOH solution containing 10 mM KNO3 or 10 mM NaNO2. Fig. 1 
shows CV results of Sn-Pd films at 5th cycles. Sn40Pd60 film has a considerably higher activity to nitrate 
and nitrite than Pd30Sn70 film. It indicates that the electrocatalytic properties of Sn-Pd bimetallic alloy 
catalyst depend on the composition and the structure. 
 

 
 

Fig. 1. CV of Sn-Pd films in nitrate, nitrite and blank solutions at 5th cycles. 
(a) Sn70Pd30 (b) Sn40Pd60 

 
The result of the prolonged electrolysis supports it. The electrolysis was performed in 1 M NaOH solution 
containing 10 mM KNO3 at −1.1 V vs. Ag/AgCl for 24 hours. The reduction rate of nitrate for Sn40Pd60 
film was 77%, while it was 25% for Sn70Pd30 film. The reduction products of nitrate are mainly nitrite, 
ammonia, and nitrogen. Although ammonia is an undesirable final product, its production rate was 13% 
for Sn40Pd60 film and 16% for Sn70Pd30 film. However, nitrite that is an intermediate remained a lot in the 
solution, and it is required to reduce nitrite to nitrogen more. 
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During catalysis of electrochemical reduction reactions, metallic catalysts are generally considered to be 
stable: they should be rendered immune to degradation by cathodic protection. However, metals may 
degrade during these reactions due to a process called cathodic corrosion. This process is able to severely 
change metallic surfaces by forming nanoparticles and well-ordered etch pits [1]. Though the changes 
caused by cathodic corrosion are dramatic, the underlying reaction mechanism is still largely unknown. 
 This work aims to provide more insight into the mechanism by studying the onset potential of 
cathodic corrosion of platinum, rhodium and gold electrodes in 10 M NaOH. By doing so, cathodic 
corrosion is shown to start at the mild potential of -0.4 V vs. RHE for Pt and Rh and at -0.7 V vs. RHE for 
Au [2,3]. Moreover, an intriguing etching preference is revealed; (100) sites are preferentially formed on 
Pt and Rh, whereas (111) sites are favored on Au. Through this preference, well-defined polygonal etch 
pits form on Pt and Rh, while quasi-octahedral nanoparticles form on Au (Fig. 1). These shapes are likely 
caused by adsorption of sodium ions from solution, which stabilize specific surface orientations on the 
electrodes. This hypothesis is supported by density functional theory calculations of the adsorption 
preference of sodium on the studied metals.  
 Altogether, these observations are a promising new step towards understanding cathodic 
corrosion. Additionally, the mildness of the corrosion onset indicates that metals might be less stable at 
cathodic potentials than the concept of cathodic protection suggests. Cathodic corrosion could therefore 
occur as a side-reaction during the catalysis of reduction reactions, thereby altering metallic catalysts in-
situ. As such, cathodic corrosion might play a significant role in electrocatalysis that should be taken into 
account when assessing metallic electrocatalysts. 
 

 
Fig. 1: Model corrosion etch pits on Pt (a) and Rh (b) and model nanoparticle on Au (c). 
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Electroactive biomaterials are a new generation of “smart” biomaterials based on conducting polymers 
(CPs). Poor molecular interaction with cells is the main challenge to face for the use of conducting 
polymers as biomaterials[1], even though that their biocompatibility can be highly improved by doping 
with specific anions[2,3]  but, despite this, electroactive polymers still present low or none 
biodegradability. [4]  
 
The challenges for developing biomaterials for active scaffolds by electrical stimulation are: (1) the 
difficulty of working with conducting polymers which can only be obtained over electrodes by 
electrochemical synthesis; (2) to achieve surface chemistry which enables surface charge keeping 
biocompatibility for living cells culture and (3) poor compatibility between conducting and biodegradable 
polymers. Here we developed the synthesis of a novel electroactive, biodegradable and biocompatible 
copolymer (PEDOT-co-PDLLA) in different proportions of PEDOT:PDLLA (1:5; 1:25 and 1:50) which 
joins the properties of both homopolymers in a single biomaterial. Furthermore, we characterized/studied 
its surface properties as work function, charge/current distribution and surface chemistry by using 
Conductive Atomic Force Microscopy and Force Spectroscopy with an AFM-tip functionalized with 
Fibronectin as model protein. Additionally, the biocompatibility of PEDOT-co-PDLLA was investigated 
with Embryonic Stem Cells, showing an excellent growth and differentiation for Neural Cells with better 
results for PEDOT-co-PDLLA 1:50 in good agreement with AFM studies. 
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The long-term performance of a coating to protect against corrosion is strongly influenced by its ability to 
adhere to the material to which it is applied. Among the many types of primer coatings, zinc-rich paints 
are the preferred choice for use in aggressive environments, such as offshore and industrial plants, owing 
to their ability of protecting the steel substrate even under slight mechanical damage to the zinc coating. 
However, mechanical damage of zinc rich paints on steel substrates exposed to aggressive environments 
leads to the development of various corrosion products and eventual failure of the coatings. Despite the 
numerous work to date dedicated to the corrosion and protection mechanisms of zinc rich paints, the 
evolution of corrosion products over time and their role in corrosion and protection of the steel substrate 
is still not well understood. Characterization of these corrosion products over different stages of exposure 
to the corrosive environment is the primitive study toward adequately understanding the corrosion and 
protection mechanism of the damaged paint system. 
 
In this study, single layer zinc rich polymer painted steels were damaged by scribing and exposed to two 
different corrosive environments, namely continuous and cyclic salt spray, both for up to 1000 hours. 
Samples were regularly withdrawn for analysis at various stages during the exposures. The compositions 
and morphologies of the corrosion products that developed in the scribed region were analyzed using 
optical microscopy, scanning electron microscopy coupled with energy dispersive spectroscopy, and 
Raman spectroscopy. Furthermore, the electrochemical properties of the paint system were studied using 
EIS and SVET. By analyzing the evolution of the corrosion products with exposure time, probable 
corrosion protection mechanisms of the studied zinc rich paint have been found to be an iteration of 
sacrificial protection and barrier protection. Finally, the role of zinc corrosion products on protection 
mechanisms of the zinc-rich paints will be discussed. 
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Valve metals such as Al, Nb, Hf, Ta, Ti, W and Zr are extremely corrosion resistant due to the formation 
of an insoluble oxide layer under anodization conditions. The current efficiency of this process is often 
said to be 100 % in literature. This statement is probably a result of the simple fact that the exact 
determination of the amount dissolving during anodization is extremely difficult to be determined. 
 
Using a scanning droplet cell microscope with a coupled downstream analytics for the determination of 
the dissolving traces of valve metals it became now possible to monitor the exact amount of losses into 
the electrolyte during anodization. While Ta and Nb showed a predictable behaviour until high potentials 
of some 100 V, other metals namely Ti displayed an apparently contradictory behaviour. While the Nb 
and Ta dissolution was directly linked to the anodization current due to a passive dissolution, the current 
dissolution relationship was broken in the Ti system. Until some 3.5 V a systematic concurrent relation 
between these two values was observed but above they appeared completely independent from each other. 
While the dissolution transient under potentiodynamic conditions still showed a linear increase the current 
increased with non-polinomically probably exponentially. This behaviour is explained by the formation of 
stepping stones for electron conduction due to the heavy doping by charge carriers injected into the oxide 
band gap through the anodization process. 
 
Systems in which stable oxides are formed such as Nb and Ta have been investigated not only in the thin 
film regime of some 10 nm but up to 100 V corresponding to some 150 nm. In these cases the oxide 
thickness was determined not only electrochemically by EIS or CV but also by cross section SEM.                         
 
With respect to the behaviour of the various valve metals a refined high field oxide growth model is 
presented ranging from the most stable Ta to a readily dissolving W.    
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Magnesium and magnesium alloys have received a significant attention these last decades because of 
their low weight and the wide range of potential applications. However, their corrosion resistance remains 
poor and the mechanism of corrosion of pure Mg remains a topic of controversy.   
Two main features are usually associated with the Mg corrosion. On the one hand, the negative difference 
effect (NDE), which corresponds to an unexpected increase of H2 production in the anodic domain and 
which is often used as a parameter to measure the corrosion rate of the Mg. On the other hand, the low 
frequency inductive time constant (Fig. 1) which is commonly observed on the impedance diagrams. Both 
need to be taken into account in the mechanistic description of the corrosion. For the latter, the relaxation 
of an adsorbed intermediate at the electrode surface can be invoked. In this work, we will present a 
detailed analysis of the EIS response for short and long immersion times in sodium sulphate solution at 
different pH based on the model we previously devised [1]. From a fitting procedure, specific attention 
will be paid to the evolution of the different parameters involved in the kinetic model, and a detailed 
analysis of the relaxation of adsorbed species will be presented. These results will be complemented by 
local electrochemical investigation (namely SECM and LEIS) in order to sense the evolution of the 
surface reactivity as a function of time.  
 

 
 
Fig. 1. Electrochemical 
impedance spectroscopy 
of a pure Mg rotating disk 
electrode immersed in 0.1 
M Na2SO4 solution for 
short immersion time. 
E = Ecorr +10 mV 
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Conductive polymers such as polypyrrole are considered as environmental-friendly coatings for corrosion 
protection of metals such as aluminium and magnesium. However, electrodeposition of a high-quality 
conductive polymer coating on engineering metals is complicated due to the simultaneous anodic reaction 
of substrate during the electrodeposition. Corrosion protection mechanism of these coatings for aluminium 
substrate is complicated and yet to be studied. The protection mechanism of polypyrrole depends on its 
redox capability, dopants ions in the polymer structure and on its electrochemical interaction with the 
substrate. 
In this study, polypyrrole coatings were electrodeposited on aluminium substrates using cyclic voltammetry 
(CV) between 0 and 0.9 V vs Ag/AgCl (3M KCl) with scan rate of 10 mV/s. The main deposition solution 
contained pyrrole monomer, 4,5-dihydroxy-1,3-benzenedisulfonic acid disodium salt monohydrate 
(DHBDS) and sodium dodecyl sulfate (SDS). Sodium nitride and citric acid were further added to the 
solution to investigate the effect of presence of different anions on the properties of polypyrrole coatings. 
After 20 cycles of CV, a homogenous compact coating of about 5-10 µm thickness was deposited. 
Electrochemical properties of the polypyrrole coating were then tested in the solution of 0.1 M NaCl using 
CV. 
Our results showed that the morphology and the electrochemical properties of the polypyrrole coating on 
aluminium are dependent on the composition of the electropolymerization solution.  
Corrosion behavior of coated and bare aluminium samples were investigated in 0.1 and 0.6 M solutions of 
sodium chloride by monitoring open circuit potential (OCP) and by electrochemical impedance 
spectroscopy (EIS) during 24 hours of immersion. 
Coated samples showed nobler OCP values in comparison to the bare aluminium. When doping with 
different ions, nitrate showed higher improvement in OCP values compared to citrate. 
Surface morphology and the interface of polypyrrole coating with aluminium were examined by means of 
focused ion beam assisted scanning electron microscopy (FIB-SEM) before and after exposure to the 
corrosive solution. 
After immersion, some blisters were detected on the coating surfaces. The results revealed the ability of 
polypyrrole to promote passivation of aluminium surface in chloride containing environment. The presence 
of nitrate ions, doped into the polymer, improved the protection of polypyrrole coating. 
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A single pit was formed on Type304 stainless steel under a droplet of 3.6 M MgCl2 aqueous solution with 
various sizes at 25 ºC in the relative humidity of 58%. The size of pit was measured for up to 5 days using 
scanning laser microscope. Basically, only one pit was initiated under a droplet in a few hours after set up. 
The depth of the pit increased with time not depending on the size of droplet, whereas the volume of pit 
was approximately proportional to the time and the diameter of the droplet. The process of the growth of 
single pit was simulated by the finite element method (FEM) using the data of polarization curve of the 
Tye304 steel in a 3.6M MgCl2 +HCl with pH 1.03 solution and also considering chemical equilibria of 
chloride and hydroxide of Fe, Ni and Cr. The kinetics of pit growth and changes in solution chemistry 
obtained by FEM calculation were similar to the experiments, but pH inside pit was not necessarily 
reproduced.  The kinetics of pit growth was confirmed to be mainly controlled by the reduction of 
dissolved oxygen in the droplet which was supplied from the surface of droplet.  
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Metallic materials are widely used for biomedical applications, as repair or replacement materials of the 
diseased or damaged bone tissue. Compared with traditionally employed stainless steels, titanium alloys 
and Cr-Co based alloys, magnesium and its alloys show special properties, such as a low density (1.74 – 
2.0 g cm-3), an elastic modulus between 41 and 45 GPa, very well matching with that of natural bone. 
And last but not least, once implanted in vivo the ions and/or particles released as a consequence of 
corrosion as well as wear processes are not harmful to the body [1]. Therefore, magnesium and its alloys 
are candidate materials for biodegradable implants for orthopedic applications and vascular stents [2, 3]. 
However, due to the very low reduction potential and to the poor corrosion resistance in chloride 
containing environments (as human body fluids or blood plasma), the degradation rate of magnesium and 
its alloys is so high that the mechanical integrity before the diseased or damaged bone tissue healed is not 
always maintained. Moreover, since water reduction is the common cathodic process during corrosion of 
Mg and its alloys, the high corrosion rate implies a high H2 evolution rate, with consequent detrimental 
gas pockets formation around the implant, and alkalization occurring in the vicinity of the corroding 
surface discussed as possibly being deleterious for the surrounding biological environment [4]. 
The simplest way to slow down corrosion is to form a coating on the magnesium substrate to provide a 
barrier toward the contact between the substrate and the environments. There are many coating 
technologies which can be used to coat the magnesium substrate, such as electrochemical plating, 
chemical conversion coating, physical vapour deposition, laser surface treatment and anodic oxidation. 
Among these technologies the latter is one of the most effective and popular methods, even if the growth 
of protective anodic layers on Mg and Mg alloys is difficult due to the unfavourable Pilling-Bedworth 
ratio for MgO. 
In the present work, we studied the anodizing of magnesium and AZ31 alloys in hot glycerol electrolyte 
containing 0.6 M K2HPO4 and 0.2 M K3PO4. The effect of bath temperature (80°C – 160°C), current 
density (0.5 mA cm-2 – 8 mA cm-2) and anodizing time (100 s – 1 h) on the structure and composition of 
the resultant films was studied by Scanning Electron Microscopy, Energy Dispersive X-ray Spectroscopy 
and X-ray diffraction (XRD). In the attempt to seal the pores of the anodic layers and to improve their 
biocompatibility, the growth oh Hydroxyapatite (HAP) on the samples surface was induced by a dip 
coating procedure [5]. The successful formation of HAP was confirmed by SEM observation and EDS 
analysis. The corrosion resistance of the resulting composite coatings was characterized in Simulated 
Body Fluid at 37°C by Open Circuit Potential (OCP) measurements, Electrochemical Impedance 
Spectroscopy (EIS) and by recording polarization curves. All the experiments proved a small shift of the 
corrosion potential toward more anodic values, a strong increase of the polarization resistance and a 
reduction of the corrosion current density, i.e. of the hydrogen evolution rate. 
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Plasma electrolytic oxidation (PEO), also known as micro arc oxidation (MAO) or anodic spark 
deposition (ASD) [1] is an anodizing process assisted by plasma discharges for producing oxide films on 
surface of valve metals and light alloys. PEO is usually used for metals such as titanium, magnesium, 
tantalum, zirconium, aluminum and their alloys, which provide stable oxides in aqueous media. This 
technology has evolved from conventional anodizing, but the electrolytes used are different and it 
demands much higher voltages to maintain dielectric breakdown of the anodic oxide film, which is 
featured by a number of discrete short-lived micro-discharges moving across the metal surface. As a 
result, PEO coatings are normally much thicker. Such oxide layers show controllable morphology and 
composition, excellent bonding strength with substrate, good electrical and thermal properties, high 
micro-hardness and suitable wear and corrosion resistance. PEO process can be carried out using direct 
current (DC), alternating current (AC) or pulsed DC regimes.  
Unfortunately, the discharges create not only the coating, but also some defects, for example discharge 
channels, pores from gas inclusions and microcracks. Thus, sealing or avoidance of the high porosity is 
essential to improve the coating properties. Particle addition into PEO coatings is a novel approach to 
obtain a type of in situ sealing. Examples of such particles in PEO coatings include silica and lanthanum 
oxide, silicon nitride, clay and titanium dioxide. The incorporation of nano-particles in the oxide layer 
structure improves its tribological and corrosion behaviour, and also, increases its hardness and adhesion 
to the substrate. Many industries such as machinery, textile and printing are interested on Al2O3/TiO2 
composite coatings due to their high hardness, excellent wear and corrosion properties, as well as high 
thermal and chemical resistance [2]. Li et al. [3] have reported higher hardness and adhesion of PEO 
coatings on 6063 Al alloy by the presence of TiO2 nano-particles in electrolyte bath.  
In the present work we study the possibility of preparing Al2O3/TiO2 composite coatings on 7075 Al alloy 
by addition in the electrochemical bath of potassium titanium oxalate (PTO), , using a 
pulsed DC regime. During the anodic step an electrochemical potential gradient drives  anions 
toward the metal/coating interface, while the alkalinisation due to H2 evolution during the cathodic step 
induces the TiO2 precipitation according to the following chemical reaction:  

 
with the consequent TiO2 formation inside the coating. The effects of waveform (unipolar and bipolar) on 
structure and corrosion properties of Al2O3/TiO2 composite coatings on 7075 Al alloy are investigated. 
Scanning electron microscopy was employed to study the surface morphology of the coating as a function 
of the oxidation conditions as well as to examine their cross sections, while energy dispersive 
spectroscopy (EDS) confirmed the incorporation of TiO2 inside the coatings. The corrosion resistance of 
coatings was investigated in 3.5 % NaCl solution (pH 4) using potentiodynamic polarization and 
electrochemical impedance spectroscopy (EIS). Tribocorrosion experiments were performed using SiC 
ball under the load of 1 N for 3600 s at 1 Hz oscillating frequency. The variation of open circuit potential 
(OCP) during tribocorrosion test in 3.5 % NaCl solution (pH 4) and the volume loss of the coatings were 
reported.  
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Abstract 
 
Although metallic materials are commonly used for medical implants, the corrosion of these metal inserts 
is an ongoing issue that can have significant impact of the health and well-being of patients. One of the 
most commonly used implant substrates Stainless steel (SS) 316L, for example, undergoes corrosion 
under physiological conditions. The degradation of this material can lead to potentially carcinogenic ions 
being released into the body (e.g. Fe, Cr, Ni [1, 2]) and it has been previously estimated that over 90% of 
failures with SS 316L-based implants result from some type of corrosion [2]. Nevertheless, it is possible 
to tackle these challenges via the use of implant surfaces that feature a biocompatible coating.  
 
In this study, the effect of a wood-derived polymer coating on the corrosion resistance SS 316L was 
investigated. Two distinct types of lignin - derived from both Soft and Hardwood sources - were 
dissolved in solvent and subsequently spin-coated on the surface of SS 316L. The resultant corrosion 
resistance of the obtained surfaces were studied by electrochemical methods and the surface 
characteristics were also analysed (AFM, FTIR, and Goniometry). Measurements demonstrate that the 
presence of a lignin coating not only decreases the measured corrosion current density of the metal 
substrate by 2-3 orders of magnitude, but it also enhances surface wettability, which is considered to be a 
desirable property that can help promote protein adsorption and aid latter cell growth [3].    
 
Overall, this research clearly highlights the potential of lignin obtained from the side streams of 
Biorefinery processes as environmentally friendly and sustainable alternative corrosion protection 
coating.  
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Corrosion processes almost always initiate on the material surface at local heterogeneities such as 
inclusions, precipitates, grain boundaries or dislocations. With currently existing electrochemical 
characterization techniques, a complete electrochemical characterization of surface reactivity with a 
lateral resolution of a few nanometers is not possible because fully immersing heterogeneous 
microstructures in relevant conducting electrolytes does not allow localization of the processes. 
The scanning electrochemical nanocapillary (SEN) technique combines a scanning and confined local 
area exposure approaches and therefore allows assessing in the sub 100 nm range the local reactivity and 
influence of anodic/cathodic areas on high performance industrial materials degradation. An incontestable 
advantage of this technique is that only the area under the nanocapillary tip (< 100 nm) is exposed to the 
electrolyte, which highly limits the risk of microgalvanic coupling during the electrochemical 
measurement. A high lateral (currently < 50 nm) and current ( ̴ 10-15 A) resolution can consequently be 
achieved. The SEN technique can therefore become an excellent tool to deepen our mechanistic 
understanding of microscale galvanic coupling and localized corrosion initiation processes. 
The SEN technique has already successfully been applied to characterize the surface reactivity of very 
active systems. In the case of Mg of various purity grades, local electrochemical measurements with high 
lateral resolution are critical to determine the presence, nobility and distribution of nanoprecipitates, 
induced by the trace amount of impurities. The reactivity (potential polarization, cathodic reaction 
kinetics) of these cathodic sites will drastically impact the corrosion rates of the respective Mg. In a 
further stage, the reactivity of intermetallics in Mg-alloys (e.g. Mg-Zn-Ca) as function of isothermal aging 
has been investigated. SEN analysis combined to atomic force microscopy (AFM) associated to scanning 
Kelvin probe force microscopy (SKPFM) allows to identify the anodic or cathodic nature of the galvanic 
coupling sites with respect to the alloy aging condition and correlate their distribution and evolution to the 
alloy degradation behavior. The prospects and limitations of the SEN technique will also be discussed 
with regards to AFM/SKPFM. 
In a next step, the setup and methodology will be further applied to investigate less active systems, such 
as Al alloys. Local electrochemical measurements are an essential step for a complete mechanistic 
understanding of intergranular corrosion in modern Al alloys. The atypical corrosion behavior of Al-Cu-
Li alloys is directly related to the changes in the grain boundary microstructure/microchemistry as 
function of their isothermal aging. In addition to a detailed microscopic analysis, a combined SEN and 
AFM/SKPFM approach will be used to correlate the corrosion behavior of the alloy to specific 
microstructural features and identify the ones leading to preferential grain dissolution and selective 
propagation of intergranular corrosion.  
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Organic coatings are frequently used to protect metal surfaces against corrosion because they act as an 
efficient barrier by slowing down the diffusion of aggressive species (particularly water) towards the 
metal/paint interface. The barrier properties are linked to various parameters such as the polymer matrix, 
the fillers, the pigments and additives, the solvent and the coating thickness. For the assessment of the 
corrosion protection performance, electrochemical impedance spectroscopy (EIS) is a very popular 
technique and generally low impedance values are associated to low barrier properties and as a 
consequence to an easy water uptake. 
In the present work, an epoxy based commercial coating used for the corrosion protection of steel was 
investigated by EIS. The aim was to better understand the correlation between the impedance values and 
the barrier properties. 
First, the water uptake was followed by EIS and gravimetric measurements in a 0.5 M NaCl solution as a 
function of exposure time. From the impedance data, the water uptake was determined from the dielectric 
permittivity values, employing a linear rule of mixtures [1]. The results were in good agreement with 
those directly measured by means of gravimetry. 
Then, EIS measurements were performed on coated steel plates immersed in NaCl solutions. A designed 
thermostated cell allowed isothermal EIS measurements to be obtained in the temperature range 
[21;74]°C, which encompassed the glass transition temperature (Tg) of the studied paint (measured by 
DSC at ~50 °C and ~35 °C when fully plasticized by water). Analysis of the permittivity as a function of 
temperature revealed a change in slope in the vicinity of 35 °C, attributed to the change in thermal 
expansion coefficient of a polymer across its Tg, leading to additional water uptake. 

 
Fig. 1: Bode plots of SIE measurements performed on 
the epoxy based coating at various temperatures in a 

0.1 M NaCl solution. 
 

As seen in Fig. 1, a shift towards higher 
frequencies of the film time constant was 
observed upon increasing temperature. 
Moreover, the low-frequency value of coating 
electrical conductivity showed an Arrhenius 
dependence with activation energies of ~1.0 eV, 
therefore closer to that of a dry film (~1.2 eV) 
than to the electrolytic solution (~0.1 eV). In 
light of the percolation approach to electrical 
conductivity in disordered systems, these results 
suggest that water and ions in the polymer 
matrix rather facilitates the charge transport 
mechanisms than creates new continuous paths 
for the electrical charges. 

It was checked that the coating adherence on the steel surface in both dry and wet conditions was high 
and after six months of exposure to the NaCl solution, the samples were not corroded. Thus, it appeared 
that the polymer network governed the electrochemical response of the coating. Even if the impedance 
modulus at low frequency were moderate (about 108 Ω cm² at room temperature for a 200 µm thickness), 
the water uptake in the coating was low (~ 1%). The coating permittivity related to the water content and 
the conductivity in wet conditions seemed to be relevant parameters to understand its barrier properties. 
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In this work, two different Aluminum metal purities, 99.5% and 99.99%, have been considered as 
substrates for growing barrier Al2O3 layers via anodizing processes performed at different high voltages 
up to 200V. The relationships between the substrate purity with the oxide electronic and structural defect 
properties, as well as the incorporated H and C concentrations from the electrolytes and their corrosion 
susceptibility are evaluated. Even for this slight metal impurity level difference, the substrate strongly 
determines the corrosion resistance offered by the formed barrier oxides. In fact, the importance of the 
substrate purity on the oxide barrier properties is for example clearly reflected by AFM-SKPFM analysis 
of surface potentials (VPD), Figure 1A. The different charge recombination breakdown voltages (150V 
for Al99.9 compared to 250V for Al99.5) can be related to hindered migration in denser/less defective 
oxide formed on the Al99.5.  Compared to Al99.5 substrate, the Al99.99 ones exhibit faster oxide growth 
rates and larger layer thicknesses characterized by ellipsometry and FIB cross section analysis. In 
concordance to the more disordered and rough oxide layers formed on Al99.99, larger amounts of defects 
sites and easier incorporation of extrinsic species coming from the electrolyte are also detected. AFM-
SKPFM potential mapping further indicates larger lateral variations of the measured VPD for the Al99.99 
substrates as compared to the Al99.5. The amount of oxide defects has a direct influence on its 
photoelectrochemical response inducing a large number of in-gap states in a usually wide band gap 
insulating Al2O3 oxide. Respect to the Al99.5 purity substrate, the larger electrochemical photocurrents 
emission intensities observed for the anodic oxide grown on the Al99.99 substrate point out its higher 
defect amount, Figure 1B. Rutherford Backscattering (RBS) and related ERDA measurements evidence 
the incorporation of light impurities species (C and H in percent range) from the electrolyte during the 
oxide growth. While C species are similarly distributed for both purities, the total H content within the 
oxide barrier layer is considerably higher for the oxides grown on Al99.99 substrates.  
The anodic oxides also show different localized corrosion initiation susceptibility as function of the 
substrate purity. Electrochemical impedance spectroscopy (EIS) characterization at OCP and 
potentiodynamic polarizations in 0.1M NaCl shows that for the highly defective oxide grown on the 
Al99.99 substrate, even a few hundred nanometer thick oxide do not generate any corrosion protection 
improvement (pitting potential around -0.6V vs Ag/AgCl and impedance values in the 105 Ohm*cm2). 
For the less defective anodic oxide formed on the Al99.5 substrate, impedance values of up to 108 
Ohm*cm2 and pitting potential of 1.5 V are then obtained. The experimental findings emphasize the 
significant effect of substrate impurities on the resulting barrier oxide properties of anodically grown 
oxides.  
 
 
       A)                                                                     B)  
 
 
 
 
 
 
 
 
 
                                                           
Figure 1: Anodic oxide “electrochemical” properties as function of growth voltage and substrate purity:  
A) AFM-SKPFM surface potential, B) Photocurrent evolution after anodizing at 100V and 200V. 
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Mild steel is easily etched in acidic environment. Therefore, it must take effect measures to prevent 
mild steel from corrosion. Inhibitor is an effective method which can prevent mild steel from corrosion. 
The inhibition mechanism of inhibitors attributes to the absorption of inhibitors on mild steel surface 
through the functional groups in their structures, e.g. −SH, −NH, etc. The deposited inhibitors layers can 
prevent electrolyte solution from contacting with mild steel surface. Though these synthetic inhibitors 
provide an effective protection for mild steel, they are toxic in varying degrees and easily contaminate 
environment. From an eco-friendly review, tannic acid, a class of eco-friendly inhibitor extracted from the 
barks of tress, has caught peoples interest[1-3]. On the other hand, tannic acid also can be used to prepare 
chemical conversion coating for corrosion protection of metal substrates. In past decade, people payed 
more attention to the mixed inhibitors owing to their synergistic effect. The inhibiting effect of the mixed 
inhibitors is better than that of single one. Recently, some authors reported that iodide ions (I−) can 
provide an effective protection alone or combined with other inhibitors for mild steel in acidic solution. 
Inspired by their studies, we want to know whether there is a synergistic effect between tannic acid and I− 
in acidic solution[4-7]. But, the relevant studies have not been reported yet. Therefore, it is necessary to 
investigate the synergistic behaviour of tannic acid and I− in acidic solution. In present work, the 
synergistic inhibition behaviour of tannic acid and I− in 0.1 M H2SO4 solution has been investigated in 
detail. Electrochemical impedance spectroscopy (EIS), potentiodynamic polarization curves, and 
scanning electron microscopy (SEM) are used to give the evidence of their interaction. Additionally, the 
adsorption behaviours of the relevant inhibitors are also investigated by Langmuir adsorption isotherm 
studies. 

 
Fig. 1 The SEM images of mild steel specimens immersed in in 0.1 M H2SO4 solution with different 
inhibitors for 168 h, (a) mild steel in 0.1 M H2SO4 solution without inhibitor, (b) mild steel in 0.1 M 

H2SO4 solution with 5 mM I−, (c) mild steel in 0.1 M H2SO4 solution with 5 mM tannic acid, (d) mild 
steel in 0.1 M H2SO4 solution with 5mM tannic acid and 5mM KI 

References 
[1] B. Qian, B. Hou, M. Zheng, Corros. Sci., 72 (2013) 1-9. 
[2] H. Winkelmann, S. Ilo, Corros., 67 (2011). 
[3] H. Winkelmann, E. Badisch, S. Ilo, S. Eglsaeer, Mater. Corros., 60 (2009) 192-198. 
[4] S. Shen, C.-d. Zhu, X.-y. Guo, C.-c. Li, Y. Wen, H.-F. Yang, Rsc Adv., 4 (2014) 10597-10606. 
[5] M.A. Chidiebere, E.E. Oguzie, L. Liu, Y. Li, F. Wang, Ind. Engi. Chem. Res., 53 (2014) 7670-7679. 
[6] P.C. Okafor, Y. Zheng, Corros. Sci., 51 (2009) 850-859. 
[7] S.S.A. Rehim, O.A. Hazzazi, M.A. Amin, K.F. Khaled, Corros. Sci., 50 (2008) 2258-2271. 
 



Instantaneous impedance as a tool for in situ monitoring of surface 
modification processes 

 
Benny Wouters, Raf Claessens, Herman Terryn 

Vrije Universiteit Brussel, Research Group Electrochemical and Surface Engineering, 
Pleinlaan 2, 1050 Brussels, Belgium 

benny.wouters@vub.be 
 

Many systems involving corrosion protection or corrosion mechanisms, such as anodising, conversion 
coatings, and AC electrograining, involve fast changing surfaces. Classical monitoring of these processes 
is mostly performed ex situ, e.g. by SEM or XPS analysis. Due to the nature of these vacuum-based 
techniques the studied dehydrated surface will already be modified from the surface in solution. Classical 
electrochemical impedance spectroscopy cannot be used to measure the changing surface properties in 
situ, as this goes against the principle of stationarity during such measurement. In contrast, applying an 
ORP-EIS signal to a non-stationary system, due to each frequency being applied constantly over the 
course of the measurement, the instantaneous impedance can be calculated for the duration of the 
experiment [1]. This technique provides information on the system as its properties are changing. It can 
therefore be used for monitoring the changes in surface morphology during the actual process. 
 
In this work, the AC electrograining of aluminium is taken as a case study for surface monitoring. This 
process is used for offset printing plate production. High current densities are used to induce controlled 
corrosion on aluminium surfaces. During the process, three different stages can be identified, namely 
dissolution of second-phase particles, crystallographic attack of the aluminium, and development of the 
smut layer [2]. While many studies have examined the composition of the smut layer ex situ, the exact 
composition of the smut layer during the process is still unknown. Due to this uncertainty, it is difficult to 
compare the electrochemistry of different electrograining solutions and additives. As the industrial 
process uses multiple electrodes in series [3], the smut layer composition can also change during the 
interval time between the electrodes. The trapped gas inside of the smut layer is expected to be partially 
released during this period. 
 
For this study, a six-electrode electrograining process is simulated using a galvanostat. The galvanostatic 
ORP-EIS signal is applied immediately after the simulated electrodes. The instantaneous impedance was 
then calculated to identify the non-stationarities. Fitting the obtained spectra, the changes in smut layer 
capacitance and smut layer resistance over time can be quantified. It is found that the smut layer 
capacitance increases over time, which can be due to the gas release in the smut layer, or due to a change 
in smut layer thickness. The smut layer resistance is found to decrease after 1.5 seconds, which can relate 
to the dissolution of the smut layer. Interestingly, the electrolyte resistance is also changing over time, due 
to the change in gas fraction in the solution. As the smut layer properties are monitored in situ, this 
technique could be used to identify differences in smut layer composition when using different additives. 
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Organic coatings are of significant importance in the corrosion protection of metals. According to their 
great importance there is a steady demand for new coating developments, due to necessary adaptations for 
new production processes, the application of new alloys and metallic coatings, the compatibility with 
novel pretreatments and environmental regulations. The development of novel coating systems and their 
commercialization, however, are significantly slowed down by the required long term testing of their 
performance. Despite significant progress towards a more fundamental understanding of the degradation 
of coating systems made in the last decades, a knowledge-based prediction of long-term corrosion 
performance of coating systems was up to now not possible. The reason for this is that our knowledge 
about the underlying key reactions is still insufficient. This is even the more true for novel protection 
concepts, such as self-healing coating systems.  
 
In this presentation it will be shown that time is ripe for moving further. It will be shown that our 
understanding about the underlying mechanisms of delamination is progressing quickly and that we now 
have the tools at hand to fill the gaps. Some established views will be critically reviewed and discussed in 
the light of recent results. 
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Nanoporous and nanotubular oxides have been fabricated and synthesized by various routes. The most 
established examples of such nanostructured oxides are porous alumina and titania nanotubes, which are 
formed by simple anodization. In particular, titania nanotubes have attracted much attention due to a wide 
range of their applications. However, the applications of the structure have been limited to functional 
materials such as photocatalysts and dye-sensitized solar cells. Recently, we reported the formation of 
nanoporous surfaces on a stainless steel in ethylene glycol containing perchloric acid. In the present work, 
we examine the corrosion fatigue of Type 316L stainless steel with nanoporous surfaces in a sodium 
chloride solution. 
Materials used were Type 316L stainless steel sheet. Tensile specimens were obtained from the sheet by 
an electric discharge machinery. The surface of the specimens was ground with SiC abrasive papers and 
mirror-finished with diamond paste and colloidal silica suspension. In the present work, the mechanically 
polished specimens were used as a reference. After the polishing, some specimens were subjected to 
electropolishing and anodization. The electropolishing and anodization were performed in the mixture of 
phosphoric acid, glycerol and deionized water and in ethylene glycol containing sodium perchlorate, 
respectively. In order to examine the corrosion fatigue of the three types of specimen, a cyclic 
deformation test was carried out in 0.9% sodium chloride solution using the conventional electrochemical 
cell with a Ag/AgCl reference electrode and a hydraulically operated survo-pulsar. Cyclic load with 
different maximum stress levels was applied by the survo-pulsar with the stress ratio of 0.1 and the 
frequency of 10 Hz. 
The anodization in ethylene glycol containing perchloride ions led to the formation of nanoporous 
structure with the average diameter of 156 nm and the depth of 22 nm. The Ras of the mechanically 
polished, electropolished and anodized specimens were around 3.47, 0.73 and 6.15 nm, respectively. 
During the cyclic deformation test with the maximum stress of 525 MPa, the corrosion potential of the 
specimens once decreased with increasing the cycle of the test due to newly created surface induced by 
the plastic deformation. Then the corrosion potential obtained for the three types of specimen increased 
with the cycle until the fracture. However, the variation of the corrosion potential was clearly different 
depending on the surface morphology. The resulting fatigue life was also strongly affected by the surface 
morphology, that is, the longest fatigue life was obtained for the anodized specimen whereas the fatigue 
life of the mechanically polished specimen was the shortest among the specimens. In the presentation, the 
different fatigue life depending on the surface morphology will be discussed.  
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Corrosion of the internal surfaces of oilfield equipment fabricated from carbon steel is driven primarily by 
the dissolution of CO2 or H2S into the aqueous phase of the produced fluids, resulting in so-called sweet 
(CO2-induced) or sour (H2S-induced) corrosion.  Depending upon the environmental conditions, severe 
corrosion may occur, although solid corrosion products can protect the steel substrate, e.g. FeCO3 (FeS) 
in sweet (sour) environments.   
 
In this talk, our recent efforts to understand the evolution of these sweet/sour oilfield corrosion scales will 
be presented.  A more traditional corrosion science type approach to elucidate the evolution of the 
established scales will be discussed, as well as the application of surface science probes to investigate 
scale initiation.  For example, new insight into the habit of sweet scales crystallites will be detailed, along 
with evidence for the aging of sour scales. Furthermore, ultra-high resolution real-space scanning 
tunnelling microscopy images of the initial interaction of CO2/H2S with model substrates will be 
presented, indicating the formation of complex interfacial nanostructures.  
 



The in-situ scratching repassivation behavior of materials  
in high-temperature pressurized water for nuclear power plant 

 
 

En-Hou Han, Jianqiu Wang, Jiazhen Wang, Chao Xiang 
Key Laboratory of Nuclear Materials and Safety Assessment 

Institute of Metal Research, Chinese Academy of Sciences 
Shenyang 110016, Liaoning, PR China 

ehhan@imr.ac.cn 
 
 

The scratching repassivation in room temperature such as rotate disc electrode are often used to evaluate 
the corrosion and stress corrosion cracking.  However, in-situ scratching repassivation test in high 
temperature pressurized water is very difficult to obtain valuable data.  There are quite few papers related 
to the study of repassivation kinetics of nuclear materials using scratch electrode technique in high 
temperature pressurized water.  In order to evaluation the corrosion and stress corrosion cracking 
behavior of various materials rapidly, it’s necessary to develop the in-situ scratching testing method in 
high temperature pressurized water.   
 
The new in-situ scratching repassivation test system in high temperature pressurized water has been built.  
The design temperature and design pressure of this system are 350oC and 20 MPa respectively, and the 
maximum scratch speed is 3.3 m/s.  By using this scratch electrode system, the in-situ scratching 
repassivation kinetics of materials including Alloy 800, Alloy 690 and three high entropy alloys 
(Co1.5CrFeNi1.5Ti0.5Mo0.1, AlCoCrFeNiSi0.1 and TaNbHfZrTi ) are studied in high temperature 
pressurized water with different dissolved hydrogen (DH) and dissolved oxygen (DO) at 300oC for 
nuclear power plant.   
 
The results demonstrate that under DO condition the cBV value increases with the rise of DO 
concentration; and under DH condition, the cBV value passes through a local maximum at DH = 1.0 ppm.  
In addition, the repassivation results in the present work confirm the applicability of the slip-dissolution 
model for explaining stress corrosion cracking by means of electrochemical measurement.  Compared 
with other methods of evaluating stress corrosion cracking susceptibility of engineering materials, 
studying the repassivation kinetics by rapid scratch technique is more economical and time-efficient 
evaluation method for nuclear materials in high temperature pressurized water.  The repassivation rates of 
the two alloys in high-temperature pressurized water were ranked as the following sequence: TaNbHfZrTi
＞Co1.5CrFeNi1.5Ti0.5Mo0.1＞690TT＞AlCoCrFeNiSi0.1, which means the proper high entropy alloy could 
have better corrosion and stress corrosion cracking behavior comparing with traditional corrosion 
resistanct alloys.   

 
Keywords:  Repassivation, Alloy 800, Alloy 690, High entropy alloy, High temperature water, Corrosion, 
Stress corrosion cracking, Nuclear material, Nuclear power 
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Magnesium and its alloys are promising materials for biodegradable implant applications, such as 
cardiovascular stents or temporary orthopaedic implants. The degradation rate can strongly depend on the 
environment of exposure, and it has been demonstrated that typical in vitro testing conditions can lead to 
largely different degradation rates than observed during in vivo experiments. The origin of these 
differences has not been clearly identified, but it is noteworthy that even in laboratory experiments rather 
large variations of corrosion rates for same materials have been observed, depending on the type of 
exposure conditions employed.  The presentation will describe such frequently observed large differences 
in the corrosion rate of Mg in different types of simulated body fluids and discuss critical factors of 
biocorrosion of Mg alloys. Electrochemical measurements and surface analysis indicate a strikingly 
different behaviour in SBF (simulated body fluid) as compared with cell culture medium (DMEM), 
drastically lower corrosion rates are observed in DMEM than in SBF. In both electrolytes the surface 
becomes covered by Ca-phosphate-rich layers, which mainly differ in their morphology (degree of 
porosity). In addition, effects of solution flow and temperature on corrosion behavior of Mg in biological 
environments will be discussed. Preliminary results on the influence of electrolyte composition on the 
electrochemical behaviour of other biodegradable metals, Fe and Zn, will be presented.  
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The degradation process of zinc-coated steel is considered to be divided into four stages; 1: zinc 
corrosion, 2: protection by sacrificial anode, 3: protection by zinc corrosion products, and 4: carbon 
steel corrosion. At 1 stage, corrosion of zinc coating progresses. The atmospheric corrosion rate of zinc 
would be smaller than that of carbon steel. When the corrosion front reaches to the zinc coating/substrate 
boundary, the exposed substrate steel would be galvanically protected by zinc, and the zinc coating would 
be more corroded by the galvanic reaction (2 stage). Thus zinc coating at 2 stage would be consumed 
more rapidly than 1 stage. After zinc coating is completely consumed, the substrate steel might be 
protected by zinc corrosion products (3 stage), if substrate steel surface is covered with dense corrosion 
products. Finally, the substrate steel corrosion begins after the protectiveness of the zinc corrosion 
products is lost (4 stage). The life time of zinc-coated steel is determined by the total period of 1 ~ 3. 
The 1 and 2 stages can be estimated from the corrosion potential Ecorr. The Ecorr of zinc-coated steel at 
the 1 and 2 should shift in positive direction from that of zinc to carbon steel. On the other hand, it might 
be difficult to evaluate the 3 stage from Ecorr. In this study, we attempted to distinguish the respective 
degradation stages of zinc coated steel by electrochemical methods. Especially, we focused on the 3 
stage.   
 

Electro-galvanized steel plates (25 × 25 mm) with 3 m coating were used as specimen. NaCl salt was 
deposited on the specimen surface. The amounts of the deposited NaCl salt were 5 g/m2. The specimens 
were exposed to a wet dry cyclic condition simulated to atmospheric environment. The wet-dry was 
carried out by keeping the samples at two different RHs (high RH: 95 % 2h, low RH: 40 % 2h) in a 
programmable chamber. Temperature was kept at 298 K. The specimen was removed from the chamber 
every day (every 6-cycles). After washing out the deposited salts, the corrosion potential and EIS were 
measured in 10 mM NaCl solution. After the measurements, the specimen deposited with the same 
amount of NaCl salt was exposed to the wet-dry cycles.  

To determine the remaining thickness of zinc coating, the same specimens were exposed together with 
those for the electrochemical measurements. The remaining thickness was determined by an anodic 
stripping method. In the anodic stripping, the corroded specimen was anodically polarized at100 A/cm2 
in 10 mM NaCl solution, and the potential change was recorded. 
 
   From the remaining thickness measurements by the anodic stripping, all zin coating (3 m thick) was 
completely corroded at the fourth days (24th cycle). Therefore, total period of the 1 and 2 for 3 m thick 
coating was only 4 days in this accelerated environment. In this study, impedance at 1 kHz (Z1kHz) and 
reciprocal of impedance at 10 mHz (Z10mHz

-1) were used as indexes of resistance of zinc corrosion 
products and corrosion rate of zinc and carbon steel, respectively. Each degradation stage, 1 ~ 4 were 
successfully distinguished by these parameters, Ecorr, Z1kHz and Z10mHz

-1. The 3 stage was characterized by 
positive shift of Ecorr, high Z1kHz and low Z10mHz

-1. On the other hand, at transition stage from 3 to 4, Z1kHz 
decreased and Z10mHz

-1increased, shifting Ecorr rapidly in positive direction. SEM observation of the cross 
section of the corroded zinc-coated steel exposed until this transition stage indicated that substrate steel 
corrosion partially occurred.  
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In spite of the fact that stainless steels exhibit a good performance in terms of corrosion resistance in 
different applications, they suffer localized corrosion in aerated chloride containing environments. Pitting 
and crevice are the two main forms of chloride-induced corrosion, which is considered as one of the 
major cause of failures in industrial applications. Localized corrosion initiation depends on different 
variables, as metal chemical composition and microstructure, chloride content, temperature, pH, fluid 
velocity and so forth. Localized corrosion is characterized by the so-called pitting potential and its 
protection by the re-passivation potential. Depending on the polarization potential and chloride content, 
re-passivation can be perfect or imperfect, as defined by Pourbaix. 
In this respect, the Pedeferri’s diagram can be used in order to predict and better understand the corrosion 
behavior of stainless steel in the presence of chlorides. The diagram, originally proposed for carbon steel 
in concrete, defines corrosion and passivity (perfect and imperfect conditions) zones as a function of the 
potential and chloride content. Among all the influencing factors, chloride concentration, pH, and 
temperature (environmental factors) play a major role for the determination of localized corrosion and 
passivity ranges in the diagram, which can be obtained by means of polarization tests such as 
potentiodynamic at fixed content of chlorides.  
In the present work, the effect of pH, temperature and chlorides content on the Pedeferri’s diagram of 
AISI 304L stainless steel has been investigated by design of experiment (DOE) method. This approach 
aims to study the effect of a fixed number of variables (as the abovementioned parameters) by an 
optimization of the experimental conditions. DOE reduces the number of tests by defining the statistical 
significance of the points where the response should be evaluated, as well as developing a mathematical 
model through a polynomial regression equation in order to obtain information about the magnitude and 
nature of interactions. Data for regression analysis were obtained from potentiodynamic anodic 
polarization tests on AISI 304L stainless steel specimens in the experimental condition defined by DOE 
method. DOE benefits different modes of design which can develop first or second order models. Here, it 
is discovered that the best model for describing the interaction of the parameters in localized corrosion of 
AISI 304 stainless steel are second order model (quadratic). 
Finally, a retroactive verification of the model has been carried out by comparing it with other test results 
and some mathematical elaborations. Equations were then used to generate Pedeferri’s diagram in 
selected conditions. The comparison shows that second order equation could be sufficiently simple to 
describe interaction of different parameters together. 
 
Keywords: Pedeferri’s diagram, stainless steel, localized corrosion, design of experiment. 
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This study presents an overview of the relation between anodic oxide properties and interfacial bonding, as 
affected by systematic variation of different parameters such as the electrolyte, the anodizing conditions 
and organic resin chemistry. It is well known that two fundamental characteristics are critical for bonding: 
the oxide chemistry and morphology. To separate between these two contributions, either barrier-type or 
porous-type oxide specimens were applied. The investigated Cr(VI)-free anodizing electrolytes are 
phosphoric- (PAA), sulfuric- (SAA) and mixtures of phosphoric- and sulfuric acid anodizing (PSA). 
Experimental results show that the incorporation of PO4

3- and SO4
2- species from the electrolytes 

significantly changes the oxide surface composition [1]. Bond performance using an epoxy resin is highly 
affected by the ingress of water, with its strength linearly increasing with the hydroxyl fraction, as 
quantified by X-ray photoelectron spectroscopy (XPS) on barrier-type anodic oxides [2,3].  
The second part explores the effect of porous oxide morphology. Mechanical tests show that the anodizing 
conditions such as the electrolyte combination and temperature, rather than the pore size and oxide layer 
thickness are critical for moisture-resistant adhesion. A higher degree of dissolution during anodizing is 
beneficial for the adhesion, facilitating an extended interface, as shown by the presence of resin inside the 
pores using energy-dispersive X-ray spectroscopy (EDS) analysis on transmission electron microscope 
(TEM) cross-sections [4].  
Furthermore, it is possible to modify the chemical and morphological properties of the oxide film even 
further by applying a post-treatment. The presence of fluorides in a post-treatment bath leads to fluoride 
adsorption that consequently causes significant reduction in the subsequent adhesion of the joint. TEM 
cross-section images show that fluoride-assisted dissolution smoothed the oxide surface, removing the 
fibril-like top nanostructure resulting in reduced dry peel strength. Conversely, chemical surface 
modifications were dependent on the initial oxide composition, as measured by XPS and Time-of-Flight 
Secondary Ion Mass Spectrometry (ToF-SIMS). Chemical analysis reveals that surface hydroxyls in SAA 
are partially replaced by fluorides, which block some oxide-to-adhesive interfacial bonding sites. As a 
result, the peel strength of SAA under wet conditions is severely reduced due to this additional 
contribution. On the other hand, fluoride-assisted dissolution of surface phosphates in PSA does not 
substantially change the surface chemistry. Accordingly, the wet peel strength of PSA panels is not further 
deteriorated and their adhesion loss is predominantly affected by morphological changes. These results 
provide the first experimental validation and quantification of the cooperative action of physio-chemical 
and mechanical adhesion mechanisms on nanoporous anodic oxides. 
 
1. S.T. Abrahami, T. Hauffman, J.M.M. de Kok, J.M.C. Mol, H.A. Terryn (2015). XPS analysis of the 

surface chemistry and interfacial bonding of barrier-type Cr(VI)-free anodic oxides., Journal of 
Physical Chemistry C 119 (34), 2015, 19967-19975 

2. S.T. Abrahami, T. Hauffman, J.M.M. de Kok, H. Terryn, J.M.C. Mol. Adhesive bonding and 
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High entropy alloys (HEAs) are a new generation of alloys that comprise four or more principal metallic 
elements in near equiatomic ratios.1 Although the first of these alloys was synthesised less than two decades 
ago2, it has since emerged that HEAs possess a unique combination of useful properties such as high 
hardness and resistance to corrosion,3-6 both of which are further improved by the addition of carbon and 
nitrogen in the alloying process.7,8 Research on how HEAs corrode is scarce and little is still known about 
how these films combine high hardness and corrosion resistance. Our study closely investigates the 
corrosion characteristics and mechanisms of a few high entropy carbide and nitride compounds.  
 
A series of high entropy carbide ((CrNbTaTiW)C and (FeCrNi)C) and nitride ((AlCrNbYZr)N) thin films 
with compositional gradients have been synthesised by combinatorial magnetron sputtering. The corrosion 
characteristics of these films, as well as of (FeCrNi)C) thin films, have been extensively characterised using 
a series of electrochemical analyses (scanning droplet cell (SDS) impedance spectroscopy (EIS), 
potentiodynamic polarisation (PDP) and potential step experiments), elemental analyses (ICP-mass 
spectrometry (ICP-MS) and energy dispersive X-ray spectroscopy (EDX)), surface analysis (X-ray 
photoelectron spectroscopy (XPS)) and microscopy (scanning electron microscopy (SEM)). The 
microstructural and mechanical properties were also studied using X-ray diffraction (XRD), 
nanoindentation and transmission electron microscopy (TEM).  
 
Preliminary results from the potentiodynamic polarisation and impedance measurements show that both 
the carbide and nitride systems significantly outperform a super hyper duplex stainless steel in terms of 
corrosion properties. Potential step experiments and XPS testing of the corroded films, as well as ICP-MS 
measurements of the electrolyte reveal the order and proportions in which the alloying elements begin to 
segregate and go into solution. Lastly, mechanical tests show that the (CrNbTaTiW)C carbide films also 
combine high hardness with ductility.  
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Most technical metallic materials, including the newly developed microcrystalline and nanocrystalline 
metals with specific properties, are polycrystals and expose at their surface multiple single grains joined 
by a grain boundary (GB) network. Their durability in aggressive environments is primarily limited by 
intergranular corrosion that degrades the GB network first at the surface and then penetrates in the sub-
surface and propagates to jeopardize the integrity of the microstructure. Grain boundary engineering aims 
at improving the behavior of polycrystalline materials towards phenomenon such as intergranular 
corrosion, sensitization and crack propagation, by controlling the GB network. It is challenging in terms 
of process development but also scientifically since the design of the most resistive GB network requires 
to improve the understanding of the relation between GB character and the local properties of corrosion 
resistance at the surface sites where the grain boundaries emerge, including in the initial stages of 
corrosion before penetration in the sub-surface region and propagation. 
 
In this work, the initiation of intergranular corrosion at the emergences of various types of grain 
boundaries was studied at the nanometer scale on microcrystalline copper in 1 mM HCl aqueous solution 
by combining in situ Electrochemical Scanning Tunneling Microscopy (ECSTM) and Electron Back-
Scattered diffraction (EBSD) analysis of the same local microstructure region. The adopted original 
methodology included in situ ECSTM local surface analysis before and after electrochemically-induced 
dissolution/redeposition in quantities not exceeding a few equivalent monolayers, followed by micro 
marking of the surface by indenting the surface with the STM tip and subsequent repositioning of the 
EBSD analysis in the micro marked local area. 
 
The results demonstrate that electrochemically-induced intergranular dissolution in quantities not 
exceeding a few equivalent monolayers at the emergences of grain boundaries is dependent on the grain 
boundary character. It is found that random high angle boundaries as well as 69 coincidence site lattice 
(CSL) boundaries are susceptible to the nanoscale initiation of intergranular corrosion while for 63 CSL 
boundaries the behavior is dependent on the deviation angle of the GB plane from the exact coincidence 
orientation. For the 63 twins, a transition from resistance to susceptibility occurs between 1° and 1.7° of 
deviation as a result of the increase of the density of steps (i.e. misorientation dislocations) in the 
coincidence plane of the boundary. The work emphasizes the precision needed in the design of the grain 
boundary network in applications where intergranular corrosion or its initiation must be controlled at the 
nanoscale. 
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  Corrosion control of biodegradable/bioabsorbable Mg alloys is a crucial issue for the application to bone 
plates and screws. Various surface coatings, especially calcium phosphate (Ca-P) coatings, have been 
examined to moderate corrosion speed and to improve bone conductivity. The bone plates and screws are 
deformed to fit the shape of bone and applied periodical loading, which would cause the cracking and 
delamination of Ca-P coatings. We developed hydroxyapatite (HAp) and octacalcium phosphate (OCP) 
coatings and revealed that the preliminary formed scratches of HAp- and OCP-coated surface were healed 
under the static immersion in cell culture medium with the deposition of Ca-P inside the scratches [1]. 
This result indicates that it is effective for the self-healing ability of Ca-P coatings to enhance the Ca-P 
deposition at coating defects from the surrounding solution. In this study, sodium polyacrylate (SPA) 
which acts as a nucleus for Ca-P deposition was combined to HAp coating [2]. Polyethylene glycol (PEG) 
which can adsorb Ca-P compounds was also used. The corrosion behavior was examined by a static 
immersion test and a slow strain rate tensile (SSRT) test in a simulated body fluid [3].  
  HAp was coated on Mg-3% Al-1% Zn (AZ31) alloy at 60ºC for 1 hour in a previously reported solution 
[1, 3]. To combine with SPA, HAp-coated AZ31 was dipped in 10wt/vol% SPA/pH 8 phosphate buffer 
solution at room temperature for 10-30 sec and dried in air. To combine with PEG, HAp-coated AZ31 
was dipped in 50wt/vol% solution at room temperature for 1 min and dried in air. Scratches were formed 
on HAp- and SPA-HAp-coated AZ31 disks with a knife, and subsequently immersed in Hanks’ solution 
for 7 days. A SSRT test of HAp- and SPA-HAp-coated AZ31 and PEG-HAp-coated AZ31 tensile test 
specimens was performed in Hanks’ solution. The surface after the tests was observed using a scanning 
electron microscope (SEM) equipped with energy dispersive X-ray spectroscopy (EDS). 
  Scratches on HAp- and SPA-HAp-coated AZ31 did not apparently affect the H2 gas generation in 
comparison with non-scratched specimens under the static immersion. On the other hand, the deposition 
of Ca-P inside the scratches apparently prevented the corrosion initiation from the scratches. SPA 
enhanced the Ca-P deposition, indicating that SPA enhanced the self-healing ability of HAp coating under 
static condition. 
  SPA-HAp-coated AZ31 showed larger elongation to failure of ca. 2.4% than HAp-coated AZ31 of ca. 
1.5% in the SSRT test in Hanks’ solution. The time to failure was improved by 45% with SPA. SPA-
HAp-coated AZ31 showed a ductile fracture surface with a depth of 10-20 Pm around crack initiation 
sites followed by a cleavage surface; whereas HAp-coated AZ31 showed a brittle surface immediately 
from crack initiation sites. The ratio of cleavage to ductile areas on the fracture surface increased with 
SPA, indicating that the crack growth with SPA was slower than that without SPA. These results 
indicated that the corrosion of bare metal surface exposed by the tensile deformation was retarded with 
SPA. In the other words, SPA enhanced the self-healing ability of HAp coating under the in-situ 
formation of cracks. 
  PEG-HAp-coated AZ31 also showed larger and smaller elongation to failure than HAp-coated AZ31 
and SPA-HAp-coated AZ31, respectively. Ductile region was hardly observed around crack initiation 
sites of PEG-HAp-coated AZ31. On the other hand, the ratio of cleavage to ductile areas on the fracture 
surface with PEG was equivalent to that with SPA, indicating that PEG retarded the corrosion of bare 
metal surface exposed by the tensile elongation. PEG is possibly enhanced the self-healing ability of HAp 
coating as well as SPA.  
  Anionic SPA and nonionic PEG show similar effect on the improvement of SSRT property, indicating 
that the viscous property of these polymers possibly played an important role. Various polymers should 
be examined to further improve the self-healing ability of HAp coating for Mg alloys. 
 
[1] S. Hiromoto, Corros. Sci., 100 (2015) 284. 
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It is well known that the high strength steels have high susceptibility to hydrogen embrittlement (delayed 
fracture). A reduction in susceptibility to hydrogen embrittlement of high strength steels is an important 
issue to increase reliability and safety in the practical use of the steels. Therefore, hydrogen embrittlement 
has attracted much attention recently1, 2). A corrosion related hydrogen generation can be reduced by 
increasing corrosion resistance of steels. Because of slow corrosion rate in atmospheric environment and 
galvanic behavior of coated layer, zinc and zinc alloy coatings are widely used to increase the corrosion 
resistance of steels. Zn related coatings are widely used to increase the corrosion resistance of steels. 
These protective coatings are liable to be scratched during use. It is well known that galvanic corrosion is 
more serious than the corrosion of the zinc coating or steel substrate alone. Investigation into the effect of 
scratches on hydrogen generation and permeation behavior during atmospheric corrosion are required. 
The purpose of this study is to investigate effect of size of formed scratches on the hydrogen permeation 
behavior of coated steels during wet and dry cycle corrosion tests. 
 
Steel sheets with about 17 µm thickness of zinc coating were used as specimens. One side of the 
specimen (the hydrogen detection side) was mechanically ground to remove zinc layer, and then was 
plated electrochemically with nickel. The nickel plated specimen was subject to scratch formation. A 
laser machining technique was applied to form size controlled scratches on the zinc coated steels3 - 5). 
Corrosion induced and permeated hydrogen was detected by small-electrochemical cell 3). The specimens 
of the nickel plated side was placed on hydrogen detection cell which was filled with 1 kmol m-3 NaOH, 
and then the cell was placed in a relative humidity (RH) and temperature controlled chamber. After the 
current of the hydrogen detection cell reached a sufficiently low and steady value, 10 µL of 0.1 kmol m-3 
NaCl solution was placed on the specimens. After placement of the solution, current, RH, and 
temperature were recorded. A wet and dry cycle4, 5), which consists 6h for one cycle, is as follows: 
wetting for 1h (90% RH, 303K), wet to dry transition for 1h, drying for 3h (60% RH, 323K), and dry to 
re-wet transition for 1h. The temperature change during wet and dry tests induced the cyclic change of the 
residual current (non-hydrogen related current) of detection cell. This temperature dependent current was 
measured using masked specimen, and the measured current was subtract from the currents that obtained 
using scratch formed specimen. In this paper, the current which subtracted non corrosion related current is 
named as the hydrogen permeation current. 
 
In dependent of the size of scratch, periodic changes of the hydrogen permeation current is observed, and 
the maximum value of the current changed with cycle number. The total hydrogen permeated charge 
obtained from large scratch formed specimens is larger than that expected form it obtained from S < 1.0 
mm2 specimens. Simonkolleite was formed mainly around the scratch, while red rust formed at the 
scratch. The formation of corrosion products is main reason for observed hydrogen permeation behavior 
depended on cycle number. 
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Microbiological-influenced corrosion (MIC) is thought to cause about 20% of corrosion cases in the oil 
and gas industry. Although the most common culprits are sulphate-reducing bacteria (SRB) that produce 
H2S under anaerobic conditions, there have been recent reports that MIC can also be caused by 
methanogens, which convert CO2 to CH4. The corrosion of carbon steels is usually limited by the rate of 
the cathodic supporting reaction, which under anaerobic conditions is the reduction of water to hydrogen. 
Thus the two most popular mechanism to explain MIC by SRB are cathodic depolarization, in which the 
bacteria accelerate the cathodic reaction by consuming the hydrogen adsorbed on the steel’s surface, and 
the formation of extended FeS cathode on which the kinetics for hydrogen evolution are more favourable 
than on bare steel. However, as methanogens do not produce any sulphide the accelerated corrosion 
cannot be preceding via the second mechanism. Furthermore, the validity of the first mechanism is highly 
questionable as the rate determining step for hydrogen evolution on steels in seawater is the adsorption 
step rather than the desorption step required in the cathodic depolarization mechanism [1]. Consequently, 
there is no satisfactory mechanism to explain how methanogens can cause accelerated corrosion. Here we 
will show that many of the reported cases of MIC induced by methanogens are actually due to sulphide 
produced from the culture media, which allow the FeS extended cathodes to form. Nevertheless, we will 
also show that even in the complete absence of sulphide methanogens the methanogen strains  
methanosarcina barkeri and methanococcus maripaludis can cause MIC, but only if deprived of a readily 
available energy / carbon sources (Figure 1). Although the mechanism on carbon steel attack by energy-
deprived is still under investigation it almost certainly involves a redox mediator and possible species 
responsible for this are suggested, with vitamin B12 being found as one candidate. 
 

 
Fig. 1 Total weight losses and corresponding corrosion rates of carbon steel coupons after 7 days in 

exposed to Methanococcus Maripaludis under starved conditions (red) and non-starved conditions (blue). 
For sample D3a hydrogen was introduced into the system as an energy source after 3 days, resulting in a 

reduction in the corrosion rate. 
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Rare earth carboxylate compounds were initially investigated in the early 2000’s, showing promise as 
corrosion inhibitors for mild steel in NaCl solutions, both in ambient conditions and a CO2 environment 
[1, 2]. These and further studies found that very subtle changes in the carboxylate structure resulted in 
significant changes in the level of corrosion inhibition and that the attached rare earth also influences the 
level of inhibition [1, 3]. The lanthanum 4-hydroxycinnamate (La(4-OHcinn)3) compound in particular 
was found to have consistently high inhibition in a range of conditions. Recently a number of new rare 
earth carboxylate inhibitors have been synthesized and show promise as inhibitors, with increased 
inhibition performance compared to La(4-OHcinn)3 at low concentrations. 
These new compounds are based on 3-(4-methylbenzoyl) propionate (mbp) and (E)-3-(4-
methylbenzoyl)acrylate (mba) carboxylate compounds. These are again subtly different, however exhibit 
significant differences in performance.  
 

          
 4-hydroxycinnamate    3-(4-methylbenzoyl) propionate  (E)-3-(4-methylbenzoyl)acrylate 

 
In the research detailed here electrochemical techniques such as potentiodynamic polarization, 
electrochemical impedance spectroscopy and monitoring of open circuit potential were used to investigate 
the differences in the performance and kinetics of each compound. While for the 4-OHcinn compounds 
the lanthanum version proved to have the highest level of inhibition, for the mbp and mba structures the 
yttrium compounds showed the highest level of inhibition. Surface analysis techniques such as AFM, 
FTIR and XPS were also used to probe the differences in the attachment and coverage of the inhibitors to 
the surface so that the effect of the changes in chemical structure could be related to events at the metal 
surface.  
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Corrosion is caused by the formation of local cathodic/anodic sites or “corrosion cells” on a metal 
surface, which often arises due to the presence of local heterogeneities that exhibit different 
(electro)chemical behaviour when exposed to a corrosive (electrolyte) solution. Despite being an area of 
ongoing and active research, the corrosion mechanisms occurring at these heterogeneities are not 
completely understood, largely due to the highly localised nature of these features.1 
In order to address this shortcoming, herein we employ scanning electrochemical cell microscopy 
(SECCM),2 which works on the principle of confining electrochemical measurements to a small area of 
the surface defined by the dimensions of the nanopipette probe (diameter = 150 nm herein), to directly 
interrogate the localised (spatially-resolved) corrosion behaviour of a low carbon steel surface in 
sulphuric acid. By combining SECCM with electron backscatter diffraction (EBSD) in a correlative 
multi-microscopy approach (Figure 1b and 2a), the relationship between grain orientation and various 
corrosion processes (vide infra) is unambiguously revealed. A novel pulse chronoamperometry method is 
employed to locally-probe passive film formation (Figure 1c), passive film reduction (Figure 2b) and the 
oxygen reduction reaction (ORR, Figure 2c). By comparing the response from the low index grains (100, 
101 and 111), it is unequivocally shown that the rate of each corrosion process exhibits a different 
structural dependence: ORR, 100 > 111 > 101; film reduction, 101 > 111 > 100; film formation, 100 > 
101 > 111. Prospects for using SECCM more widely in corrosion science will also be discussed. 

 
Figure 1. (a) SEM image of SECCM scanning area. (b) EBSD map of the area of low carbon steel characterised by 

SECCM. (c) Surface current map showing the surface activity after 10ms at +0.9V vs Pd/H2. 

 
Figure 2. (a) EBSD map of the area of low carbon steel characterised by SECCM. Surface current maps showing the 

surface activity after (b) 2ms and (c) 10ms at -0.9V vs Pd/H2. 
 

1 – Frankel, G. S. et al. Understanding localized corrosion. Materials Today, (2008) 11(10), 38–44. 
2 –Ebejer, N. et al. Scanning electrochemical cell microscopy: a versatile technique for nanoscale electrochemistry 
and functional imaging. Annual Review of Analytical Chemistry (2013) 6, 329–51. 
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Addition of chromium to iron-based material is well known to improve corrosion resistance of the 
material. It is mainly due to the formation of passive film enriched with chromium oxide that is more 
stable than iron oxide in the potential range less noble than that of iron oxide.  
 
In the previous reports [1,2], we developed an electrochemical ellipso-microscope that was effective to 
monitor the growth and/or degradation of passive film formed on polycrystalline titanium in sulfuric acid. 
In-situ observation with the ellipso-microscope revealed that heterogeneous growth of the passive film 
was dependent on the crystallographic orientation of the substrate. It was also observed that the initiation 
of film breakdown of the film in bromide-containing sulfuric acid was occurred at the site which bromide 
ions were adsorbed selectively. In this study, the electrochemical ellipso-microscopy was applied to Fe-
6Cr surface polarized anodically in pH 4.5 sodium sulfate solution.  
 
Since an initial optical condition of the ellipso-microscope was set as null-condition at corrosion potential 
of Fe-6Cr specimen in solution, oxidation of the specimen surface during a dynamic polarization allowed 
the detection of weak elliptic light by a CCD camera through the optics and specimen surface. During 
active dissolution of the surface, intensity of the detected light increased gradually with increase in 
electrode potential. The light image showed a patch pattern depending on crystallographic orientation of 
the specimen surface. However, passivation of the surface diminished the light intensity, and then the 
light image showed the oxide film growth depending on the orientation and electrode potential. During 
trans-passive dissolution, the light intensity of the image increased with increase in the potential. 
 
Since the light intensity in images is dependent on an optical condition of solution/film/substrate phases, 
formation and/or depletion of salt layer and/or oxide film as well as specimen surface descent during the 
anodic oxidation of the surface were monitored. Though the surface descended during the former active 
dissolution, salt layer could form during the latter active dissolution. Solution blowing against the salt 
layer surface during the latter dissolution accelerated the passivation of the specimen surface. The surface 
was also passivated by covering with an oxide film that passed a passivity maintaining current smaller 
than that passivated in stagnant condition. 
 
It was concluded that electrochemical ellipso-microscopy was an effective technique for in-situ 
investigation of active dissolution, passivation, and trans-passivation of practical materials. 
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Thanks to its high corrosion resistance, zinc coated steel is largely used in wide range of industries such as 

automotive, construction or household appliances. However, the sensitivity of zinc to aggressive 

environments, the intensive consumption of zinc and the increase in coating price are so many factors that 

are limiting the use of zinc coatings. A large number of new coated steel formulations have consequently 

been studied for many years in order to reduce the consumption of zinc and its cost in coatings. Number of 

studies have shown that the addition of magnesium into the metallic coating allows to improve corrosion 

resistance in atmospheric conditions without increasing thickness. However, there is a lack of information 

about the behavior of Zn-Mg coatings in immersion, namely in the case of water retention inside hollow 

bodies. Furthermore, the high dissolution rate of magnesium due to its high electronegativity is an important 

parameter that critically affects the corrosion mechanism of the coating. Thus, the study focused on the in-

depth understanding of the dissolution process, in order to develop an anti-corrosion system considering 

the complex behavior of the substrate.  

 

Three axes were developed in order to achieve this aim. On a first part, the surface dissolution and the 

sacrificial protection mechanism were studied at both global and local scales1. On a second part, the 

efficiency of corrosion inhibitors was investigated by means of electrochemical and analytical 

measurements in order to reduce the dissolution rate of the substrate in immersion conditions. Benzotriazole 

(BTAH) was found to be the most effective molecule and its inhibition mechanism in chloride solution was 

analysed in details2. On a last part, the incorporation of BTAH in layer double hydroxide (LDH) containers 

with the aim of doping epoxy resin was discussed. 

 
Keywords: metal coatings, magnesium, corrosion inhibition 
 
[1] J. Rodriguez, L. Chenoy, A. Roobroeck, S. Godet, M;-G. Olivier, “Effect of the electrolyte pH on the 
corrosion mechanisms of Zn-Mg coated steel”, Corrosion Science 108 (2016) 47-59 
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Resolving the relationship between electrochemical reactivity (e.g., corrosion susceptibility, oxygen 

reduction kinetics etc.) and crystallographic orientation at polycrystalline metallic surfaces has been an 
important subject of study in recent years. To date, many groups have attempted to measure the 
electrochemical properties of the different grains indirectly through a combination of macroscopic “bulk” 
electrochemical techniques, scanning probe microscopy (AFM and STM) and single point microcell 
electrochemistry.1 In this work, we demonstrate the strength of the scanning electrochemical cell 
microscopy (SECCM)2 technique, operated in galvanostatic mode, for directly mapping the electrochemical 
reactivity of polycrystalline copper (Cu) in anodic and cathodic processes that are critical in corrosion.  

In this technique, spatially resolved (lateral resolution of 1 µm) voltage-time curves are combined to 
create electrochemical reactivity “maps”, which are compared with corresponding crystallographic 
orientation maps recorded by electron backscatter diffraction (EBSD) to resolve the relationship between 
structure and activity. 

Two cases are studied herein: (i) the oxidation of bare Cu in H2SO4 and (ii) electroplating of Cu2+ in 
H2SO4. In case (i), the relationship between oxidation potential and grain-orientation is complex and time-
dependent, with sample ‘aging’ (i.e., elapsed time after polishing) being an important factor in corrosion 
susceptibility. In case (ii), there is a strong correlation between reduction potential and grain-orientation, as 
demonstrated in Figure 1. Notably, through the selection of the appropriate current density (ca. 2 mA cm-2), 
galvanostatic control allows Cu2+ reduction and O2 reduction to be easily resolved, with the two processes 
exhibiting distinctly different grain dependencies. 

 

   
Figure 1: Comparison between (a) crystal orientation map (obtained with EBSD) and potential maps 
recorded during the chronopotentiometric pulse with SECCM, respectively at time (b) 0.3s and (c) 0.98s. 
The electrochemical measurements were carried out galvanostatically with an applied current of 
2 mAcm-2 for 1s in a 0.4 nM CuSO4 + 10 mM H2SO4 solution. 

 
For instance, Cu2+ plating (Figure 1b) is more favourable on 101//ND surfaces (being overall 15 mV 

more positive than the other low-index grains) while O2 reduction (Figure 1c) is easier on the 111//ND 
grains. Interestingly, O2 reduction also shows a non-univocal behaviour on many grains (especially the 
101//ND oriented), leading to the conclusion that other factors may affect the O2-surface interaction rather 
than the simple crystallographic orientation. Overall, these results represent an important step forward in 
understanding the electrochemical properties of the different grain orientations, and we aim to further 
develop it in terms of lateral resolution, allowing grain boundary activity to be probed directly. 

 
References 
 
1 Martinez-Lombardia, E. et al. Electrochimica Acta 116, 89-96, (2014). 
2 Ebejer, N. et al. Annual Review of Analytical Chemistry 6, 329-351, (2013). 



Characterization of a Multi-oxide Film on the Golden Alloy 
Cu5Zn5Al1Sn based on Selective Oxide Stripping and Surface 

Analysis 
 

Christofer Leygraf1, Tingru Chang2, Ying Jin2, , Inger Odnevall Wallinder1  
1 KTH Royal Institute of Technology, Sweden 

2 National Center for Materials Service Safety, University of Science and Technology Beijing, China PR 
chrisl@kth.se 

 
The copper-based alloy Cu5Al5Zn1Sn, which contains 5 wt. % zinc, 5 wt.% Al and 1 wt. % Sn, has 
several technically favourable attributes: good electrical conductivity and heat transfer ability, corrosion 
and tarnishing resistance, attractive visual appearance and resistance against biofouling. It is often 
referred to as a Golden alloy because of its lustrous and golden-like appearance in many atmospheric 
environments. 
 
In order to better explain these beneficial properties, a fundamental study was undertaken to explore the 
surface region of Cu5Al5Zn1Sn. The microstructure and surface composition of the alloy was 
investigated by electron back-scattered diffraction, Auger electron spectroscopy and scanning Auger 
microscopy, and AFM-based scanning Kelvin probe force microscopy. In addition, the spontaneously 
formed surface oxide after diamond polishing was explored by combining glow discharge optical 
emission, x-ray photoelectron spectroscopy, cathodic reduction and electrochemical impedance 
spectroscopy. A summary of all results have recently been reported [1]. 
 
The complex oxide region formed after diamond polishing is approximately 5–10 nm thick and 
characterized by a compositional gradient in which Cu (as Cu2O), Zn (as ZnO) and Sn (as SnO2) are 
located in the outer part of the oxide, and Al (assumed to be Al2O3) in the inner part next to the alloy 
substrate. In order to further assess the distribution and individual properties of each sub-oxide, a new 
analytical procedure was successfully introduced, which is based on selective stripping of each sub-oxide 
at different constant cathodic potentials. In this way each sub-oxide (except Al2O3) could be 
characterized, and the amount and contribution of each sub-oxide to the overall corrosion resistance 
determined.   
 
The mass fraction of each sub-oxide in the overall oxidic region formed was 88% of Cu2O, 8% of ZnO 
and 4% of SnO2. The mass fraction of Al2O3, on other hand, could never be estimated because of 
difficulties in removing this oxide during the cathodic reduction procedure. Through this selective 
removal it was found that each sub-oxide contributes to the overall corrosion resistance of the 
Cu5Al5Zn1Sn alloy. ZnO, SnO2 and Al2O3 possess mainly barrier properties, whereas the contribution of 
Cu2O to the overall corrosion resistance is more complex. 
 
It is anticipated that this selective removal procedure based on electrochemical reduction could be used 
for other multi-phase oxide films as well. 
 
 
[1] T. Chang, I. Odnevall Wallinder, Y. Jin, C. Leygraf, Corrosion Science, 131 (2018) 94-101 
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Passive film formed on stainless steel is well known to prevent the steel from corrosion.  Okamoto and 
Shibata tried to obtain bound water in the passive film of stainless steel in 1960’s1,2), pointed out that the 
bound water played an important role in stability of the passive film3,4), and then proposed a structural 
model of passive film3,4).  Thereafter, many researchers have tried to determine an accurate amount of 
bound water in the passive film.  We also have recently tried to characterize bound water in the passive 
film in a different method of a thermal gas-desorption spectroscopy (TDS) and investigated the relation 
between the amount of bound water and stability of the passive film5,6).  On the other hand, Ti is also well 
known to be corrosion-resistant material due to its passive film.  However, the characteristics of bound 
water in the passive film of Ti has not been revealed systematically.  Therefore, this paper aims to 
forming passive film on Ti in sulfuric acid solution at slightly high temperature, and investigating 
stability of the passive film and an amount of bound water in it as a function of passivation time. 
 
Passive film was formed on Ti in 0.5 kmol·m-3 H2SO4 solution at 323 and 353 K.  The passivation was 
carried out at 5.0 VAg/AgCl for various periods.  Composition and a thickness of the film were analyzed by 
X-ray photoelectron spectroscopy (XPS).  In addition, an amount of bound water in the film was 
quantitated by thermal desorption spectroscopy (TDS).  Stability of the film was evaluated by a pitting 
potential in 2.0 kmol·m-3 NaBr solution at room temperature.   
 
The static potential test at 323 K provided that the passive current density decreased with the passivation 
time but increased from 86.4 ks.  In the case at 298 and 353 K, the turning time was larger and smaller, 
respectively.  The pitting potentials of the specimens passivated up to the turning time were almost the 
same as 4.5 VAg/AgCl, and shifted to be higher with an increase in the passivation time.  The amount of 
bound water was also the same value up to the turning time, and increased thereafter.  The film thickness 
was the same as about 30 µm up to the turning time, and increased thereafter.  Therefore, it is considered 
that the stability of this passive film on Ti is controlled by the amount of bound water as well as the 
thickness of it. 
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In order to comply with the REACH requirements, different solutions have been developed for replacing 
Chromium Conversion Coatings (CCC) containing hexavalent chromium. Tri-Chromium Process (TCP) is one 
of the most promising solutions for corrosion protection of aluminium alloys, showing however lower corrosion 
resistance performances than CCC. Thus, to improve the corrosion performance of the TCP coatings a post-
treatment can be applied. There is limited information in the literature about post-treatment of TCP conversion 
coatings, which lead to increased corrosion resistance of the conversion layers1,2,3.  
This work shows the effect of a post-treatment containing lanthanum salt and hydrogen peroxide applied on TCP 
coatings deposited on aluminium alloy 2024-T3 (Socosurf Passivation After Conversion Sealing(PACS)) The 
coating without and with post-treatment were studied by electrochemical and surface analytical techniques: X-
ray Photoelectron Spectroscopy (XPS) and Time-of-Flight Secondary Ion Mass Spectrometry (ToF-SIMS). To 
understand the effect of the post-treatment, different times of PACS post-treatment were applied on the TCP 
coating. The prepared samples were tested by immersion in a 0.01M NaCl + 0.1M Na2SO4 electrolyte. The 
coating performances were evaluated by Electrochemical Impedance Spectroscopy (EIS) and Linear Sweep 
Voltammetry (LSV) tests. The LSV measurements show the influence of PACS time post-treatment on the 
cathodic inhibition of oxygen reduction. The EIS results confirm the improved corrosion resistance of the post-
treated TCP layers. Coupling ToF-SIMS and XPS allowed the chemical analysis of the bulk of the TCP layer 
and revealed that the post-treatment has no influence on the thickness of the TCP coating for short times post 
treatment (<10 min). Lanthanum was observed in the outer part of the TCP coating. The appearance of 
chromium (VI), but only at the extreme surface of the coating layer and at a very low concentration (estimated to 
be below 0.1 wt%) was evidenced by XPS4. The long-time immersion in a 0.01M NaCl+0.1M Na2SO4 
electrolyte leads to the coating degradation as evidenced by EIS measurements and to a decrease of the coating 
resistance. Nevertheless, it should be stressed that, in this aggressive electrolyte, the TCP coating degradation is 
less significant for the PACS post-treated conversion layers than for the conversion layers without post-
treatment. Moreover, 3D ToF-SIMS images enabled to observe a homogeneous deposition of lanthanum on the 
surface of the TCP layer even if the formation of TCP (deposition of Cr and Zr compounds) appears to be 
modified over copper-rich intermetallic particles with reference to Al matrix. The post-treatment seems to 
diminish the susceptibility to cracking of the TCP conversion layer. This beneficial effect on cracking is 
attributed to lanthanum sealing of pores and defects. 
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Magnesium alloys are strategic materials that play a key role in applications requiring weight decrease 
combined with optimal mechanical properties. The aeronautical and the automotive sectors are looking 
forward to introduce Mg alloys as structural components due to their competitive advantages compared to 
other conventional and heavier structural metals. However, Mg alloys are very susceptive to corrosion 
onset and do require implementation of effective protection solutions, such as protective coatings. The 
primary role of a protective coating is to create a physical barrier that hinders the uptake of aggressive 
species. Typically, such coatings are loaded with anti-corrosion pigments that ensure protection of the 
bare alloy when corrosion starts. However, early leaching of the anti-corrosion pigments and its fast 
exhaustion limits the protective lifetime of the coating. To improve further the corrosion protection 
ability, multifunctional coatings modified with smart corrosion-inhibitor carriers have been considered a 
new exciting route. Although this concept has been widely discussed for protection of aluminum alloys 
and steel, scarcer research has been devoted to Mg alloys. Thus, this work addresses the modification of 
siloxane based coatings modified with pH sensitive cerium-containing carriers loaded with corrosion 
inhibitors that confer smart functionalities for corrosion protection of Mg alloys. The ultimate goal is to 
create an autonomous corrosion protective coating with potential application in the aeronautical industry. 
For this purpose, Mg alloy panels were coated with the modified siloxane coatings and the overall 
corrosion resistance was assessed by electrochemical impedance spectroscopy. The self-healing ability 
was evaluated by combining different localized electrochemical techniques, namely the scanning 
vibrating electrode technique (SVET), the Scanning Ion Electrode technique (SIET) and localized 
impedance spectroscopy (LEIS). The results unveiled the mechanisms governing the corrosion protection 
ability of the pH sensitive carriers and the smart delivery of corrosion inhibitors. This work brings new 
highlights that support the development of self-healing coatings for Mg alloys to be used in aeronautical 
applications.  
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Corrosion is a detrimental, often even catastrophic macroscopic phenomena. Most technical alloys are 
complex multi-component structures, and the typical environments in contact with these alloys are 
complex as well. Moreover, inhibitor molecules may adsorb on surfaces to influence and potentially 
mitigate the degradation of the materials. Different organic inhibitor molecules such as thiols, selenols, or 
phosphates, were customarily used to block corrosion. To  elucidate detailed atomic scale mechanisms of 
acting corrosion processes, simpler representative model systems are frequently studied. Here we present 
recent work using single-crystal Cu-Au binary alloy surfaces and thiol-based self-assembled inhibitor 
surface modifications. In presence of the inhibitor film the corrosion process of dealloying switches from 
a homogenous surface dissolution and formation of a regular nanoporous film to a localized process 
leading to a few micrometer large nanoporous cracks spread over otherwise intact surfaces [1]. Our 
approach is to control the lateral distribution and molecular organization of SAMs at nanoscale and 
micrometer length scales by employing microcontact printing (µcp) to build up films with different well-
controlled heterogeneity [2,3]. 
[1] F. U. Renner et al, Adv. Mater. 27 (2015), 4877–4882. 
[2] B. R. Shrestha et al, Farad. Discuss. 180 (2015) 191–204. 
[3] S. Neupane et al, Langmuir. 34 (2018), 66–72. 
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The global cost of corrosion at 2013 in agreement with the National Association of Corrosion Engineers 
of United States of America was about US$ 2.5 trillion and up to one-third of this could be saved by using 
corrosion control practices, which means US$ 833 billion in resources saved [1]. However, the correct 
choice of the method of corrosion control it is tied to the knowledge of how corrosion happens. In this 
aspect, the pitting corrosion on stainless surfaces is worrying. Among the different kinds of corrosion the 
pitting corrosion is more dangerous than that uniform due to characteristics such as difficulty of detection, 
evaluation and prediction. Thereby, here is proposed a new and cheap methodology to study the 
tridimensional shape of the pitting corrosion using reconstruction of segmented images. The sample 
investigated was the stainless steel AISI 304 and the pits were produced by polarization at 0.46 V (vs 
Ag/AgCl/KCl saturated) into 0.1 mol/L HCl during 10 minutes at 25 °C. Afterwards, the samples were 
cut, washed with pure water and dried with nitrogen gas. The Figure 1a shows images before and after the 
polarizations of stainless steel and the difficulty of analyze the shapes and distribution of pits is clearly. In 
this way, the sample was scraping using sandpaper (mesh 2000) and alumina slurry (1Pm), and after each 
step of polishing one optical image of the stainless steel surface was taken, as well as the thickness of 
material scraped was measured with a digital micrometer. This procedure of polishing/imaging/thickness 
measurement was repeated until the end of deeper pitting corrosion. Finally, the segmented images were 
reconstructed in a tridimensional one, which provide an axial view of the electrode and allow to know in 
detail the shape and extension of each pitting in a surface of stainless steel, like a tomography. In the 
Figure 1b is shown a 3D reconstruction of segmented images, where can be seen subsurface, undercutting 
and elliptical pitting corrosion, which otherwise could not be viewed with the same accuracy using 
relatively inexpensive tools. Now, the distribution of pitting and its shape variation could be related to the 
other physical and chemical signals monitored during the pitting formation, as current intensity or 
chemical composition.  
 

  
Fig. 1 – (A) Chronoamperogram of stainless steel resulting of the pits production and images of before 
(red square) and after (blue circle) polarization. (B) 3D reconstruction of segmented images. 
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Flicker noise is present in many physical and chemical systems; moreover this is the determining noise in 
most of the corrosion systems. In spite of the several studies, the origin of flicker noise is usually 
considered to be unknown. The main characteristic feature of flicker noise is a 1/  behavior, or at least a 
falling tendency with increasing frequency in the power spectrum density. Flicker noise is by nature a 
non-equilibrium noise: in thermodynamic equilibrium – according to the dissipation-fluctuation theorem 
– noise and impedance determine each other with a one-to-one correspondence: 

SU()=4kTZ’() or  (1) 
SI()=4kTY’(), (2) 

However, the real part of the impedance can certainly exhibit a 1/ behavior even in thermodynamic 
equilibrium, thus a more sophisticated definition is required. For this reason we introduced a new 
concept, namely the relative noise spectrum: 
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expressing the deviation of the measured noise spectra from that which can be calculated formally with 
Equations (1) or (2) from the corresponding measured immitance data. In thermodynamic equilibrium the 
relative noise spectrum shows a constant unity value. A deviation from unity is the indication that the 
system is not in equilibrium state. Particularly, according to our new definition, we can talk about flicker 
noise only if the relative noise spectrum exhibits a 1/  behavior. 

As a main advantage, noise measurement is usually considered to be a “no perturbation method”. 
However, merely setting up a non-equilibrium (corroding) system must be taken as an expressed chemical 
perturbation – an additional moderate electrical perturbation may not influence the nature of the 
investigated electrochemical process. Thus we intend to give up the “no perturbation” scheme in 
electrochemical noise studies and we do believe that in order to gain information we indeed need to apply 
a certain perturbation to the system.  

In our new approach we measure noise and corresponding impedance spectra while applying different dc 
current polarization. For each polarizing current value the relative noise spectra are calculated from the 
corresponding noise and impedance spectra pairs. Conclusion to the corrosion rate can be estimated from 
the change of flicker noise with the polarizing external dc current. 

The method will be first demonstrated on normal electrochemical redox systems. Results obtained with 
different protective coatings on steel will be also shown.  
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Nitrate molten salt mixtures are commonly used in solar thermal power plants as energy storage media. 
Additionally applying them as heat transfer media in the piping system, increases the efficiency and 
economy of the power plant remarkably, by avoiding the less economic heat transfer oils and a hence 
possible higher process temperature of 560°C. 
The mixture of 60 % NaNO3 and 40 % KNO3 is also called solar salt and beside its flammable character it 
is chemically aggressive, leading in combination with high temperature to a highly corrosive atmosphere 
for components in solar thermal power plants. Since tons of molten salt are required in these power 
plants, one prior target is minimizing the high capital investment costs without losing the good 
performance characteristics of molten salt. Therefore less refined solar salt mixtures, containing different 
amounts of impurities like chlorides, are used. Especially chlorides are famous for their negative impact 
on the corrosion resistance of stainless steel in aqueous solutions.  
Since there is only little knowledge about their impact in molten salt corrosion, the aim of the performed 
research was to identify the influence of chlorides in solar salt at 560°C on corrosion mechanisms and 
corrosion attack of suitable construction materials, like stainless steels 316L and 316Ti, as well as high 
temperature steel A213/T91. 
These investigations were carried out, by the performance of heat exposure tests in solar salt, containing 
different amount of impurities, at 560°C up to 1000 h and following gravimetric analysis, to calculate 
corrosion rates. Further the influence of different chloride contents in solar salt were additionally studied 
with electrochemical impedance spectroscopy at 560°C. In exposure test, pure solar salt, commercial 
solar salt with low chloride concentrations, as well as 0.5 wt.-% chloride were used, whereas for EIS 
measurements solar salt mixtures with 0.5, 3 and 10 wt.-% Cl- were prepared, to study the corrosion 
behavior and the protectiveness of the oxide layers. With microscopic analysis the formed oxide layers 
were characterized in terms of their properties, like elemental composition, structure, thickness and 
porosity.  
 
Calculated corrosion rates of stainless steels revealed no or only little influence of chloride contents in the 
solar salt mixture: the values are for exposure times between 168 h and 1008 h almost equivalent or even 
smaller for chloride contents up to 0.5 wt.-%. Corrosion rates of high temperature steel A213/T91 are not 
affected by the low chloride contents in the commercial solar salt mixture, but for a chloride content of 
0.5 wt.-% the value increases to a 130 times higher corrosion rate. The formed oxide layer on this steel 
grade then appeared to spall intensively, because of its non-adherent character.  
Electrochemical impedance spectroscopy (EIS) turned out to be additionally to standard oxidation 
experiments an appropriate characterization method for the examination of the corrosion behavior of 
different steel types in molten nitrate salt. While polarization resistance for the stainless steel grades were 
not influenced by chlorides in the molten salt mixture, for T91 its value decreased above 3 wt.-% Cl- in 
solar salt 
 
EIS results for the different steel types concerning the corrosion resistance in chloride containing nitrate 
molten salt are in good accordance with the results of the heat exposure tests. In comparison to aqueous 
corrosion, in molten salt, chloride seems to have no or only little effect on the corrosion behavior of 
stainless steel, whereas it essentially decreases the corrosion resistance of high temperature steel T91 
(AISI A213), leading to very high corrosion rates and spalling oxide layers.  
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Among all the Italian products recognized as a top-quality brand, pasta is the most 
popular, especially because of the high quality of raw materials and the peculiar 
production methodology. The extrusion process distinguishes the high-quality product 
(defined by superficial aspect, ability to absorb the sauce, tactile perception) from the 
basic product. Copper based alloys are the most common materials used as dies in the 
European panorama of pasta. The general identification of “copper based alloys” opens 
to an indefinite number of materials: bronze (Cu-Sn, rarely chosen), brass (Cu-Zn, 
common choice), aluminum bronze (Cu-Al, high-class niche). Among these, there are 
many variations according to the typology of alloying elements, which are introduced in 
the alloy in order to obtain: machinability, wear resistance, corrosion resistance, and 
cost effectiveness. 
The introduction on the market of alloys with alloying elements potentially dangerous if 
released in anomalous quantity in foodstuff and the growing attention for food quality in 
order to improve common health condition, are critical issues that have to be considered 
when choosing the correct material. In particular, in the last decade the concept of 
health care, environmental monitoring and high-quality materials accompanied the 
diversification of the pasta production. The presence of microorganisms can induce both 
health contamination and acceleration of corrosion mechanisms and in turn unwanted 
release of elements inside the pasta. Accordingly, cleaning and maintenance are 
important measures that can contribute to the observation of good manufacturing 
practices and the choice of the material is instrumental to the improvement of the 
quality system.  
This study develops following the corrosion behavior of different copper based alloys 
(bronze-12%Sn, brass-40%Zn, aluminum bronze-10%Al-3%Fe) exposed to a solution 
of NaCl 0.1 M inoculated with Pseudomonas fluorescens. On line monitoring through 
open circuit potential (OCP) was performed on the biotic and abiotic (without bacteria) 
systems for 120h and classical electrochemical analyses were employed in order to 
describe the corrosion behavior of each alloy. In addition, a novel approach through 
Electrochemical Impedance spectroscopy (EIS), was applied, allowing for a proper 
interpretation of the system. In particular, considering microbiologically induced 
corrosion (MIC) noise, non-stationarity effects and overlapping of processes 
contribution are critical in the interpretation of the mechanism and data acquisition, 
post-treatment and deconvolution treatments are modulated accordingly. Results 
showed different behavior according to the system in consideration and the growth of 
uncommon corrosion products on the surface of the alloys considered. 
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The significant contribution of microbial corrosion to material degradation in 

industrial environments has been increasingly documented and investigated, especially 
in recent years. However, the process remains largely underestimated and, more than 
ever today, its control is proved to be difficult. A multitude of bacterial species lives 
within the "corrosive" biofilm, where organisms interact in synergistical or competitive 
way adapting themselves to the external agents and changes, even in extreme 
conditions. Combining sophisticated electrochemical techniques and molecular tools it 
is possible to highlight the complexity of the phenomenon.  

In this context, the advantage and limits of a simplified methodology to study 
microbial corrosion is presented, based on a laboratory microbial fuel cells (MFCs) set. 
The anolyte of an operating microbial fuel cells is an anaerobic environment rich of 
electroactive bacteria sustaining the oxidation processes that occur in a biofilm adhering 
to an un-corrodible anode. Metal specimens, whose susceptibility to microbial corrosion 
is under investigation, are immersed in the anolyte of an operating microbial fuel cell 
and connected in parallel way to the anode. If a corrosion phenomenon occurs, an 
additional contribute of current in the external circuit of the microbial fuel cell can be 
measured. Eventually, the change in current flowing inside the fuel cell gives insight on 
the corrosion behavior of the metal sample. 

Aiming to validate this simple technique, the microbial corrosion behavior of different 
low carbon and stainless steels AISI 304 specimens has been investigated. The 
experimental setup used is a Single Chamber Microbial Fuel Cell (SCMFC), in 
triplicates. The anolyte was enriched with an inoculum of sludge from wastewater and 3 
g/L of acetate, as fuel. A maximum power of 30-40 µW with a resistances of 400 Ω 
characterized each operating SCMFC[1]. Three 100 Ω resistors have been used (so as to 
have 200 Ω between anode and cathode and between metal specimens and the cathode) 
corresponding to a current of the order of 400 µA. All measurements have been carried 
out at a constant temperature of 30±3°C. 
The corrosion performance of specimens was studied also analyzing electrochemical 
impedance spectroscopy (EIS) spectra. Finally, a morphological characterization of the 
samples has been carried out by means of scanning electron microscopy. 
Results obtained confirmed the effectiveness and a great potentiality of microbial fuel 
cell apparatus in studying microbial corrosion. 
 
[1] L. Iannucci, S. Grassini, E. Angelini, P. Cristiani, R. Ferrero and M. Parvis, IEEE I2MTC. 2018 
International Instrumentation and Measurement Technology Conference, paper #1570417904  
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Metal surface protection could be achieved by different ways: electroplating, coating deposition, 

formation of conversion layer or by adsorptive corrosion inhibitors. The use of biodegradable and 
inexpensive green inhibitors has been analyzed a lot lately [1-3]. Among them, different drug molecules 
have been tested as corrosion inhibitors on various metals. Oxaprozin, (3-(4,5-diphenyl-1,3-oxazol-2-yl) 
propanoic acid), belongs to the class of non-steroidal anti-inflammatory drugs (NSAIDs) with analgesic 
and antipyretic properties. Since it was observed that it forms complex compounds with various metals, 
the goal of this research was to investigate the potential of its adsorption on metal surface, thus providing 
corrosion inhibition properties.  

Corrosion behavior of this environmentally friendly inhibitor was investigated in 3 % wt NaCl 
solution using electrochemical impedance spectroscopy (EIS) and linear sweep voltammetry at different 
oxaprozin concentrations and solution temperatures. Polaryzation measurements indicated that Oxaprozin 
formed inhibitive layer on the AA 2024 enhancing the polarization resistance. It was also revealed that it 
behaves as anodic inhibitor, since no change in cathodic current was observed. Electrochemical 
impedance spectroscopy measurements showed that oxaprozin forms a pseudo-capacitive protective film 
on aluminium surface. The effect of temperature on the inhibition process and inhibition efficiency was 
analyzed by both EIS and polarization measurements. The inhibitor concentration, time of immersion in 
oxaprozin solution and its temperature were optimized based on the highest AA 2024 corrosion stability. 
On the basis of experimental results model of the adsorption, depending on the Oxaprozin concentration 
and temperature, has been proposed.  
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One of the basic inherent advantages of aluminum is related to its aptitude to form highly 
ordered oxide layers when submitted to anodization. These layers enable the further modification by 
stable retention of various metals and functional molecules. In this sense, two methods of silver 
incorporation within anodized alumina oxide (AAO) layers were examined and compared: (i) AC-
induced electrochemical incorporation and (ii) spontaneous Ag (chemical) inclusion. AAO were formed 
at constant current density in 15 wt. % H2SO4 and further polarized in AgNO3 / H3BO3, at 20 °С for 50 
min.  

The obtained Al-O-Ag layers were characterized by various methods, comprising surface 
morphology, chemical composition and the respective structural features. The combined Al-O-Ag films’ 
morphology was defined by: Atomic Force Microscopy (AFM) and Scanning Electron Microscopy 
(SEM), their composition was evaluated by Energy Dispersion X-ray (EDX) analysis, Induced Plasma 
Coupled Optical Emission Spectroscopy (IPC-OES) and X-ray Photoelectron Spectroscopy (XPS). 
Further, their structure and performance in a model corrosive medium were determined by X-ray 
Diffraction analysis (XRD) and electrochemical measurements, via Electrochemical Impedance 
Spectroscopy (EIS) and Linear Voltammetry (LVA).   
 The combination of all these methods has enabled a versatile description of the correlations 
among the inherent Al-O-Ag films composition, morphology and structure and the resulting properties 
and performance in real operating conditions. 
 This study would be useful in the application of these functional layers as decorative and 
antibacterial coatings, catalytic materials, silver nano-wires, sensors, etc. The obtained results have 
enabled to establish the silver incorporation efficiency by both proposed procedures, remarking their 
economical compliance as well.  
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Due to their surface physico-chemical properties and their high corrosion resistance, stainless steels 
(SSs) seem to be the most promising candidates for food and fine-chemical industry, for nuclear power 
industries and for maritime development [1-2]. However, the major problem related to the use of stainless 
steels consists on the onset of rouging that is the macro-scale symptom of ongoing corrosion processes. 
Rouging can have a significant effect not only on mechanical properties of SSs but also on contamination 
of processed materials, especially in food and pharmaceutical industries where a very high purity is 
required. In order to ensure health and safety of the consumers, Cleaning and Sanitization of process 
plants are often employed thanks to the physical action of high velocity flow jet spray, agitation and 
chemical action of cleaning agents enhanced by heat. For these reasons SSs are usually exposed for long 
time to aggressive media such as chloride containing solutions, or highly concentrated organic and 
inorganic acidic solutions or hot alkaline solutions during materials processing and equipment cleaning. 
Therefore it is necessary to understand how passive films change as a consequence of the interaction with 
the environment. 

The corrosion resistance of austenitic and duplex SSs markedly depends on the composition, 
thickness, structure and electronic properties of the passive films covering their surface. It is commonly 
accepted that the native film on stainless steel surface is a chromium rich few nanometers thick oxide 
layer [1-2]. There is a large number of papers in the literature reporting on the characterization of passive 
films of austenitic and uplex stainless steels with a special focus on their electronic properties [1-2]. 
Several authors base their conclusion on the interpretation of the dependence of the capacitance on 
electrode potential in the frame of Mott-Schottky theory with an approach sometimes questionable [2]. 

In this work, we report the results of a physico-chemical characterization of passive films on different 
stainless steel grades (two austenitic 304L/EN 1.4307 and 316L/EN 1.4404, and a duplex 2507/EN 
1.4410). Passivation was performed by immersion at open circuit potential in aqueous solutions able to 
model typical environments of food and beverage industry. The latter were prepared according to the CoE 
protocol recently published by the European council [3], and to the prescriptions necessary to maintain an 
acceptable hygiene level in the plant.  

The experimental investigation was mainly based on photoelectrochemical and impedance 
measurements, which provide information on the passive films composition and on their electronic 
properties (band gap, conductivity type, polarization resistance). The experimental results were used to 
gain insight into the passivation mechanism of stainless steel in the different environments. 
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Abstract  
 
It is widely recognized that global warming is mainly caused by massive emissions of gases with 
greenhouse effect to the atmosphere, which main constituent is CO2 generated by the oil and gas industry 
in its different activity fields and by power generation. Therefore, there are increased concerns about 
minimizing the emissions of CO2 to the atmosphere. In the last decade, the technology of carbon capture 
and storage (CCS) has been seen as one of the most promising alternatives for reducing such emissions. 
The technology consists of capturing the CO2 at the emission source, followed by its transport and storage 
into an underground geological cave. As the main CO2 sources are not necessarily close to the storage 
sites, it is expected that most of the CO2 must be transported over long distances prior to be stored.  
For economical (increase the transported volume) and technical (avoid biphasic transportation) reasons, in 
CCS, CO2 must be transported in supercritical conditions (SCCO2), consisting of pressures above 7.38 
MPa and temperature superior to 31°C. Therefore, economically feasible solutions must be available to 
transport huge amounts of SCCO2 from production to storage sites at such conditions. 
High strength low alloy (HSLA) steels exhibit low cost, excellent mechanical resistance and can be easily 
welded in-situ during mounting. In the oil and gas industry these materials have been successfully used 
for the construction of tubes for fluids transportation, and in most countries there are extensive installed 
pipelines infrastructures. Therefore, there are lots of standards for the selection of HSLA steels for such 
application, as well as plenty of information about the corrosion behavior of such materials in sweet 
(CO2) and sour (H2S) brine. Nevertheless the transport pressure (about 2.0 MPa) is well below that 
employed in SCCO2 transportation. In addition chloride is not the main aggressive constituent as in brine. 
It is well documented that pure SCCO2 is not aggressive to steel. However, if water is present, even at 
low amounts, a low pH (# 3.1) CO2 saturated aqueous solution may condensate initiating the corrosion 
process [1]. Due to their extensive use in the oil and gas transportation, several works on the corrosion of 
HSLA and carbon steels in saline aqueous solution (brine) containing CO2 are available [2-4]. On the 
other hand, only few researches have been published in CO2 saturated deionized water [5], which seems 
to be of more interest for SCCO2 transportation. 
In the present investigation, the corrosion behavior of a X65 carbon steel and a HSLA steel in CO2-
saturated deionized water was investigated by weight loss test, electrochemical impedance spectroscopy 
(EIS) and by surface analysis using optical and scanning electron microscopy (MO and SEM). Despite 
their similar compositions, the examination with MO and SEM showed that the microstructure of these 
steels are different, which may influence their electrochemical behavior. In order to overcome the high 
resistivity of the aqueous solution an electrochemical cell with two electrodes was employed [5]. 
Weight loss results have shown that the buildup of a thick corrosion product layer during immersion 
reduces the corrosion rate of both samples, but at different rates. The evolution of the corrosion response 
with immersion time will be accompanied by EIS in order to assess important changes in the corrosion 
behavior that may explain these differences. 
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Microbially Influenced Corrosion (MIC) of metals is a process in which the deterioration of metals and 
alloys is influenced by the action of microorganisms. MIC causes significant economic losses in industries 
such as oil and gas, shipping, chemical processing, wastewater treatment and aviation [1]. Examples include 
the spill of 200,000 gallons of oil in Prudhoe Bay oil field (Alaska) due to the presence of sulphate-reducing 
bacteria (SRB) in the pipeline [2] and the numerous shipwrecks that show the activity of heterotrophic 
aerobic and iron-associated bacteria on their surfaces. MIC is often biofilm-mediated, as metabolic activity 
within the biofilm results in local concentration gradients that enhance abiotic corrosion. In addition to the 
direct damage to metal structures, the formation of biofilms on metals and alloys is also a public health 
issue. For example, biofilms in drinking water distribution networks might harbor pathogens and protect 
them from disinfection treatments, thus compromising the water quality and posing a potential health threat 
if pathogens are released from, the biofilm [3].  
 
Despite the extensive evidence for a role of microorganisms in enhancing metal corrosion, the exact 
mechanisms underlying MIC in marine environment are still unclear. Previous work has shown 
contradictive results for biofilm-induced MIC, where biofilms can either enhance MIC or protect the metal 
surface, depending on the environmental conditions and the biofilm structure. Finally, most of published 
literature refers to single species biofilms, which are not representative of the microbial diversity in the 
natural marine environment.  
 
In this study, we report accurate measures of the onset of MIC by mixed community consortia in a novel 
potentiostat-controlled electrochemical flow cells (EFC). The mixed community consortia were sampled 
from St John’s Island coastal seawater and enriched in Vaatanen nine-salt solution (VNSS) artificial 
seawater medium. The enriched communities were inoculated into the custom-made flow cells and several 
electrochemical measures were applied real-time for six days. The 3-electrode system employed consisted 
of  a 1*1 cm SS304 coupon as the working electrode, a coiled Ti wire  as the counter electrode and a AgCl-
coated Ag wire as a pseudo-reference electrode. The electrochemical characteristics of the biofilm attached 
to the metal surface were determined through Electrochemical Impedance Spectroscopy (EIS). The 
corrosion current was measured through linear polarization resistance (LPR) close to the open circuit 
potential to avoid any potential-induced corrosion process. Additionally, the effect of varying glucose 
concentration on MIC rates has been investigated here. This easily degradable carbon source increased the 
activity of heterotrophic microorganisms in the community, leading to different trajectories for the 
corrosion potential and corrosion current. The EFCs added with glucose show a much more negative open 
circuit potential (~-500 mV) and a much higher corrosion current compared to that of EFCs without glucose 
supplementation. The difference in electrochemical activity consequent to glucose addition correlated with 
the biofilm structural formation, which was determined through confocal laser scanning microscopy. This 
suggests a role of biofilm structure in the MIC phenomena. Furthermore, metagenomic analysis indicated 
that the enriched community without added glucose showed a higher species diversity, proposing an 
implication of microbial community composition in MIC. Current work aims to determine the correlation 
between biofilm structure, community composition and corrosion current. 
 
To our best knowledge, this is the first study on MIC in EFC fed with complex mixed microbial community. 
Similar experiment on a longer time scale are likely to shed light on the correlation between biofilm 
structure, ecology and MIC in the environment.  
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Zirconium metal is often used in its alloyed state as a cladding of the nuclear fuel rods. Low absorption 
cross-section of thermal neutrons, high ductility, hardness and relatively good corrosion resistance at 
PWR and BWR operating temperatures are some of advantageous properties of Zr alloys. Main 
disadvantage of such technology stems from oxidative reaction of Zr with water at high temperatures 
leading to hydrogen gas production and formation of zirconium hydrides (hydrogen absorption) that may 
compromise mechanical properties of cladding. Thus new types of Zr alloys are being searched for to 
improve the corrosion resistance of cladding material. With this goal in mind we have prepared Si-
modified Zr surfaces (Si-Zr) with approximately 1 to 1 ratio of Si to Zr atoms employing DC magnetron 
sputtering from pure Si targets in Ar plasma at 2 Pa. Deposition was performed at elevated temperatures 
up to 800°C so as to support alloying or silicide formation. Alternatively, the sample was annealed at 
elevated temperatures after the deposition. [1]  
Hydrogen evolution reaction was studied by electrochemical impedance spectroscopy at a high purity 
grade zirconium [2] and Si-modified zirconium electrode in borate buffer. Roughness factor fr and fractal 
dimension Df  of the electrode surface were determined for both electrodes from topographic images 
obtained by atomic force microscopy employing Gwyddion 2.35 software (see Figure). 
 
 
 
 
 
 
 
 
 
 
 
Electrochemical impedance spectra were fitted by Zview 3.2b software (Scribner Inc.) using a simple 
equivalent circuit Rs(CPE-Rct) containing constant phase element CPE, which provided the exponent  
This parameter can be directly related to a fractal dimension of the electrode surface. [3,4] Value of  = 
0.91 ± 0.01 was found for Zr electrode and  = 0.76 ± 0.03 for Si-Zr electrode material. Thus a 
reasonable agreement between Df  values calculated from the  parameter according to the equation 
 = (Df ‒1) and the experimentally obtained fractal dimension of Zr and Si-Zr electrodes was found.  
Further implications of these results towards determination of the hydrogen evolution rate parameters are 
being discussed. 
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A better understanding of localized corrosion processes is of common interest for many industrial 
applications especially for reasons of safety or environmental protection since advancing pitting corrosion 
can easily lead to unpredictable material and equipment failure. In the case of microbiologically 
influenced corrosion, (MIC), the problem becomes more complex. The biofilms of iron reducing bacteria 
(IRB) for example are capable to initiate or accelerate the corrosion of iron based materials like stainless 
steel, via the reduction of protective Fe(III) oxides in the passive layer.  

The aim of this study is to develop and test multielectrode arrays for early detection of local corrosion 
processes and the biofilm formation. The multielectrode arrays used in this work consisted of up to 25 
electrodes made of stainless steel 1.4301 wires of diameters ranging from 100 µm to 500 µm. They were 
embedded in an insulating matrix on the reactor side and connected to a multichannel microelectrode 
analyzer (MMA) electrically coupled through zero resistance ammeters. Current flow between electrodes 
in the array as well as changes in impedance of individual electrodes over time were recorded and 
analyzed with respect to the onset of localized corrosion and biofilm formation. 

The results obtained in electrolytes with high chloride concentration as well as in low pH electrolytes 
containing minute amounts of hydrogen peroxide showed that the MMA is capable of monitoring 
individual electrodes becoming local anodes as local corrosion sets in, while the remaining electrodes 
predominantly acted as cathodes. SECM measurements on multielectrode assemblies during corrosion 
tests have shown very strong Fe II signals stemming from the pitting sites on anodic electrodes, whereas 
the Fe(II) signals on cathodic electrodes were at least two orders of magnitude lower at the levels of 
general corrosion. Based on these results, the multielectrode sensor system has shown a very short 
reaction time and a high selectivity for localized corrosion.  

The focus of this contribution is on the application of the multielectrode approach for impedance 
spectroscopy (EIS) analysis to detect the biofilm formation of the iron reducing microorganism 
Shewanella putrefaciens. The impedance transients were correlated with the current flow signals on 
corroding and passive electrodes to elucidate the effect of the biofilm on corrosion initiation. The results 
were complemented by optical microscopy, SEM and AFM images which were taken immediately after 
the respective experiment. To verify the sensor response, multielectrode arrays were introduced in a 
continuous flow reactor containing test specimens made from stainless steel 1.4301, which were 
monitored regularly for signs of localized corrosion and the presence of biofilm. Our results demonstrate 
that the presented analytical approach is capable of detecting biofilm formation and the onset of local 
corrosion on stainless steel and the multielectrode sensors can deliver valuable real-time information 
coping very well with the biofilm heterogeneity. 
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Oscillatory phenomena have been observed for copper [1,2] under anodic polarization when immersed in 
model sea water. The process has been dissected into two main concomitant pathways with (A) the 
formation and dissolution of Cu(I)Cl2

−(aq) and (B) the formation of insoluble Cu(I)Cl at the Cu | NaCl(aq) 
interface followed by colloidal dissolution. The colloidal dissolution mechanism is responsible for 
characteristic noise in voltammetric data. Recently, it has been shown that the Cu(II/I) potential is linked 
to the onset of such dynamic noise phenomena [3]. 
 

 
 
Here, the effect of dissolved gases (saturated and after degassing of the electrolyte) is investigated. During 
high potential anodic polarization scans in 0.5 M NaCl(aq) at copper microelectrodes, significant changes 
in the voltammetric behavior, and therefore in mechanism, are observed. It is demonstrated that the colloidal 
mechanism is dependent on the presence of gases in the electrolyte. A mechanism is proposed. 
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Many surface treatments are necessary to enhance the corrosion resistance of magnesium alloys, 

such as conversion coating, anodizing, electroplating, electroless plating, and micro-arc oxidation 
(MAO), among which the MAO coating can remarkably enhance the corrosion resistance of Mg alloy and 
the electroless nickel-phosphorus (Ni-P) coating is the preferred way to generate metal-coated materials. 
The effect of MAO/Ni-P composite coatings on the corrosion resistance of Mg alloys has been studied 
substantially. It is generally considered that the corrosion resistance of Mg alloys was significantly 
improved by the composite coating. However, there is not much published information on the effect of 
the activator for catalyzing electroless nickel plating onto the MAO coated LZ91 alloy. 

In this study, LZ91 Mg alloys were used as experimental materials. First of all it is aimed at 
establishing the MAO treatments under bi-polar pulsed electrical source and addresses the effect of 
voltage (370, 400, and 430 V). The optimum results are further verified by conducting confirmation 
experiments such as compositions, thickness, morphologies, porosity levels and corrosion behavior. And 
then, each optimum MAO coated LZ91 sample was immersed in the silane-catalysts solution, which pH 
value of the solution was about 3, 5, and 7 at room temperature for dipping 60 s, respectively. Finally, the 
samples were coated with nickel though the electroless Ni-P plating treatment. 

We present experimental data on various coating process, the microstructure was observed and 
determined by using SEM and EPMA, the corrosion behavior of the coated samples was evaluated by 
Electrochemical measurements (potentiodynamic polarization tests and electrochemical impedance 
spectroscopy (EIS) in 3.5 wt% NaCl solution) and salt spray tests (SST). The results showed that the 
catalysts solution with pH value of 7 is more stable than the others, which can be attributed to the small 
and relatively uniform silane-catalysts particle size. Therefore, the stability of the catalysts solution and 
the route to prepare a relatively-compact electroless Ni-P layer and the thickness was uniform with an 
average of 10.69 μm would be described, which had largest impedance resistance and smallest corrosion 
current density. As a result, the LZ91 plate with MAO/Ni-P composite treatment that there is no rust point 
on the surface after 48 h of the SST. 
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690 TT Alloy is widely used in pressurized water reactors (PWR) of nuclear power plants as constituting 
material of the steam generators (SG) tubes. Currently, SG tubes are considered to be the main source of 
radioactive Co-58, induced from the Ni cation release in the primary circuit. Several studies have mentioned 
that the Ni cation release is somehow affected by the inner surface state of SG tubes [1], and some authors 
have also reported an influence between the semiconducting properties of the passive film and the alloy 
corrosion resistance[2] [3]. 
 
In this work, the electrochemical behaviour of 690 TT, with different inner surface states (electropolished, 
mechanically polished, and as received tubes), was studied in borate solution (pH = 9) at room temperature. 
The passive films were characterized by different electrochemical measurements: the corrosion potential 
(Ecorr) as a function of the immersion time, the steady-state polarization curves, and electrochemical 
impedance spectroscopy (EIS). The chemical composition and the semiconducting properties were further 
exanimated by Mott-Schottky plots and photo-electrochemical experiments. 
 
The steady state was estimated to be reached within 18 to 21 hours and the open circuit potential was around 
– 0,55 ± 0,2 V/EMS. The capacitive-like behaviour of the impedance diagrams, obtained at Ecorr, shows the 
presence of a passive film. Indeed, the analysis of impedance data highlights a CPE (Constant Phase 
Element) behaviour in a large frequency domain for all the samples. The oxide layer thickness, in the range 
of a few nanometres, was estimated from the complex-capacitance representation of the impedance data, 
showing that this thickness is related to the initial surface state of the tubes. Among the numerical 
simulations that were applied, the power-law model may be adequate for passive films exhibiting 
semiconducting properties. Mott-Schottky plots for the passive films exhibited negative slope at low 
potentials and positive slope at higher potentials, confirming that the semiconducting properties of the 
passive film are controlled by a n-type and a p-type oxide /hydroxide layer. The chemical nature of these 
layers will be discussed and compared to results from the literature.  
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Coatings make structure life time longer. It is well known that the oil storage tanks are protected from 
corrosion by organic coating. The weakly acid sea water and a few corrosive ions exist at bottom of the 
oil tanks. It is well known that chemical factors, water and chlorine penetration into coatings, make 
protection ability of coatings degrade and under-film corrosion progresses. On the other hand, effects of 
physically factors are less information. Earthquakes often occur in Japan. A lot of structures are damaged 
by it. If a large earthquake happens, coatings will be damaged and steel under the coatings will be 
corroded, so it must be investigated that stress affect coatings protection. 
Zhang [1] investigated effects of elastic stress on protective properties of coatings. Barrier property, water 
absorption and diffusion coefficient are affected by stress, and influence depends on both the magnitude 
and direction of elastic stress. Wu [2] found that numbers and length of cracks increase depending on 
number of loads. Whereas there are less knowledges of corrosion mechanism of steel covered by coatings 
having cracks. Up to now, we have investigated effect of repeated stress on coatings against corrosive 
environment and results of steel corrosion mechanism under the damaged coatings. 
The test piece was experimented with keeping immersion 3.5 wt% NaCl solution in order to simulate 
bottom of oil tank. Zinc was set on the solution for reference electrode. Then substrate steel (WE) and 
zinc (RE) were connected with potentiometer. We could recognize that when cracks appeared on the 
coating and the solution got to steel surface, from changing voltage. Steel corrosion started from this 
point, so we call it fatigue life of coating. The test used a four point bending machine in order to load 
constant strain on the surface of coating. This machine was controlled to load only tensile strain under 
cyclic stress. Thereafter, we studied corrosion mechanism by using electrochemical impedance 
spectroscopy (EIS). Impedance measurements were carried out in a three-electrode cell. 
In order to investigate the relationship between coating surface strain and number of load stress until 
cracks appear, results of test for three types of coating thickness are shown in Fig. 1. The data point could 
be fitted to an equation similar to the Coffin-Manson expression similar to metal fatigue [2]. 
Test piece having cracks on the coating was immersed in the test solution and investigated corrosion 
mechanism by using EIS. We used the equivalent circuit model of coated samples having cracks in order 
to get important factor of corrosion behaviors of steel. Then electrical capacitance of electric double layer 
was focused on because this may depend on corrosion area. Fig. 2 shows that changing this electrical 
capacitance with immersion time. The capacitance decreased until ten days, meanwhile after that, it 
increased. These results were caused by detaching coating from base steel because of accumulation of 
corrosion products in cracks and detachment. 

    
Fig. 1 Plots of strain amplitude against   Fig. 2 Change in electric capacitance of  
fatigue life for different coating thickness   electric double layer with immersion time 
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A honeycomb structure consists of an open-celled array of identical polygons which resembles 
that of the bee’s hexagonal wax cells [1]. The structure, highly favored for its lightweight and high 
strength-to-weight ratio, can be fabricated using various types of materials. A few examples of these 
types of honeycombs are metallic honeycomb where metal foils are utilized, non-metallic honeycomb in 
which papers such as Kraft paper and Aramid paper are used and glass-fiber reinforced plastic (GFRP) 
honeycomb [2]. The structure is an anisotropic material where the in-plane and out-of-plane stiffness and 
strengths differ from each other. The honeycomb is stiffer and stronger in the out-of-plane direction as 
they require the axial extension or compression of the cell walls. In-plane stiffness and strengths are the 
lowest because stresses in this plane make the cell walls bend until it starts to collapse when a critical 
stress is reached [3]. Significant usage of honeycomb core in structural applications include packaging, 
aviation, furniture and building industry. The honeycomb sandwich structure is highly favored for its 
high strength and specific rigidity while retaining its lightweight condition. Although the usage of 
honeycomb sandwich structure is widespread in structural application, the honeycomb technology can 
also be used in other applications. These include application in sandwich panel as acoustic and thermal 
panels, furniture, platform panels and structural beams. 

The preparing of the honeycomb core can be directed through a few techniques. Ordinary practices 
of the honeycomb handling rely on upon the material of the core. For instance, high thickness honeycomb 
core like aluminium are created through the corrugation technique where metallic sheets are creased into 
a half hexagonal shape [2, 3]. Glue were then connected to the hubs and the sheets are stacked while 
curing happens. Then again, expansion technique is a typical practice for non-metallic honeycomb and 
it varies such that the glue lines are printed on the papers to start with, trailed by the stacking of the glued 
paper to be cut into blocks [2, 3]. The stacked cut blocks are later expanded to form hexagonal cellular 
shapes that is then dipped in a tank of resin which the variables of the resin properties have been locked 
for each dip. Curing with certain extended of temperature is conducted to ensure no resin is left within 
the cell holes [5]. 

Through recent technological development in the natural and tropical wood such Kenaf fiber, it 
provides an alternative material to the typical honeycomb [6]. Several researches have successfully 
developed natural fibre based core that potentially suitable for the use in structural composite application 
[7]. These natural fiber in particulates can be further developed to form the honeycomb structures based 
on Kenaf fiber through powder compression moulding process, where it can replace the synthetic Nomex 
core with regards to weight distribution, cost of production, feasibility of material supply, comparable 
mechanical and chemical properties. Current background study shows that little study has been 
conducted to explore the feasibility on the development of honeycomb core from Kenaf fiber particulate 
(scientific name hibiscus cannabinus) using compression moulding. This study should allow an insight 
on the immense potential which Kenaf fiber based honeycomb core can offer. 
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Novel zinc alloy matrix composite coatings on steel, based on Zn-Co coatings and reinforced 
with ceria (CeO2) nanoparticles, were analysed. Cerium is well known inhibitor and in this research it was 
co-deposited both from ceria sols and from ceria nanopowder. According to literature, metal oxide 
particles are mostly introduced in the plating bath through powder nanoparticles, despite a high tendency 
for agglomeration [1,2]. In that regard, the advantage of using ceria sol, consisting of already 
monodispersed nanoparticles, was probed and compared in this work with the use of ceria powder. 

To minimize particles agglomeration, ultrasound or mechanical agitation was applied during the 
electrodeposition process of composites. Electrodeposition was performed galvanostatically, based on our 
earlier experience with low Co content Zn-Co alloy coatings of the improved corrosion stability, with the 
aim to further enhance their corrosion resistivity [3]. Deposits obtained at the same current density, 
temperature and bath composition, under mechanical and ultrasound (US) assisted agitation conditions 
(both US bath and US horn with different power intensities) were compared on the basis of the ceria 
nanoparticles content, distribution, morphology, with a special emphasis on the corrosion stability.   

Various characterization methods were used to study the process of electrochemical co-
deposition, and evaluate morphology, hardness and corrosion rate of the composite coatings reinforced 
with ceria. The surface of samples was observed by scanning electron microscopy and the chemical 
composition measured by EDAX coupled with FE-SEM. The homogenous distribution of Ce, Zn and Co 
in the coatings was confirmed by mapping of all the elements. The beneficial effect of both US agitation 
and sol employment on the adhesion and ceria content was shown. The corrosion stability was analyzed 
during exposure to 3 wt.% NaCl solution by electrochemical impedance spectroscopy and polarization 
measurements. The favorable presence of ceria was proven, showing a self-healing effect. Scanning 
Kelving Probe measurements were used to elucidate the role of the ceria nanoparticles in the system 
reactivity.  
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 Indium antimonide is a semiconductor widely used as a material for many applications including 
thermoelectric generators, infrared detectors, sensors and others. It should be noted that among  
III-V semiconducting materials, InSb has one of the most reactive surface – and cleaning the surface  
of InSb from oxides is also reported  in the literature [1]. Oxidation products on the surface can be formed  
during wet chemical processes and in consequence their presence may be problematic from the point  
of view of further applications of InSb-based  materials. Therefore, it is essential to know, how InSb 
behaves in various wet conditions. It creates an opportunity to determine in which case the material  
is more stable and from which factors should be protected. In the literature there are only  few studies 
attempting to explain reactivity of InSb [2,3]. 
 In the present research, we studied thin InSb films electrodeposited on a graphite foil.  
The electrochemical synthesis was carried out in a citrate bath containing 0.06 M In3+ and 0.045 M Sb3+. 
The pulse electrodepositions were conducted in a conventional three-electrode cell with a platinum 
counter electrode and SCE as a reference electrode. The electrodeposition was performed at room 
temperature at Eon = -2.3 V and Eoff = -0.5 V vs. SCE. The duration of pulse ‘on’ was in the range from  
1 ms to 1000 ms, and the ratio ton : toff was constant (1:5). All thin film synthesis lasted 15 min.  
The obtained InSb films were tested in a 0.5 M NaOH solution using electrochemical technics.  
The morphology and composition of as-obtained thin layers before and after electrochemical tests were 
analyzed by SEM and EDS.  
 

 
Fig. 1 SEM microphotograph of InSb thin films obtained by pulse electrodeposition on graphite (A) 
(ton = 1 ms, Eon = -2.3 V vs. SCE, toff = 5 ms, Eoff = -0.5 V vs. SCE). SEM image of the InSb film after  
2 h OCP measurement (B) in 0.5 M NaOH. 
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The absence of detailed mechanistic understanding of erosion-corrosion leads to inaccurate 
material loss rate estimation models. This can result in serious safety related issues, particularly 
in oil and gas transportation pipelines. The motivation for this work is to gain an understanding 
of the interdependence of mechanical and electrochemical effects and thus to improve prediction 
and protection of materials. 
 
In this work, erosion enhanced corrosion of carbon steel in acidic media was studied. An electrode 
scratching setup, with well-defined and controlled flow conditions, was developed that allows the 
repassivation of electrodes upon scratching to be investigated reproducibly. Potentiostatic and 
linear potentiodynamic polarization measurements were used to monitor kinetics of erosion 
enhanced corrosion. Samples were characterized using high-resolution scanning electron 
microscopy (SEM) to reveal changes in morphology during erosion-corrosion. Focused Ion Beam 
(FIB) SEM was implemented to reveal the cross-sectional microstructure evolution of specimens. 
Our studies confirm microstructural changes take place in the region of the scratch-affected area: 
with grain refinement and orientation changes observed.  These results, coupled with the 
electrochemical data, suggest that time-dependent surface hardening processes affect dissolution 
behaviour under erosion conditions.  
 

 
Figure 1. Microstructural variation of scratch-affected area.  
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One dimensional nanostructures are widely used in the dye-sensitized solar cell (DSSC), printed 
circuits, biosensors, and for surface-enhanced Raman spectroscopy. The widespread application is due to 
their unique optical, electrical and thermal conductivity [1]. For example, a metallic nanowire can provide 
unidirectional electron transfer pathways to the photoanode faster than nanoparticles and hence improve 
the conductivity in printed circuits [2]. The nanoporous array of anodized aluminium oxide can be used as 
a template to produce a variety of metallic nanowires, which can be easily tuned for its geometrical features. 
In this study, we describe a fabrication process for nanopore arrays of aluminium oxide by anodizing Al 
(99.99 %) in 0.3 M oxalic acid solution at different temperatures. A two-step anodization was carried out 
at a DC voltage of 45 V. Surface characterization of anodized specimens was carried out using scanning 
electron microscope (SEM) and X-ray diffraction (XRD). The SEM micrographs were analyzed using 
Image J software to identify the structural features, like pore-diameter (56 ± 6 nm), inter-pore distance (114 
± 8 nm) and the wall thickness (29 ± 4 nm). Cross-sectional analysis was carried out to correlate the oxide 
thickness as a function of anodization time to identify the oxide growth rate, which was found to be 
approximately 13 µmhr-1. XRD analyses revealed the amorphous nature of grown oxide. As-formed AAO 
contains thin dielectric barrier layer at the bottom of the pores, which has to be modified for subsequent 
metal deposition. Barrier layer thinning (BLT) was carried out at the after anodization, followed by 
chemical etching to improve the electrical conductivity at the bottom of the pores. The effect of barrier 
layer thinning, and chemical etching was studied by electrochemical impedance spectroscopy (EIS). The 
SEM micrographs revealed opening of bottom pores, which should favour electrodeposition. For the first 
time, we report on the etching process, where Al not only preferentially dissolves but Cu nanowires are 
deposited.  The work will also report on a similar attempt to electrodeposit silver (Ag) into the pores of an 
alumina membrane. 
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In the recent years hydrogen embrittlement has become as issue of increasing importance. It can be 
caused by hydrogen entering the material during its processing or later during corrosion. A better 
understanding of the long term risks requires thorough characterization of hydrogen uptake and diffusion 
and trapping within the material. The Devanathan-Stachurski (DS) electrochemical double cell has been 
widely adapted for hydrogen permeation studies since 1962. Usually, a palladium coating is required to 
be deposited at the exit side in order to ensure a reliable measurement of the permeation current [1-2]. In 
recent time it has become a widespread practice to skip the Pd deposition. In these cases a suitable anodic 
potential is applied at the exit side and time before starting the permeation experiment is given for the 
according passivation of the exit side surface to be finished, reaching small enough current densities in 
order to be negligible compared to the expected hydrogen permeation current densities. However, it is 
known that the surface oxide layer acts as a barrier for hydrogen transportation due to strong coulombic 
interaction in the oxide, which will then impede the entry into the oxide and also the permeation through 
it [3-6]. This is the problem here: the applied anodic potential at the exit side has to be high enough to 
ensure full oxidation of hydrogen, but such high anodic potential results in a relatively impermeable oxide 
layer. It was also reported in the literature that the measured hydrogen permeation current is decreasing 
with increasing oxide thickness [4-5]. The advantage of Scanning Kelvin Probe microscopy technique for 
hydrogen permeation study is that hydrogen detection at the exit side is done by measuring the 
equilibrium potential which via a prior established relationship between potential and permeton current 
provides the desired info about the permeation, instead of measuring exit hydrogen permeation current by 
anodic polarization, which will inevitably favor the growth of oxide layer. Contrary to that, the 
equilibrium potential measured by Kelvin Probe is decreasing with increasing hydrogen activities. The 
according oxides seem not to similarly impede hydrogen permeation. Freshly polished iron sample 
(native iron oxide 1-2nm) and iron with intentionally electro-passivated iron oxide films ranging from 4-
5nm are used in this study. According to the work of Krasemann et al. [7], the low potential value 
measured by kelvin probe indicates high Fe2+/Fe3+ state beneath oxide surface, which also means that 
whole oxide layer is partially reduced by hydrogen. Tafel slope like behaviours of about -60mV/decade 
were measured in both cases by changing the hydrogen activity at the entry side, which indicates that 
hydrogen permeating through these “low potential”  oxide layers is not the rate determining step 
determining the potential but the equilibrium established by oxygen reduction and hydrogen oxidation, in 
a similar way as reported for immersed palladium [8]. The results show that hydrogen seems to readily 
penetrate through these defective (low potential) oxides. The results of this study show that Scanning 
Kelvin Probe microscopy technique can be used to quantitatively study hydrogen permeation even 
through oxide covered iron or steel samples, which is not possible with a Devanathan-Stachurski set-up 
without applying a palladium layer on the exit side surface. 
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Abstract: Compared with traditional cathodic protection, photogcathodic protection technology has the 
advantages of resource conservation and long-term effectiveness. This article presents a new composite 
semiconductor thin film as a photoanode, which is the co-sensitization of SnS and TiO2, providing effective 
photocathodic protection. The optimal adhesion amount of SnS was investigated. In the experiment, The 
TiO2 nanotubes (TiO2 NTs) were prepared by electrochemical anodization method, and the SnS 
nanoparticles were doped on TiO2 NTs by successive ion layer absorption and reaction technique. The 
electrochemical performance test showed that the successful preparation of SnS/TiO2 composites increased 
the absorption of visible light, and the optimal conditions could stimulate the current density of 27~51 
μA/cm2 (Fig.1(a)). And it has obvious photocathodic protection on 304 stainless steel, especially when 304 
stainless steel is coupled with b-SnS/TiO2, the potential drops to about -710mV (Fig.1(b)). 

 

Fig.1 Electrochemical performance test about of pure TiO2 NTs and SnS/TiO2 composites in the intermittent 

illumination condition (a) Photocurrent density curve (b) OCP curve 

 

Fig.2 Schematic of electron transfer in SnS/TiO2 composites membrane 
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Abstract 
Marine bacteria have unique properties since they have to adapt to extreme marine environment 
conditions. These bacteria, can affect the corrosion processes by formation of biofilm and influence the 
electrochemical process. There are many reports about microbiologically influenced corrosion of metal 
surfaces in different environments. In addition, some bacteria and their metabolic by-products can reduce 
the corrosion process of metals. 
In this research, the adverse corrosion and corrosion inhibitory effect of marine isolated Bacillus 
Vietnamensis bacterium for different alloys have been found. Electrochemical results showed that B. 
Vietnamensis has the inhibitory effect for Cu alloys; while the corrosion rate of steel alloys increased in 
the presence of this bacterium (Fig. 1). FTIR analysis examined different metabolic byproducts of B. 
vietnamensis on various alloys surfaces. The first assay of bacterial mechanism confirmed the presence of 
protease enzyme with specific activity of 353 U/mg; and the metalloproteases was also characterized 
using protease inhibitors and LC-MS/MS analysis. When the protease activity inhibited by heating 
solution up to 60 ºC and adding protease inhibitor cocktail; the corrosion rate of Al-bronze increased 
significantly and B. Vietnamensis didn’t show inhibitory effect. So, it can be concluded protease enzyme 
reduce the corrosion process of Al-bronze samples by prevention of biofilm formation, changing the 
metabolism and hinder the oxygen reduction. So, we proposed the Cu and Zn ions are coordinated to 
metalloproteases and bonded with water molecules (Fig. 2); therefore, the oxygen availability was 
decreased and corrosion processes inhibited in alloys containing Cu and Zn elements.  
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Abstract 
In this study, Ti-Al-Sn-Zr-Mo alloy samples were manufactured by powder injection moulding (PIM) for 
fuel cladding material in nuclear reactor applications. Al, Zr, Mo and Sn additions were lowered the 
thermal neutron absorption cross-section of the Ti. PIM method was used because of the casting of the 
alloy is difficult due to the differences in the densities and melting temperatures of the elements,. Powder 
mixtures were mechanically alloyed to prepare the alloys. Paraffin, polyethylene and stearic acid mixture 
was used as a binder. Electrochemical oxidation (anodizing) was done to enhance thecorrosion resistance. 
   Localized corrosion (pitting or crevice) behaviour of the alloy was investigated in NaCl and Na2SO4 
solutions. Open circuit potential, cyclic polarization, critical pitting potential, Tafel, potentiodynamic 
polarization, linear polarization resistance and electrochemical impedance spectroscopy tests were 
conducted. High temperature tests were carried out at temperatures up to 150 °C in order to determine the 
effects of temperature and aggressive (harsh) environments on the corrosion behaviour. The findings 
confirmed that the resistance against localised corrosion was enhanced with Mo addition. Corrosion rate 
was lowered with Zr and Mo additions. Sn addition was enhanced the sinterability of the alloy. Al was 
included in order to enhance the elevated temperature (creep) resistance. Inductively coupled plasma-
mass spectrometer (ICP-MS) was employed to measure the release of metal ions. Weight loss values were 
determined by the gravimetric (dry weight) method. Mechanical properties were investigated by 
destructive compression and non-destructive ultrasonic tests. Digital radiography (DR) and computed 
tomography (CT) tests were employed in order to investigate the corrosion, defects and 3-dimensional 
structure. Wettability (contact angle) of the samples was investigated by using optical tensiometer-contact 
angle meter. Fourier transform infrared spectroscopy (FT-IR) was used for surface analysis. Irradiation of 
the alloy was modeled with Monte Carlo simulation code (MCNPX 2.4.0).  
 
References 
[1] Z. Duan, H et al. Nuclear Engineering and Design 316 (2017) 131-150. 
[2] C.R.F. Azevedo. Engineering Failure Analysis 18 (2011) 1943-1962. 
[3] J. Jayaraj, A.R. Shankar, U.K. Mudali. Electrochimica Acta 85 (2012) 210-219. 
[4] I. Bilobrov, V. Trachevsky. Journal of Nuclear Materials 415 (2011) 222-225. 
 

 
Figure 1. Effect of a) temperature, b) Zr and c) Mo content on poarization resistance and corrosion rate 

  
Figure 2. Effect of a) Zr content on EIS plot, B) Mo content on Tafel plot, c) temperature on OCP plot 
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Deep eutectic solvents (DESs) represent a green and non-expensive substitute for ionic liquids as non-
aqueous electrolytes (NAEs). Electrochemical applications in NAEs benefit from the extended potential 
windows, due to the absence or minimization of water.  
Their importance in research is growing due to their superior properties over ionic liquids (ILs). Precisely, 
DESs are considered non-toxic, green and low-cost compared to ILs.  The main applications of DESs 
include energy storage, biomass-electroconversion, electrodeposition and heterogeneous catalysis. 
 
However, interactions between electrode and electrolyte, as well as their degradation, embody a relevant 
but unexplored territory for the implementation in electrochemical systems.  
Here, we present the investigation of the electrochemical corrosion of three metal electrodes (titanium, 
nickel and iron) and their interactions in two different DESs, namely ethaline and proline-lactic acid (PL), 
with an unprecedented insight into the stability of the electrochemical system. Ethaline is one of the most 
utilized DES due to its high conductivity and PL was chosen as an example of chlorine-free DES. The 
electrochemical behavior of the electrodes is investigated using cyclic voltammetry and 
chronoamperometry. The changes in the electrolyte were analysed using inductively coupled plasma 
optical emission spectrometry (ICP-OES) and total organic carbon (TOC) determination. The changes in 
the electrodes' surface were studied using scanning electron microscopy (SEM) and energy-dispersive X-
ray spectroscopy (EDX).  
 
The electrochemical characterization of the chosen six electrode-electrolyte couples revealed distinct 
potential windows. ICP-OES and TOC measurement were used to simultaneously track the amount of 
dissolved metal ions in the DES and its degradation in terms of carbon loss. These changes were 
dependent on the type of applied electrode and DES. Additionally, chlorine content of the DESs affected 
the changes in morphology of the electrodes. Ultimately, titanium showed increased stability in DESs 
compared to nickel and iron. These findings represent a first effort to establish a methodology which 
characterizes DESs in electrochemical applications. 
 
The graphical abstract below shows an example of a characteristic chronoamperometry measurement for 
a nickel electrode into ethaline as electrolyte. Additionally, macroscopic view of the electrochemical 
system and a microscopic view of the electrodes are shown, respectively at the beginning and at the end 
of the chronoamperometry. 
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Amorphous Ni-P films are important protective coatings because of their interesting combination of 
properties including high corrosion resistance, good wear resistance, good electrical conductivity, 
solderability, high adhesion to their substrate, smooth and uniform surface morphology, and so on. These 
characteristics made them attractive for lots applications such as electronics and microelectronics where a 
thin layer of Ni-P is used as the diffusion barrier between a thick Cu film and a very thin and usually porous 
Au film in electrical contacts [1–3]. The corrosion protection of Cu/Ni-P/Au systems is highly challenging 
due to highly different standard potential of each layer that highly polarizes the most negative one; i.e. Ni-
P [4]. This is especially problematic in the interface of Ni-P/porous Au due to the intense corrosion of Ni-
P based on high cathode (Au) surface to low anode (Ni-P) surface phenomenon. Moreover, the surface 
roughness of Ni-P films is one of the factors that impacts the porosity content of its Au top-coat [5]. 
Therefore, forming Ni-P films with smoother surfaces, better corrosion behavior, and higher stability at 
high potentials is essential for electrical contacts. Ni-P ternary alloys [6], Ni-P composites [7], and 
employing additives could fulfill this purpose, however, additives are more practical, feasible, and 
economical. Therefore, the effects of saccharine, glycine, pyridinium propyl sulfonate, coumarin, sodium 
citrate, and cerium sulfate as additives were investigated on the properties of Ni-P thin films. 
Potentiodynamic polarization and electrochemical impedance spectroscopy tests, scanning electron 
microscopy, X-ray fluorescence and diffraction, and atomic force microscopy techniques were employed 
to study the properties of the samples. It was found that a proper concentration of these additives, except 
saccharine, noticeably improved the corrosion resistance, especially at high potentials (about 25% increase 
in instantaneous corrosion efficiency and about 300% in corrosion efficiency at high potentials) and 
decreased the surface roughness (from about 10 to 55 %) of Ni-P thin films. Thinner, more uniform, and 
less porous coatings with similar surface morphology were formed in the presence of additives. Except 
saccharine, all the additives enhanced the P content of Ni-P films, and thus kept their amorphous structure; 
oppositely with saccharine that highly suppressed the incorporation of P inside the Ni lattice, a mixed 
amorphous-crystalline structure is stabilized. 
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Melting gels are precursors of hybrid glasses prepared by sol-gel processing using organically modified 
silicon alkoxides.  The objectives are to obtain defect-free coatings and to eliminate the shrinkage of the 
sol-gel coating during the consolidation treatment.  Following thermal treatment at the consolidation 
temperature for 24 hours, melting gels are non-porous. 
In this study, hybrid melting gels are synthesized using mono-substituted silanes such as 
methyltriethoxysilane (MTES) and ethyltriethoxysilane (EtTES), and di-substituted silanes such as 
dimethyl-diethoxysilane (DMDES) and diethyldiethoxysilane (DEtDES).  The influence of organic chain 
length on melting gel formation and properties was evaluated.  Mono and di-substituted silane 
combinations were used to coat AISI 304 stainless steel by two procedures:  pouring of melted gels and 
electrodeposition.  The samples prepared in the EtTES-DEtDES system present a lower thermal stability 
than the samples prepared in the MTES-DMDES system due to the presence of the ethyl groups.  The 
presence of the ethyl groups also decreases the number of Si-O-Si bonds as it is reflected by the lower Tg 
values.  Structural characterization demonstrates the formation of Si-O-Si bonds, in addition to the 
preservation of the Si-C bonds.  The coatings prepared by pouring provide an excellent barrier against 
corrosion.  However, the coatings obtained by electrodeposition show poor anticorrosive properties. 
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The inhibition mechanisms of cerium chloride and triethanolamine on AA2024-T3/graphite galvanic 
couples were studied in 12.00 mM NaCl solution by the Scanning Vibrating Electrode Technique (SVET) 
and the Scanning Ion-Selective Electrode Technique (SIET). Both techniques were used, quasi-
simultaneously, to monitor the current density distribution and the pH associated to the corrosion process 
occurring in the galvanic couples, in the presence and absence of inhibitors. The corrosion activities 
monitored by SVET-SIET were greatly reduced when the cerium chloride was added to the NaCl solution 
for both studied models. The inhibitor seemed to be efficient already during the first moments of 
immersion, despite its well known time-consuming inhibitive action (Fig. 1). From a microstructural 
point of view (SEM-EDX analysis), the development of trenching around IMPs (and the formation of 
corrosion products) was considerably controlled for the couple with the highest AA2024/graphite area 
ratio (M1). For the sample with lower electrodes’ area ratio (M2), although the extension of intergranular 
corrosion (IGC) was limited in the presence of Ce, the inhibition of this form of corrosion was less 
noticeable than the corrosion control observed for AA2024 from M1. Therefore, it appears that cerium 
chloride is more efficient for inhibiting the micro-galvanic couplings associated with the Cu-rich IMPs 
(M1) than for preventing the extension of IGC caused by a stronger anodic polarization (M2). 
Conversely, the inhibitive effect promoted by TEA seemed to be rather limited for both studied models. 
Based on a study performed with AZ91D, the inhibition efficiency achieved was strongly depended on 
the inhibitor concentration: at low concentrations, TEA might have been unevenly distributed on the 
surface, while at too high concentrations, an excess of adsorption might have induced the 
agglomeration/shedding phenomenon. In this work, TEA was either present at unfavorable concentrations 
or the molecule was not able to effectively form coordinate bonds with the alloy constituent elements. 
 

 

   
 

     
 
Fig. 12. (a, b, c) current density (µA cm-2) and (d, e, f) pH maps obtained from M2 in 8.25 NaCl + 1.25 
CeCl3 solution after: (a, d) 1 h, (b, e) 2 h and (c, f) 8 h of exposure.  
 

     (a)     1 h                                 (b)      2 h                               (c)      8 h 

     (d)     1 h                                 (e)      2 h                               (f)      8 h 
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Reinforced concrete containing steel rebar is widely used for large-scale constructions such as 
buildings, bridges and highways. With the lapse of time, concrete structures often lose their long-term 
reliability by corrosion of steel rebar. Nowadays, many concrete structures require repair or 
reconstruction before they are broken. Therefore, understanding of the corrosion behavior of steel rebar is 
meaningful to maintain the degraded concrete structures and to build safe and long-life constructions. 
However, it takes several decades for steel rebar in concrete to deteriorate owing to corrosion in the real 
environment. Concrete contains little oxygen on the inside, and consumption of electrons generated in 
metal dissolution is hindered. As a result, corrosion of steel rebar is suppressed. Therefore, an accelerated 
corrosion test is necessary to shorten the experimental period to reproduce the rusts formed on steel rebar 
in concrete and to discuss the corrosion behavior of steel rebar. The novel method is expected to provide 
accurate evaluation of the corrosion rate and the limit corrosion amount for the cracking of concrete.  

Recently, in order to form rusts similar to that formed in the real environment easily and in a short 
time, we developed hyperbaric-oxygen accelerated corrosion test (HOAC test) [1]. In the HOAC test, 
pressurized oxygen gas was supplied to the iron or steel sample embedded in concrete, mortar and cement 
paste, and we proved the utility and impact of the HOAC test to validly accelerate the corrosion of iron in 
mortar. However, we have not understood the details of oxygen gas and Cl- in the HOAC test. In the 
study, the effect of oxygen gas pressure and Cl- concentration in mortar on the corrosion of iron in mortar 
was examined to maximize the acceleration of steel corrosion in concrete by the HOAC test. 

A 99.5 % iron coupon embedded in mortar with cover thickness of 5 mm was used for HOAC test. 
Hereafter, the sample is noted as Fe in MR. The mortar was produced by mixing of ordinary Portland 
cement paste and fine aggregates with a weight ratio of water-cement to fine aggregates of 0.6:1:3. In the 
mortar, NaCl solution was used as mixing water to induce breakdown of the passive film on Fe in MR. 
Cl- concentration of mixing NaCl solution was 0, 0.6, and 2.0 M. In the HOAC test, the Fe in MR was 
exposed to a humid pressurized oxygen gas or ambient air at over RH 95% in the high pressure container. 
The oxygen gas pressure was 0.1, 0.4, 0.6, 1.1, and 2.1 MPa. After 14 days test, the iron coupon was 
extracted from mortar, and surface of the iron coupon was observed using one-shot 3D profilometer (VR-
3000, Keyence). The cross sections were characterized using scanning electron microscope (Quanta FEG, 
FEI) by detecting back scattered electron.  

The Fe in MR was hardly corroded in ambient air regardless of the presence of Cl- because the 
passive film was formed on the iron surface. The Fe in MR with 0.6 M Cl- was corroded in pressurized 
oxygen gas at 0.1 and 0.4 MPa. In addition, the corrosion on the Fe in MR with 2.0 M Cl- was obviously 
accelerated in pressurized oxygen gas at 0.1, 0.4 0.6, and 1.1 MPa. The passive film breakdown and metal 
dissolution were enhanced by Cl- and oxygen reduction was enhanced by supplied pressurized oxygen gas. 
However, corrosion of Fe in MR was little observed in case of containing 0.6 M Cl- over 0.4 MPa O2, and 
2.0 M Cl- in 2.1 MPa O2 contrary to expectation. Rusts formed in the HOAC test showed thickness with 
several micro meter on some iron coupons in pressurized oxygen gas; whereas no rusts were observed on 
the coupon in ambient air. The thickness of rusts of the Fe in MR containing Cl- was increased with an 
increase in oxygen pressure until it reached to a peak value, then the thickness of rusts adversely 
decreased over the peak value of oxygen pressure. The peak value of oxygen pressure increases with an 
increase in the amount of Cl-. With 2.0 M Cl-, the thickest rust was formed in 0.5 MPa oxygen gas. Up to 
0.5 MPa, the thickness of rusts increased in proportion to the oxygen pressure. This result indicates that 
the HOAC test has an adequate oxygen pressure to efficiently enhance the corrosion of Fe in MR in the 
case of relying on Cl- addition to mortar to breakdown of passive film. 
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In the present study, the influence of Mg and Ca on the microstructure, mechanical properties, 
corrosion behavior in vitro and cell adhesion of as-extruded biodegradable Zn-Mg-Ca alloys was 
investigated. The hardness and ultimate tensile strength (UTS) of the extruded Zn-Mg-Ca alloys increased 
with increasing Mg content, the extruded Zn-1.5%Mg-0.2%Ca alloy showed the highest UTS (442Mpa) 
among all of the samples, and the as-extruded Zn-0.1%Mg-0.1%Ca showed the highest elongation, 
indicating best ductility. Direct culture with bone marrow derived mesenchymal stem cells (BMSCs) was 
performed to evaluate the effect of corrosion rate on the cell adhesion of the alloys. The degradation rate 
of Zn-Mg-Ca alloys increased with the increasing of Mg and Ca contents. The corrosion reaction could 
lead to the higher dissolution of Zn and the release of H+ ions, which made the pH values decreased. The 
Zn-Mg-Ca samples showed lower corrosion rates than the pure Mg and AZ31 samples in direct culture. 
For the totally cell amount, the average cell density increased a little with the Mg contents increased. On 
the contrary, with the Ca contents increased, the average cell density showed an insignificant decrease. 
BMSCs prefer to adhere on the surface of M0.1C0.1E and had proliferated. The adhesion and 
morphology (size and shape) of BMSCs on and around the samples were not affected by Zn2+ ions 
released from sample corrosion. The enhanced cytocompatibility makes Zn-Mg-Ca alloys a promising 
candidate for future implant applications and should be further studied. 
 

 
Fig. 1 Microstructures, EIS spectrum, potentiodynamic polarization curves of Zn-Mg-Ca alloys with 

different Mg and Ca content, and the effect of alloy degradation on the cell adhesion. 
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Although conducting polymers (CPs) have been known for at least a third of a century, it was only in 
recent years with the restriction of the toxic hexavalent chromium as main corrosion inhibitor e.g. in 
paints for the automotive industry, that they gained significant attention from both science and 
engineering communities. 
Conducting polymers such as Polyaniline, Polypyrrole or Poly(3,4-ethylenedioxythiophene) polystyrene 
sulfonate (PEDOT:PSS) are quite promising candidates for use as corrosion inhibiting additions to 
organic coatings, and several possible protection mechanisms based on different electrochemical effects 
have already been reported; a first assumption is that they can act as an oxidizer, maintaining the metal in 
the passivity domain, while an alternative mechanism is that the oxygen reduction reaction might be 
dislocated from the metal/polymer interface, thus inhibiting fast cathodic coating disbondment. While 
most publications report that conducting polymers provide indeed excellent corrosion protection, others 
report that this is only true under certain special conditions. For instance, a highly CP containing coating 
might be very effective in preventing corrosion in pin holes, while it fails disastrously in the presence of 
larger defects [1]. 
So, this work focuses on the investigation of an innovative protection system which provides a long term 
coating stability. It was evidenced that separated particles of conductive polymer when distributed on an 
iron or zinc substrate establish a “protection zone” around their boundary. The protection zone hinders the 
oxygen reduction rate at the very delamination front, establishing a region in the vicinity of the CP where 
no or only very slow delamination occurs, i.e. a degradation free zone is created. 
Homogeneous and adherent deposits of the mentioned conducting polymers were prepared either 
potential dynamically, galvanostatically or by drop casting. The shape of a dot was employed to better 
investigate the fundamentals of the protection zone, formed around this CP. Evaluation of the anti-
corrosion performance of the coating is investigated through delamination experiments realized with the 
Scanning Kelvin Probe (SKP), while the redox activity of the CPs is analyzed by cycle voltammetry. The 
influence of the supporting solution on the polymerization process, the metallic substrate and film 
thickness is also evaluated. 
The experiments carried out reveal that many factors play a crucial role in the success or failure of this 
corrosion protection system; such as the metal-polymer interface, the coating design and also the 
capability of the conducting polymer to release anions or consume cations. 
 
 
[1] Rohwerder, M. (2009). Conducting polymers for corrosion protection: A review. International Journal 

of Materials Research, 100(10), 1331-1342. doi:10.3139/146.110205. 
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Copper alloys such as brass (Cu-Zn) are extensively used in a wide range of industrials applications due 
to their versatile physical properties and good corrosion resistance. The presence of ions, such as Cl-, 
SO4

2- and NH4
+, in the environment however drastically affects the corrosion behavior of copper alloys. 

Nitrogen and sulfur can bond with copper promoting or inhibiting further degradation depending on the 
compound structure. Despite having been widely studied during the last decades, the interactions between 
copper and nitrogen compounds at the solid/liquid interface are still not fully understood from a 
fundamental mechanistic point of view. 
In this study, the corrosion behavior of a Cu70-Zn30 alloy in the as-received state and after stress 
relaxation by thermal annealing has been investigated in chloride containing solutions at pH 7.4 in 
presence of three different N-containing compounds: Tris(hydroxymethyl)aminomethane (Tris), 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (Hepes) and Benzotriazole (BTA). A combined 
electrochemical and surface-analytical approach was used to reveal the reaction mechanisms in all three 
solutions as well as the alloy surface composition after exposure. The reaction mechanisms are discussed 
in relation with the reactivity of the pure copper and zinc in the different solutions. 
As expected, the three solutions lead to very different corrosion mechanisms, highly depending on the 
type of chemical bonding and complexation of the copper ions by the different N-containing compounds, 
as shown in Figure 1. Tris is a primary amine and as such, a strong transition metal ion chelator. Cu70-
Zn30 alloy exhibits in this solution a very active dissolution behavior, Tris preventing the formation of Cu 
stable products on the surface. On the contrary, BTA is a well-known corrosion inhibitor for copper and 
copper alloys. A very protective adsorbate layer forms on the surface preventing further dissolution due to 
the anionic form of BTA and its poor solubility in water. Hepes maintains active dissolution but is 
associated with the formation of stable corrosion products on the alloy surface providing partial surface 
coverage, due to the interaction of the sulfite group with the Cu-Zn alloy surface.  
This simple approach seems to be very promising to predict the affinity of the N-containing compounds 
for the copper complex formation and estimate its inhibition efficiency. 
 
 

 
Figure 1: Typical Bode plots of Cu70-Zn30 brass exposed to 50 mM CaCl2 at pH 7.4 in presence of either 

50 mM of Tris, Hepes or Benzotriazole  
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TiO2 has drawn great attention in the academic field due to its special properties, and may be used in 
photocathodic protection for metals. However, due to the wide band gap of the TiO2 semiconductor, it can 
only be excited by UV light, and its photoelectric conversion efficiency under white light illumination is 
low. Therefore, it is important to fabricate TiO2-based composite films for improving their 
photoelectrochemical properties. In this work, an anodic oxidation combined with ultrasonic-assisted 
impregnation-calcination method was used to fabricate a SnO2/TiO2 nanotube composite film. The 
photoelectrochemical properties of the SnO2/TiO2 composite film were characterized, and its 
photocathodic protection effect on 403 stainless steel (403SS) was investigated. 

Commercial Ti foils were used as specimens for preparing SnO2/TiO2 nanotube composite films. The 
TiO2 nanotube film was prepared by anodic oxidation of a cleaned Ti foil specimen at 20 V for 30 min in 
a two-electrode electrolytic cell with an aqueous glycerol solution with 0.5 wt% NH4F and 40 vol% 
water. After the anodic oxidation, the sample was annealed at 450 °C for 2 h. Then, the prepared TiO2 
nanotube film was immersed in a 10 mM SnCl2 ethanol solution and irradiated by an ultrasonic generator 
at a frequency of 40 kHz for 20 min. After that, the film was annealed at 500 °C for 2 h, and the 
SnO2/TiO2 nanotube composite film was obtained. The morphology and composition of the prepared 
films were characterized by scanning electron microscopy (SEM), X-ray diffraction (XRD) and X-ray 
photoelectron spectroscopy (XPS). The photocathodic protection effects of the films on 403SS were 
investigated by measuring the potential variations of the 403SS coupled with the prepared films under 
intermittent illumination.  

The results showed that an ordered SnO2/TiO2 nanotube composite film was successfully fabricated by 
the anodic oxidation combined with the ultrasonic-assisted deposition. The average inner diameter of the 
TiO2 nanotubes was about 100 nm. After the deposition of SnO2 nanoparticles on the TiO2 nanotube film, 
the ordered nanotube arrays remained perfect, but the TiO2 nanotube surfaces became rough. The 
deposition of SnO2 nanoparticles on the TiO2 nanotube film greatly enhanced the photoelectrochemical 
properties of the SnO2/TiO2 nanotube composite film. The SnO2/TiO2 nanotube composite film was 
sensitive to white light illumination. A maximum incident photon to current conversion efficiency (IPCE) 
of 89.98% at 335 nm wavelength was achieved for the composite film. The potential of 403SS in a 0.5 M 
NaCl solution decreased by 420 mV and 500 mV (compared to its corrosion potential) when it was 
coupled to the TiO2 and SnO2/TiO2 films in a 0.5 M KOH solution under white light illumination, 
respectively. These results indicated that the SnO2/TiO2 composite film could provide a better 
photocathodic protection effect on the 403SS than the pure TiO2 film. 
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This work deals with the initial localized corrosion activity of AA2024-T3 exposed up to 24 h in diluted 
substitute ocean water, simulating marine environment of low chloride contamination. The pits appeared 
since the first hour at the periphery of Cu-Fe-Mn particles, when Mg-ions release was found ( 0.5 mg L-1), 
originated from the S-phase (Al2CuMg). Fine particles were detached from the corrosion layer, composed 
of AlCl3·6H2O and FeCl2·2H2O corrosion products. Electrochemical impedance spectroscopy (LEIS) 
measurements were performed in situ at open circuit potential. LEIS maps revealed intensive 
electrochemical activity on Al alloy surface, demonstrating fast pit nucleation, due to the presence of 
chloride ions. LEIS impedance │Z│ magnitude differs with the advance of the corrosion process, 
influenced by changes occurring on the alloy surface. The reported results confirm the unique capabilities 
of LEIS that make this a powerful tool for in situ study of localized corrosion process.  
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Figure. (a) Overview of the LEIS setup; (b) 3D LEIS and 2D maps measured on AA2024-T3 surface in 
situ at 24 h of exposure in diluted substitute ocean water . 



High Throughput Fabrication of Large-Area Colloidal Crystals via an 
Two-Stage Electrophoretic Deposition Method 

 
Pei-Sung Hung, Shih-Cheng Chou, Guang-Ren Wang, Chuan-Jyun Wang, Pu-Wei Wu,  

Department of Materials Science and Engineering, National Chiao Tung University 
Engineering Building 6, No. 1001, Daxue Rd., East Dist., Hsinchu City, Taiwan (ROC) 

ppwu@mail.nctu.edu.tw 
 
Key Words: colloidal crystals, self-assembly, vertical electrophoretic deposition 
 
Three-dimensional ordered mesoporous materials in different configurations have drawn much attention 
during the last few decades for their unique optical properties, large surface areas, interconnected pores, etc. 
In general, these structures can be constructed in either top-down or bottom-up approaches. The bottom-up 
routes often involve a template-based deposition method, where a polymer or oxide sacrificial template is first 
self-assembled by gravitational sedimentation and solvent evaporation. These undirected self-assembly 
processes are rather time-consuming with low yield. In this work, we design an automatic 2-stage process 
which entails the electrophoretic deposition of polystyrene microspheres in a vertical set-up for the fabrication 
of three-dimensional colloidal crystals in size of 10×10 cm2. Relevant processing parameters will be discussed 
and their impacts on the resulting crystallinity will be evaluated. Lastly, by using the colloidal crystal as a 
template, we successfully produce inverse opals in supported and free-standing configurations. Selective 
examples for potential applications will be mentioned and displayed as well.   
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Alkali bonded ceramics (geopolymers) have come into prominence as of recent in that they allow the 
production of cold-consolidated ceramic bodies endowed with a wide array of structural characteristics, 
making them useful in the production of many different materials. 3-D geopolymeric bodies are finding 
their way into many different industrial fields, such as cement, fire retardant, and refractory materials. 
The possibility of obtaining coatings by exploiting the unique features of the electrophoretic deposition 
process would in principle allow alkali bonded coatings to be directly fabricated onto conductive 
substrates of arbitrary geometry. Such a technology would significantly widen the application of alkali 
bonded ceramics. Cold consolidation pursued via the alkaline route may in principle be obtained by 
electrophoresis of powdered Al oxide feedstocks dispersed in a liquid matrix, in the presence of a suitable 
primer. However, it is not clear to what extent this is actually possible. In order to gain some 
understanding, we analyzed the deposition behavior of Al oxide feedstocks dispersed in different liquid 
matrices, also assessing the post-deposition behavior of the deposits as to consolidation and adhesion to 
the substrates. 
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Energy harvesters generate electrical energy from ambient-available energy sources which enable 
powering of autonomous sensors, applicable in various sectors including industrial, medical and general 
publics. Piezoelectric energy harvesters (PEH) exploit mechanical energy and convert it to electrical 
energy using the capability of the piezoelectric material to produce the electrical charge when subjected to 
the mechanical load. Energy-convergence efficiency is higher for piezoelectrics with large 
electromechanical coupling factor kij and large mechanical quality factor Qm [1,2]. A typical PEH 
structure is a bimorph cantilever with thin piezoelectric layer integrated on both sides of a flexible 
substrate.  
Environmental benign piezoelectrics based on sodium potassium niobate attract considerable attention 
due to high electromechanical coupling factor kp of a0.47 and Qm of a50 [3]. However their processing is 
demanding due to complex chemical composition, narrow temperature range of sintering and evaporation 
of alkalis during sintering which is reflected in the improper structure and chemical composition, the 
formation of undesirable secondary phase, the nonhomogeneous microstructure and low density, which 
all deteriorate their functional properties. 
This study focuses on recent advances in the processing, characterisation and understanding of structural, 
microstructural and functional properties of sodium potassium niobate-based thick films by 
electrophoretic deposition. We report on the strontium-modified KNN with the nominal composition 
(K0.5Na0.5)0.99Sr0.05NbO3 (KNNSr) which in bulk exhibits uniform, fine-grained microstructure [4]. The 
sub-micrometre-sized powder was stabilized in ethanol and electrophoretically deposited at a constant 
current onto platinized alumina substrates [5]. To minimize the edge-effect, the effect of size of the 
electrodes, distance between the electrodes and deposition time on the uniformity of the as-deposited 
layer thickness and its morphology was studied. The results showed that the most thickness-uniform as-
deposited layers were obtained at a counter-electrode size similar to that of the working electrode and 
deposition times as long as 1 min. 
In order to obtain desired functional response, the thick 
films were sintered between 1090 and 1100 oC for 2 hours 
in air and oxygen. The film sintered at 1100 °C in oxygen 
had the best piezoelectric response. 30 Pm thick films had 
perovskite structure with a homogeneous microstructure 
and a relative density of 82 %, dielectric permittivity of 
460 and dielectric losses of 0.072 measured at 100 kHz. 
After poling at 3 kV/mm for 40 minutes, the piezoelectric 
coefficient d33 was 80 pC/N. The thickness coupling 
factor, deduced from the complex electrical impedances 
measurements, was 40 %.   
On the basis of these results we discuss the effect of sintering conditions on the structure, microstructure, 
dielectric and electromechanical properties of the KNNSr thick films.  
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Electrophoretic deposition of graphene oxide (GO) sheets on, for example, silicon substrates has been 
identified as a suitable method to produce transparent electrodes and to reduce wear and tear in micro- 
and nano-electromechanical systems (MEMS/NEMS)1. As we will show in this presentation, during this 
process – either under constant current or constant potential – not only deposition but also simultaneous 
anodic oxidation of the silicon substrate takes place. The degree of graphene oxide deposition is strongly 
dependent on silicon oxide formation which in return is depending on ionic strength of the GO solution 
and the applied electrochemical signal.  
 
We quantified both layer formations using SEM, XPS, EDX and ellipsometry. Top SEM images reveal 
that the GO sheet density on the surface of the substrate is decreasing with increasing applied potential 
and increasing ionic strength of the solution. While the surface is homogeneously coated with GO after a 
treatment at 20 V for 1 h GO presence is scarce when processed at 60 V for 1 h. At the same time, SEM 
images of the cross sections and ellipsometer measurements indicate thicker layers of up to 100 nm at an 
applied potential of 60 V. Using EDX the composition of this layer could be assigned to silicon and 
oxygen elements, while hardly any carbon could be detected. At 20 V the proportion of the carbon layer 
is increased with respect to the silicon oxide layer. Angle-resolved XPS spectra indicate a minimum O/C 
ratio of 6/1; with larger angles the carbon signal decreases, whereas the ratio Si/O stays constant. 
Furthermore, the Si peak position is shifted to 102 eV, in contrast to Si samples spin coated with GO, in 
which the Si peak is positioned at 100 eV and the O/C ratio matches that expected for GO (1/2). This 
leads to the conclusion that GO can be deposited at the silicon surface using electrophoretic deposition 
but at the same time silicon is oxidized, this reaction may greatly overshadow effects that were previously 
assigned to GO deposition. For practical applications, both effects need to be matched appropriately.   
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The use of electrochemistry for the preparation of graphene and its derivatives has been intensively 
studied over the past decade.1-4 In this work, we demonstrate a unique strategy for the fabrication of nano-
porous iron oxide based on 2D graphene spacers for energy storage applications. The combination of 
Fe2O3 and graphene foam (GF) takes the advantage of the high energy storage capacity of the former and 
the good conductivity of the former structure. Precise control of the Fe2O3 mass loading was achieved by 
an electrodeposition approach, which produced nano-wall arrays. The favorable attraction of 
electrochemically exfoliated graphene oxide (EGO) to Fe2O3 facilitates the uniform coating of EGO on 
the surface of iron oxide. Alternating multilayer structures of EGO and Fe2O3 were realized thanks to the 
unique properties of EGO as both a spacer and current collector (figure 1). The composite could be used 
directly as a binder-free anode in Li-ion batteries, demonstrating the viability of this approach for high 
yield and scalable production of graphene/metal oxide composites. 
 

 
Figure 1. a) Schematic illustration of the multilayer EGO-Fe2O3-GF architecture; b) SEM image of the corresponding EGO-Fe2O3-
GF sample 
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Spectrally selective surfaces for applications in solar thermal collectors must have high absorptivity (α) and 
low emissivity (ε) during their operative life. Electrodeposition of black chromium has been widely studied 
for applications in solar collectors due to their good optical properties. The toxicity of hexavalent chromium 
Cr (VI) has incentivized the study of systems using instead trivalent chromium Cr (III) in less toxic water-
based electrolytes. However, the success of such systems has been limited by the chemical complexity of 
the Cr (III) ions as well as due to the hydrogen embrittlement underwent by the coatings. Recently, a new 
family of ionic liquids, known as Deep Eutectic Solvents (DES), has been developed. These liquids are 
generally composed by two or more environmentally friendly components that can associate freely, often 
through hydrogen bonds. The aim of the present work is to show a combined method for the optimization 
of the spectrally selective coatings based on: the Taguchi experimental design and electrochemical study 
of the electrolyte before the electrodeposition process and the in situ FTIR, Raman and quartz microbalance 
characterization of the electrodeposition process. 

The electrochemical deposition of Co-Cr black oxide coatings on AISI 304 stainless steel substrates was 
studied considering the effect of the electrolyte composition, the electric field (-1.06 V, -1.22 V and -1.38 
V) and the deposition time (30, 45 and 60 minutes). Cr:Co salts (4:1, 2:1 and 1:1 molar ratios) in ethaline 
were considered as electrolyte variations. The ethaline was prepared employing choline chloride (ChCl) 
and ethylene glycol (EG) (1:2, 1:8 and 1:16 molar ratios). Cyclic and linear sweep voltammetry were used 
to define the electric field parameters that allow the black oxide coatings. A Taguchi L9 experimental design 
was used for optimization. A variance analysis (ANOVA) was performed to analyze the effect of the 
variables over the optical properties (α and ε) of the coatings and to determine the optimal levels of each 
experimental parameter to maximize α and minimize ε. Scanning Electron Microscopy (SEM), grazing 
incidence X-ray diffraction (GIXRD), Raman spectroscopy and X-ray photoelectron spectroscopy (XPS) 
techniques were used to characterize the microstructure and the chemical composition of the coatings. Their 
optical properties were characterized measuring the spectral reflectance in the wavelength range of 0.3–25 
μm using a PerkinElmer FRONTIER FT-IR and PerkinElmer LAMBDA 365 UV/Vis Spectrophotometers.  

Cyclic voltammetry allowed us to define the interval from -1.93 to 1.12 V as the potential window 
[electrochemical stability range for the electrolyte]. According to the linear sweep voltammetry three 
reduction processes were observed ( -1.05, -1.38 and -1.6 V). The first one corresponded to the reduction 
of Cr (III) to Cr (II), the second one to the reduction of Cr (II) to Cr (0), and the third one to the hydrogen 
embrittlement underwent by the coatings. Chronoamperometric runs were carried out at the potentials 
identified in the voltammetry studies. Uniform black deposits were obtained at the three potentials 
considered. The SEM studies revealed that the black deposits were composed of fiber-shaped chromium 
and cobalt oxides, whose chemical composition varied across their cross section. This indicated the 
occurrence of a co-deposition of cobalt and chromium; cobalt was the first one to deposit, and then the 
concentration of chromium started to gradually increase towards the surface of the coating. The 
simultaneous gradual decrease in the concentration of cobalt occurred. The coating thickness was dependent 
on the time of deposition. The best optical properties suitable for their application in solar thermal collectors 
were α = 0.94 and ε = 0.09 obtained at working potentials of -1.22 V, 30 minute of deposition time and 
ChCl:EG and Cr:Co salt molar ratios of 1:16 and 4:1, respectively.  
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Abstract 
Highly porous (70 %) bioactive ch,tosan coated biodegradable Zn-Cu-Ti alloy foams were produced for 
temporary implant or scaffold applications. Interconnected porous structure was produced by powder 
metallurgy method. Zinc is an alternative to the Mg as a biodegradable metal. Zn can have appropriate 
biodegradation rate than Mg. Zn is nontoxic and can promote cell adhesion, and osseointegration. Zn 
alloys have low melting point, machinability, and low reactivity. Powder mixtures were mechanically 
alloyed. Carbamide powders were used as a pore former (space holder) and removed by water leaching. 
Mg-Ca-Co alloy foam was also produced for comparison. Mean pore size was about 500 μm. Chitosan 
thin film coating was carried out by spin coating method to enhance the bioactivity (osseointegration) of 
the samples. Electrolytic oxidation (anodizing) was done to enhance biodegradation rate. 
   Electrochemical corrosion performance was tested in simulated body fluid. Open circuit potential, 
Tafel, potentiodynamic polarization, linear polarization resistance and electrochemical impedance 
spectroscopy tests were conducted. Corrosion rates of the Zn alloys were lower than the Mg alloys. 
Biodegradation was investigated by using weight loss and metal release measurements. Inductively 
coupled plasma-mass spectrometer (ICP-MS) was employed to measure the release of metal ions. Weight 
loss values were determined by the gravimetric method. Zn ion release was lower than the recommended 
limit for humans. Samples were showed bioactivity during immersion tests. Alloying improved the 
strength of the Zn. Osseointegration and biocompatibility properties were improved with addition of Ti. 
Cu provided antibacterial behaviour, strength and ductility.bElastic modulus was investigated by 
compression and ultrasonic tests. Digital radiography (DR) and computed tomography (CT) tests were 
employed to investigate the defects and 3-dimensional pore structure. Wettability (contact angle) of the 
samples was investigated by optical tensiometer-contact angle meter. Surface precipitates were analyzed 
by Fourier Transform Infrared Spectroscopy (FT-IR) analysis. 
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Figure 1. a) Weight loss, b) metal release, c) Tafel curves of the samples 

               
Figure 2. a) Photograph of foam, b) computed tomography image, c) wettability, d) FTIR spectra  
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Conventional commercial Li-ion electrodes are manufactured by casting a slurry which contains the 
active/conductive material, binder (PVDF, polyvinylidene fluoride), and solvent (NMP, N-Methyl-2-
Pyrrolidone) onto a current collector. The painted layer is then allowed to dry to leave a porous electrode. 
Typically, an NMP recovery system is in place to collect the evaporating NMP as it is a costly and 
environmentally hazardous material. In an effort to eliminate NMP, solvents such as water have been tested 
as possible alternatives. However, this is problematic since not all active/conductive (including PVDF) 
materials can effectively disperse in water. Additionally, water in the electrode will lead to unwanted side 
reactions with the battery electrolyte. This means an energy intensive drying step is necessary to remove 
all water prior to battery assembly.   

Recently, fabrication of lithium ion electrodes via electrophoretic deposition (EPD) has received 
considerable attention. EPD can be applied to any material available as a powder and allows the flexibility 
of depositing using a less damaging solvent. The solvent can be aqueous or organic depending on the 
stability of the material that is to be dispersed. Organic solvents have the advantage of low boiling points 
which means less energy is needed to dry out the coating. The resulting coatings are observed to be 
microstructurally homogenous and porous which are ideal properties for interfacing the composite Li-ion 
electrode with the Li-ion carrying electrolyte. Additionally, electrode thickness and density can be 
controlled through manipulation of the electric field. Unlike the conventional casting process, studies have 
shown binders aren’t always necessary to maintain proper adhesion in EPD. However, binders have been 
shown to increase coating thickness and reduce the formation of cracks during drying. Binder selection 
mainly depends on whether it is stable under the anode or cathode conditions within a battery setting.  

There is a variety of electrode materials that have intrinsically low conductivity, this can be fixed by the 
addition of a conductive element such as graphite or graphene-based materials. Among these graphene-
based materials, reduced graphene oxide (rGO) has been shown to have high conductivity and mechanical 
flexibility. Using EPD, the active material and the rGO can be co-deposited to fabricate a homogenous 
composite electrode. The mechanical properties can be further improved if graphene oxide (GO, an rGO 
precursor) is co-deposited alongside the active material (or a likewise precursor) and thermally treated 
under hydrogen gas to convert GO to rGO. The high sintering temperature would improve inter particle 
contact and adhesion leading to a robust 3D film architecture. In this paper we present application of this 
approach to fabrication of Li-ion battery electrodes involving carbon black or reduced graphene oxide 
suspensions along anode or cathode Li-ion active nanoparticles. Emphasis is given to preparation of stable 
suspensions via dielectric constant-based solvent selection with or without binder for obtaining well 
adhered composite films. No charging agents are used. Finally the controlled annealing of the 
nanocomposite films is described demonstrating attainment of highly conductive electrodes that compete 
favorably with reference electrodes prepared by conventional NMP-based   methods. Expansion of the use 
of EPD into deposition of solid electrolytes like garnet for fabrication of all-solid-state batteries will be also 
discussed. 
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Electrophoretic deposition (EPD) occurs when electric-field-driven colloidal particles suspended in a 
fluid migrate toward an electrode or liquid−liquid interface where they assemble into a deposit. The 
deposition rate depends on many parameters, such as the applied field strength, volume fraction of 
colloids, and electrophoretic mobility. Enhanced control of the shape, composition, and performance of 
functional materials fabricated via EPD can benefit from computationally feasible models that predict 
transient formation and resulting morphology of colloidal depositions. Here we discuss a broad range of 
EPD modeling approaches, their applicability and predictive capabilities. The majority of available 
models provide continuum level descriptions of EPD [1] that inherently neglect inter-colloidal 
interactions. Such models predict mass deposition rates that depend (at least) on the electrophoretic 
velocity, electrode surface area, and fraction of colloids that stick to the deposit. Film thickness models 
suggest nonuniform deposits occur when the colloidal particle permittivity exceeds that of the suspension 
or near electrode edges where electric field singularities locally enhance deposition rates. Alternative 
particle level modeling of EPD is still nascent but promises to offer more detailed predictive information 
about deposit formation and packing morphology than traditional approaches. To this end, we also 
present and evaluate a particle-based model of colloidal suspensions that undergo electrophoretic motion 
and deposition [2] using an extensive set of mesoscale simulations that characterize experimentally 
relevant colloidal suspensions. Since the model explicitly computes inter-colloidal interactions, it is 
uniquely poised to elucidate how deposition conditions influence defect structures and particle 
rearrangement within EPD colloidal crystals. We use the model to investigate how empirical parameters, 
such as electric field strength and electrolyte concentration, can be tuned in order to control the degree of 
colloidal ordering versus non-ordering that occurs during EPD. It is straightforward to configure the 
model to study how various preparations of the interface, e.g. a bare surface, a lattice of particles, an 
amorphous monolayer, etc., and also annealing schemes influence the deposit microstructure.  
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In the last decades, pseudocapacitors (PCs) have been considered one of the most promising devices for 
energy storage, due to their large power density and long cycle life. In this area, Ni-based coatings have 
been widely studied as an encouraging electroactive material, because of their high theoretical specific 
capacitance values (2584 and 2082 F/g for NiO and Ni(OH)2 respectively), high thermal and chemical 
stabilities, lower cost and ready availability. 
To obtain better electrolyte permeation and effective response, the porosity microstructure of the ceramic 
semiconductor coating must be fully and three-dimensionally interconnected. Colloidal processing offers 
the advantage of preparing Ni-based electrodes in controlled shape and interconnection to the porosity 
structures that result, including the creation of dual size scale porosity in some cases. 
In this work, we propose two colloidal routes, to prepare Ni-based coatings with these features. One 
consisted in the surface modification of the Ni nanoparticles with a polyelectrolyte multilayer (by using 
the Layer by layer methodology) and the other was based on the inclusion of metallic Ni nanoparticles in 
the semiconductor composite microstructure.   The shaping tailored coatings of the electrodes have been 
developed by Electrophoretic Deposition (EPD) achieving a strengthening of control over specific 
properties, such as the full and homogenous coating on the substrates, and the consolidation of 
microstructures with open porosity. A subsequent sintering process under Ar atmosphere has been carried 
out in order to consolidate the well-connected and more robust microstructure.  
We have studied the effect of metallic Ni and the enhanced permeation of the electrolyte provided by 
these interconnected pore channels using Electrochemical Impedance Spectroscopy (EIS). The change in 
internal resistances of the PCs during operation is correlated with the microstructural features using 
Scanning Electron Microscopy. 
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In order to limit the use of fossil fuels, the production of hot water by using efficient photothermal solar 
collectors [1] is growing in importance. The formation of a tandem absorber based on highly UV-Vis-
NIR absorbing nanoparticle deposited onto a highly IR reflecting metalized silicon working electrode [2] 
is processed through electrophoretic deposition (EPD).  
In this way, the stabilization of a CuO or TiC-SiC colloidal aqueous suspension is first studied by adding 
polymers acting as charging agents (allowing the realization of EPD) and as electro-steric stabilizers. The 
colloidal stability as a function of the stabilizing agent content is investigated prior to EPD, by Small 
Angle X-ray Scattering (SAXS) and Dynamic Light Scattering (DLS) coupled with Laser Doppler 
Velocimetry.  
Tandem absorbers are obtained by varying different EPD parameters to control the final thickness film 
and also the morphology, which are the keys to tune and optimize the final optical properties. The 
deposition yield is then compared relative to the different applied voltage range, deposition time and 
nanoparticle concentrations. Homogeneous submicron deposits are obtained for both system suspensions. 
The composition and the thickness of the coatings are analysed by Grazing Incidence X-ray diffraction 
(GIXRD), scanning electron microscopy (SEM) and the density is obtained from energy-dispersive X-ray 
spectroscopy (EDX). CuO tandem absorbers are founded to possess a quite high density of 4.9 g/cm3 with 
homogeneous and regular surfaces (see figure 1).  
Next, absorptance (α) and emittance (ԑ) are calculated from the reflectance spectra of the UV-Vis-NIR 
and the Fourier transform InfraRed (FTIR) spectroscopy [3], respectively. These latter values (α and ԑ) 
are combined to determine the efficiency (ƞ) of the tandem material. Best tandems obtained diplay ƞ=0.8-
0.9. These tandems obtained by EPD are clearly more prominent to be used as solar selective tandem 
absorbers due to the high ƞ value reported. The efficiency of such selective tandem absorbers are 
moreover enhanced by adding on the first coating a SiO2 nanoparticle thin film via EPD up to raise 
ƞ=0.93 which is similar to values from current commercial devices.  
 

                                                              
Figure 1: Scanning Electronic Microscopy cross-section image of CuO/PEI deposit at pH= 9 (left) and 
corresponding Atomic Force microscopy top view (right)  
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Understanding the colloidal behavior of nanoparticles (NPs) is mandatory to prepare stable and disperse 
suspensions suitable for colloidal coating methods such as the Electrophoretic Deposition. Moreover, the 
adsorption of surface modifiers onto NPs, apart to its role as stabilizers, results in a colloidal strategy to 
shape inorganic/organic core-shell structures. It has been demonstrated that the Layer-by-Layer (LbL) 
technology, understood as the alternate absorption of cationic and anionic polymers onto the particle 
surface, determines NPs assembly in 3D pseudocapacitors electrodes (Figure 1a)1. However, other 
approaches including NPs heterogeneous precipitation in a stable suspension (Figure 1b)2 and surface 
neutralization in a colloidal heterocoagulation (Figure 1c)3, have been explore to shape 
inorganic/inorganic core-shell nanostructures using surface modifiers as ligants or stabilizers. In this 
paper, those colloidal strategies have been used to build up by EPD the electroactive microstructure of Ni-
based pseudocapacitors. Step-by-step inorganic core-shell formation, their stability and EPD kinetics, as 
well as the electrochemical performance of the electrodes will be described.  
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This presentation will summarize our very recent works on the synthesis of multifunctional nanocomposites 
thin films or coatings based on metal atom clusters by electrophoretic deposition (EPD) process [1-4]. 
Several octahedral atom clusters were characterized and used to prepare highly transparent thin films in the 
visible [5]. Green, yellow, orange, red and brown colored films were successfully fabricated by coating on 
an indium-doped tin oxide glass substrate. In addition, transparent films with prominent luminescent 
properties were obtained by using specific Mo6 clusters whereas UV and NIR filters were realized by using 
Ta6 clusters. The EPD process appears a new strategy to fabricate highly transparent and colored 
nanocomposite thin films and coatings for optical and energy applications. 
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Worldwide orthopedic and dental implants are routinely used for bone fractures, spinal revisions, joint 
replacement fixation and much more [1]. Although modern implantology has made significant advances 
in recent decades, implant-associated infections remain a major clinical challenge [2]. 
An effective way to reduce complications and side effects is the local release of various antibiotics 
directly from the infection [3]. With implant coatings containing antibiotics, this can be implemented.  
For the production of such coatings, the electrophoretic deposition (EPD) is suitable. This cost-effective 
and versatile method can produce stable and mechanically resistant coatings with adjustable thickness at 
room temperature. In addition, EPD allows the incorporation of drug carriers in the layer matrix. 
As a layer matrix, the natural polymer chitosan is often used in biomedical applications because it is 
biocompatible, non-toxic, biodegradable, and bacterially active. However, drug release is limited by the 
low affinity between chitosan and the drugs [4]. 
Nanoparticles made from biodegradable polymers such as proteins or polysaccharides can be used as drug 
carriers [5]. Because of their bioactive, non-toxic, non-immunogenic behavior, their cost-effectiveness 
and adjustable rate of charge and degradation, gelatine nanospheres are particularly suitable as drug 
carriers in the chitosan matrix [6]. By degradation of the gelatine particles they can be released 
continuously and in a controlled manner [7]. 
Since the intended drugs are degraded by ethanol, the aim of this study was to reduce the amount of 
ethanol in the suspension. As a starting point, a well-established suspension containing 1 vol% acetic 
acid, 20 vol% deionized water, 79 vol% ethanol and 0.5 g/l chitosan was utilized [8]. The amount of 
water was subsequently increased, and the parameters of the electrophoretic deposition adjusted 
accordingly. A higher amount of water leads to a higher amount of hydrogen bubbles produced by the 
electrolysis of water. Thus, the power source has to be changed from direct current to alternating current 
in order to avoid the hydrogen evolution due to a faster change of electric field than the electrolysis itself. 
Fig. 1 shows exemplary a coating achieved with 50 vol% deionized water with alternating current. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: Light microscopic images of the coating achieved at 500 mVpp, 500 Hz with 49 vol% Ethanol 
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RuO2-Ta2O5Ti and IrO2-Ta2O5Ti are characterized by their shape and structural integrity and included a 
catalytic coating with corrosion resistance properties [1-2]. These materials are very appealing for many 
applications because of their high chemical and electrochemical stability, low cost and exceptional ability 
to catalyze electrochemical reactions [3]. These electrodes are able to produce hydroxyl radicals (•OH) at 
the interface level, which may have a large number of applications by their catalytic properties and 
stability against corrosion; this is the interest to obtain kinetic information from oxidation products using 
electrochemical impedance spectroscopy.  
 
 
 

 
 

 
 
 
 

 
Figure 1. Representation of reactions presented on IrO2-Ta2O5 | Ti electrode during electrolysis of water. 
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This work describes the incorporation of halloysite clay nanotubes (HNT), as nanocarriers of strontium 
renalate (SrR), into gelatin (GN) films to tailor a controlled release system of an anabolic bone-forming 
agent to stimulate bone growth. It has been demonstrated that thermal gelling of the Fish Gelatine de Lapi 
can be used to improve films shaping on cooling by using electrophoretic deposition (EPD). Then 
suspensions composed by HNT/GN (1/2 wt/wt) were formulated. Zeta potential determination was used 
to fit the preparation conditions of HNTs–SrR in terms of electrostatic loading, as well as the NHT-SrR 
stabilization in aqueous GN suspensions by adding Polyethilenimnine (PEI) as dispersing agent. EPD 
kinetics was determined for suspensions prepared with and without SrR, by adjusting the bath 
temperature to force the crosslinking of the gel structure during the cathodic deposition. The 
microstructure of the prepared films was studied by comparing the drying conditions, as well as the SrR 
release. 
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Electrophoretic deposition (EPD) is a colloidal processing technique which is used for the fabrication 
of biomaterials. This method has drawn the scientists’ attention due to its high versatility, simplicity 
and cost-effectivity. In order to increase the bioactivity of materials, thin films and biomedical coatings 
can be deposited on substrates. EPD uses the electrophoresis mechanism for the migration of charged 
particles. Charged colloidal particles are suspended in a solution and migrate under an electric field. 
As a consequence, they are deposited onto an electrode [1]. Electrophoretic deposition is widely used to 
deposit biomaterials, such as bioactive glasses and bioceramics like hydroxyapatite, e.g., on titanium and 
its alloys [2]. Titanium and its alloys are commonly used as implantable materials due to their good 
mechanical properties and great biocompatibility [3]. However, the process of the interaction between the 
biomaterial surface and surrounding bones is long-lasting. In order to solve this problem Ti-based 
implants can be coated with a bioactive coating, such as hydroxyapatite, or with bioactive titanium 
dioxide (TiO2) layers formed via an anodization process. The as-formed anodic nanoporous TiO2 layer 
has an amorphous structure. It can be transformed into anatase, rutile or mixed anatase and rutile phases 
by annealing at the appropriate temperatures [4]. 
The titanium foil was precut in coupons and degreased in both acetone and ethanol. The samples were 
polished electrochemically and chemically, and rinsed with distilled water and ethanol. The anodic 
titanium dioxide (ATO) layers were synthesized via a three-step anodization process in an ethylene 
glycol-based solution with ammonium fluoride and water at the constant voltage of 40 V. The first and 
second steps lasted 3 h, and the duration of the third step was 10 min. In order to transform the as-
prepared amorphous structure into the anatase phase, the samples were annealed in air at 400 °C for 2 h. 
The anatase layers were coated with a chitosan-hydroxyapatite composite by using electrophoretic 
deposition. The EPD process was carried out in a two-electrode cell, where the ATO sample was used 
as an cathode and the stainless steel plate as a anode. The chitosan-hydroxyapatite suspension was used. 
In order to optimize the parameters, the EPD experiments were conducted under different conditions. 
The variables were voltage (10, 11.5, 13, 15 V), time (3, 5, 7, 9 min) and the concentration 
of hydroxyapatite (1.0, 2.5, 5.0, 7.5 g/l). Three samples were obtained for each conditions. To minimalize 
the number of experiments, the Taguchi method was used. In order to calculate the mass of the chitosan-
hydroxyapatite coating, the samples were weighed out before and after the EPD experiment. The selected 
coated TiO2 samples were characterized by using scanning electron microscopy (SEM), energy-dispersive 
X-ray spectroscopy (EDS), X-ray diffraction (XRD), Fourier-transform infrared spectroscopy (FTIR), 
contact angle and roughness measurements. 
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Nowadays, titanium and its alloys are commonly used as potential implant materials. One 
of the modification of the surface of Ti-based implants is the formation of titanium dioxide (TiO2) layers. 
Anodization process allows to obtain the nanoporous TiO2 layers on titanium with different morphologies. 
Anodic TiO2 (ATO) layers are thoroughly investigated as drug delivery systems and scaffolds for cell 
culturing. Nanoporous ATO layers can be used as drug delivery systems for anti-inflammatory drugs and 
antibiotics [1-2]. The drug release process can be described by the desorption-desorption-diffusion (DDD) 
model [1-2]. It is noted that the surface chemistry and topography play a crucial role for osseointegration. 
Therefore, the modification of ATO surface can improve the cells behavior on the samples. One of the 
potential ways used for the modification of the samples is the functionalization with silane derivatives [3]. 
The titanium foil was precut in coupons, and then degreased in acetone and ethanol. Electrochemical and 
chemical polishing were carried out. The anodic titanium dioxide (ATO) layers were synthesized via 
a three-step anodization process in an ethylene glycol-based solution containing fluoride ions and water 
at the constant voltage of 40 V and the temperature of 20 ºC. The first and second steps lasted 3 h while 
the duration of the third step was 10 min. ATO layers were alkali treated by immersing in 0.5 M sodium 
hydroxide (NaOH) for 15 min. In order to obtain the anatase phase the NaOH-modified layers were 
annealed in air for 2 h at 400 °C. Then, the non-annealed and annealed NaOH-modified layers were 
functionalized with different silane derivatives. Three silane derivatives with different functional groups 
were selected: 3-aminopropyl)triethoxysilane (APTES), (3-glycidyloxypropyl)trimethoxysilane (GPTMS) 
and (3-mercapto-propyl)trimethoxysilane (MPTMS). The nanoporous TiO2 layers were immersed in a 1% 
ethanolic solution of silane derivatives for 2 hours. The modified samples were characterized by using 
scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), and contact angle 
measurements. Ibuprofen, a nonsteroidal anti-inflammatory drug, was used as model drug in the drug 
delivery studies. Drug was loaded inside the nanopores by pipetting 1 ml of the solution (10 wt.%) onto 
the nanoporous TiO2 surface and this step was repeated after evaporation of the solvent. The release 
experiment was performed in a 0.01 M phosphate buffer solution (PBS, pH = 7.4) at 37 °C. The whole 
volume of the solution was collected at appropriate time intervals and replaced with the fresh PBS. 
The drug content was determined by spectrophotometry. The desorption-desorption-diffusion (DDD) 
model was fitted to the obtained drug release profiles. For biological studies the osteoblast-like cell line 
MG-63 was used. The cells were seeded on the modified and non-modified TiO2 layers and incubated for 
three different periods of time: 2, 24 or 72 h. Tissue culture polystyrene (PS) was used as a control. 
The number of viable cells was determined by the MTS assay. Data were analyzed for statistical 
significance using one-way analysis of variance (ANOVA) (significance assessed at p < 0.05). 
The statistical evaluation was performed using Statistica software. The morphology of adhered osteoblast-
like cells line MG-63 was investigated using fluorescent microscope. The adhered cells on the non-
modified and modified TiO2 layers were immunofluorescently labelled. The cell nuclei were labelled with 
4′,6-diamidino-2-phenylindole dihydrochloride. In addition, the morphology of the cells after 24-hour 
incubation was evaluated by scanning electron microscope. 
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In the present work, the deposition of zirconium diboride (ZrB2) or titanium diboride (TiB2) on carbon 

fibers via electrophoretic deposition (EPD) is studied. The final purpose is the fabrication of novel ultra-

high-temperature ceramics matrix composites (UHTCMCs) for aerospace featuring optimized 

fiber/matrix interfaces. Ceramic coatings are required for the optimization of the fiber/matrix bonding, 

oxidation protection, and prevention of fiber-matrix interfacial degradation at high temperatures. Ethanol–

based ceramic suspensions of ZrB2 or/and TiB2 powders have been studied in order to determine the 

optimal solid concentration and dispersant amount. The constant voltage applied to the electrophoretic 

cell ranged between 5 and 30 V, with deposition times between 5 and 180 minutes. Preliminary tests were 

carried out onto metallic substrates to optimize the EPD conditions. An incremental approach was 

adopted, starting from deposition onto individual bundles, then unidirectional carbon fabrics. The 

unidirectional coated woven carbon fibers were further infiltrated with a ceramic slurry, overlayed, and 

subjected to hot pressing for densification. The microstructure of the polished sections of carbon fibers 

and unidirectional fabrics coated was examined by scanning electron microscopy and optical microscopy. 

Room temperature flexural strength and fracture toughness at room temperature gave 284 MPa and 14 

MPa*m1/2 respectively, as maximum values. The texture obtained by the combination of these techniques 

is typical of novel UHTCMC materials that can potentially couple the high oxidation resistance of 

UHTCs to the damage-tolerance of CMCs, provided that a tailored matrix/fiber interface is obtained. 
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Abstract 

In the last years, hybrid supercapacitors (HSCs) have attracted substantial consideration because of the 
combination of different energy-storage mechanisms. In particular, graphene oxide have been recognized as a 
promising carbon material for incorporation in metal oxide electrodes in order to combine electric double-layer 
at the interface storage (EDLCs) and redox reaction at the surface storage mechanism (PCs) achieving a 
high electrochemical performance. In addition, the inclusion of graphene oxide in a ceramic semiconductor 
microstructure, formed by NiOH2 nanoparticles, should enhance the connectivity between them 
improving the electrochemical response. In this work, we propose a colloidal approach for the fabrication 
of a GO/Ni(OH)2 composite via heterocoagulation process. The resulting nanostructures were processed 
by electrophoretic deposition (EPD) on Ni substrates. The influences of the cathodic deposition and the 
thermal treatment in N2/H2 atmosphere have been evaluated by Raman Spectroscopy to determine the 
reduction degree of the GO and its implication in the electrochemical response. All electrodes been 
evaluated by Scanning Electron Microscopy and they have been also tested in terms of cyclic 
voltammetry (CV) and galvanostatic charge–discharge (GCD). 
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Abstract: 

Purification of rare earth elements is challenging due to their chemical similarities [1,2]. The interaction 
and behavior of alloys involving lead chloride (PbCl2) and lanthanide metals at 873 K using same 
substrates (Mo) as working electrodes are discussed in the present paper. We investigate the quantitative 
relationship between the deposition potential of lanthanides with PbCl2 and atomic radius by employing 
electrochemical techniques, involving cyclic voltammetry (CV), square wave voltammetry (SWV) and 
open-circuit chronopotentiometry (OCP). The electrochemical behavior of other rare earths (RE being La, 
Ce, Pr and Dy) in LiCl-KCl-PbCl2 melts with the same experimental conditions were studied. We 
establish the relationship between the deposition potential and the atomic radii of lanthanides by deriving 
a mathematical equation from the sorting out and summarizing of the data. Furthermore, we further 
investigations of the meaning of the mathematic equation in the temperature range 873-1023 K. The 
deposition potentials of Pb-Eu and Pb-Lu intermetallic compounds were predicted full using of this linear 
equation, and the correctness of the prediction is verified by analyzing of testing results regarding 
open-circuit chronopotentiometry. 

 

Fig. 1 The relationship between the deposition potential and atomic radius 
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Maize (Zea mays L.) is one of the most important cultivated plants widely used and its applications have 
been confirmed mostly in agriculture and industry where maize production may be an inexhaustible 
source of renewable products. Maize cultivation is very often a difficult crop and because of this, it is 
necessary to develop novel technologies, which help enhance maize production and maize crop quality 
(Staniak et al., 2011; Subhani et al., 2001; Galazka et al., 2010).  
 
Electro-culture or electro-farming refers to the technique in which plants are stimulated using electric 
fields in the soil using electrodes inserted directly into the soil to promote electrokinetic processes such as 
electro migration of ions, electrophoresis of charged particles and electro osmosis (Cameselle and 
Gouveia, 2013). With the electro-culture can enhance germination rate and plant development (Figure 1), 
which has also been reported that this technique can protect plants from plagues and diseases due to 
nutritional factors (Matthews, 1922). A variety of electrodes and their arrangements have been tested to 
apply this technology both in laboratory and in on site conditions using many types of soil and plants. 
IrO2Ta2O5 | Ti anodes coupled with Ti cathodes in 1D and 2D electrode configuration using Vertisol pelic 
soil were used to test growth of plants  and seed germination. Between the plants studied were maize, rice 
(Tritricum sp.), Lolium perenne, Arabidopsis thaliana, Mammillaria mathildae and Echinocactus 
grusonii (Acosta-Santoyo et al., 2016; Acosta-Santoyo et al. 2018).  
 
The aim of this study is to investigate the effect of electro-culture on maize plants using RuO2-Ta2O5 | Ti 
and IrO2-Ta2O5 | Ti as anodes and Ti as cathodes to evaluate the effect of a DC electric field treatment on 
maize seeds and plants. 
 

 
Figure 1. Experimental setup for the electro-culture technique using RuO2-Ta2O5 | Ti and IrO2Ta2O5 | Ti 
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Since several ten years, a large number of heritage collections are composed of numerous objects in cast 
iron or steel, covered by thick rust layers, which constitute traces of our industrial development.  
The purpose of this study is to characterize the key-parameters of the electrochemical behavior of thick 
rust layers, and to propose a simple electrochemical strategy to block or to reduce the electrochemical 
activity of these complex systems. 
 
The electrochemical activity of the oxyhydroxide 
iron compounds was characterized by both 
different techniques of materials analysis (X-ray 
diffraction, Raman spectroscopy) and cyclic 
voltamperometry in a carbon paste electrode. 
Then, the system “metal/rust layer” was studied 
by electrochemical impedance spectroscopy in 
aqueous corrosive media in function of immersion 
time. Corrosion-inhibiting formulations in 
aqueous media based on sodium decanoate and 
decanoic acid solutions were set-up for the 
treatment of these rust systems, from previous 
studies [1, 2]. 
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Figure : EIS spectrum of thick rust layer in 
corrosive water in function of immersion time 

 
The impedance measurements coupled with the analysis of the treated surface shows that the application 
of the inhibiting solution has a positive effect on both the chemical diffusion of iron species in the pores 
network of the layer and the electrical conductivity of the rust system. So, the electrochemical reactivity 
of several iron oxide phases is drastically reduced.  
From those experiments, it turns out that those inhibitor solutions represent an interesting alternative of 
new environmentally safe treatments for corroded iron artefacts. 
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Abstract 
São Paulo metropolitan area, with 21.1 million inhabitants (2014 National Census), is one of the largest 
urban agglomerations in the world. The city enjoys a temperate climate and experiences the four seasons 
and rainfalls are abundant. Whatever the season, São Paulo is known for its rapidly changing weather, 
and, considering the characteristic thermal amplitude of the city, all four seasons can be experienced in 
only one day. However, in a yearly based statistics, rainfalls are heavier during summertime when the 
temperature and relative humidity rises, whereas the driest months are those of winter.  
Weathering steel (WS) or weather resistant steel is widely employed in civil structures and works of art in 
Brazil, with a history of more than 50 years [1]. From the corrosion resistance point of view, what 
differentiates WS from common carbon steel is their ability to form a protective and adherent corrosion 
product layer (patina) when exposed to wetting and drying cycle, which is also characterized by its 
pleasant appearance and self-healing ability [2]. According to the literature the constituents of the 
corrosion product layers formed on carbon steels and WS are basically the same [3]. Therefore, what 
distinguishes the protective properties of the patinas layers formed in the two types of steels is their 
structure. Nevertheless, this issue is still a matter of discussions and controversy [2]. 
In the present study the corrosion resistance of the patinas formed on WS during atmospheric exposure to 
each of the four seasons in São Paulo metropolitan area was investigated by means of electrochemical 
impedance spectroscopy (EIS) and electric equivalent circuit fitting. SEM-EDS and optical profilometry 
were used to evaluate and compare the surface features of the different samples, whereas voltammetry of 
immobilized microparticles (VIMP) was employed to identify the main corrosion products formed during 
the different exposure periods.  
Fig. 1 presents the EIS response of the WS samples after the end of the exposure cycle to each different 
season. In accordance with literature [4], the diagrams present a poorly defined HF capacitive loop, 
followed by another capacitive loop and a low frequency diffusion tail. However, relevant differences 
were verified both in the loops size and in their definition according to the exposure season, pointing to 
different corrosion resistances, even though the corrosion mechanism seems to be the same. Fig. 2 depicts 
the SEM cross sectional view of the patinas layers formed during summer and autumn, overall, it was 
thicker in this latter sample, which is in accordance with the EIS responses for these two samples. 

  
Figure 1 – EIS diagrams for WS after atmospheric exposure 
during (⚫) summer; (S) autumn; («) winter and (�) spring. 

Figure 2 – SEM images of the 
cross-section of the patina layer. 
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Cellulose nanocrystals (CNCs) have recently gained great attention from researchers and industry because 
of their unique properties, including high tensile modulus, high specific surface area, biodegradability, 
biocompatibility and sustainability [1]. Moreover, they are rich in surface hydroxyl group and display a 
good affinity to a variety of materials, including conventional paper (that is made up mainly by cellulose 
fibers). Importantly, CNCs are nano-dimensioned rods with average length of few hundreds of 
nanometers and width corresponding to that of an elementary fibril (10 nm). These characteristics fit very 
well with water pools found in amorphous cellulose that is present in degraded and fragile paper artworks. 
Thus, CNCs can be applied to repair high quality paper with special surface properties or modify other 
solid surfaces [2,3]. In this context, we propose a new procedure to restore the paper materials by filling 
water pools using CNCs, which were prepared and functionalized ad hoc in laboratory as “chemically 
interacting filler”. In our approach, it is possible to repair fragile paper enhancing its mechanical 
properties, by using the most stable form of highly pure crystalline cellulose. CNCs are also transparent, 
and their deposition on the paper artwork will not compromise the precious contents that, by definition, a 
restoration process must preserve. The conservation strategy, proposed herein, is followed using a 
disposable non-invasive and compatible real time monitoring tool, based on an amperometric biosensor 
coupled with a sampling flow system/Gellan gel (used in the past to monitor the cleaning process of paper 
artworks [4]). In the present work, the amount of unsuccessfully adsorbed nanocellulose is measured by 
using an amperometric biosensor, where microbial cellulases (from Trichoderma sp. and/or Aspergilluse 
sp.) are immobilized. In order to assess the validity of this approach, several invasive and not invasive 
techniques, such as, fluorescence microscopy, SEM, FTIR-ATR, HPLC, XRD have been used. 
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A nanostructured electrochemical immunosensor for the identification of ovalbumin from egg white is 
presented. An ensemble of gold nanoelectrodes (NEEs), prepared via template deposition of gold in a 
nanoporous polycarbonate membrane, was employed as the transducer. Compared with bulk electrodes, 
this electrochemical tool allows low detection limits and a more efficient capture of the biomolecule thanks 
to the dual composition of its surface. The target biomolecule of the immunosensor is ovalbumin (OVA), 
a glycoprotein that represents the 55% of the protein content of egg white. The presence or absence of the 
protein in the investigated samples is detected by the formation of an electrocatalytic cycle, generated by 
the co-presence of an enzyme labelled to the specific antibody, its substrate and an electroactive redox 
mediator.  
 

 
 

Figure 1. Scheme of the analytical process and relevant voltammetric response: black CV = blank signal of 
ferrocenylmethyl-trimethylammonium (FA+); blue CV: electrocatalytic cycle detected for FA+ when OVA (blue protein) 
is captured on the NEE (center) and reacted with primary anti-OVA antibody and sec-antibody labeled with glucose 
oxidase in the presence of glucose (SUB). 
 
The immunosensor was employed for the direct identification of albumen photographic prints dated back 
to the end of the XIX century. Albumen prints were introduced for the first time by Louis-Désiré Blanquart-
Evrard in 1850 and exploited commercially for producing photographic prints on paper from a negative 
until the beginning of the twentieth century. To prepare the photographic emulsion, egg white previously 
separated from egg yolk and then strongly beaten, was mixed with a sodium or ammonium chloride solution 
and left to stand overnight. Afterwards, the salted albumen was evenly distributed on high quality paper 
and sensitized with a silver nitrate solution. A photographic negative was placed on the albumen print and 
exposed to light to obtain, after development and fixing, the positive print.  
To analyze historical photographs, a procedure to promote OVA extraction was developed. The results 
obtained on the historical samples with the NEE-based sensor were compared to those obtained when 
modern mock-up samples were analyzed. To evaluate the reliability of the sensor, negative tests were 
performed analyzing historical photographic prints with gelatin emulsion. The results obtained confirmed 
the selectivity of the proposed sensor and related methodology, which complements efficiently and 
improves traditional identification methods, such as infrared spectroscopy.  
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Electrochemistry is largely used in the conservation field to assess the risk to corrosion of metal artefacts 
or components of composite objects. Furthermore electrolytic processes using a power supply have been 
and are still considered for their stabilization (extraction of aggressive species), cleaning and protection. 
But electrochemical devices such as potentiostats only recently entered conservation laboratories. 
Voltammetric studies are invaluable in studying oxidation and reduction processes and therefore the 
sensitivity of metal artefacts to certain forms of corrosion. Treatment parameters (potential to apply) can 
even be deduced while complementary chronoamperometric studies are used to determine the duration of 
the polarisation. Additional impedance measurements are also employed to examine the efficiency of 
protection systems (corrosion inhibitors and coatings such as waxes and varnishes).  
 
Still the instrumentation considered is expensive and/or the range of possible measurements with existing 
portable hardware rather limited (a few mA). Furthermore the available software are complex and offer 
many functions that are not required for field work. Therefore there is a need for suitable portable, low-
cost, easy to use instrumentation as a technical support to conservation diagnosis and definition of 
treatment conditions. The DiscoveryMat application (http://157.26.64.17:8080/bilat-discoveryMat-
user/index.html) and the electrolytic pencil Pleco (http://www.fablab-
neuch.ch/pleco/plus.php?id=1&lang=en) are two new open-source tools developed by conservation 
professionals in collaboration with engineers to respond to this need. 
 
The DiscoveryMat application is based on the standardized monitoring of the corrosion potential (Ecorr) of 
an unknown metal object versus time using a reference electrode inserted in a junction protection tube 
(JPT) and a drop of solution placed between the tip of the JPT and the metal surface. Three different 
solutions are considered and the analysis is based on the comparison of the three plots obtained to those 
of an existing database. The analysis is slightly invasive since the metal surface has to be polished prior 
each measurement. Discrete areas are chosen though. The analysis is suitable to copper and aluminium 
based alloys which are rarely covered with thick corrosion layers. Alloys with two or three elements give 
rather reliable results compared to quaternary alloys. 
 
The Pleco is equipped with a three electrodes cell and the electrolyte is supplied and extracted 
continuously using diaphragm pumps. Both the Pleco and its pumps are assembled from a kit of elements 
constructed in a Fablab using 3D printing and laser cutting. Voltammetric and chronoamperometric plots 
can be obtained when connecting the Pleco securely positioned against the metal surface (static mode) to 
a potentiostat while stabilization and/or cleaning processes based on pre-defined treatment parameters can 
be setup by moving intermittently the Pleco (dynamic mode) connected either to a potentiostat or a power 
supply. 
 

   
Left: analysis of a metal artefact with the DiscoveryMat application and right: detection of the type of 

tarnish on a silver based object using the Pleco.  
 
Both tools have dedicated webpages providing all relevant information and allowing discussions between 
future end-users. This shared knowledge will be pursued through future collaborations within the EU 
COST Action CA16215 PortASAP that the authors are acknowledging for its networking support.  
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Reinforcement corrosion is known as the first cause of reinforced concrete degradation in the field of 
historical monuments. Corrosion occurs when concrete cover is carbonated or when chloride ions are 
present at the vicinity of the steel rebar. The objectives of this work are to investigate the corrosion 
processes in carbonated or both carbonated and chlorinated concrete, to evaluate the efficiency of 
cathodic electrochemical treatment as a repair solution and to survey its durability. 
 
For carbonatation alone two types of treatments have been evaluated: galvanic coupling to sacrificial 
anode or cathodic polarization. For carbonated and chlorinated concrete two types of cement (CEM I and 
CEM III) and two types of chloride ions ingress (at the beginning or after carbonatation) have been 
studied. A specially designed electrochemical cell has been used to follow the changes in corrosion 
products during treatment by Raman spectroscopy. 
 
For chlorinated samples, chloride content was found at around  2% by weight of cement at the rebar level. 
Corrosion currents were measured at 10µA/cm2 average, in the high corrosion range [1]. Chlorinated 
green rust (iron II/III layered double hydroxide with Cl- as intercalated anion) was the main corrosion 
product identified, signature of high corrosion with chloride ions inside the corrosion layer. 
 
A cathodic current (-100µA/cm2) was then applied for 4 weeks. After 2 weeks more than 90% of chloride 
ions were extracted, after 4 weeks a 1cm thick layer of realkalinized concrete (pH>9) was formed around 
the rebar. Corrosion current was measured less than 0.1µA/cm2 (negligible corrosion level [1]). 
Lixiviation alone was sufficient to remove chloride ions but in this case the corrosion current was not 
modified. Raman spectroscopy during treatment had shown a progressive replacement of green rust by 
magnetite due to the pH increase [2]. Unpolarized but lixiviated samples had shown formation of 
carbonated green rust (high corrosion). No influence of cement nature or chloride ingress has been 
noticed during this study. 
 
For carbonated only concrete, cathodic treatment lead to the same behavior: formation of a thick layer of 
realkalinized matrix, lowering of corrosion current and formation of magnetite in place of green rust as 
corrosion product. However, in this case, durability of the effects has been studied for 36 months and the 
ph increase progressively vanished while corrosion currents returned to their original values. 
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Biopolymers, such as starch, pectin or agar, have been widely used to obtain hydrogels, which have been 
extensively applied in different fields varying from biology to electrochemistry. In addition, transport 
processes within naturally derived biological polymer gels (BPG) are relevant in separation techniques, 
especially in capillary electrophoresis, drug delivery, and as antifouling membranes. In electrochemistry, 
in particular, various types of biopolymer gels have been used to determine the influence of viscosity on 
the kinetics of heterogeneous processes, and to decrease the contribution of free convection. Moreover, 
for given analytical applications, biopolymer gels have been used to avoid adverse effects arising from 
organic matter, which can be adsorbed onto the electrode surface. 
Voltammetric measurements in gels have often been performed by using microelectrodes, which possess 
several advantageous properties, such as enhanced current density, achievement of a rapid steady state 
current, capability of measurements in non-stirred solution of very small volume. Microelectrode 
voltammetry has been used to determine diffusion coefficient (D) of solute in a variety of gelled 
polysaccharides. In these media, D depends on the charge of both the electroactive species and the gel 
polymer. A few examples also exist of application of scanning electrochemical microscopy (SECM) for 
the same purposes.  
SECM is a scanning probe technique, which is based on the amperometric signal generated at a 
microelectrode by redox-active species in solution, which can perform quantitative local electrochemical 
experiments for studying heterogeneous and homogeneous reactions, for high-resolution imaging of the 
chemical reactivity and topography of various interfaces and surfaces. Considering the capability of 
SECM and gel characteristics, in this paper, we present an investigation in which the uncharged 
polysaccharide agarose is used to immobilize electrolytes and/or redox mediators/agents, with the aim of 
developing alternative strategies for the characterization, from electrochemical point of view micro areas 
on surfaces, which suffer the direct contact with liquid electrolytes.   
The uncharged agarose has been chosen for allowing free diffusion of the eletroactive species within the 
gel, as happens in conventional solutions. To ensure this goal, a range of 1-2 wt% agarose gel systems, 
without and with 0.1 M KCl, have been prepared and used as “solution” to come into contact with the 
investigated surfaces. Different charged and uncharged redox mediators have been considered as 
electroactive specie to characterize either conducting or non-conducting substrates. Platinum microdisks 
of different radii have been used as SECM tips.  SECM feedback approach curve experiments have been 
performed in gel and it is demonstrated that, using sufficiently slow tip approach speeds, it is possible to 
record feedback approach curves that agree with conventional SECM theory. Point by point approach 
curves have been also performed by recording steady-state voltammograms at different tip to substrate 
distances. These two procedures have provided similar information on precise location of the tip above 
the investigated substrates.  
The usefulness of the above proposed SECM strategies has been proved by performing measurements 
above solid substrates of cultural heritage interest. 
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The study of pigments used in works of art plays an essential role in archaeometric investigations, 
conservation and restoration of cultural heritage [1]. The identification of the paint layer components can 
give useful information, for example, about painting techniques and provenance, dating or authenticity of 
the pieces. Moreover, the study of the alteration processes and deterioration degree of pigments provides 
a scientific diagnosis of the conservation conditions of a painting, which is necessary prior to its 
restoration treatment. 
Besides light microscopic and photographic routine examinations, several instrumental techniques such as 
X-ray diffraction, X-ray fluorescence, FT-IR and Raman spectroscopy, or SEM/EDX microscopy, have 
been widely applied to inorganic pigment analysis. Electrochemical solid-state techniques can also 
provide a set of disposable, rapid and low-cost methodologies for analysing pictorial samples at micro- or 
nano-gram levels, thus complementing microscopic and spectroscopic techniques [1]. In this context, 
strategies based on the immobilization of solid microsamples by mechanical attachment to the surface of 
a suitable electrode and the application of  the so-called Voltammetry of Immobilized Microparticles 
(VMP), developed by Scholz et al. [2], have been proposed. The solid electrode usually used in VMP is 
the paraffin-impregnated graphite electrode (PIGE) which suffers, however, from a laborious preparation 
procedure and relatively high background currents. Another sensor suitable in VMP could be the well-
known and easy-to-prepare carbon paste electrode (CPE), which is especially useful when the sample is a 
fine powder with low adhesion to the surface of a graphite rod. 
In this work we investigated on the application of the VMP technique employing carbon paste electrodes 
to mechanically immobilize the solid particles, for the analysis of inorganic pigments used in paintings. 
The study includes the preliminary optimization of the experimental procedure for immobilizing micro-
deposits of sample onto the carbon paste surface, and the electrochemical characterisation of several 
pigments. In particular, malachite, azurite, chromium green, Prussian blue, lead white, zinc white, Naples 
yellow, mosaic gold, vermilion, minium, hematite and various other earth pigments were characterized by 
cyclic and anodic stripping voltammetry, employing both differential pulse (DPASV) and square wave 
(SWASV) modes, as well as different supporting electrolytes. Fig.1 shows typical DSASV responses 
recorded for two pigments. Afterwards, the optimised VMP-CPE procedure was applied to the analysis of 
some micro-fragments collected from ancient fresco paintings situated in artistic sites of North Italy.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] A. Doménech-Carbò, Voltammetric methods applied to identification, speciation and quantification of 
analytes from works of art: an overview, J. Solid State Electrochem, 14 (2010) 363-379. 
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Rubinstein eds, Vol 20, Marcel Dekker, New York, (1998). 

Fig.1: DPASV responses recorded for (a) 0.07 mg minium, Ed= -1.0V, td= 60 s,in HCl 0.5M; (b) 0.05 mg 
vermilion; Ed= -0.6V, td= 60 s in acetate buffer pH 4.75. 
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Electrochemical Impedance Spectroscopy (EIS) is a well established technique in the field of coating 
testing. In the latest decades the development of setups applicable on metal artworks has also opened the 
way to its use in the field of cultural heritage [1-4]. 
Protective treatments to be applied in the field of cultural heritage need to fulfil several constraints that 
have gradually been better outlined over the years. Along with the impact on aesthetic appearance and 
reversibility, it is nowadays well recognised that patinas and/or original historical coatings and finishings 
can play a relevant role in protective treatments’ behaviour. Nonetheless, no standard characterisation 
method has been drafted to test new coatings and their application on real artefacts.  
The development of a biopassivation method  is based on several years of research [5-7]. Coupons – to be 
considered as similar as possible to the metal artefacts the treatment is tested for - have been selected to 
compare different application methods and treatments. The interaction between the bio-based treatment 
and different natural patinas formed by exposure to atmospheric agents as well as artificial foundry 
patinas has been evaluated. Different protocols were used in order to identify a delivery system suitable 
for the treatment of large surfaces. Furthermore, a comparison with microcrystalline wax, a reference 
treatment commonly used for the protection of outdoor sculptures, was assessed. Finally, pilot tests were 
performed on real outdoor artefacts. Contact Probe EIS measurements have been used all along the 
project development demonstrating to be of great importance for metal cultural heritage conservation. 
Indeed, Contact Probe EIS allows to test and evaluate conservation treatments performance in the 
artefact’s real exposure environment. Moreover, it provides valuable information about the best 
conservation conditions to be consider during the decision making process of artwork preservation. 
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The so-called San Carlone is a 24 m high metallic statue dedicated to St. Carlo Borromeo in his 
birthplace, Arona (Italy), and is constituted by an internal structure of iron bars, fixed on a massive 
central stone tower, and by a “skin” of hammered and embossed copper sheets. After more than 40 years 
from the last restoration, a new intervention will probably be planned in the near future in order to 
preserve such a unique artwork. With the purpose of characterizing the metallic materials and assessing 
their conservation state, an intensive diagnostic campaign started in October 2017.  
In this framework, an important part of the diagnostic activity was addressed to the evaluation of the 
degradation rate of the materials, paying particular attention to the metallic portions of the monument by 
using non-destructive on site electrochemical techniques such as Linear Polarization Resistance (LPR) 
and Electrochemical Impedance Spectroscopy (EIS).  
For what concerns specifically the Colossus of San Carlo Borromeo, two aspects rose the diagnostic 
interest. On one side, the corrosion layers of the copper sheets have been investigated, in order to assess 
their protectiveness with respect to the metallic substrate, and to verify the presence of residues of 
protective treatments and their possible residual effectiveness. Both internal and external surfaces have 
been analyzed, to take into account the different evolution of the surfaces when exposed to different 
environmental conditions, also considering that the inner part of the statue is partially open to the public. 
On the other hand, the corrosion state of the iron parts has been evaluated. Most iron bars are protected by 
a coating that appears on pour conditions. It has also to be considered that they could suffer galvanic 
coupling corrosion due to their connection with copper. 
In this work, the results of in situ LPR and Electrochemical Impedance Spectroscopy EIS measurements, 
performed both on copper sheets and on iron bars, are reported. The obtained results have been 
interpreted in correlation with compositional information obtained by means of other on site and 
laboratory techniques, such as XRF, infrared spectroscopy (FTIR) and SEM-EDX, that were reported in a 
previous work. 
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Studies of degradation phenomena on paper artworks show that the iron ions present in ink or 
metallic supports can affect the cellulose material improving the degradation progress due to the ageing. 
The main cellulose degradation pathways are the acid hydrolysis of glycosidic bonds and oxidation[1][2]. 
Low pH values can lead to cellulose depolymerization, even at room temperature.  It is well known that 
during the preparation of iron-gall inks, gallic acid, formed by hydrolysis of tannins extracted from gall-
nuts, reacts with iron(II) sulfate (i.e., vitriol, as reported in old recipes) to give a pyrogallate complex of 
iron(III) and sulfuric acid. Iron-gall ink was commonly used in ancient manuscripts that are contaminated 
by acids, especially in the capital letters, where a high amount of ink was used. At the same time, several 
paper opera were supported on metal plate, contaminating the paper artwork over time. 

 At the same time, transition-metal ions usually catalyze cellulose oxidation through a free 
radical mechanism known as the Fenton reaction, which involves iron ions.[3] 
 Macroscopically, oxidation phenomena lead to the appearance of reddish brown spots on the surface 
(foxing). This phenomenon induces paper weakening and perforations in the matrix[4]. 
The aim of this research work is to remove the iron (III) present on the red spot of paper artworks using a 
chelating system (based on calixarene moieties) and follow the removal procedure by electrochemical tool, 
based on screen printed electrodes (SPEs). For this work, the 6-calixarene was chosen, a highly versatile 
chelating agent, able to work in different experimental conditions. The electrochemical technique, used 
for this study, was the cyclic voltammetry, working a range of potential of – 05 and -0.5 V with a scan 
rate of 50 mV/s. We report the preliminary results about the “capture” of iron (III) present on “ad hoc” 
laboratory paper samples. 
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Surface enhanced Raman spectroscopy (SERS) is a powerful spectroscopic technique particularly suitable 
to study molecules adsorbed or bound onto nanostructured interfaces. For its potentiality, SERS has been 
recently applied in the field of Cultural Heritage to study organic substances such as dyes and pigments 
sampled from works of art. However, only few studies dealt with the application of SERS for analyzing 
paintings cross-sections, mounted on different supports (resins or inorganic salts).  Goal of this research is 
the preparation and characterization of nanoparticles (NPs) and nanomaterials suitable for the application 
of the SERS technique directly on samples of paintings or other works of art, in particular on cross 
sections. Various types of silver and gold NPs can be employed as SERS substrates. In this work, Ag 
nanostars (AgNSs) are prepared using the one-pot synthesis method which involves the reduction of the 
metallic precursor (AgNO3) by a reducing agent (hydroxylamine) in the presence of a capping agent 
(trisodium citrate) and additives (NaOH). In principle, an even more intense enhancement can be obtained 
by using hierarchical structures of nanomaterials. To this aim we are studying the possibility to deposit 
AgNSs on gold nanowire electrodes (AuNWs) to use them as new SERS substrate. The AuNWs can be 
obtained in the shape of ensembles of nanoelectrodes by templated growth in  nanoporous membranes. 
After the electrochemical or electroless deposition of gold, the membranes are chemically etched. 
Differences between the AuNWs ensembles obtained by  electrochemical and chemical synthesis are 
critically evaluated. Finally, the anchoring of the AgNSs on the AuNWs is obtained by the use of 
bifunctional thiols, able to bridge together the two different nanomaterials. The Raman spectra of organic 
molecules bound onto the surface of the so obtained hierarchical nanostructures display significant 
Raman enhancement factors, so allowing the sensitive detection of several analytes of interest in the field 
of cultural heritage diagnostics and conservation. 
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The conservation of the artistic heritage is of great importance because it allows the preservation of the 
historical and cultural identity of a society for the benefit of future generations. The bronze artworks are an 
important part of this cultural heritage so a deep understanding of the corrosion process is necessary to 
improve the restoration practice and to develop optimized conservation approaches.   These alloys can show 
a quite complex and defective microstructure: due to metallurgical processes, bronzes undergo dendritic 
segregation with formation of a cored microstructure, with a tin-rich interdendritic phase and secondary 
phases separation (like Pb globules formation at the grain junctions or δ phases precipitation). This can 
induce micro-galvanic effects and preferential dissolution of the less noble phases. 
This work aims at investigating the role of alloying elements, secondary phase separation and segregation 
in the mechanism of corrosion and corrosion protection of a quaternary bronze (Cu-Sn-Pb-Zn), reproducing 
the composition and microstructure of a Renaissance bronze. The corrosion behaviour was monitored by 
Electrochemical Impedance Spectroscopy (EIS) during 7 days of immersion in an artificial acidic rain and 
the potentiodynamic polarization curves were recoded after 1 hour and at the end of exposure in the 
aggressive solution. The protectiveness of 3-mercaptopropyl-trimetoxy silane (PropS-SH) coating against 
the corrosion of these substrates was also investigated. 
The studied bronze (fig. 1a) showed a dendritic microstructure, typical of as cast bronzes. The EDS 
microanalysis carried out on the representative points of its microstructure (fig. 1b) showed that the core of 
the dendrite has a higher content of Cu and a lower of Sn with respect to the average composition of the 
alloy, whereas in the interdendritic zone a noticeable increase in Sn and Sb content was detected (table 1). 
The corrosion behaviour of this alloy was interpreted on the basis of the behaviour afforded by pure alloying 
elements and the alloys reproducing the composition of the dendritic and interdendritic phases. The results 
show that the bronze corrosion behaviour is not the weighted average of the behaviour of the alloying 
metals. Pure Cu and Cu8%wtSn can provide a good description of the behaviour of the dendrite core and 
the interdendritic zone. The galvanic corrosion measurements confirm that the core of dendrite have an 
anodic behaviour with respect the interdendritic zone, likely protected by a tin-rich oxides/hydroxide film. 
The PropS-SH coating does not alter the practical nobility of the dendrite and interdendrite (interdendrite 
is still nobler than dendrite), but the galvanic activity is greatly reduced.  
 

 
Figure 1: SEM-BSE images of the studied bronze: (a) dendritic microstructure and (b) detail of the 
dendrites and defects (shrinkage pore): red dots, core of dendrites; green dots, interdendritic zones. 
 
Table 1: Average composition (wt%) of the studied alloy. 

 Cu Zn Sn Sb Pb 
Dendritic Zone  95.5 3.1 1.2 0 0 

Interdendritic Zone 85.9 2.3 7.7 4.1 0 
 

30 μmb100 μma
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Water desalination techniques become into high interest in many industrial processes. Due the 
need to treat large amount of water the energetic balance is very important. Beside classical techniques as 
distillation, reverse osmosis or electrodialysis relatively new technique capacitive deionisation (CDI) is 
today under intensive development. CDI is a very simple process for salinity reduction of treated water 
based on potential controlled electrosorption. For low concentrated solutions it should represents most 
economical way. The key components of CDI are porous electrodes of high specific surface area. 
Electrodes are usually made from carbon material due to its price, availability and chemical properties. 
Therefore carbon black or activated carbon are usually used for electrode production. Electrodes have to 
exhibit not only high specific surface area but also pore structure suitable for ions capturing and high 
electron conductivity. Fixation of carbon material on current collector by suitable binder is necessary in 
the next step. Finally the assembly of two electrodes with suitable spacer into module creates CDI unit. 
The present work deals with selection of carbon materials and the cell design for CDI technology. 
 Selection of suitable electrode material was realized in simple bath cell by cyclic voltammetry 
and potential pulse chronoamperometry. Potential up to1.2 V was used for maximum ions capturing 
capacity and to avoid undesirable water electrolysis reactions. The commercial high surface woven cloth 
Kynol was used as reference material. Next electrodes were prepared from various activated carbons 
(Kuraray YP-80F, Kuraray YP-50F, Penta, ColorSorb-HP90) with binder (PVDF). Very high capacities 
were found for electrodes made from Kuraray activated carbon. Therefore this material was selected for 
spiral module preparation.  
Prepared module consists from one pair of flexible electrodes separated by polypropylene spacer. Spiral 
wound electrodes with spacer were inserted into cylinder cell body to form plug flow cell. The solution 
conductivity at the cell output was measured in time to determine salt concentration. Beside electrodes 
optimization also the different spacers were tested in the plug flow cell. Various tested spacers show very 
different results in reached concentration changes. The explanation is different flow profile in the space 
between electrodes.  
The CDI cell properties was tested on real water of high content of calcium and magnesium ions. Long 
time operation was followed and electrode degradation was analyzed. The increase of oxygen content in 
positive electrode indicate partial oxidation of carbon to carboxylic groups and thus ion selective 
behavior. Presence of carboxylic group reduces cell performance significantly. Therefore it is important 
to minimize electrode oxidation. The observed results was used for scale up of the cell to practically 
applicable unit.  
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Electro-Fenton process based on Fenton chemistry is one of the most extensive studied cathodic 

electrochemical advanced oxidation processes (CEAOPs) for organic pollutant degradation, in which the 
Fe2+ catalyst for H2O2 decomposition with electro-generation of ▪OH [1]. For regular homogeneous 
electro-Fenton processes, the existence of iron sludge is a big issue and many attempts have been made to 
overcome this problem [2]. Heterogeneous catalyst such as iron minerals and transition metal ions on 
solid supports usually suffer from the catalyst release or dissolution. To improve the stability and 
practicability of CEAOPs, developing a metal-free catalyst for the electrogeneration of ▪OH via in-situ 
H2O2 decomposition is an alternative way.  

Carbon species materials have been proved to be efficient catalyst, and the decomposition of H2O2 
toward ▪OH on carbon materials have been reported [3]. In this work, electrochemically exfoliated 
graphene (EEGr), was proved as the promoter improving the yield of H2O2 on cathode, while the 
modified carbon felt (CF) cathode with N-doped graphene was a promising candidate for the in-situ 
metal-free EAOPs. 

The graphene (EEGr) was derived from electrochemically exfoliated of graphite foil. A detailed 
physical characterization was carried out by SEM, Raman, XRD, XPS and AFM, which showed that the 
EEGr was thin sheet with 3-4 layers. Graphite felt was modified with EEGr by optimizing the ratio and 
loading of EEGr. The EEGr-CF cathode was used to generate H2O2 and as the electro-Fenton cathode for 
biorefractory pollutants degradation, indicating that EEGr-CF was a cost-efficient cathode for ultrahigh 
yield of H2O2 and wastewater treatment.  

Ammonium nitrate was selected as nitrogen source for the synthesis of N-doped graphene. The 
electrocatalytic behavior for ORR on graphite felt cathodes modified with EEGr (EEGr-CF) and N-doped 
EEGr (N-EEGr-CF) was investigated by electrochemical measurements and electrolysis experiments. The 
results showed that H2O2 generation on two electrodes was similar, but the degradation efficiency of 
phenol on N-EEGr-CF was about 1.5 times of the one on EEGr-CF. It showed that both of the 
degradation efficiency of phenol declined significantly with the addition of methanol, presenting that ▪OH 
was the major oxidative specie responsible for the degradation of phenol. Besides, as detected by DMPO 
spin-trapped ESR spectroscopy, the radical concentration on N-EEGr-CF was clearly higher than that of 
EEGr-CF, supporting that N-EEGr-CF should be a promising cathode material in the development of in-
situ metal-free CEAOP for wastewater treatment. 
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Recently, electrochemical advanced oxidation processes (EAOPs) with H2O2 electrogenerated are being 
widely used for environmental remediation. Among them, electrochemical oxidation (EO) technology is 
the most applied, using high O2 evolution overpotential materials as anodes. Its fundamentals and 
principles are well reported in literature [1-3]. Meanwhile, electro-Fenton (EF) appeared as an innovative 
method that allows the additional electrogeneration of ●OH radicals through Fenton’s reactions (mixture 
of Fe2+ and H2O2). The H2O2 required to perform the reaction is obtained by the electrochemical O2 
reduction via gas injected [4]. Additionally, the solar photo-electro-Fenton (SPEF) process has also 
attracted attention as wastewater treatment, mainly in countries that have high solar radiation because it is 
a renewable and low cost resource. Therefore, the application of this method in Brazil is of great 
operational advantage. However, the study of the effect of anode materials for SPEF has not been 
considered in literature yet. In this context, 130 mL of 118 mg L-1 pure Acid Blue 29 (AB29) solution has 
been used in SPEF, EO and EF to verify the outcome of different anodes: boron-doped diamond 
(Nb/BDD) and dimensional stable anodes (DSA), such as Ti/Pt and Ti/RuO2, using an air-diffusion 
carbon-PTFE cathode. After 60 min of EO treatment, 12%, 23% and 53% of color removal were achieved 
with Ti/RuO2, Ti/Pt and Nb/BDD, respectively. This behavior is due to the different electrocatalytic 
properties of the anodes, since the heterogeneous ●OH radicals can be chemically (Ti/Pt and Ti/RuO2) or 
physically (BDD) adsorbed, affecting the process efficiency. The decolorization kinetic constants for EF 
are 10–12 times higher than those for EO. EF performance is enhanced by the electrogeneration of 
homogeneous ●OH. Nevertheless, the decolorization tendency of this process is similar to that of EO, 
being verified that the nature of the anode material is significant in the efficiency of the process. In 
addition, the mineralization of organic compounds is affected by Fe(III)-carboxylate species formed 
during the electrolysis. For SPEF, regardless the anode material applied, analogous decolorization and 
mineralization results were obtained. Besides, the presence of radiation promotes the 
photodecarboxylation of Fe(III)-carboxylate species (Eq. 1), along with the additional Fe2+ regeneration 
and ●OH production from the photolysis of FeOH2+ (Eq. 2) which increases the mineralization process. 
Fe(OOCR)2+ + hν → Fe2+ + CO2 + R●              (1) 
FeOH2+ + hν → Fe2+ + ●OH               (2) 
It seems that the nature of the anode material does not affect meaningfully the SPEF degradation process. 
In fact, the oxidative power of the heterogeneous radicals produced at the surface of the electrode 
becomes less important. Bearing in mind that the operation cost is an essential parameter for industrial 
scale, the application of EO and EF processes is difficult due to the high treatment times. Meanwhile, the 
use of cheaper Ti/RuO2 material should be promoted instead of Ti/Pt or BDD (high cost materials) in 
SPEF to remove organic pollutants from wastewaters.  
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There is increasing concern about the use of surfactants as remediation assistant, such as sodium dodecyl 
sulfate, for the recovery of soils and aquifers polluted by organic pollutants [1-4]. When this surfactant 
has been used coupled with electrochemical treatments, investigations have indicated that, SO4

2- ions are 
released due to the sodium dodecyl sulfate oxidation and after that, SO4

2- ions are oxidized to persulfate. 
However, no attempts have been reported yet, regarding this effect. There is therefore a need for 
understanding this mechanism. Here we confirmed, for first time, the electrochemical synthesis of 
persulfate from sulfate released by sodium dodecyl sulfate during its oxidation. Results clearly show an 
increasing persulfate production using the surfactant in solution during the anodic oxidation with boron-
doped diamond (BDD). The reaction was performed with a boron-doped diamond allowing 
electrogeneration of hydroxyl radicals and persulfate. The higher efficiency on the persulfate production 
(2.5 μM) was achieved when 500 mg/L of surfactant in 0.05 mol/L of Na2SO4 were electrolyzed at 60 mA 
cm-2 respect to 0.7 μM of persulfate concentration in absence of the surfactant in solution [5]. Also, the 
determination of surfactant concentration revealed that more than 97% was removed from solution due to 
the fragmentation of its chemical structure and subsequent oxidation by oxidants electrochemical 
produced, as confirmed by particle size measurements. In this frame, it is can be consider as auxiliary 
reagent to depollute effluents, for example, with higher amount of oil or petroleum because emulsions can 
be formed to separate pollutants from water, and after that, these dispersed systems can be 
electrochemically treated. 
 

 

Fig. 1: Mechanism proposal of the 
electrochemical production of persulfate with 
BDD electrode by oxidizing sulfate in solution 
and sulfate released by surfactant after its 
degradation. 
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Ion exchange membranes (IEMs) are used nowadays for a variety of electrochemical processes, from 
desalination (e.g, in electrodialysis, ED) to energy production (e.g., reverse electrodialysis, RED). The 
selection of suitable IEMs is usually based on a small number of properties (e.g., electrical resistance, 
selectivity towards monovalent ions, pH stability, etc.). Interestingly, the thickness of IEMs is usually not 
identified as a key determining parameter, since its effect cannot be separated from other properties. 
Ideally, the electrical resistance of (homogeneous) IEMs decreases linearly with the IEM thickness, 
without affecting the selectivity of the membrane. However, reducing the thickness also affects the 
transport properties of the membrane (i.e., mass transfer rates for all ions). Understanding the actual 
performance of ultra-thin membranes in ED systems is of high importance, especially nowadays that 
membranes as thin as 10 µm are commercially available. 
The aim of this work is to investigate the effect of the thickness of ion exchange membranes in 
electrodialysis (ED) and reverse electrodialysis (RED), especially focusing on very thin membranes. By 
using a model based on the Nernst-Planck theory [1–3], we theoretically discover that an optimum value 
for the IEM thickness can be identified. To validate the model, experiments are performed using a series 
of homogeneous IEMs with the same chemical composition, and with a thickness in the range of 10-75 
µm. Finally, we aim to understand the relation between IEM thickness and other relevant membrane 
properties, and identify the optimal range for the membrane thickness, given certain process conditions. 
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Abstract 
 
The introduction of W into metal deposits of this metal like Fe, Co and Ni yields a significant 
improvement of properties such as hardness, corrosion protection, and heat stability. Fe-W coatings are 
considerably cheaper than those of Fe-Ni and Fe-Co. The addition of phosphorous improves the corrosion 
resistance. [1,2] 
The development of an electrodeposition process for Fe-W-P coatings based on environmentally friendly 
electrolytes. The effect of direct plating parameters such as electrolyte concentration, current density, and 
pH was studied by different experimental techniques. The deposition mechanism of this parameters was 
studied by QMB related to cyclic voltammetry(CV). It was found that the pH has a very strong effect on 
the composition of the coatings (Fig.1). In order to control the pH and to improve the morphology, 
complexing agents such as sodium citrate, glycine and salicylic acid were used. The film morphology was 
investigated with scanning electron microscopy and EDX. At higher pH (>3), the composition changed to 
low phosphorus and high tungsten content showing a mate greyish and rough surface with cracks. 
Metallic non-powdery alloys of Fe-W-P deposits with no cracks (low stressed) could be obtained at lower 
pH (<3) exhibiting high phosphorus (up to 13 at. %) and low tungsten (5-7 at. %) content. These alloys 
showed a crystalline structure that was investigated by XRD. Also, modern plating techniques such as 
pulse reverse plating in 2 and 3 electrode configurations was used for coatings optimization of the Fe-W-
P micro-structure deposits. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Effect of pH and current density on P and W content 
 
 
[1] G.Lu, G. Zangari, Corrosion resistance of ternary Ni-P based alloys in sulphuric acid solutions. 
Electrochim. Acta 47 (2002) 2969-2979. 
[2] N. Tsyntsaru, H.Cesiulis, M. Donten, J.Soft, E. Pellicer, Modern trends in Tungsten alloys 
electrodeposition with Iron group metals, Surf. Eng. Appl. Electrochemistry 48 (2012) 491-520. 

15 20 25 30
0

2

4

6

8

10

12

14

C
on

te
nt

 P
 a

t.%

i, mA/cm2

 pH 3,90
 pH 3,50 
 pH 2,50

15 20 25 30
0

2

4

6

8

10

12

14

C
on

te
nt

 W
 a

t.%

i, mA/cm2

 pH 3,90
 pH 3,00 
 pH 2,50

pH =   P at. % W at. % 



Solar Photoelectro-Fenton Treatment of Organic Contaminants of 
Emerging Concern with Very High Current Efficiency 

 
Ignasi Sirés1, José L. Nava2, Enric Brillas1 

1 Laboratori d'Electroquímica dels Materials i del Medi Ambient, Departament de Química Física, 
Facultat de Química, Universitat de Barcelona, Martí i Franquès 1-11, 08028 Barcelona, Spain 

2 Departamento de Ingeniería Geomática e Hidráulica, Universidad de Guanajuato, Av. Juárez 77, Zona 
Centro, C.P 36000 Guanajuato, Guanajuato, Mexico 

e-mail address: i.sires@ub.edu 
 
Unregulated organic pollutants entering surface water, groundwater and even drinking water have become 
a major concern worldwide. These so-called organic contaminants of emerging concern (OCECs), which 
currently cause increasing awareness by the general public [1], include pesticides, hormones, 
pharmaceuticals and personal care products and a wide range of industrial chemicals. In developed 
countries with a low number of cases of uncontrolled discharges, the three main sources are urban runoff, 
wastewater treatments plant effluents and sludge, and runoff from agricultural areas. These contaminants 
do not need to be persistent to cause a negative impact on living beings and the environment, since a 
chronic, low level exposure is sufficient to cause a gradual ecosystem change. 
 
Based on the inefficacy of most of the wastewater treatment units with conventional technologies to 
completely degrade the OCECs and their potential reaction by-products, several electrochemical 
advanced oxidation processes (EAOPs) based on the production of •OH on site have been developed in 
recent years [2]. Among them, solar photoelectro-Fenton (SPEF) process carried out in systems with an 
air-diffusion cathode is the best option to mineralize organic pollutants at acidic pH, which can be 
explained by the large amount of H2O2 formed from O2 reduction and its continuous reaction with 
photoreduced Fe2+ under sunlight irradiation. The effectiveness of SPEF has been demonstrated by 
treating model organic pollutants such as pesticides, dyes, pharmaceuticals and phytochemicals, as well 
as real landfill leachate. In all these cases, the high conductivity of treated solutions favored the 
application of high current densities (> 33 mA cm-2), thus accelerating the degradation to the detriment of 
current efficiency. 
 
In this communication, two cases are presented aiming to enhance the mineralization current efficiency 
(MCE) of SPEF treatments. First, a mixture of methyl, ethyl and propyl paraben was dissolved in urban 
wastewater with low conductivity (~ 3 mS cm-1). Solutions of 2.5 L have been treated in a pre-pilot plant 
equipped with a photoreactor and an undivided RuO2-based/air-diffusion or BDD/air-diffusion filter-press 
cell, at low input current density (10 mA cm-2). The use of the former cell resulted in extraordinarily high 
efficiencies up to 425% and low energy consumptions, whereas SPEF with BDD anode performed even 
better, reaching 1000% of MCE. In the second example, solutions of 6 L of the antibiotic levofloxacin in 
sulfate medium were treated by SPEF in a flow plant that included an FM01-LC filter-press cell equipped 
with a Ti|Pt anode and a three-dimensional-like air-diffusion cathode, connected to a compound parabolic 
collector as photoreactor. The application of a constant cathode potential of −0.30 V|SHE allowed the 
complete removal of the antibiotic and its by-products, reaching an impressive MCE ~ 1500% at short 
electrolysis time. 
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Figure 1: The vertical axis represents an indicator of 
the error between the BB 1D model and the local 
model, defined by ( ) ( )0 2 , 0 1 ,/ 1D min D minc c c c− − − , 

where 0c , 2 ,D minc  and 1 ,D minc  are the initial 
concentration and the minimum concentration in the 
BB model and the local model, respectively. The 
results are presented for three different ratios between 
the electrode’s thickness. el  and the separator thickness 

, sepl . The horizontal axis represents the time scaled by 

the pore timescale. In the insets, profiles of the wall 
concentration of the BB (black) and the local (blue) 
models are presented for t/τhp=0.01 (upper left) and 
t/τhp=10 (lower right). 
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Capacitive Deionization (CDI) is an emerging water desalination and purification technology in 
which conductive porous electrodes are used to remove charged ionic species from aqueous solution. In 
order to model the charge and salt dynamics during the operation of CDI cell, the local variables (i.e. 
species concentration and electric potential) should be volume averaged over a lengthscale significantly 
larger than the pore size to avoid geometric complexity. In an analogy to time-averaging in turbulent flow 
(Reynold’s averaging), in CDI the averaged equations should include both volume-averaged variables and 
perturbed variables, representing the difference between the local and the averaged variable. Thus, a 
closure problem for the perturbed variables should be posed and solved for the complete solution. 
Biesheuvel and Bazant1(BB model) derived the averaged equations for uniscale porous electrodes, 
neglecting the closure problem by assuming slowly varying parameters at the pore scale. Subsequently, 
Gabitto and Tsouris2 posed and solved the closure problem. However, the significance of the perturbed 
terms on the solution and the regimes in which a closure problem should be posed had not been studied.  
 

Here, we solved both the BB 1D model 
neglecting the closure problem, and the 
associated 2D local (in pore) model in order to 
carefully quantify the importance of the 
perturbed term, ( ) ˆ

ˆ ˆ ˆ`ˆ1 / `
p

p V
c VV d   , where 

ˆ
pV , `c  and `   are the scaled pores’ volume, 

the perturbed concentration and perturbed 
potential, respectively. As we can see from 
Figure 1, significant deviations between the BB 
and local models occur at times smaller than the 
pore diffusion timescale, defined by 

2 /hp ph D =  where ph  is the characteristic 

lengthscale of the pore and D  is the diffusivity 
of the species. Beyond this timescale, the 1D 
BB model and the 2D local model 
approximately agree. While it has been 
previously demonstrated that desalination by 
CDI occurs at the system diffusion timescale, 
and the linearized charging process occurs at 
the transmission line timescale, this work 
reveals the important role of hp  on the system 

dynamics. Generally, for the simple pore 
geometry used here, we find that the closure 
problem only needs to be posed and solved 
when accurate solution at hpt   are required. 

The insets of Figure 1 show the deviation 
between the concentration profiles predicted by 
the two models for / 0.01hpt  = , and for 

/ 10hpt  = .  
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Synthetic dyes are used extensively in many industries, such as textile, printing among others. Some of 
the dyes, however, are discharged in industrial wastewaters and can cause serious aesthetic and 
environmental damage to receiving water bodies. Decolorization and pollutant degradation are two major 
tasks in dye wastewater treatment. Because of the strong decolorization ability of ozone, it has been 
widely used in dye wastewater treatment. However, ozone usually has limited oxidation ability to 
mineralize refractory synthetic dyes effectively to CO2 and H2O. To improve pollutant mineralization 
efficiency, ozone is often used in particularly with O3 and H2O2 together (i.e., the so-called peroxone 
process) has a significant synergistic effect on organic mineralization [1]. In this context, the electro-
peroxone (E-peroxone) process is a novel electrochemical advanced oxidation process (EAOP) that is 
enabled by in situ generation of hydrogen peroxide (H2O2) from cathodic oxygen (O2) reduction during 
conventional ozonation. The electro-generated H2O2 can considerably enhance ozone (O3) transformation 
to hydroxyl radicals (•OH), thus greatly enhancing pollutant degradation by the E-peroxone process than 
by conventional ozonation [2]. So, this work deals whit the degradation of the orange reactive 16 dye, 
using Ir-Sn-Sb oxides as anode, an unmodified graphite felt on top of carbon cloth as air-diffusion in the 
cathode fitted into an undivided filter-press cell. The experiments were performed in a laboratory reactor 
with recirculation of 2 dm3 of 0.05M Na2SO4 solutions at pH 3.0 upon continuous air feeding (5 psi) to 
the cathode and continuous ozone feeding (0.5 dm3 min-1) at the exit of the reactor. The potential to 
produce H2O2 is 0.695 V|SHE, reported by Perez et. al. (2018) [3], which was used in this case. In the 
degradation of the dye, different flows (1.9, 1.5, 1.1 and 0.75 dm3 min-1) and then current densities 
(0.004-0.00625 A cm-2) were tested to determine the optimal conditions of the degradation. The 
discoloration of the dye was measurement at 498 nm by a spectrophotometer uv/vis, and the degradation 
of the organic matter was followed by COD. The results of the decolorization of reactive orange 16 dye 
show that the optimal flow is 1.9 dm3 min-1, achieving a discoloration of 98.4% against 77.4% to 0.75 
dm3 min-1 in a time of one hour of process.  

 

 
Fig 1. I) Absorbance spectra and II) Images of the discoloration at different times for: a) 0.75 dm3 min-1 and b) 1.9 

dm3 min-1. 
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Electrochemical advanced oxidation processes (EAOPs) have been proven excellent candidates to treat 
wastewater containing refractory micropollutants [1]. Among them, photoelectro-Fenton (PEF) process 
outperformed the others because photoassistance with UV light allows: (i) Photoreduction of Fe(OH)2+ 
species to Fe2+, with •OH generation, and (ii) photodecarboxylation of the Fe(III) complexes generated 
during the oxidation of most organics [2]. However, there are several limitations that still restrict the 
application of PEF at large scale: (i) it demands acidic conditions (pH 2.5-3.5) to maintain a high 
performance; (ii) it shows low quantum yield of Fe2+ upon Fe(OH)2+ photoreduction, and (iii) large 
amounts of H2O2 are accumulated at the air-diffusion cathode, with poor electroreduction of Fe(III). 
 
To overcome these drawbacks, an aminopolycarboxylic acid like ethylenediamine-N,N'-disuccinic 
(EDDS) acid was employed to form the Fe(Ⅲ)-EDDS complex, which is proposed for the first time to 
modify the conventional PEF process. The use of Fe(Ⅲ)-EDDS is expected to enhance the PEF process 
owing to the following features: (i) this soluble complex allows working at neutral pH values; (ii) the 
quantum yield of Fe2+ is much higher from the Fe(III)-EDDS photoreduction due to its more intense light 
absorption, and (iii) additional H2O2 production is feasible by dissolved oxygen participated reactions. 
Fluoxetine, spiked into a Na2SO4 solution or secondary treated wastewater, was selected as the target 
contaminant to evaluate the performance of Fe(Ⅲ)-EDDS-mediated PEF process. 
 
Fluoxetine, a fluorinated antidepressant which is considered as an important pharmaceutical for a basic 
health system, is widely used to treat a number of mental disorders. Its large production and prescription 
in the entire world has caused its emerging occurrence in the aquatic compartments, which exerts 
potentially noxious effects on living beings [3]. The degradation of fluoxetine was comparatively studied 
in Na2SO4 aqueous solutions at neutral pH with a RuO2-based anode and a carbon-PTFE air-diffusion 
cathode by different EAOPs. The most effective process was Fe(Ⅲ)-EDDS-mediated PEF, achieving 
90% removal in 20 min, whereas only 47% and 40% removal was obtained in conventional EF and PEF 
treatments with FeSO4 as catalyst source. The operation conditions were optimized by investigating the 
effect of current density, initial fluoxetine concentration, inorganic ions content, solution pH, and Fe(Ⅲ)-
EDDS ratio and dosage. The evolution of the different iron species, H2O2 and Fe(Ⅲ)-EDDS complex was 
clarified in different systems. Using 0.1 mM Fe(Ⅲ)-EDDS, up to 83% Fe(Ⅲ) was transformed to Fe(II) 
in 20 min by photoreduction in the UV-assisted PEF system, whereas only 6% transformation was 
achieved using Fe3+ as catalyst, which can be explained by the much higher photosensitivity of Fe(Ⅲ)-
EDDS. Under the optimal conditions, 55% mineralization was achieved at 300 min, despite the 
contribution of EDDS to the initial total organic carbon (TOC) content. The biodegradability evolution of 
the effluent was evaluated by determining the time course of the BOD5/COD ratio. The intermediates 
generated during the oxidation of fluoxetine and the natural organic matter contained in the wastewater 
were identified by GC-MS. Additionally, F atoms were released as fluoride ion, and N atoms were mainly 
converted to nitrate ion. A degradation pathway for fluoxetine by Fe(Ⅲ)-EDDS-mediated PEF process is 
finally proposed. 
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A big strived goal in the development of capacitive deionisation modules is to make them fit in the use 
in a pilot- and industrial scale. Therefore, extensive testing and simulation for optimisation is still highly 
necessary.  

 
Within the BMBF-funded research project “Modular concept for sustainable desalination using capac-

itive deionisation on the example of Vietnam – WaKap”, the University of Applied Sciences in Karlsruhe 
is tackling this issue. The MCDI will be used as part of a novel modular water treatment concept for treat-
ing saline and arsenic laden water on a pilot scale in Vietnam. The energy efficiency of this electrochemi-
cal process is the biggest advantage of the system and indispensable for a future sole operation with re-
newable energy.  

 
Lab scale tests of commercial modules promise a highly efficient desalination of brackish water up to 

a concentration of c = 2.5 g NaCl L-1. Further unwanted ions like arsenic, ammonium and manganese can 
be removed as well. Experiments show in contrast also, that the mobility of the different ions as well as 
the composition of all dissolved solids is highly determining the ability of removal. Results indicate that 
e.g. manganese is much better adsorbed by the carbon electrodes than arsenic and a high amount of NaCl 
hinder further ions to be removed. Wide ranged tests were made with different model water, operating 
parameters and boundary conditions for the performance characterization of the MCDI module. 

 
To design future desalination systems, 

mathematical models to predict the perfor-
mance of a MCDI module are needed, to 
describe the complexity of such an electro-
chemical system. Therefore 1D and 2D FEM 
models for electrode pairs inside a MCDI 
module were developed. For the mass 
transport and the electric potential distribu-
tion, Nernst-Planck-Poisson-equations were 
used. The modified Donnan model will be 
used for the storage potential inside the elec-
trodes1. This model calculates a salt removal 
under different boundary conditions (Fig-
ure 1). Furthermore, energy models (RC-
models) shall predict the specific energy con-
sumption2.  

 
 
In addition, the novel desalination system will be used for making seawater potable as well. Hereby, 

the MCDI will be combined with conventional membrane technologies. Novel high performance modules 
will be applied and support a reverse osmosis (RO) installation. Hence, the typically used energy recovery 
systems in RO, needing high maintenance, shall be replaced by this highly energy efficient system. 

                                                           
1 J. E. Dykstra et al. – “Resistance identification and rational process design in Capacitive Deionization”; 
Water Research 88 358-370 (2016) 
2 G. L. Andres et al. – “Simulation of an electric behavior of the CDI system”; Desalination 419 211–218 
(2017) 

Figure 1. NaCl Concentration in micropores vs. ap-
plied voltage at the electrodes. Comparison between 

laboratory tests and FEM simulation 



Figure 1. Mg2+/Na+ exchange partition  
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Reverse Electrodialysis (RED) is a highly innovative technology used to generate renewable energy from 
mixing two solutions of different salinity. However, its operational efficiency under realistic high salinity 
solutions is limited by the presence of multivalent ions1,2. Our previous investigation on RED revealed a 
drastic reduction (63%) in power density due to the presence of Mg2+ ion2. Although the negative impact 
of Mg2+ ion on RED performance is well demonstrated in the literature, possible mitigation strategies are 
not sufficiently investigated yet. Two strategies based on membrane selectivity have been envisaged so 
far: i) use of monovalent selective cation exchange membranes (CEMs) and ii) use of multivalent 
permeable CEMs.  
 
Herein, we report on tuning the properties of Fuji CEMs membranes (Fujifilm Europe B.V) by its 
modification through forming a thin cationic layer of polypyrrole/chitosan composites on the membrane 
surface. Polypyrrole, a conducting polymer with rigid and crystalline structure allows for improving the 
monovalent selectivity of membranes. The low-cost, environmentally safe chitosan allows for keeping the 
polymer composite as a thin film over the membrane surface. The chemical composition and surface 
properties of the modified membranes were characterized by SEM, AFM, FTIR and contact angle 

measurements. The trade-off between the membrane 
conductivity and selectivity was evaluated for different 
polymerization times (4-12 h) and Pyrrole/Chitosan 
composition (5-90 %w/w). Diffusion-dialysis 
experiment was performed to determine selectivity of 
produced composites. The concentration of ions was 
monitored by means of inductively coupled plasma 
spectroscopy. The partitioning of Mg2+ ion (Figure 1) 
across the different membranes was evaluated from the 
change in ion exchange capacities of membranes in 
different mixtures of solutions (10-90 % MgCl2 in 
NaCl, total salt concentration: 0.5 M). 
Polypyrrole/Chitosan composite membranes displayed 
good selectivity towards monovalent ions. Moreover, 
the swelling degree and ion-change capacity were 
measured in a mixture of solutions with varying 
concentrations of Mg2+ ion (10-90 %). Finally, the open 
circuit voltage and power density of the RED equipped 
with the pristine and modified CEMs was tested under 
realistic high salinity conditions.  
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Research interest towards Anion Exchange Membrane Fuel Cells (AEMFCs) has grown rapidly in recent 
years since this technology offers certain potential advantages over Proton Exchange Membrane Fuel Cells 
(PEMFC) [1]. Among these advantages is that Oxygen Reduction Reaction (ORR) kinetics is faster in 
alkaline environment which in principle allows for the use of non-noble metal electrocatalysts.  In view of 
this a great effort has been directed to the development of non-noble metal electrocatalysts for ORR in 
alkaline media. Among them are carbon-transition metal hybrids, nonmetal-doped nanocarbon and transition 
metal oxides electrocatalysts, the latter including low cost oxides with perovskite structure [2, 3]. 
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Fig. 1 Comparison, at selected potentials, of the kinetic current Ik normalized to SSABET (specific activity) 
for a series of La0.8Sr0.2CoxFe1-xO3-δ (LSCF) perovskite electrocatalysts (x varying from 0 to 1)  

In the present work a series of La0.8Sr0.2CoxFe1-xO3-δ (LSCF) perovskite oxides, including La0.8Sr0.2CoO3-δ 
(LSC) and La0.8Sr0.2FeO3-δ (LSF), were synthesized via the combustion method and studied towards their 
oxygen reduction reaction activity in O2-saturated 0.1M KOH solution at room temperature, using the thin-
film rotating disk electrode (RDE) technique. Each tested LSCF oxide, mixed with carbon black, was 
deposited on a glassy carbon RDE in the form of a thin film, and used as the working electrode in a typical 
three-electrode cell, with Pt foil and Ag/AgCl (3M KCl) as counter and reference electrodes, respectively. 
The kinetic current Ik (intrinsic rate) was determined at different electrocatalyst potentials, using Koutecky-
Levich (K-L) plots, and was then normalized to the specific surface areas (SSABET) of the LSCF oxides to 
evaluate their specific activity for ORR. The overall number of transferred electrons was also estimated from 
K-L plots. As shown in Fig. 1, where are compared the specific activities (S.A.) of the tested perovskite 
electrocatalysts at selected potentials, increasing the Co/Fe ratio resulted in enhancement of the ORR 
specific activity. At all potentials, the highest and lowest S.A. were exhibited by LSC and LSF, respectively, 
the activity of LSC being more than 5 times higher than that of LSF. Also, an increase in the number of 
transferred electrons was observed with increasing Co/Fe ratio, from ca. 2 (for LSF) to 4 (for LSC), which 
implies a gradual change in the ORR mechanism. The observed changes can be associated with differences 
in the electronic structure [4] induced by gradual substitution of iron by cobalt at the B-sites. 
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Large-format prismatic lithium-ion batteries are capable of generating large amounts of heat; the 
positioning of the tabs can make the temperature distribution highly non-uniform across the cell surface 
[1]. Non-uniformity is a problem because local thermal runaway can occur at ‘hot spots’ and spread to other 
regions of the cell, and even to other cells in a pack [2]. These inefficiencies can be leveraged in a positive 
way, however, because they allow us to correlate external measurements such as temperature distribution 
and voltage with internal material properties. A 3-D physics-based model based on the Newman-Tobias 
porous-electrode theory [3] is coupled to a local heat balance and implemented in COMSOL Multiphysics� 
to predict electrical and thermal behavior. Various material properties corresponding to relevant data 
characteristics are then extracted from the model by fitting the model to experimental lock-in thermography 
data.  

Square-wave signals with amplitudes of C-rates ranging from 1 C to 4 C and periods ranging from 
20 s to 100 s were applied to A123 20Ah LiFePO4 cells. The square-wave signal was chosen so that the 
average SOC remains relatively constant, eliminating concerns about how material properties change 
depending on charge state [4]. Temperature-distribution and voltage data were gathered while the square-
wave was applied to the battery until a periodic steady-state has been reached. Figure 1A shows lock-in 
thermography data and model best fits at the most strenuous testing condition of a 4 C amplitude and 100 
s period square-wave.  

The model was validated by using parameters extracted from the most strenuous test to simulate 
other operating conditions with different amplitude (figure 1B) and period (figure 1C). Only operating 
conditions (e.g. square-wave amplitude and period), and factors pertaining to changes in ambient conditions 
(e.g. room temperature and heat transfer coefficient) were changed in these scenarios.  

By characterizing the macroscopic effects of electrically induced thermal response across a cell’s 
available charge states, we can generate a database containing various parameter sets that can be compared 
to the parameter set generated by fitting newly acquired data to quickly diagnose the state of the battery. 
This database can be generated by fitting the thermographic data gathered around different mean SOCs, 
giving us insight into SOC-dependent parameter values. Furthermore, parameter sets extracted at various 
points in its cycling history can also track how material properties vary with time, providing a ‘health 
fingerprint’ for the cell.  
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3. Newman, J.S. and C.W. Tobias, J. Electrochem. Soc., 1962. 109(12): p. 1183-1191. 
4. Maleki, H., et al., J. Electrochem Soc., 1999. 146(9): p.3223-3229. 
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Hydrogen peroxide (H2O2) production is estimated at 4.7 Mton annually by 2017 and is produced 
industrially via the anthraquinone autoxidation process. H2O2 is used in various applications such as paper 
and pulp bleaching, textile bleaching, production of chemicals and environmental applications. We have 
shown that with our electrolyser approach (see Figure 1) ~10% H2O2 can be produced, which is sufficient 
for most applications (~75%); for the production of chemicals typically much higher H2O2 concentrations 
are used. Our latest research focused on reducing costs by increasing space-time yield of hydrogen 
peroxide and decreasing energy usage. Using more concentrated electrolytes, alternative anion exchange 
membranes and better electrolyser design we were able to decrease the cell voltage considerably (see 
Figure 2). 
 

 
 
Figure 1: schematic representation of the H2O2 electrolyser configuration 
 
 

 
Figure 2: Influence of various parameters on the cell potential 
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Electrochemical interfaces have been an integral part of energy storage and electrocatalysis, and more 
recently, water treatment methods based on electrosorption. In particular, capacitive deionization methods 
have recently shown great promise for desalination, due to their modularity and reusability.1 However, 
their implementation for selective ion recovery and water purification remains limited by lack of 
specificity of the electrode materials, and relatively high energetic costs.  

Redox-functionalized electrodes offer an attractive platform for performing selective 
electrochemical separations based on their remarkable ion binding capabilities.2 From a fundamental 
perspective, our concepts point towards an emerging direction in electrochemical interface design – by 
superimposing properly tuned chemical interactions, we can reach beyond double-layer effects and 
achieve highly selective ion separations. Here, we present the advances in the development of advanced 
redox-electrodes for novel water and environmental remediation processes, both in terms of fundamental 
chemistry and in the electrochemical engineering. 

First, we present the development of a range of Faradaic electrodes with specific interactions 
towards charged compounds. We investigate the selective sorption and release of anions, cations, and 
even proteins, based solely on electrochemical control.3, 4 Furthermore, we unravel the underlying 
intermolecular mechanisms by a combination of electronic structure calculations and spectroscopy, and 
further tune our systems for fine chemical separations. Next, we focus on electrochemical cell design, in 
which the cathode works in tandem with the anode; thus reducing energy costs, suppressing parasitic 
reactions, and as a result, enhancing ion-selective performance.5 These systems are shown to be efficient 
for both organic micropollutant removal and highly toxic heavy metals. In addition to selective 
electrosorption, we show that electrocatalytic properties can be incorporated into these materials for 
tandem environmental capture and remediation, in particular of ionic arsenic and chromium 
contaminants.6  

Finally, we present advances in materials chemistry and electrochemical engineering that enable 
more stable electrodes and higher current efficiencies. Innovations in both synthesis and process design 
overcome many of the mechanical and chemical stability challenges inherent to the redox-materials, and 
ultimately, pave the way for the commercial deployment of these technologies for point-of-source water 
treatment and upstream purification.  
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The hydrogenation of CO2 to hydrocarbons or alcohols is among the most important chemical 
conversions of CO2 not only for the production of renewable fuels but also as a possible means for 
decreasing the overall CO2 emissions. Several metals have been investigated as catalysts on a variety of 
supports with several alkali-based promoters. The hydrogenation of CO2 on Ru, which is known to give 
only CH4 and CO as products, has received considerable attention in recent years. The dissociative 
adsorption of CO2 to CO and O has been suggested in the past to be the initial step reaction for CO2 
hydrogenation. An alternative parallel mechanism has been also proposed introducing the formation of 
formate at the metal-support interface which acts as an intermediate product for methane and CO 
production. A parallel approach to classical chemical promotion is the electrochemical promotion of 
catalysis (EPOC) which can be used to promote metalcatalyst films simultaneously acting as electrodes, 
deposited on solid electrolyte supports. 

In the present study, we explore the effect of electrochemical promotion for CO2 hydrogenation 
using a nanodispersed catalyst (2%Ru-15%Co supported on BZY powder) deposited on a porous Ru 
catalyst film supported on a BaZr0.85Y0.15O3 +1wt %NiO (ΒΖΥ) proton conductor disc (Figure 1). During 
the last two decades, new materials with proton conductivity have been developed and proposed mainly 
for fuel cell applications. The effect of catalyst loading and catalyst potential on the catalytic activity and 
selectivity of the CO2 methanation and the RWGS reactions was studied at temperatures 350o to 450oC 
and ambient pressure. The present study is the first one exploring the similarities between electrochemical 
promotion and metal-support interactions for the case of a proton conducting support during a 
hydrogenation reaction. In addition, the present study is the first discussing the electrochemical promotion 
of a dispersed Ru-Co catalyst. 

The results show that it is possible to electrochemically promote finely dispersed metal catalyst 
particles deposited on a solid electrolyte powder supported on a metal catalyst film which is in contact 
with a solid electrolyte disk and is being simultaneously electropromoted. This shows that 
electrochemically controlled spillover of promoting ions indeed takes place between the electrolyte disk 
and the surface of the nanoparticles. As a result, it appears that the same value of work function imposed, 
via potential application, to the metal film is also imposed to a large extent on the catalyst nanoparticles 
of the dispersed catalyst. This appears to create several interesting possibilities for the practical utilization 
of electrochemical  
promotion. The present 
results also confirm the very 
close connection between 
metal-support interactions 
(MSI) and electrochemical 
promotion of Catalysis 
(EPOC). Thus, it is 
remarkable that Ru 
nanoparticles, but also films, 
deposited on BZY lead to 
high selectivity to CO, 
whereas similar Ru 
nanoparticles and films 
deposited on YSZ give high 
selectivities to CH4. 
Consequently the use of 
BZY corresponds to negative 
applied potential (thus lower work function) of the catalyst, whereas the use of YSZ corresponds to 
positive applied potential (thus higher work function). These observations also clearly demonstrate the 
usefulness of EPOC for the optimal choice of catalyst supports. 

Fig. 1. (left) Schematic of the BZY support disc and its three electrodes, one 
serving as the catalyst. (right) Effect of catalyst potential and dispersed Ru-
Co/BZY catalyst loading on the selectivity to CH4 and CO. PH2=7 kPa, PCO2=1 
kPa, T=450 oC, FT=200 cm3/min. 



Photoelectrocatalytic Oxidation of Organic Compounds by 
Synthesized TiO2 of Different Nanotube Lengths under Solar 

Irradiation 
 

S. Palmas, L. Mais, M. Mascia, A. Vacca, S. Corgiolu 
Dipartimento di Ingegneria Meccanica, Chimica e dei Materiali, Università degli Studi di Cagliari,  

via Marengo 2, 09123 Cagliari, Italy 
simonetta.palmas@dimcm.unica.it 

 
Advanced Oxidation Processes (AOPs) seem to be a very promising technology for an efficient 
degradation of organic compounds from waters and wastewaters. Specifically, photocatalytic processes 
have been studied over the last few years for the removal of different organic pollutants and good results 
have been obtained. 
Photocatalysis with TiO2 has been applied as an alternative method to remediate and degrade the 
hazardous chemicals from air, soil, and water. In particular, photoelectrocatalytic treatments offer the 
possibility to remove toxic organic compounds, even at low concentration, thus making 
photoelectrocatalysis suitable for the last stages of water purification. TiO2 nanotubes array seem to be a 
good PEC material for water purification applications; however, no information was available about the 
dependence of the PEC activity for degrading pollutants on the length of the nanotube arrays. 
In the present work, the photoelectrochemical removal of different model organic compounds, such as 
phenol, oxalic and acetic acids, from aqueous solution, under solar light with highly ordered TiO2 
nanotube arrays with controllable length, has been investigated.  
Nanotubular TiO2 electrodes (NTs) have been synthesized by anodization of a Ti foil in a mixture of 0.14 
M NH4F in deionized water (10%) and glycerol (90%) at different anodization times in order to obtain 
different tube lengths. The surface morphology of the deposited films was investigated by high resolution 
Scanning Electron Microscope (SEM). 
During the photoelectrochemical tests, the electrodes were put in a two-electrode cell equipped with a 
quartz window; a Pt ring in the inner surface of the cylindrical body was the counter electrode. The cell 
was inserted in a hydraulic circuit in which the electrolyte was pumped by a peristaltic pump from the 
reservoir throughout the cell and back in a closed loop. The photoanode was irradiated with a 300W 
xenon lamp equipped with air mass (AM) 0 and 1.5 D filters to simulate the solar radiation.  
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Figure 1: Axonometric sections of the cells used in in photo-electrochemical tests; sketch of the apparatus 
used for photoelectrochemical experiments. 
 
Photoelectrochemical oxidation of phenol, oxalic and acetic acids was investigated by performing 
galvanostatic electrolysis of aqueous solutions starting from the same initial COD. The rate constant was 
evaluated as a function of the initial concentration of species; a significant decrease in concentration of 
phenol and oxalic acid was observed from HPLC analysis, depending on the characteristic TiO2 electrode. 
Due to the different reactivity of acetic acid, lower rate constant values at the same electrodes have been 
recorded. 
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A dilute 2-3 wt.% suspension of phosphatic clay is produced as a waste stream in the beneficiation of 
phosphate ore. A typical Florida phosphate mining operation produces more than 6,300 L/s of phosphatic 
clay. The clay-water suspension is pumped into large impoundments called clay settling areas in which 
separation is achieved by hindered settling and self-consolidation. As it settles, the supernatant water is 
recycled for use in the beneficiation plant. A top crust is formed after a few years, but the clay beneath the 
crust has a large water content and a pseudo-plastic character that limits the amount of weight the settling 
area can support. Clay settling areas cover about 30-40% of the land mined for phosphate in Florida, 
occupying roughly 390 square kilometers of land. Uses for the land are limited by the properties of the 
clay that leave the settling areas unstable, even after 50 years of elapsed time. The objective of this 
research was to develop an effective electrokinetic separation process applied to phosphatic clay 
suspensions, generated during the beneficiation of phosphate ore, a major component of fertilizer. The use 
of an electric field to separate the water from the solids is attractive because the inherent stability of the 
clay suspension is due, in part, to the surface charges residing on the platelets. 
 
Our previous work1 showed that batch electrokinetic dewatering was uneconomical and that a continuous 
process may improve the viability of electrokinetic dewatering (EKD) for phosphatic clays. A two-zone 
continuous EKD prototype was developed and proved that a continuous process was possible at 
significantly reduced the energy demand when compared to a batch EKD process.2 The subsequent 
prototype design operated with a single zone and yielded a cake with a solids content of 37 wt.% and an 
average dry-solids production rate of 4.5 kg/hr m2. Under the assumptions of a $2,000/m2 capital cost, 
10% interest, 20-year life, and an electrical cost of $0.062/kWh, the cost for dewatering a 10 wt.% feed to 
a 35 wt.% cake was projected to be on the order of $11-12 per ton of dry clay produced. 
 
The objective of the present work was to develop a model capable of projecting the performance of an 
optimized design. The model, based on principles of soil mechanics, electrokinetics, and flow through 
porous media, yielded excellent agreement with experimental data collected from the prototype operation. 
The operational parameters of a continuous single-zone pilot-scale process were estimated using the 
developed model. The performance was shown to be sensitive to the electrode gap. The simulated 
optimized process was scaled up to dewater the effluent produced at the Mosaic Four Corners Mine from 
a solids content of 10 wt.% to 35 wt.%. For an optimized configuration operating with a maximum 
electric field of 15 V/cm, the projected electrical requirement was 110 kWh/metric ton of dry solids. The 
residence time was 1.3 hours. The electrode area required for treating the effluent of the Four Corners 
Mine was estimated to be 0.17 square kilometers. While large, this result represents a 2000% 
improvement over the 3.5 square kilometer area estimated for the previous continuous design. Using the 
same cost analysis assumptions, the optimized electrokinetic dewatering process had a projected total cost 
of approximately $9/metric ton of dry solids, representing an 820% reduction from the projected 
$74/metric ton estimated for a previously reported two-zone prototype.2 
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In recent years, the interest on new or enhanced electrochemical technologies for the separation and 
degradation of water pollutants has grown considerably. Remediation of wastewater contaminated with 
organic pollutants has become a major environmental concern because traditional physicochemical and 
biological methods used in municipal wastewater treatments plants are not completely effective[1]. 
Removal of these residues, which may contaminate food and drinking water, is necessary to avoid various 
diseases in human beings. Thus, the need to find sustainable, environmentally friendly and efficient 
treatment techniques is urgent. 
 
Great research efforts are devoted to electrochemical advanced oxidation processes (EAOPs) for the 
treatment of persistent organic pollutants (POPs)[2]. Some electrochemical approaches, including the 
direct electrochemical oxidation at suitable anodes such as boron-doped diamond (BDD) and/or indirect e 
processes based on Fenton’s reaction carried out at suitable operation conditions and cells can allow the 
effective treatment of a very large number of pollutants. The great efficiency of these processes indicates 
that EAOPs constitute a promising technology for the treatment of the contaminated effluents. 
 
Although EAOPs are technologies that have proven a very high performance, their potential exploitation 
is still limited due to the relatively high operation costs that are inherent to the long treatment time. In the 
last decade, the use of electrocoagulation (EC) is earning more interest for the removal of contaminants 
from industrial wastewater. EC can be effective in some applications, but the technology also has its 
constraints such as the low capacity to reach total organic pollutants removal.  
 
This work presents an overview of EAOPs and the recent achievements, development and trends on the 
integration in EC/EAOPs systems, which take advantage of the best abilities of each technique in order to 
treat water effluents contaminated by organic pollutants. The combined treatment can allow overcoming 
the drawbacks of the single processes, i.e., the only partial removal obtained in EC and the long treatment 
time required by EAOPs, thus making the whole electrochemical technology much more cost-effective. 
The coupled technologies have been proven more efficient than the isolated ones due to their synergistic 
action. As an example, the sequential combination of EC and EAOPs based on Fenton’s reaction for the 
decolorization and mineralization of the food azo dye Tartrazine has been studied in detail. It has been 
demonstrated that the sequential EC/EAOPs treatment favors both, the fast color removal and separation 
of a large fraction of organic compound by EC, and the destruction of the remaining persistent organic 
pollutant in the pre-treated solution by EAOPs.  
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Ozonation is a complex process involving the direct reaction of ozone and the formation of other powerful oxidants. 
However, in spite of the high redox potential of ozone (2.07 V vs SHE), the direct oxidation mechanism is limited by its 
high selectivity towards specific functional groups such as unsaturated bonds and deprotonated amines thus resulting in 
low degradation rate and final persistence of compounds such as carboxylic acids or aldehydes. To overcome this issue, 
different strategies can be adopted. First, the decomposition of ozone can be promoted by selection of appropriate pH 
values. In fact, under alkaline conditions, due to the presence of radical reaction initiators such as hydroperoxide anion 
(HO2

-), the production of hydroxyl radicals (2.8 V vs SHE) occurs. Also the addition of hydrogen peroxide, in the so 
called peroxone process, significantly enhances the decomposition of ozone and the overall efficiency of the oxidation 
treatment. 
In recent years, the electrochemically assisted decomposition has gained increasing interest because of the environmental 
compatibility and ease of control of electrochemical process. 
Depending on cathode materials adopted, different mechanisms take place. The ability of carbon electrodes to produce 
hydrogen peroxide from the reduction of dissolved molecular oxygen, promotes an electrochemical version of peroxone, 
known as electro-peroxone. While, when metallic cathodes (stainless steel, titanium and platinum electrodes) are used 
the direct electrochemical reduction of ozone may result in the production of strong radical species.   
In this work, the electrochemically decomposition of ozone for wastewater treatment has been investigated. Different 
molecules, chosen from the “Candidate Contaminant List” of EPA agency (quinoline and phenoxyethanol), have been 
used as model compounds to evaluate the efficiency of the treatment in term of pollutant decay and mineralization. The 
influence of current density, pH, temperature and presence of interfering species (carbonates and chlorides) have been all 
evaluated. Different cathodes (RVC and stainless steel) and anodes (platinum and DSA) have been tested and the 
presumable route of degradation has been discussed. The involvement of hydroxyl radicals and superoxide anion radical 
have been verified by means of test conducted with tert-butanol and benzoquinone as scavenging agents. 
Further improvement deriving from additional UV irradiation has been finally evaluated. 
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Large scale adoption of renewable energy sources such as wind and solar is limited by availability of 
economically viable grid-scale energy storage systems. In order for future battery systems to overcome 
the renewables intermittent nature they will have to present geographical and operational flexibility, low 
material costs, high efficiency and improved energy density. Metal deposition Redox Flow Batteries 
(RFBs) hold promise for grid-scale energy storage applications as they provide advantages over standard 
electrodes in all of those crucial parameters. The use of metal deposition, although increasing energy 
density substantially, introduces the danger of dendritic growth. Metal dendrites continuously grow as 
charging-discharging cycles continue, and eventually reach the separator causing a critical failure. The 
use of suspension electrodes composed of particles has been investigated as a mean to avoid the dendritic 
risk, as well as boosting flexibility by decoupling energy from power 1. The use of flowable electrodes 
architecture provides a more homogeneous deposition which is obtained on the surface of constantly 
moving particles. Avoiding the danger of dendritic static deposition while simultaneously enabling energy 
storage outside of the electrode chamber.  
 
While the benefits of flowable electrodes are easy to grasp, they generally suffer from sluggish electron 
transport through the discontinuous solid particulate phase. Efforts to analyze the reasons for measured 
low conductivities is ongoing, with the goal of approaching the conductivity achieved by static electrodes. 
Lately, fluidized bed electrodes have been also introduced, substantially increasing solid loading in the 
flow electrode to values above that attained by slurries due to high slurry viscosity2. Although 
conductivity improved, it was still measured to be orders of magnitude lower than the bulk conductivity 
of the electrode material and does not reach the desired values. 
 
Here, we explored the electric conductivity of a suspension formed with 20µm copper particles under 
various operating parameters using 4-electrode EIS. We achieved unprecedented measured values of up 
to 1000 S/m. Conductivity was a strong function of velocity, as shown in Figure 1. We will discuss the 
mechanisms underpinning the observed high electric conductivity and the potential applications of such 
flowable electrodes in energy storage systems.  
 
     
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Measurements of conductivity of a flowable electrode consisting of copper particles with 
varying pre-treatment protocols (acid treated - black lines, as received - grey lines), using 4-point EIS 
conductivity measurements.  
 
1 T. J. Petek, N. C. Hoyt, R. F. Savinell and J. S. Wainright, J. Electrochem. Soc., 2016, 163, 

A5001–A5009. 
2 G. J. Doornbusch, J. E. Dykstra, P. M. Biesheuvel and M. E. Suss, J. Mater. Chem. A, 2016, 4, 

3642–3647. 



Elimination of Textile Dye Acid Blue 29 from industrial Wastewater 
by Solar Photoelectro-Fenton Process: Influence of Applied Current 

and Solar Radiation 
 

Juan Gallardo, Abdoulaye Thiam, Jorge Vidal, Ricardo Salazar 
Laboratorio de Electroquímica de Medio Ambiente (LEQMA), Universidad de Santiago de Chile, Chile.  

Libertador Bernardo O´Higgins 3363, Estación Central 
ricardo.salazar@usach.cl 

 
Solar photoelectro-Fenton (SPEF) method is an electrochemical advanced oxidation processes (EAOPs) 
that reach high removal of organic pollutants in aqueous matrices. SPEF is based on Fenton's reaction, 
where Fe2+ reacts with H2O2 to produces •OH at pH 2.8, as shown by Eq. (1). 
Fe2+ + H2O2 → Fe3+ + •OH + OH−                           (1) 
H2O2 is electrogenerated insitu on the cathode by the reduction of oxygen (Eq. (2)). For example, at a 
carbon-PTFE gas (O2 or air) diffusion cathode 
O2 + 2H+ + 2e− → H2O2                                           (2) 
Eq. (1) is catalytic and can be mainly propagated from Fe3+ reduction to Fe2+ at the cathode. In SPEF, the 
degradation rate is enhanced under the simultaneous irradiation of the solution with UV radiation from 
the sun due to: (i) the greater Fe2+ regeneration and •OH production by photolysis of Fe(OH)2+, the pre-
eminent Fe3+ species in solution at pH near 3.0, by Eq. (3) and (ii) the photodescarboxylation of 
complexes of Fe(III) with generated carboxylic acids, which are hardly attacked by •OH, by the global Eq. 
(4). 
Fe(OH)2+ + hѵ → Fe2+ + •OH                                  (3) 
Fe(OOCR)2+ + hѵ  →  Fe2+  +  CO2  + R•                (4) 
 
In this work, the removal of AB29 by SPEF was studied. 10 L of solutions containing 100 mg L-1 of Total 
Organic Carbon (TOC) of AB29 with 0.5 mM de Fe2+ and 0.05 M Na2SO4 at pH 3.0, applying a current 
density of 25 and 50 mA cm-2 was treated in a pilot plant constructed in our laboratory. The pilot plant 
contained an electrochemical filter press cell with a DSA anode and an Air-diffusion cathode coupled to 
solar photo-reactor. 
 
A complete mineralization of the AB29 was obtained by SPEF process at the end of electrolysis applying 
current densities over 30 mA cm-2 and a complete decolorization of solution was obtained at short times. 
Intermediates of reaction such as aromatic, carboxylic acids and inorganic ions were found during the 
oxidation process. Solar radiation favors the mineralization of the dye in cost and efficiency in 
comparison with other electrochemical methods. Moreover, the treatment of an industrial textile effluent 
containing AB29 was treated by SPEF process, with a mineralization higher than 80% on sunny days. 
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Current desalination technologies require high energy input, being reverse osmosis (RO) the most-widely 
used technology for seawater desalination with an energy consumption of at least 3 kWh/m3. In this 
context, the MIDES project aims to revolutionize desalination by developing a low-energy sustainable 
process called Microbial Desalination Cell (MDC) as a pretreatment for RO. The integration of MDC 
technology with commercial RO allows seawater desalination with an energy consumption below 0.5 
kWh/m3. MDC treat simultaneously wastewater and perform desalination using the energy contained in 
the wastewater [1]. In fact, MDC can produce around 1.8 kWh of bioelectricity from energy contained in 
1 m3 of wastewater. This energy is directly used to lower salt content in seawater from 35 to 5 g/L 
(brackish water) without external energy input, while further salinity reduction to achieve drinking water 
quality is performed in the subsequent RO step. 
 
The overall MIDES process includes a pre-treatment of the saline stream by ceramic membranes prior to 
enter the MDC unit, where it is partially desalinated (70-90%) before the RO post-treatment (Figure 1). 
The results obtained with a lab-scale MDC has led to a significant improvement of water production 
compared to values reported in literature for a 100-L MDC [2], reaching desalination rates of 0.5-3 
L/m2h. Industrial wastewater (brewery) has been identified as the optimal feed to enhance the activity of 
electrogenic bacteria in the MDC. In addition, a ceramic membrane pilot plant operates at Racons 
brackish water desalination plant (Dénia, Spain), with a treatment capacity of 6 m3/h to obtain high 
quality permeate free of suspended solids. This effluent satisfy the quality requirements to be fed into the 
MDC. 
 
The MIDES Horizon 2020 project will develop the world’s largest demonstrator of the innovative MDC 
technology in three sites: Spain, Tunisia and Chile. Three pilot plants of 150 L/day will be constructed 
and operated under real environments in desalination plants operated by Aqualia. 
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Redox flow batteries (RFBs) are promising towards the application of grid-scale storage of renewable 
energy. In RFBs, the energy stored and power delivered can be decoupled spatially, allowing for highly 
scalable and potentially inexpensive systems. Charging RFBs converts electrical energy to chemical 
energy and the chemical energy is stored until discharge of the battery, whereupon the chemical energy is 
converted to electricity with a round-trip energy efficiency often exceeding 80%1. Zinc-bromine hybrid 
RFBs are attractive due to low-cost materials as reactants, high specific energy density and rapid reaction 
kinetics without precious metal catalysts2. The main drawback of zinc-bromine RFBs is the growth of 
zinc dendrites during cell charging, which requires that the cell be deep discharged every few cycles to 
prevent dendritic short circuiting of the cell.  
 
While dendrites are readily formed on static electrodes, one way to mitigate their growth is through use of 
flowable (suspension) electrodes. This type of electrodes consists of solid conductive particles which flow 
within a liquid electrolyte and the metal can be deposited on the large surface area created by those 
particles.3 While promising, the metal deposition upon flowable electrodes of flow batteries is largely 
unexplored. Here, we present results of a novel dual-discharge experimental technique which measures, 
separately, the zinc deposited onto the current collector and deposited onto the flowable electrode 
particles in situ during battery operation. Via this measurement, we tested the effect of different 
parameters, such as electrolyte concentration and particle concentration, on zinc deposition upon the 
particles. We here demonstrate and discuss the main limitations in depositing metal onto particles within 
flowable electrodes, and the implications on flow battery performance. 
 

   
 
 
Figure 1: (A) Schematic of the suspension electrode zinc-bromine redox flow battery. (B) The custom-
fabricated zinc bromine prototype battery in our lab. (C) Experimental results showing example charge-
discharge cycles with and without the suspension electrode. Inset shows the coulombic efficiency of the 
hybrid cell without suspension electrode. The inset also shows results of the dual discharge measurement 
from a cell with suspension electrode, including the coulombic efficiency of the cell with zinc discharge 
from the current collector alone and suspension electrode alone. 
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It is widely accepted that one of the most important issue to be faced by the scientific community is how to 
sustain the modern way of living and the related energy demand. While a long term target is the transition 
to a full-renewable energy system, a closer exigency is the optimization of the processes already existing. 
It has been calculated that about 370.41 TWh of potential energy is annually lost in Europe in the form of 
waste-heat from the industrial sector [1]. Waste heat comprises all the thermal energy with a temperature 
below 130 °C [2] (or 300 °C [1]), that hardly can find a useful application with the state of the art industrial 
technologies. Indeed, electrochemical technologies are nowadays under investigation for the potentiality 
they own to harvest, at least, part of this energy [2]. Among the others, Thermally Regenerative Ammonia 
Batteries (TRAB) were reported to have very high current density and simple operation [3], but most of the 
work accomplished up to now was devoted to the optimization of the generation phase in conventional 
divided reactors. In this work, our efforts for the optimization of the regeneration phase are reported, along 
with a detailed exposure of the apparatus adopted. In addition, the use of an undivided continuous-flow, 
microfluidic reactor is proposed to sustain higher current densities with reduced investment cost. The effect 
of some relevant operative parameters on the maximum current density that can be gained in such a 
microfluidic device is also discussed. 
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The homogeneous decomposition of the reaction intermediate hypochlorite species HClO and ClO- to 
chlorate is a key step in the industrial electrochemical production of chlorate salt. Oxygen is also formed 
when the hypochlorite species decompose, though at a very low rate at industrial operating conditions. 
Both reactions are of third order with respect to the hypochlorite species and thus the oxygen and chlorate 
products will form in the same ratio at all hypochlorite concentrations. In the industrial chlorate process 
sodium dichromate (Na2Cr2O7, chromium(VI)) is added to the electrolyte at concentrations of 3-8 g dm-3. 
Because of its toxicity this additive will however be phased out from the process as soon as a suitable 
replacement is found. The roles of chromium (VI) in the chlorate process are many [1], the most 
important being to increase the current efficiency for cathodic hydrogen evolution.  
The results gained in the present study highlights the effect of chromium(VI) on the amount of oxygen 
formed in the process. This is a very important parameter as hydrogen is formed on the cathode in the 
undivided cells and explosive gas mixtures may form. Chromium(VI) has a catalytic effect on the 
formation of chlorate, increasing the rate of chlorate formation. This catalytic reaction occurs in parallel 
with the uncatalyzed reaction, according to earlier findings [2,3] as well as results from our investigation. 
Our results indicate that oxygen is formed only in the uncatalyzed reaction path and not in the path 
catalyzed by chromium(VI), thus in the absence of chromate in the electrolyte the unwanted oxygen 
formation will increase significantly. This is a novel finding that needs to be taken into account when 
searching for a suitable replacement for the Na2Cr2O7 additive. We also investigated the effect of varying 
electrolyte concentrations of NaCl, NaClO3, and NaClO4 on the decomposition reaction of hypochlorite 
and found an increased overall decomposition rate and a slight increase in oxygen formation selectivity 
with an increase in ionic strength. 
 

1. Endrődi B., Simic N., Wildlock M. and Cornell A., A review of chromium(VI) use in chlorate 
electrolysis: Functions, challenges and suggested alternatives, Electrochimica Acta 2017, 234, 
108-122. 

2. Wanngård, J.; Wildlock, M. The catalyzing effect of chromate in the chlorate formation 
reaction. Chemical Engineering Research and Design 2017, 121, 438-447. 

3. Kalmár, J.; Szabó, M.; Simic, N.; Fábián, I. Kinetics and mechanism of the 
chromium(VI) catalyzed decomposition of hypochlorous acid at elevated temperature 
and high ionic strength. Dalton Transactions 2018, 47, 3831-3840  
 



Extending Flow Battery Theory to include Homogeneous Reactions  
R Ronen a, ME Suss b 

aGrand Technion Energy Program, bMechanical Engineering department 
Technion -Israeli Institute of Technology, Haifa, Israel 

ronaronen@campus.technion.ac.il 
 
Redox flow batteries are promising path towards grid-scale energy storage of intermittent renewable 
energy. Various chemistries have been explored with some combination of low-cost reactants, fast 
kinetics without precious metal catalysts, low risk of thermal runaway, and low toxicity. Previous studies 
of redox flow battery models have neglected homogeneous reactions, such as the X2 + X- ⇄ X3

- 
complexation reaction occurring in halide-based catholytes, where X is a halide atom [1]. Thus, from a 
theoretical perspective, the coupling between homogeneous chemical reactions in the electrolyte to the 
heterogeneous electrochemical reactions occurring at electrode surfaces, and the implication on battery 
performance, is largely unexplored. Homogeneous reactions alter solution properties, such as ion 
concentrations and charge, and so are expected to impact significantly the predicted battery performance.  
 
We here extend redox flow battery theory to include homogenous reactions by applying a modified 
family method to simplify the governing equations. The family method is commonly used to model 
transport processes in electrokinetic microfluidic systems with ampholytes, but has not previously been 
applied to electrochemical energy systems. A specific example of a hydrogen-bromine membraneless 
flow battery is used to illustrate the deviation in performance between the model presented in [1] and our 
model accounting for complexation reaction (Figure A). When comparing the two models at identical 
model conditions by predicted polarization curves (Figure B), major differences are observed. During 
charging (negative current density) a higher charging voltage is observed for a model including 
complexation, and for discharge, a higher Ohmic resistance and lower limiting current are observed. We 
will further present a model-to-data comparison, including a discussion on how our model results provide 
insight on why open circuit voltage (OCV) of experimental H2-Br2 cells is higher than has been 
previously predicted [3],[4]. 

 
(A) Schematic of the model problem and domain while the battery is in discharge mode. Side-by-side 
flows of catholyte and electrolyte results in a thin layer of hydrodynamically focused bromine near the 
cathode (bromine shown schematically as red/yellow). Our model accounts for bromine complexation in 
the catholyte and tribromide reduction in parallel with bromine reduction at the cathode. (B) Predicted 
polarization curves for the model in [1] neglecting complexation, and our model with complexation for a 
catholyte of 1M Br2/1M HBr (pre-complexation). Inset shows the variation in predicted OCV between the 
models. 
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Great attention has recently been paid to the electrochemical degradation of refractory organics. In 
particular, phenol is one of the most studied molecules in this sector, due to its high refractoriness and 
stability, and to its extensive presence in several industrial plants, such as petroleum refineries, plastic 
industries, pesticides and pharmaceutical factories. Electrochemical degradation is an attractive procedure 
to remove recalcitrant organics from water, especially in low-volume applications, due to its intrinsic high 
efficiency. In addition, electrochemical systems could overcome some of the drawbacks of heterogeneous 
catalytic processes such as Catalytic Wet Air Oxidation (CWAO), due to the toxicity of the catalysts and 
the expensive separation processes for catalyst recovery. 
After the optimization of electrodeposition parameters and calcination [1], two of the most performing 
MnOx-based electrodes deposited on titanium were synthesized, one by anodic electrodeposition and the 
other one by cathodic electrodeposition. At ambient conditions, the anodic sample showed a poor 
conversion (22%), while the cathodic one proved a moderate activity (43%), probably due to the different 
composition of the films: α-Mn2O3 / α-MnO2 phase for the anodic sample, and α-MnO2 phase for the 
cathodic sample, which is recognized as the most active form of manganese oxide [2]. The results were 
compared with two of the most performing electro-catalysts, used as reference anodes: SnO2-Sb (77%) 
and RuO2 (86%). 
The novel aspect, aim of this work, is the investigation of the effects of high temperature and pressure on 
the electro-oxidation of phenol. The experiments were carried out in a lab-scale reactor at 85 °C and 30 
bar (PEM electrolyzer conditions) and at 150 °C and 30 bar (CWAO conditions). By increasing T and P, 
the MnOx anodes boosted their efficiency, due to the beneficial effects of the operative conditions. The 
temperature improved kinetics and lowered overpotentials, while the pressure enhanced O2 dissolution, 
thus allowing its exploitation for phenol degradation. This behavior was more pronounced for the anodic 
sample, which presented Mn3+ phase, largely accepted as the most active phase for O2 evolution. 
The phenol conversion was improved for all the electrodes both with higher T and P. In CWAO 
conditions, in fact, the MnOx electrodes achieved comparable efficiency to the reference anodes (~ 75%), 
thus proving that electro-generated O2 is highly reactive towards organics in those conditions, without 
using expensive or toxic anodes, such as RuO2, BDD, or PbO2. 
The reaction mechanism was investigated by HPLC analysis, and many intermediates, such as 
benzoquinone and maleic acid were detected for all the electrodes, indicating that the electro-oxidation 
pathway is similar for all materials and it is not influenced by T and P. 
Future developments could concern the study of more complex wastewater containing also biodegradable 
compounds (e.g. glucose) or nitrogenous molecules (e.g. urea). Moreover, due to favored 
thermodynamics and kinetics, properly tuned operative conditions could allow the synthesis of high 
added-value products from the electrochemical treatment of organic compounds in aqueous solutions, 
such as the electrochemical conversion of bio-mass derived sugars to produce eco-compatible plastics. 
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Electrochlorination is a well-established industrial electrochemical process allowing a safe, is situ 
production of chlorine or chlorinated species, thus resulting in undeniable advantages with respect to the 
complex storage, handling and transportation of gaseous chlorine. Electrochlorination cells are generally 
fed with diluted brines of alkali metal chlorides, whose anions are oxidized at the anode producing 
chlorine gas, while molecular hydrogen is evolved at the cathode. If the feed solution contains significant 
amounts of calcium and magnesium ions, the natural alkalization of the electrolyte at the cathodic 
interfaces causes the local formation of insoluble deposits that can significantly affect the cell efficiency. 
Such an issue can be overcome by operating the cell in a polarity reversal regime: at regular time 
intervals, the current polarity is reversed, the cathode becomes the new anode and the local acidity from 
the anodic reaction dissolves the salt deposits. The drawback of such a procedure is a significant 
shortening of the service life of the electrodes with respect to that used in a constant polarity current 
regime.  
 
The service life of MMO (Mixed Metal Oxides) electrodes is generally evaluated by means of accelerated 
electrochemical tests that consist in impressing very high current densities to the electrodes, thus allowing 
to circulate the equivalent electrical charge of the expected service life in a much shorter time. The 
service life testing of electrodes used in polarity reversal cells is further complicated by the need for 
simulating the effect of the current inversions. The development of a representative testing method should 
thus consider the effects of both the overall designed electrical charge and of that related to the current 
polarity inversions.  In such a framework, a systematic investigation was performed on MMO electrodes, 
aiming to check the combined effect of the high current density as well as of the polarity inversion 
frequency on the accelerated service life. Results shown in figure 1 depict a clear dependence of the 
deactivation time on the inversion frequency; the former, dramatically decreasing as the latter increases. 
As a consequence, aiming to accelerate the electrode service life, a testing method based on an increase of 
both the current density and the inversion frequency results in an excessive stress, thus yielding to the 
electrode premature depletion and to non-representative results. Therefore, the herein proposed testing 
method consists in accelerating the electrode service life by using a high current density, but keeping the 
inversion frequency at the designed, operative value. Such a testing method was successfully used to 
determine the suitability of commercial electrodes, and to compare the performances of different 
electrocatalytic MMO coatings.  
 

 
 
Fig.1: Plot of the electrode deactivation time (life) and relative number of current polarity inversions as a 
function of the inversion frequency. Tests performed at i = 400 A/m2 in a 25 g/l NaCl solution.  
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Solar radiation is the most abundant energy source available but it is distributed and intermittent, thereby 
necessitating its storage via conversion to a fuel (e.g. hydrogen or carbohydrates) for practical use. Solar 
thermo-chemical and photo-electro-chemical approaches (and combinations thereof) provide viable routes 
for the direct synthesis of solar fuels. The former make use of (concentrated) solar radiation as the energy 
source of process heat to drive endothermic chemical reactions, while the latter use photon energy for 
charge generation to drive electrochemical reactions. Both approaches involve complex interactions 
between multi-mode heat transfer, multiphase flow, charge transfer, and chemical reaction.  
First, I focus on cost competitive photo-electrochemical (PEC) devices. The functionality of PEC devices 
relies on complicated and coupled multi-physics processes, occurring at multiple temporal and spatial 
scales. Device modelling can actively and efficiently support the choice of the most promising – in terms 
of efficiency, cost, robustness, scalability, and practicability – conceptual design pathways, material 
choices, and operating approaches1. I review the development of our PEC model framework2. I then show 
how we used this model to design and implement a PEC device with a solar-to-fuel efficiency of 17%. 
Finally, I discuss ongoing scaling approaches by our lab for the design, implementation, and testing of 
these devices, in order to bridge the gap between research and practical application. 
Second, I discuss our work on solar-driven high-temperature electrolysis for the production of fuels. I 
review the techno-economic modeling3, as well as receiver-reactor modeling4 followed by experimental 
demonstration of the approach and an outlook on a more integrated solar-driven thermo-electrochemical 
hydrogen generation. 
I finish by comparing the various solar fuel generation pathways and compare the challenges and future 
pathways of the different, complementing processing routes. 
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Capacitive Deionization (CDI) is a water desalination method based on using an electrochemical cell with 
porous electrodes to store and release ions upon changes in the direction and magnitude of the electrical 
current. Commonly, these electrodes are made of carbon (graphene, nanotubes, activated carbon), but 
nowadays more and more work focuses on the use of intercalation materials, which are non-carbon 
materials where ions are stored in the crystallographic pores of an intercalation host compound.  
 

 
 
Typically in these materials, atoms in the crystal structure change their redox-state upon being charged, 
leading to the adsorption of ions. Common materials include NMO, Prussian Blue Analogues, and 
NASICON, and in these materials only cations adsorb. Here, upon injecting an electron, an atom of the 
crystal structure (often Fe or Mn) is reduced, and an extra cation is adsorbed from solution. Amongst the 
possible cations that can be adsorbed, these materials show a very high selectivity for one or the other. 
Certain intercalation materials favor Na+-adsorption, while others favor K+ or smaller (hydrated) cations. 
 
To describe the relations between cation adsorption, charge and voltage, the Frumkin-Temkin (FT) 
isotherm is of particular use (ref. 1), and this isotherm can be combined with appropriate mass transport 
modeling of intercalation electrodes for CDI (ref. 2). An extended FT-equation also describes the 
thermodynamics of cation mixtures (refs. 3,4). 
 
In this presentation we show experimental and theoretical results for CDI with intercalation electrodes. 
We show experiments in a symmetric cell with two equal cation-adsorbing electrodes in a cell design 
with a single anion-exchange membrane (ref. 3). We use porous electrode theory to investigate 
thermodynamics and transport properties of ions in this system. 
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Most of the scientific studies found in the literature nowadays regarding the application 
of electrochemical technologies for the remediation of polluted soil are carried out at the 
lab scale and sometimes, the conclusions reached are tried to be extrapolated to full-scale 
applications without success. Electrochemical soil remediation behaves as a very 
important and complex mixture of its forming processes, involving not only electrokinetic 
processes but also electrolytic and ohmic heating processes, being the scale very 
important to explain the performance of the technology. In this lecture, the relevance of 
the scale-up is pointed out by comparing the results obtained during the electrokinetically 
assisted soil flushing  (EKSF) coupled with a permeable reactive barrier (PRB) consisting 
of beds of Granulated Activated Carbon (GAC). Likewise, two strategies have been: 
electrokinetic adsorption barrier (EKAB) and reversible electrokinetic adsorption barrier 
(REKAB). Results obtained in this work are compared to those obtained in previous 
works in which Electrokinetic Soil Flushing technology (EKSF) was evaluated, in order 
to check the advantages and drawbacks of using the combined EKSF-GAC PRBs 
technology for the remediation of soils polluted with polar and non-polar organics. 
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Transition metal oxide electrodes have been extensively studied for their peculiar electrocatalytic 
properties, high ion transportation kinetics and electrical conductivity. Most of their properties can be 
attributed to the fact that these elements exhibit multiple oxidation states. These electrode materials have 
been widely investigated either as electrodes for electrochemical treatments or as electrochemical 
capacitors. 
In particular, manganese oxide-based (MnOx) films by combining low cost, environmental compatibility, 
electrocatalytic activity and supercapacitive behavior has been attracting increasing interest for a wide 
range of applications. The use of manganese oxide based electrodes has been limited by the dissolution of 
manganese ions in aqueous media. Moreover, their low electrical conductivity negatively affect the solid-
state diffusion rate of the electrons thus greatly reducing their performance (power and energy density). 
However, they greatly benefit by combination with other transition metals. In fact, the blending of two or 
more transition metal oxides greatly reduces the inactive sites present on the surfaces taking synergetic 
advantages of active materials. 
In the last few years, we have addressed our research towards the development of mixed oxide electrodes 
containing Ru and Mn. The thin films were deposited by means of different techniques on either 
unmodified or micro/nanostructured titanium substrates. Our aim was to determine the electrode material 
with the best electrocatalytic activity, enhanced durability and with a reduced electrogeneration of 
chlorinated by-products in the presence of chlorides. 
In the present work, we investigate the electrochemical behavior of new manganese-based electrodes 
obtained by co-deposition with ruthenium and a third transition metal among Cu (Copper), Fe (Iron) and 
Co (Cobalt). The ternary oxides coated electrodes have been prepared by thermal decomposition on 
titanium substrate from alcoholic solutions. 
Surface morphology and crystal structure have been studied by scanning electron microscope (SEM) and 
X-ray diffraction (XRD). Chemical composition of materials have been analyzed by X-ray energy 
dispersive spectroscope (EDS). Moreover, their electrochemical behavior was evaluated by 
potentiodynamic polarization curves, cyclic voltammetry and impedance spectroscopy (EIS) while their 
durability has been assessed by accelerated life 
tests. The so-obtained electrodes have been then 
used either as electrodes in anodic process or as 
electrodes for possible use in supercapacitive 
devices. In the first case, the materials were 
analysed for oxidation ability and tendency to 
electrogeneration of dangerous by-products in 
the presence of chlorides. In the second case, the 
materials have been tested for their super 
capacitive behavior through tests of specific 
capacitance and charge–discharge curves at 
different current density. 
The effect of the composition of the ternary 
mixture on the characteristics of the electrode 
has been finally discussed. 
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Fig. 1. Cyclic voltammetries of different mixed 
electrodes in aqueous solution containig Na2SO4 and 
NaCl (total concentration 0.1 M) 
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Nowadays the development of primary Mg-air batteries attracts attention because of its high theoretical 
voltage and energy density. Primary Mg-air batteries can be an alternative power source for electric vehicles, 
remote devices and especially for marine applications. Unfortunately, the commercialization of primary 
Mg-air batteries is still limited due to self-corrosion and surface blockage of anodes during discharge in 
aqueous electrolytes. Therefore, to promote the application of primary Mg-air batteries, novel Mg anodes 
should be developed. Ca has more negative electrode potential than Mg, and it is fully environmentally 
benign. Hence, it is reasonable to believe that the addition of Ca might improve the discharge properties of 
Mg anodes. 

In this work, the possibility of Mg-Ca alloys as anodes for primary Mg-air batteries was evaluated. The 
effect of Ca content on self-corrosion and discharge performance of Mg anode was investigated. The 
composition of Mg-Ca alloys was optimized in terms of reduced self-corrosion rate and improved discharge 
performance. Additionally, basic characteristics of primary Mg-air battery with optimized Mg-Ca alloy as 
anode were tested and compared to those based on defined commercial Mg alloys. 

The results indicate that the additions of low amounts of Ca can improve the self-corrosion and discharge 
performance of Mg anode, because 1) Ca is more electronegative than Mg and 2) the addition of Ca into 
Mg causes grain refinement. As Ca content increases, the self-corrosion rate of Mg-Ca alloys increases and 
the discharge performance becomes worse due to the increasing Mg2Ca phases. Mg-0.1wt.% Ca alloy is 
selected as the optimal composition of Mg-Ca anode. Primary Mg-air battery with Mg-0.1wt.% Ca alloy as 
anode shows superior discharge properties, including higher cell voltage and higher specific energy density 
compared to those based on high purity Mg and several commercial Mg alloys.  
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In the field of Capacitive Deionization (CDI) it has become a common notion that constant current (CC) 
operation consumes significantly less energy than constant voltage operation (CV). Arguments in support 
of this claim are that in CC operation the endpoint voltage is reached only at the end of the charging step, 
and thus the average cell voltage during charging is lower than the endpoint voltage, and that in CC 
operation we can recover part of the invested energy during discharge. Though these arguments are 
correct, in the present work based on experiment and theory, we conclude that in operation of a well-
defined CDI cycle, this does not lead to the general conclusion that CC operation is more energy efficient. 
Instead, we find that without energy recovery there is no difference in energy consumption between CC 
and CV operation. Including 50% energy  recovery, we find that indeed CC is more energy efficient but 
also in CV much energy can be recovered. Important in the analysis is to precisely define the desalination 
objective function, such as that per unit total operational time -including both the charge and discharge 
steps- a certain desalination quantity and water recovery must be achieved. Another point is that also in 
CV operation energy recovery is possible by discharge at non-zero voltage. To aid the analysis we present 
a new method of data representation where energy consumption is plotted against desalination. In 
addition, we propose that one must analyze the full range of combinations of cycle times, voltages and 
currents, and only compare the best cycles, to be able to conclude which operational mode is optimal for a 
given desalination objective. We discuss three methods to make this analysis in a rigorous way, two 
experimental and one combining experiments and theory. We use the last method and present results of 
this analysis. 
 
 

 
Figure 1: Energy consumption per mol of salt removed as function of desalination. A) without and B) 
with 50% energy recovery, based on a large sweep of calculated conditions to find the lower boundary for 
either CC or CV operation (water recovery 50%) 
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It has been revealed in our previous studies that the nano/amorphous hybrid oxide consisting of 
nano RuO2 in amorphous Ta2O5 matrix, which is prepared by thermal decomposition of a precursor 
solution containing Ru(III) and Ta(V), has a high catalytic activity for oxygen evolution in acidic aqueous 
solutions and is possible to significantly reduce the cell voltage of metal electrowinning compared to the 
case of using traditional lead alloy anodes [1-4]. The amorphous Ta2O5 matrix works to suppress the 
crystal growth and agglomeration of RuO2, resulting in generation of nano RuO2 in the amorphous phase, 
and is known to have no electrocatalysis for oxygen evolution. While the size of highly catalytic RuO2 
particles in the hybrid oxide is known to be less than 50 nm [4], the effects of the particle size within this 
range, e.g., from 1 nm to 20 nm, on the kinetics of oxygen evolution have been unknown. In this work, 
we developed the method to prepare different sizes of RuO2 nano-particles without amorphous Ta2O5 
matrix by thermal decomposition and investigated the electrochemical kinetic parameters such as the 
active surface area and Tafel slopes for oxygen evolution.  

Nano RuO2 coatings were formed on titanium substrates by thermal decomposition of the 
precursor solution containing RuCl3 or Ru(NO3)3 in 1-butanol or ethanol, in which thermal decomposition 
was carried out at a temperature ranging from 250 oC to 550 oC for 1 min to 20 min. Some RuO2/Ti 
electrodes were re-calcined at 250 oC, 360 oC, or 500 oC to change the particle size of RuO2. XRD and 
SEM were used for crystallographic structure and surface morphology analyses of the RuO2 coatings, and 
electrochemical measurements by cyclic voltammetry and linear sweep voltammetry were performed with 
a conventional three-electrode cell with a KCl-saturated Ag/AgCl reference electrode and a platinum 
plate counter electrode. The electrolyte was 2.0 mol/L H2SO4 solutions at 40 oC. 

SEM observation revealed that the electrode prepared by thermal decomposition of the precursor 
solution containing Ru(NO3)3 in ethanol at 250 oC for 5 min, followed by re-calcination at 250 oC for 3 
min, comprised 5.6 nm of RuO2 particles, while the electrode prepared using the same precursor solution 
by thermal decomposition at 260 oC for 5 min consisted of 6.8 nm of RuO2 particles and the particle size 
changed to 21.2 nm by re-calcination at 500 oC for 30 min. Tafel slopes obtained from the linear sweep 
voltammograms with those electrodes revealed that Tafel slope decreased from 44 mV/dec to 35 mV/dec 
with the change in RuO2 size from 21.2 nm to 5.6 nm, indicating that the electron transfer rate is 
influenced by such a nanoscale change of RuO2. The cyclic voltammograms also demonstrated that the 
double layer charge increased with decreasing RuO2 size, suggesting that the active surface area increases. 
Therefore, the change in nanoscale size of RuO2 affects not only the electron transfer rate but also the 
mass transfer rate of oxygen evolution. More detailed results are shown in this paper. 
 
This work was partly supported by JSPS KAKENHI Grant Number JP17K06869 and Iketani Science and 
Technology Foundation. 
 
References 
1. K. Kawaguchi and M. Morimitsu, The 66th Annual Meeting of The International Society of 

Electrochemistry, Taipei (2015). 
2. K. Kawaguchi and M. Morimitsu, Journal of MMIJ, 131, 129 (2015). 
3. T. Zhang and M. Morimitsu, Proc. of Electrometallurgy 2012, TMS, pp. 29-34 (2012). 
4. T. Zhang and M. Morimitsu, Journal of MMIJ, 131, 572 (2015). 



Spontaneous Hydrogen Sulfide Splitting 
Using Geometrically Optimised Photo-electrodes 

 
Franky Bedoya-Lora, Nick Farandos, Anna Hankin, Geoff Kelsall 
Department of Chemical Engineering, Imperial College London, 

South Kensington, London SW7 2AZ, UK 
f.bedoya@imperial.ac.uk 

 
Photo-electrochemical reactors for solar-powered production of fuels, such as hydrogen (and oxygen) 
from water, are potentially attractive for de-carbonising electrical power generation and enabling energy 
storage, to address the diurnality and intermittency of solar energy. The splitting of less ubiquitous 
reactants, involving more thermodynamically and kinetically favourable reactions, has been far less 
researched. While the feasibility of splitting H2S has been reported [1], no process has been developed, 
inter alia, for want of adequate photo-anode materials, until hematite photo-anodes were found to be 
highly stable [2]. Such a process for hydrodesulfurisation of petroleum products could be applied in 
petroleum refineries worldwide, obviating CO2 emissions from steam reforming of methane, producing 
the H2 for desulfurisation reactions and simultaneously oxidising highly toxic and corrosive H2S, 
ultimately to elemental sulfur: 

Gas absorption: ( )2 2n H S OH HS H O− −+ ⎯⎯→ +  (1) 

Photo-activation: ( )( )  absorption  

recombination
( , )2 2 VB CBSemiconductor h Semiconductor h en  + −+ ⎯⎯⎯⎯→− ⎯⎯⎯⎯⎯

 (2) 

Oxidation: ( ) 2
22 2 VB nnHS nOH n h S nH O− − + −+ + − ⎯⎯→ +  (3) 

Reduction: ( ) ( ) ( ) ( )2 22 2 2 2 1 2 2CBn H O n e n H n OH− −− + − ⎯⎯→ − + −  (4) 
Aerial oxidation: 2

2 20.5 2nS O H O nS OH− −+ + ⎯⎯→ +  (5) 
Overall: ( ) ( )2 2 2 20.5 2 2 1nH S O n h nS H O n H+ + − ⎯⎯→ + + −  (6) 

As specified in the Figure caption, the photo-electrochemical reactor incorporated a CuO photocathode, 
Nafion membrane and a SnIV-doped Fe2O3 photo-anode, without the need of chemical loops [3] or 
intermediate species. Under illumination and without external applied bias, the planar photo-electrodes 
produced initial photocurrents densities of 3 A m-2 that decayed in the first 15 minutes to a stable value of 
1.5 A m-2. 

 
Figure 1. (a) Linear voltammograms under chopped light for photo-anode Ti | SnIV-doped α-Fe2O3 | 1 M 
NaOH + 0.5 M Na2S (red data) and photo-cathode FTO | CuO | 1M NaOH (blue data), 10 mV s-1 and 
Xenon arc lamp ca. 1000 W m-2. (b) Chronoamperogram without applied bias (spontaneous) of the 
system Ti | SnIV-doped α-Fe2O3 | 1 M NaOH + 0.5 M Na2S | Nafion | 1 M NaOH | CuO | FTO. 

 
Both photo-electrodes were characterised in terms of electron-hole and bulk recombination rates, flat 
band potentials and donor densities, values of which were input to a model, which was used to predict the 
reactor performance for spontaneous hydrogen sulfide splitting. Lastly, the model was used to optimize 
the geometries of perforated photo-electrodes, aiming to decrease inhomogeneities in current density 
distributions, ohmic losses through the perforations, and H2-Sn

2- product crossover rates.  
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Glycerol partial electrooxidation to produce various chemicals has attracted a great amount of attention in 
the last years [1]. Glycerol is the main byproduct of biodiesel production from vegetable oils and animal 
and/or waste fats and for each 10L of biodiesel one liter of glycerol is produced.  As biodiesel production 
increases, the overproduction of glycerol becomes problematic. Currently, glycerol overproduction 
largely exceeds its consumption in food, tobacco, cosmetics, etc. industries, therefore glycerol 
valorization represents an advantageous avenue for its utilization. Glycerol electrooxidation reaction 
(GEOR) without C-C-C bond cleavage leads to the formation of a large number of high value-added 
chemicals [2]. The control of catalyst selectivity and activity could be achieved through formulation of 
novel, nanostructured electrocatalysts [3]. Nickel is an attractive material for glycerol electrooxidation in 
alkaline media [4, 5], due to its natural abundance and good stability in alkaline media. Designing 
nanostructured 3D Ni electrodes could enhance the catalytic activity of Ni, whereas its selectivity could 
be altered by addition of small amounts of the second metal [1].  
 
In the present work, glycerol electrooxidation reaction (GOR) was investigated on Ni-based mono and bi-
metallic NixPd1-x (x = 95, 90 80) and NixBi1-x (x = 98, 95 at. %) nanoparticles in 1M KOH. Ni 
nanoparticles were synthesized using polyol method in the presence of hydrazine. Variation of NaOH 
concentration during the synthesis resulted in formation of the shape-controlled triangular and urchin-like 
Ni NPs. Triangular Ni NPs were synthesized at lower concentrations (1M NaOH), while Ni urchins were 
fabricated at higher NaOH concentration (0.5M NaOH). Resulting Ni-based NPs were characterized 
using XRD, SEM, TEM, EDS mapping and HAADF imaging. Electrochemical measurements were 
carried out on Ni-based NPs using cyclic voltammetry (CV), chronoamperometry (CA) and linear sweep 
voltammetry (LSV) at room temperature. Results showed that Ni, NiPd and NiBi NPs are active for 
GEOR and that reaction proceeds through the formation of NiOOH active phase similar to bulk Ni 
electrodes [4]. Among all investigated NPs, Ni80Pd20 showed the highest current density at lower 
overpotentials toward glycerol electro-oxidation. Chronoamperommetry coupled with in-situ polarization 
modulation infrared-reflection absorption spectroscopy (PM-IRRAS) for the simultaneous analysis of 
products on the Ni surface and in the bulk electrolyte solution demonstrated that the main reaction 
products on Ni surface are glyceraldehyde, carbonyl, carboxylate ions and some carbon dioxide. Addition 
of small quantities of Bi (2 and 5 at. %) to Ni significantly altered the product selectivity of GEOR 
facilitating tartonate production, which is attributed to C{O stretching of C-COO- at 1718 cm-1.   
 
The correlation of electrocatalytic activity and selectivity with nanoparticle shape, size, surface and bulk 
composition, as well as structure of Ni-based nanoparticles will be discussed in terms of mass activities 
and product distribution during GEOR. 
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As one of the most important chemicals and fertilizer sources, ammonia has a worldwide annual 

production of 150 million tons, and is mainly produced by the conventional high temperature and high-
pressure Haber-Bosch process, which is responsible for the massive energy consumption and CO2 
emissions. In contrast, wastewater contains a huge amount of ammonia pollutants that will result in severe 
environmental impacts and require lots of efforts to be removed. Therefore, recovering ammonia from the 
wastewater appears to be an excellent alternative to tackle these problems, considering the potential 
economic and environmental benefits. Here, we report a novel ammonia recovery and fertilizer 
production technique designated as “capacitive electrochemical ammonia stripping (CapAmm)”, which 
simply integrated a flat-sheet gas permeable membrane module into the flow-electrode capacitive 
desalination (FCDI) cell. In this system, ammonium was selectively concentrated in FCDI cathode 
chamber and transformed into dissolved NH3 under the high cathode pH condition, followed by the 
subsequent stripping by the gas membrane and harvest as ammonium fertilizer (for example, as 
(NH4)2SO4). The CapAmm cell exhibited excellent ammonia removal efficiency (90%) and recovery 
efficiency (70%) under a low energy consumption. Moreover, it was found that the cell exhibited an 
excellent salt removal and ammonia recovery performance after 5 operation cycles, with 20 times 
ammonia concentrated as the fertilizer. These results thus suggest that the CapAmm system could be a 
feasible and energy-saving technology to realize multifunction like ammonia capture as well as saline 
water desalination, especially when powered by sustainable energy source,  i.e., solar, wind and hybrid 
solar-wind systems. 
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Scheme 1 Schematic representations of (a) the capacitive membrane stripping for ammonia recovery 
(CapAmm), (b) ammonia migration, transformation, and recovery in the CapAmm system. 
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We report on selective separation of monovalent and divalent cations (Na+ and Mg2+) and anions (Cl- and 
SO4

2-) from aqueous solutions using the flow electrode capacitive deionization (FCDI) process, operated 
with ion-exchange and nanofiltration membranes (NF) and a single flow electrode to prevent significant 
pH fluctuations [1] which can destroy the NF270 membrane and allows continuous operation of the FCDI 
process, as shown in Figure 1. 

 
Figure 1: Flow-electrode capacitive deionization with a nanofiltration membrane (NF-FCDI) and a single 
flow electrode applied for the investigation of monovalent and divalent ions separation; (A) The NF-
FCDI assembly used for the selectivity separation of cations; and (B) The NF-FCDI assembly used  
for the selectivity separation of anions. 
 
For the selective separation of cations and anions the FCDI module was operated with an NF membrane 
(NF270) and an anion-exchange or cation-exchange membrane, respectively, at varying applied cell 
potentials (0.6, 0.8 and 1.23 V) and initial mono- to di-valent ions molar concentration ratios of 1, 10 and 
20. To decrease the NF270 membranes’ electrical resistance it was immersed in a 100 mg/l sodium 
dodecyl sulfate (SDS) solution for 24 hours. Electrochemical impedance spectroscopy (EIS) 
measurements were performed in a two-electrode cell specially built to measure the electrical resistance 
of the NF270 membrane before and after the pre-treatment procedure. A significant 20-fold decrease in 
the membrane resistance, from 57.64 to 3.32 (Ω) was measured. This pre-treatment method allows us to 
use the NF270 and potentially other membranes in CDI based reactors while maintaining adequate 
current for reasonable desalination rate [2]. 
The permselectivity of the NF270 membrane, calculated as a ratio between measured ionic fluxes, was 
found highly dependent on the initial molar concentration ratios of the mono- to the di-valent ions. 
Concentration-normalized Na+ to Mg2+ permselectivity was 0.69-1.04, indicating that the NF270 
membrane does not pose selectivity for the separation of sodium and magnesium in the studied process. 
Conversely, the concentration-normalized permselectivity between Cl- and SO4

2- was found between 1.28 
and 7.03 depending on the applied cell potential, indicating high potential for implementing the proposed 
NF-FCDI method for selective separation of anions, either in CDI based application or any other 
membrane based electrochemical processes. 
 
[1] Nativ, P.; Badash, Y.; Gendel, Y. New insights into the mechanism of flow-electrode capacitive 
deionization. Electrochemistry Communications 2017, 76, 24-28. 
[2] Nativ, P.; Lahav, O.; Gendel, Y. Separation of divalent and monovalent ions using flow-electrode 
capacitive deionization with nanofiltration membrane. Desalination 2018, 425, 123-129. 
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In recent years a renewed interest in developing metal air batteries has arisen, driven by the 
advances in nanomaterials research that could bring metal air batteries closer to their theoretical specific 
energy density. For the particular case of the iron-air battery a theoretical energy density of 764 Wh-kg-1 
in combination with the abundance, low cost, eco-friendliness, recyclability, non-toxicity of the materials, 
and the possibility to work as a secondary battery makes this electrochemical system appealing to develop 
[1].  

Nevertheless, there are several challenges that requires to be improved such as the development 
of a high efficient iron electrode formulation that reduces the amount of parasitic hydrogen evolution 
during charge, with a highly porous structure; the development of a good performing bifunctional gas 
diffusion electrode [2] and the design of a lightweight battery cell design that reduces ohmic losses, 
electrolyte leaks, allow sufficient air supply to the gas diffusion electrodes and allows evolved gas to be 
vented [3]. 

More particular challenges related to the performance of the iron electrodes includes the 
passivation of the iron electrode at high discharge rates and the low faradaic efficieny due to the parasitic 
H2 evolution that takes places during the charging process. The engineering of the electrodes in an 
efficient way to avoid adding extra weigth and a way to eficciently supply air are challenging engineering 
design aspects that have to be addressed to achieve a new level of development. 

In this work, the individual iron and air electrodes performance in half-cell configurations will 
be presented together with a comparison between various iron electrode formulations and some 
considerations about the engineering design of an iron air battery using additive manufacturing.  
 
 

 
Figure 1: Typical charge-discharge profile of 
the IAB at 10 mA cm2 or 0.1 A g-1Fe or 
C/12 rate. 
 

 
Figure 2: CAD design of the 3D printed IAB cell used to test the 
electrode materials.  
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Secondary batteries employed as grid-scale energy storage systems are attractive to address the so-called 
generation versus consumption issue which is inevitably connected to the use of energy from naturally 
fluctuating renewable sources and the so-called Terawatt Challenge by 2050. Aqueous Na-ion batteries, 
in contrast to conventional Li-ion batteries, meet the economic demands, safety requirements and are 
environmentally more benign[1,2]. Among different types of electrode materials for those classes of 
batteries, so-called Prussian Blue Analogues (PBAs) are very attractive due to their comparatively simple 
and low-cost methods of synthesis coupled with a promising cycle performance. A state-of-the-art PBA 
battery materials, electrodeposited Na2Ni[Fe(CN)6] (NiHCF) thin films, were tested under simulated 
battery conditions in aqueous and mixed (H2O/organic) electrolytes[3]. Prolonged stability tests in aqueous 
electrolytes were performed together with in-operando electrochemical AFM monitoring. Further 
supported by XRD analysis, it is demonstrated that degradation of this material is not associated with 
noticeable morphological changes (mechanical stress). On the contrary, degradation is likely caused by 
changes in the chemical composition of the films. Intercalation and de-intercalation reversibility of Na+ 
and thin film stability in aqueous electrolytes do not appear to be negatively affected by changes in the 
pH to values below 7. However, the films showed unstable behavior in alkaline media (pH > 10). Such 
electrolytes promote the degradation. Increasing the content of acetonitrile, which was used as an additive 
to simulate the influence of antifreezes in aqueous electrolytes, appears to primarily affect the de-
intercalation of Na+-ions in Na2SO4-based aqueous electrolytes [3].  

(B)(A) (C)

 
Figure 1: Aging of electrodeposited NiHCF thin film cathodes upon repeated (dis)charging appears not to 
result from mechanical degradation induced by changes in lattice parameters, but rather to be induced by 
changes in the chemical composition. Supposedly, (A) adsorbed OH- (B) reacting with exposed nickel 
sites leads to (C) extraction of iron centers, the sources of the driving force for (de-)intercalation.  
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We discuss the “flow efficiency” as an underappreciated loss mechanism inherent to cyclic capacitive 
deionization (CDI) operation. The flow efficiency parameter is defined to reflect the fact that desalinated 
water inside a cell is partially lost to re-salination if desorption is carried out immediately after 
adsorption. This efficiency is distinct from and yet multiplicative with other highly-studied adsorption 
efficiencies, making it an important effect underlying performance. Flow efficiency losses can be 
minimized by flowing more feed solution through the cell; however, this also results in less effluent 
concentration reduction due to mixing with the feed. We show that the flow efficiency concept is a key 
tool for identifying the diverse loss processes occurring during desalination, understanding the 
performance of different operation modes, and recognizing the key scaling factors that underlie the 
operational response. Work at LLNL was performed under the auspices of the US DOE by LLNL under 
Contract DE-AC52-07NA27344. 
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Hydrogen peroxide (H2O2) is one of the most versatile and cleanest chemical oxidants 
since its decomposition gives only water and oxygen as reaction products. The production 
of H2O2 is an expanding market with a number of classic and new applications such as 
bleaching agent, production of propylene oxide (HPPO process), electronics, 
pharmaceutical synthesis or wastewater remediation, among others. 
 
In this communication, we present a novel electrolyzer to produce H2O2 in situ in a one-
pot electrically-powered reactor via two-electron oxygen reduction. The prototype 
integrates different technological solutions to improve the efficiency and cost-
effectiveness of the process. Figure 1 shows a scheme and some highlights: 

 
Figure 1. Scheme of the prototype and highlights 

 
In particular, the prototypes combines a microfluidic flow-through (MF-FT) cell [1] with 
a pressurized-jet aerator [2].  
 
The MF-FT layout allows a simultaneous minimization of ohmic drops in the electrolyte, 
thanks to the use of an extremely narrow inter-electrode gap (150 µm), and a 
maximization of mass transfer due to the use of 3D electrodes fed in flow-through. A 
state-of-the art Duocel® Metallic foam with a catalytic deposition of carbon black and 
PTFE is used as cathode. On the other hand, the pressurized-jet aerator supplies high 
oxygen flow rates at moderated pressures thanks to the synergistic combination of a 
pressurized circuit and a jet aerator.  
 
The influence of aeration conditions, current density, electrolyte concentration and 
cathode size are studied. Comparison with bibliography confirmed the cost-effectiveness 
of the system considering that the electrical energy consumption of 3.65 kWh kg H2O2

-1 
at 10 mA cm-3 in 0.05 Na2SO4 is the lowest reported so far in neutral-acid medium.  
 
[1] J.F. Pérez, J. Llanos, C. Sáez, C. López, P. Cañizares, M.A. Rodrigo, A microfluidic flow-through 
electrochemical reactor for wastewater treatment: A proof-of-concept, Electrochem. Commun., 82 (2017) 
85-88. 
[2] J.F. Pérez, J. Llanos, C. Sáez, C. López, P. Cañizares, M.A. Rodrigo, The pressurized jet aerator: A new 
aeration system for high-performance H2O2 electrolyzers, Electrochem. Commun., 89 (2018) 19-22. 
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Chemical fuels produced with renewable energy could solve several issues related to the intermittency of 
the renewable energy sources. Hydrogen production with solar powered electrolysis is a central topic in 
this research field. Compared to connection through power electronics, direct coupling of photovoltaics 
(PV) and electrolyser could benefit from cost savings in components and the use of thermal coupling to 
boost the performance of both components. The opposing performance trends of the components also 
mean, for instance, that the overall efficiency can conceivably both increase and decrease with increasing 
temperature [1, 2]. We present an electric circuit model of our prototype device, consisting of three series-
connected crystalline silicon PV cells directly coupled to an alkaline (KOH) electrolysis cell with nickel 
mesh –based electrodes. As the most common PV material, silicon is very likely to be used also in PV-
electrolyser systems, increasing the importance of understanding the related trends and limitations. Our 
modeling approach allows for fast exploration and study of performance trends over a wide range of 
operating conditions. Understanding the behavior of the studied device and recognizing the properties 
affecting it also allows systematic development. For example, increasing light intensity increases both the 
photocurrent and the device temperature. While the increased photocurrent is beneficial, the increased 
temperature decreases both the maximum power point voltage (VMPP) and the thermodynamic voltage 
requirement of the reaction (from the Gibbs free energy, VGibbs). For the kinetic overpotentials, VMPP 
should be larger than VGibbs, but not by too much. Consequently, VMPP reducing faster than VGibbs could 
eventually limit the operation, and increasing the electrode size (or improving the catalytic activity) 
increases the light intensity of this point by reducing kinetic losses (Figure 1. A). Therefore, while light 
concentration can improve device performance, it could also have an adverse effect in some cases.  
 

 
Figure 1. A) The light intensity at the optimal operating conditions as a function of the size of a 

square nickel mesh electrode B) The difference between the voltage at maximum power  
generated by the photovoltaic module, VMPP, and the thermodynamic voltage requirement of the 
electrolyser, VGibbs, as a function of incident irradiance G and ambient temperature T. 
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Capacitive deionization (CDI) is a fast-developing technology with primary applications in 
wastewater remediation, brackish water desalination, and water softening. Electric double layer (EDL) 
models have been extensively used to predict characteristics of CDI electrodes, such as salt storage capacity, 
salt adsorption rate, and charge storage.1 Such models incorporate ion valence effects, yet typically treat 
ions as point particles and thereby neglect ion volume exclusion interactions in the electrode micropores. 
Therefore, these models do not predict preferential adsorption in mixtures with only monovalent species 
present, despite mounting experimental evidence that the smaller ions are selectively adsorbed.2 A thorough 
understanding of selectivity would be highly useful for complex wastewater and agricultural systems in 
order to facilitate the removal of undesirable species (e.g., excess sodium or heavy metals) while retaining 
desirable minerals (calcium and magnesium). 
 

Recent work by Suss incorporated volume exclusion interactions into a single-electrode 
equilibrium CDI model and fitted it to experimental data using the ion radius as an adjustable parameter.2 
The work we present here extends the model of Suss to a two-electrode system and validates it for a range 
of charging voltages in a system of potassium chloride and lithium chloride salts. As shown in Figure 1, 
our measured selectivity factor for (smaller) potassium vs. (larger) lithium at 1 V matches closely the 
theoretical results for an adjusted ion diameter di = 1.3dh,i, where dh,i is the hydrated ion diameter (Fig. 1, 
diamonds).  Data from three other experimental works are also presented in Figure 1, also demonstrating 
selective removal of the smaller ion (potassium or chloride). Further, novel mechanisms for boosting ion-
size based selectivity will be presented, and possible applications in wastewater removal and liquid phase 
separations will be analyzed and discussed. 
 

 
Figure 1: Plot of experimentally-observed separation factors for several monovalent ion systems (solid 
filled markers) with model results for di = 1.3dh,i (dashed open markers) and di = dh,i (solid open markers). 
K+/Li+ data is from the current work at 1 V charge. Sources of Cl-/F- and K+/Na+ data are refs. 23, 27, and 
31 in Suss.2 
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The increase of resources and water consumption due to the industrialization throughout the world make 

it interesting to develop ion separation technologies from salt water such as brine lakes, seawater, and 
industrial wastewater. Nowadays, the desalination, adsorption, and membrane processes are widely used 
for ion separation, however, those conventional technologies require high energy and operation cost. 
Therefore, it is necessary to develop an alternative ion separation technology that is efficient and 
economic. In this study, we investigated the energy efficient and eco-friendly ion separation process using 
battery system. The system consists of a battery electrode and operates similar way to secondary batteries 
as shown in Figure 1, and ions in the solution are extracted and released by the reaction with battery 
materials. The performance of electrochemical ion separation technologies showed in this study exhibited 
high specific ion selectivity, large ion removal capacity, and eco-friendly process without chemical 
adding during the operation. Furthermore, the energy efficiency of these systems is high because of the 
energy recovery during a discharging step. These performances indicating that the technologies could be a 
promising ion separation process with optimization and enhancement of the stability of battery materials. 

 
 
 

 
Figure 1. Schematic of electrochemical ion separation technologies using battery materials.  
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Lithium demand is expected to strongly grow in the near future, as a consequence of the envisaged 
increase of battery production for stationary energy storage and electromobility. Lithium is mostly 
produced from salt lakes located in South America by means of evaporation. This method led to a huge 
water consumption, a large amount of chemical waste production and a strong environmental impact. The 
electrochemical ion pumping was proposed as an environmentally friendly alternative to recover lithium 
faster. It consists in capturing lithium ions from a feed solution by intercalation in a lithium selective 
material, followed by releasing them into a recovery solution; both steps are driven by the passage of 
current. 
With the aim of spreading the lithium production to European sites, we have investigated the limitations 
of the “electrochemical ion pumping" in terms of energy losses (overvoltages) and captured lithium from 
lithium sources with concentrations down to 1 mM. In order to do so, we used a flow-through 
electrochemical cell, Lithium Manganese Oxide (LiMn2O4) as lithium-selective material and Nickel 
Hexacyano Ferrate (NiHCF) as lithium-escluding material. We investigated how the flow rate of the 
electrolyte influences the process of lithium capturing, in particular its influence on the amount of 
captured lithium in each cycle, and concluding that the limiting step of the process is the diffusion of the 
ions in the liquid phase. We took  also into account the energy consumption for the pumping process, 
relating it to the cost of the captured lithium. 
In order to furtherly improve the efficiency, we investigated the parameters that can be tailored for 
improving the performances of the process to recover lithium from 1mM sources, such as the mass 
loading of the capturing electrode and the applied current. 
The results, displayed in the graphs, shows that increasing the mass loading, the percentage of captured 
lithium with respect to the total capacity of the electrode increases, thus leading to the conclusion that the 
distribution of pore size and of the solid mass in the current collector is an important parameter of the 
process. 
The applied current is also an important parameter for the process optimization, indeed decreasing it, an 
increase of the performances in terms of captured lithium is also occurring.  
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As electrochemistry is a surface reaction, the reagents have to be transported sufficiently fast enough 
towards the electrode surface to not limit the reaction speed. If not, the transport of reagents or mass 
transport is the limiting factor, reducing the reaction speed and efficiency of the electrochemical reactor 
[1]. Under limiting current conditions, a stagnant boundary layer forms at the electrode-electrolyte 
interface. The thickness of this stagnant boundary layer determines the limiting current-potential 
relationship [2]. Reducing this stagnant boundary layer is the foremost objective when designing an 
electrochemical reactor. Typically, flat electrodes are used in combination with turbulence promotors to 
reduce this boundary layer.  
 
Using additive manufacturing, new electrodes with 
functional geometries can be fabricated. Combining the 
properties of static mixers with the functionality of 
electrodes yielded unprecedented enhanced hydro-
dynamics [3]. Here we prove that such geometries, 
when made electrically conductive, can act as 
electrodes with improved mass transport properties. To 
rapidly screen such electrode mixer geometries, a low-
cost prototyping method was developed, referred to as 
indirect 3D printing (Fig. 1). With standard 3D printing 
technology (Ultimaker 3), molds of any envisioned 3D 
design could be printed with a resolution of a200 µm. 
Filling the mold and subsequently removing the mold 
after a curing period of 24h yielded a mechanically 
stable green part, ready for sintering. 
 
Derived from static mixer geometries and repetitive unit 
cell geometries, mixer electrodes in metallic nickel 
were printed using this method, housed in an 
electrochemical reactor and characterized by measuring 
the limiting current, using the ferri/ferro reaction. With 
increasing  applied  potentials  a  limitation  of  diffusion 

 
Figure 1: Representation of the indirect 3D 
printing method. 

developed. In this regime mass transfer was rate determining, allowing to quantify the mass transfer 
coefficient. Doing so, electrode mixers have been fabricated that shift the limiting current plateau with over 
70%. At the one hand this is attributed due to shear forces disrupting the stagnant boundary layer, at the 
other hand as no longer a turbulence promotor or even a spacer is required the inter-electrode distance can 
be reduced to sub-millimeter range, having a beneficial impact on the ohmic resistance. 
 
Using mixer-electrodes mass transport was intensified, increasing the achievable limiting current density.  
 
References 
1.  D. Pauwels, B. Geboes, J. Hereijgers, D. Choukroun, K. De Wael, T. Breugelmans., The 

application of an electrochemical microflow reactor for the electrosynthetic aldol reaction of 
acetone to diacetone alcohol. Chem. Eng. Res. Des. 128, 205–213 (2017). 

2.  C. J. Brown, F. C. Walsh, J. K. Hammond, D. Robinson, Local mass transport effects in the 
FMO1 laboratory electrolyser. J. Appl. Electrochem. 22, 613–619 (1992). 

3.  J. Lölsberg, O. Starck, S. Stiefel, J. Hereijgers, T. Breugelmans, M. Wessling, 3D-Printed 
Electrodes with Improved Mass Transport Properties. ChemElectroChem. 4, 3309–3313 (2017). 



Design of Novel Redox Flow Batteries 
 

Federico Poli, Alessandro Brilloni, Francesca De Giorgio, Francesca Soavi 
BETTERY S.r.l., 74016 Massafra (TA), Italy 

Alma Mater Studiorum University of Bologna, 40132 Bologna, Italy 
 federico.poli@bettery.eu 

info@bettery.eu 
 

Redox flow batteries (RFBs) are playing a key role for an efficient use of renewable energy sources. One 
of the main advantages of RFBs is their design flexibility, the possibility of decoupling energy and power 
and to decrease the number of inactive components. However, conventional RFBs with aqueous electrolytes 
exhibit energy density that are 5 times lower than the best marketed Li-ion batteries. In order to increase 
energy and power of RFBs and to open new markets and applications for these systems advancements in 
materials, design and concepts with attention to costs, safety and reliability are required. The main strategies 
are the use of i) light, solid metal anodes like lithium, ii) 𝑂2 (air) based catholytes, iii) organic electrolytes 
and active species to increase cell voltage above 2 V and to widen temperature operation, iv) semi-solid 
anolyte and/or catholyte, even featuring powders used in Li-ion batteries, to circumvent the active materials 
solubility issues of conventional RFBs. Flow batteries inherently need a smart cell design capable to 
maximise the power output and minimize the power loss related to the flow. This is particularly important 
in the case of viscous fluidic electrodes, such as those displaying organic electrolytes and dispersed 
powders. Here we report about the evaluation of the pressure drops through laboratory cell prototypes of 
flow-𝐿𝑖/𝑂2 cells. The experimental work and the fluid dynamic analyses of the flow frame of the cell 
provided indications on design strategies to be followed to maximize performance of next generation 
lithium based RFBs even by low-cost approach like additive manufacturing. 
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As a new generation of water treatment technologies, processes for energy efficient water desalination have 
emerged based on reversible electrochemical reactions such as capacitive deionization (CDI). CDI technologies 
rely on ion electrosorption and the adaption of highly developed carbon materials, such as carbon aerogels, carbon 
nanotubes, graphene, or activated carbons.[1] The primary challenges of CDI technologies are low salt uptake 
capacity (15-25 mg/g) and co-ion repulsion in highly concentrated saline water (>100 mM).[2] The latter is 
responsible for the low charge efficiency which is closely related to overall energy efficiency of the process. As 
a novel concept to overcome these issues, materials containing metal oxides have been applied leading to a variety 
of new systems like battery-like,[3] pseudocapacitive,[4] and hybrid desalination[5]. Faradaic processes at the 
interface between the electrode containing metal oxides and electrolyte allow a higher desalination capacity. Metal 
oxide decoration on nanocarbon also enhances the CDI performance stability even in oxygen saturated aqueous 
media via modification of the oxygen reduction reaction.[6] 
 
In this work, we introduce novel carbon/metal 
oxide hybrid materials for desalination of highly 
concentrated saline water. We will address 
distinctive features of the various type of Faradaic 
reactions such as intrinsic and extrinsic 
pseudocapacitance and redox kinetics. 
Additionally, the material properties will outline 
the importance of adjusting operating voltage 
window for the nanohybrid electrode to avoid 
electrochemical degradation. The latter is a serious 
issue not only for carbon materials but also metal 
oxides in aqueous media causing health and 
environmental problems. The obtained system 
performance is benchmarked for a range of 
various electrolyte concentrations regarding salt adsorption capacity, salt adsorption rate, charge efficiency, and 
overall energy consumption. 
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Abstract 
Renewable energies play an increasingly important role as power sources due to the turnaround in energy 
policy towards sustainability. Since both, the electricity supply and demand, strongly fluctuate with time, 
the development of efficient and cost-effective storage technologies is inevitable. Among the various 
different possibilities, electrochemical energy storage systems such as the vanadium redox-flow battery 
(VFB) are promising because of their high energy efficiency [1].  
A key component of efficient VFB is the membrane that separates the half cells electrically but allows the 
transport of selective species. However, not only the selective species (e.g. protons in case of cation 
exchange membranes) move through the membrane, but also other components such as water and 
vanadium ions are transported to a certain extent. The vanadium crossover through the membrane can 
have a significant impact on the capacity of the VFB during long-term charge-discharge cycling. This is 
because the different vanadium ions move unsymmetrically through the membrane which leads to a 
build-up of vanadium ions in one half cell with a corresponding decrease in the other. Consequently, a 
continuous decrease of the battery capacity takes place. Moreover, the crossover can lead to solubility 
problems caused by high vanadium concentrations or low sulphate concentrations in the electrolytes. 
In this work, a dynamic mathematical model was developed which takes into account the different 
crossover mechanisms (diffusion, migration and convection) for each of the four vanadium ions, water 
and protons in the electrolytes. With a simple to use approach, basic mass transport theory is used to 
simulate the transfer of vanadium ions in the battery. The model is validated by comparison with charge-
discharge cycles obtained for different membrane materials in a test facility equipped with online 
recording for several process variables (e.g. volume flow rate, tank volume, pressure, electrolyte 
temperature in tank and cell as well as electrolyte conductivity to calculate the state of charge [2]). 
Moreover, the diffusion coefficients and the membrane resistances were measured in separate test 
facilities [3] and included in the model. In this way, the mass transfer coefficients for migration and 
convection were calculated throughout the validation process. With this model, we are able to predict the 
battery performance as a function of time for long-term operation.  
The model is furthermore used to analyse the battery performance by applying various capacity balancing 
methods such as different operating modes for an electrolyte overflow from one half cell to the other. It 
will be shown that an electrolyte overflow can increase the capacity significantly but that the electrolyte 
stability plays an essential role for finding the optimal operating process parameters. The prediction of 
capacity and electrolyte stability is thus very important to assist in the development of a control system 
for the VFB to ensure the best strategy for optimum long-term performance. 
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In response to REACH legislation, the plating industry is gradually converting from hexavalent to 
trivalent chromium electrolytes. For Tata Steel Packaging this means the transition from ECCS 
(Electrolytic Chromium Coated Steel) to TCCT (Trivalent Chromium Coated Technology). 
In a recent cyclic voltammetry study of Cr(III) electrolytes with formate as complexing agent, it was 
observed that the characteristic ‘surface explosion’ peak at Pt due to oxidation of formate to CO2 is 
suppressed [1]. This was attributed to specific adsorption of the Cr(III)-formate complex onto the Pt 
surface. 
However, after publication of ref. 1, the CO2 surface explosion peak suddenly reappeared in a Cr(III) 
electrolyte sample from a plating line in conflict with our previous study (Fig. 1: left side). Additionally, 
it was observed that the current efficiency of the chromium plating process had strongly improved after 
prolonged use of the Cr(III) electrolyte. Both findings sparked an investigation into the purity of the basic 
chromium salt that was used for our previous study. 
Basic chromium salt is industrially prepared by the reduction of Cr(VI) in the form of sodium dichromate 
to Cr(III) with sulphur dioxide [2]: Na2Cr2O7 + H2O + 3SO2 → (CrOHSO4)2×Na2SO4. 
An excess of SO2 is required to ensure chromium is fully reduced to the 3+ oxidation state. Chemical 
suppliers use a second reaction to remove the residual SO2. However, if present, excess SO2 will result in 
the formation of sulphurous acid: SO2 + H2O → H2SO3. 
Having become aware of the possible presence of sulphite or related species in Cr(III) electrolytes, it was 
decided to investigate whether the cyclic voltammetry measurements in our previous study might be 
affected by a sulphite contamination of the basic chromium salt [3]. This indeed turned out to be the case. 
A feasible way of removing any sulphite from a Cr(III) electrolyte is by applying a prolonged reductive 
current (Fig. 1: right side). 
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Fig. 1: Cyclic voltammograms of a fresh Cr(III) electrolyte sample and a Cr(III) electrolyte sample from a 
plating line with similar composition (left side) and cyclic voltammograms showing the removal of 
sulphite from a Cr(III) electrolyte in time by means of electrolysis (right side). 
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In last decades, enhanced nutrient removal technologies have been implemented in wastewater treatment 
plants to prevent eutrophication in water bodies receiving the effluents. However, the biological methods 
could suffer from the retarded reaction rates at low temperature whilst the physicochemical alternatives 
such as ion exchange require a number of chemical agents for system regeneration. In this study, we 
introduced the flow-electrode capacitive deionization (FCDI) technology, an increasingly attractive 
desalting method with high capacity allowing for continuous operation, for nitrate removal from the 
synthesized wastewater. As shown in Figure 1, provided that the initial nitrate concentration is around 50 
mg L−1, the desalted effluent from FCDI can generally satisfy the discharge standard (~10 mg L−1) at 
relatively low energy consumption (~0.4 kWh m−3) and low hydraulic retention time (< 1 min). With any 
pretreatment of nitrate to a lower concentration (e.g., 10 mg L−1), the FCDI cell was capable of reducing 
the nitrate concentration in compliance with the low-impact guidelines for natural waters (~1 mg L−1). 

 
Figure 1. Energy consumption for nitrate removal in FCDI as a function of effluent concentrations. Initial 
nitrate concentration: (a) 50 mg L−1, (b) 20 mg L−1 and (c) 10 mg L−1. 
 
While the selective nitrate removal in FCDI was related to the physicochemical adsorption by the ion 
exchange membrane and activated carbon, electrosorption in EDLs on flow electrode became dominant in 
long-term operation. Upon short-circuit closed-cycle operation of FCDI at ~1.0 V, the system could 
achieve a high water recovery rate of 91.4% whilst providing effluent with superior quality; i.e., the 
nitrate concentration < 1 mg L−1 at relatively low energy consumption (0.40~0.45 kWh m−3). 

 
Figure 2. FCDI for nitrate removal at different water recovery rates. 
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Fluorine is a vital element in life and in human organisms but at moderate levels only. When present in 
water over 1 mg/L, fluoride ions are the cause of severe degradation of teeth and bones, together with 
undesired ossification phenomena. Fluoride ions can be found in natural or ground waters, at levels 
sometimes largely over 10 mg/L in various parts of the world, or in various industrial wastewaters. 
Among the various techniques available for fluoride removal, electrocoagulation (EC) appears promising 
because of its simplicity and its moderate energy demand. Electrocoagulation (EC) involving dissolution 
of sacrificial Al or Fe electrodes, allows the pollutant to be separated from the water treated, as adsorbed 
on an electrochemically generated solid hydroxide. Although the technique was formerly demonstrated as 
efficient for the case of fluorine, the sequence of physicochemical processes involved still needs further 
investigations. Al(OH)3 formed can react with F- ions to form mixed fluoride-hydroxide complexes or 
directly co-precipitate with this anion. However, because of the lower affinity of F- to Al(III) than that of 
OH-, the mixed F-hydroxide species is prone to form back the simple hydroxide in alkaline pH, then 
reducing the treatment efficiency. Besides, most investigations carried out up to now concern F- solutions 
prepared with high quality water whereas usual tap waters can contain appreciable amount of salts, in 
particular hydrogenocarbonate. 
The present investigation was aimed at comparing the efficiency of discontinuous treatment of 10 mg/L F- 

containing solutions, one prepared from deionised water, the other from a local tap water with a HCO3
- 

content near 5 mM. Whereas the treatment of the two F- containing waters can be carried out with 
comparable electrical charge and energy demand, the amount of Al consumed – and contained in the 
sludge - can be dramatically different. The presence of appreciable content of hydrogencarbonate ions – 
which is also troublesome when considering the undesired formation of solid carbonates in pipes and 
valves in water delivery networks – was shown to greatly reduce Al consumption of the sacrificial 
electrodes, because of the far slower corrosion of the Al plates. The presence of these ions could also 
limit greatly the increase in pH during the EC, keeping it below 7.5. In accordance with former works, the 
stoichiometry coefficient between F- ions and Al(III) one can define from EC experiments, largely 
depends on the solution pH, as shown using with the Langmuir-derived model used for interpretation of 
the data [1]: in particular, the F/Al ratio in the flocs obtained was found to be equal to 0.25 mg/mg for the 
deionised water-based solution, and nearly threefold larger for the case of the local tap water. The 
relationship between the F/Al ratio and the pH is good agreement with recent works [2]. Therefore, for 
comparable treatment, the amount of Al-sludge can be largely reduced with carbonate-containing waters, 
which reduces the cost of Al plates and the environment issues induced by disposal of these sludge. 
Finally, because F- removal by adsorption on Al(III) flocs is favoured by moderate pH levels, it might 
now be considered to perform EC treatment upon pH control to limit the pH under 7, in view to 
increasing the F-over-Al ratio in the sludge produced. 
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The increasing shortage of potable water in many part of the world is leading the development of various 
approaches to water purification, with desalination of sea water the prime target. The most common 
approach to desalination is reverse osmosis (RO), being used in 65% of currently installed plants[1], but 
its high costs due to the use of membranes, leading to high-energy requirements, is pushing the 
desalination industry to find other solutions. An alternative to the high-energy requirements of RO is a 
method called capacitive deionization (CDI). In this process, two porous electrodes are arranged parallel 
to one to the other, letting brackish water flow between them. When a voltage is applied, the ions from 
the feed water migrate to the surface of the electrodes and are adsorbed capacitively, reducing the overall 
concentration of salts in the water stream. When the voltage is removed, or reversed, the ions desorb from 
the surface of the electrodes, resulting in a by-product of this process, brine. One of the greatest 
advantages of this system is that the applied energy can be recovered during the discharge step, just like 
an electrochemical capacitor, that is used to store energy by means of a pair of electrodes[2].  
 
There are a number of recent reports in the literature describing an innovative CDI technique that focuses 
on improving the operation of these desalination systems. A suspended electrode material flowing in a 
path carved on the current collector plays the same role as the porous carbon electrodes fixed on the 
current collector in a typical CDI process, and this has been termed “flow-electrode capacitive 
deionization (FCDI)”[3].The flow operates continuously by providing fresh flow electrodes with 
increased ion capacitance, showing a continuous desalination behaviour and high desalting efficiency that 
originates from this.  
 
In this study, we have tested FCDI systems using graphene and other 2D materials in suspension, as well 
as optimizing the FCDI system parameters, to try to improve the desalination performance of the system. 
The goal is to treat feed water with high salinity, close to that of seawater (35 g/L approximately). Studies 
of FCDI to date have used activated carbon and carbon black suspensions [4,5,6,7,8,9,10]. Graphene and 
2D materials are expected to improve the overall desalination capacity of FCDI systems because of their 
high theoretical surface area and superior electrical conductivity. In the case of traditional CDI setups, 
graphene was able to increase the salt adsorption capacity 2.3 times[11], compared to previous studies 
made on activated carbon and carbon black electrodes. 
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Recovery of metal from industrial waste streams is of significant importance for the large-scale 
environmental remediation and sustainable metals recycling. In order to overcome the bottlenecks of high 
reagents consumption and low recovery efficiency in conventional processes, a mass transport-enhanced 
electrochemical recovery of copper, selenium and tellurium from hydrochloric acid solution was 
developed using low-cost stainless steel plate. It has been identified that metal electrodeposition is 
diffusion controlled quasi-reversible reaction, in which the mass transfer can significantly determine the 
recovery performance and deposit quality. Therefore, a cylinder turbulent reactor with larger surface area 
cathode was employed for the extraction of metal from dilute solution, and the mass transport effect was 
illustrated using fluid calculation method. Microscale metal powders were successfully obtained with 
high recovery ratio and current efficiency. More importantly, these metals can be selectively recovered 
from the solution, even though their standard potential are very close. This mass transfer-enhanced 
electrodeposition may serve as a promising alternative to overcome the drawbacks of existing metal 
recovery and water purification. 
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Avoiding chlorine-based disinfection by-products can be considered as a major consequence of the 
European Biocide Regulations. Chlorine dioxide (ClO2) is a powerful disinfectant that may partially 
substitute free active chlorine and chloramines in many applications. Unfortunately, it cannot be stored 
for a long time and must be generated on site. Usually, concentrated hazardous chemicals are used for this 
purpose.  
 
The direct electrochemical generation from chlorite solutions at mM concentration level is a promising 
option and challenge, at the same time [1-3]: 
 

    ClO2
- → ClO2

− + e-    (1) 
 
Normally, chemical and electrochemical parasitic reactions, exemplarily given as follows 
 

2ClO2 + 2OH-    → ClO3
- + ClO2

- + H2O   (2) 
                  2ClO2

- + H2O → ClO3
− + 2H+ + 2e-   (3) 

 
lower the chlorite-to-chlorine dioxide yield. In addition, the influence of cathodic side reactions have to 
be taken into consideration when undivided cells are used. Thus, higher chlorite concentration and special 
ClO2 separation technologies are necessary [4].  
 
Applying chlorite solution at concentrations of a few millimoles per liter more attention has to be paid to 
the reaction conditions. For example, most experimental results described here were obtained at 5°C in 
thermostated stirred cells with volumes between 100 and 160 cm³. Current densities related to projected 
electrode areas between 25 and 150 Am-2 were used in the experiments varying electrode material (mixed 
metal oxides, platinum, boron doped diamond), shape, and structure of electrodes. Most experiment were 
carried out using high-purity chlorite (Roth) dissolved in deionized water. ClO2 was measured using UV 
spectrophotometry (Analytik Jena). Ion chromatography (Metrohm) was applied for chlorate and 
perchlorate analysis. Perchlorate was only detected on BDD anodes. 
 
Surprisingly, it could be found that higher chlorite-to-chlorine dioxide yields than reported elsewhere are 
possible (in not yet totally optimized experiments). Boron doped diamond anodes showed only 
comparable results when the hydroxyl radical reactions with oxychlorine components were suppressed.  
 
That lets one conclude that application even for drinking water (as a system having the hardest demands 
with respect to electrolysis and disinfection by-products) could be possible for small- and medium-scale 
disinfection.  
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Photoelectrocatalytic method is an upcoming approach for the removal of organic pollutants from water. A 
very important component of this system is the design of the photoanode which should exhibit considerable 
photoactivity and adsorptive property. Herein, we report the preparation and application of a 
heterostructured photocatalyst comprising of carbon nanoparticles (CNP) and boron co-doped BiVO4 and 
WO3 on a titanium sheet support. The materials, synthesised by hydrothermal method, were characterised 
by Raman, FTIR, diffuse reflectance uv-vis, energy dispersive x-ray spectroscopy, and electron 
microscopy.  The catalysts were immobilised on treated titanium sheets by drop-casting. The fabricated 
electrodes were characterised by linear sweep voltammetry and chronoamperometry. The diffuse 
reflectance spectroscopy of the catalysts reveals that the incorporation of CNP and B into the structure of 
the monoclinic BiVO4 enhanced its optical absorption. The LSV measurement carried out in 0.1 M Na2SO4 
showed that the BiVO4 and WO3 based photoelectrode demonstrated significant photoactivity. The 
performance of the electrodes towards degradation of orange II dye was in the order BiVO4 < WO3 < 
CNP/B-BiVO4 < CNP/B-BiVO4/WO3. The apparent rate constants obtained by fitting the experimental data 
into the Langmuir Hinshelwood kinetic model are 0.0924, 0.1812, 0.254 and 0.845 h-1 for BiVO4, WO3, 
CNP/B-BiVO4 and CNP/B-BiVO4/WO3 respectively. The COD abatement after 3 h of electrolysis at the 
best performing photoanode was 58%.  

A) B)  

A) Photocurrent response of CND/B-BiVO4 and CND/B-BiVO4/WO3 B) Degradation profiles of orange II 
sodium salt a) at different photoanodes, 
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Electrochemical reduction of CO2 to fuels is being explored as a means of reducing carbon footprint. For 
exploitation of this technology, electrochemical cells operating at steady state is desirable. Feeding the 
CO2 in gas phase also helps to simplify the overall system and allows for large throughput. We report the 
development of gas-phase electrochemical cells for CO2 electrolysis or CO2 electro-reduction.  
 
For this work, copper based electrocatalysts is being used on the cathode side for the electrochemical 
reduction of carbon dioxide, and precious-metal based electrocatalysts is used on the anode side for either 
hydrogen oxidation reaction (HER) or oxygen evolution reaction (OER). Different ionomer types for 
membrane electrolyte are being examined. Humidified carbon dioxide is fed to the cathode side, and 
depending on the configuration liquid water or humidified hydrogen is fed to the anode side.  
 
Preliminary performance results show that we can achieve current densities that are several orders of 
magnitude higher than those reported in literature for liquid-phase experiments. However, further 
improvement in the selectivity is required. 
 
The presentation will report updated and more detailed analyses of the results obtained from 
electrochemical measurements, such as linear sweep voltammetry, cyclic voltammetry, and impedance 
spectroscopy is performed to evaluate cell performance, catalyst characterization, and cell resistivity. As 
well, the presentation will discuss the results of product chemical analyses to assess the Faraday 
efficiency, CO2 conversion rate, and selectivity for the CO2 reduction reaction in different configurations 
to identify the most effective electrochemical cell design.  
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PEM fuel cells represents a promising device for efficient conversion of chemical energy carried by fuel 
into electrical energy. Efficiency of energy conversion is influenced mainly by activity of catalysts and 
ohmic resistance of all components as membranes, electrodes, bipolar plates and etc. Ohmic loses on 
membrane can be reduced by using thinner membrane. On the other hand hydrogen permeability through 
membrane increases with decrease of its thickness. During the cell operation the hydrogen is consumed in 
anode catalytic layer but during off-time the permeated hydrogen is mixed with oxidant. Thus formation 
of explosive mixture together with promoted degradation must be eliminated to ensure proper function of 
fuel cell. There are several ways how to eliminate hydrogen permeation. Beside electrochemical 
consumption of all hydrogen by short circuiting the cell with no hydrogen supply the simplest solution of 
it represents cell inertization by inert gas at the end of active period. This method is also sparing for fuel 
cell by elimination of undesired degradation product formed during fuel or oxidant starvation.  
Several gases can be used for fuel cell inertization. CH4 or CO2 can form or contain traces of CO 
poisonous for catalyst. Ar or He are needlessly expensive. Therefore N2 represents simplest choice. It can 
be stored in a high pressure cylinders integrated into the fuel cell system. Such solution, however, is 
demanding due to the more reasons. Installation of next pressure cylinder increases complexity and 
weight of entire system. At the same time, total volume of gas in cylinder is sufficient just for a limited 
number of inertization cycles before replacement or refilling is required. It makes the process complicated 
also from logistic point of view. An alternative solution represents production of nitrogen of sufficient 
purity on-site, preferably from air by means of membrane separation modules. In combination with 
corresponding compressing unit it represents inexhaustible source of nitrogen. Because the oxygen is the 
component permeating the separation membrane and nitrogen remains in retentate stream the membrane 
module is not able to produce nitrogen at purity higher than 99.9 %. As it follows from composition of the 
air oxygen represents main impurity in the produced nitrogen stream. The final oxygen content in 
nitrogen depends on membrane properties and separation conditions i.e pressure and flow rate. 
Information available in literature on the impact of traces of oxygen in an inertization gas on the fuel cell 
stack lifetime and its performance is, however, not sufficient yet.  
In the present work the impact of the residual oxygen in inertization nitrogen stream on performance of 
commercially available MEAs was followed. Selected commercial nitrogen production membrane 
modules under various operational conditions were used. The results obtained allow assessing viability of 
this approach for practical application in the field of small scale portable APU on the base of hydrogen 
PEM fuel cells. Main aim of this work is the determination of maximal acceptable concentration of 
oxygen in nitrogen. Efficiency of membrane modules in relation to air flow and input pressure was also 
evaluated. Energy demand for compression of air increases with nitrogen output pressure. The energy for 
compressing unit should come directly from fuel cell if small pressurized container is integrated in the 
APU system. Or the energy produced by fuel cell must be stored in integrated accumulators to power the 
compressor during off-time.  The compressor and module efficiency make enhanced demands to 
balancing system of whole APU unit.  
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Membrane capacitive deionization (MCDI) has become more and more attracting due to its easy 
operation, high safety, environmental friendliness, energy efficient and cost effectiveness. There exist two 
different operational modes in traditional MCDI, constant current (CC) and constant voltage (CV) modes. 
And varieties of parameters have been adopted to investigate the difference of CC and CV operational 
modes, such as flow rate, cell potential, current density and feed water concentration. Most recently, a 
new parameter faradaic reaction has been introduced into MCDI system. Unlike traditional physical 
adsorption by the electrical double layers (EDLs) of the porous materials, the salt ions in water will be 
intercalated into the crystal structure of the electrode materials with the introducing of faradaic reaction, 
which means the salt adsorption capacity will not be restricted by the surface area of the porous materials 
any more. Therefore, in this work, the influence of faradaic material in CC and CV operational modes 
MCDI upon different choices of electrode materials has been analyzed. The salt removal capacity and 
charge efficiency have been enhanced under the influence of faradaic reaction. And the energy 
consumption has been much decreased. Meanwhile, faradaic reaction has been proven to be more incline 
to happen under CC operational mode MCDI, indicating its advantage over CV operational mode with 
certain choice of electrode materials. 
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Oil hydrocarbons are one of the most prevalent soil contaminants in the world. It has been estimated that 
the natural crude-oil amounts to 0.6 Mt per year, with a range of uncertainty of 0.2–2 Mt per year. For a 
long time the soil was considered a safe place for disposal and where the degradation of contaminants 
occurred naturally. Therefore, the main objective of the present research is to examine the effects of 
surfactant concentration for removing diesel from soil, and this is going to be attained by studying the 
influence of different operating parameters of this wastewater treatment technology on the degradation of 
soil-washing waste obtained after applying this Surfactant-Aided Soil Washing (SASW) to soil spiked 
with 10000 mg /kg of diesel with three different (in terms of concentration) surfactant solutions 
(surfactant used is SDS, Sodium Dodecyl Sulfate). Electrochemical oxidation experiments were carried 
out in a bench-scale plant with a single-compartment electrochemical flow cell described elsewhere. BDD 
and titanium electrodes were used as anode and cathode, respectively. For the electrochemical flow cell, 
inlet and outlet were provided for effluent circulation through the reactor; the SASW effluent was stored 
and circulated through the cell. The resulting SASW effluents consists of emulsions of micelles with the 
total hydrocarbon petroleum (TPH) and surfactant and varying concentrations of free surfactant (not 
linked with micelles) that depend on the dose used in the soil washing processes. Bulk oxidations were 
performed in a single-compartment, electrolytic batch cell with parallel plate electrodes (Fig. 1). 
Electrodes BDD and titanium were used, as anodes and cathode with exposing to the effluent a nominal 
surface area of 63.5 cm2. The BDD-electrolysis experiments were performed at 25°C for studying the role 
of applied current density (j=15 and 60 mA cm-2), while the Na2SO4 effect (0.25; 0.5 and 0.75 M). Based 
on these results, the mediated electrochemical technology promotes the electrogeneration of 2SO4

2- 
→S2O8

2- + 2e- on BDD surface. It contributes to complete the degradation of remaining organic 
compounds as well as part of the organic surfactant.  
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Abstract: 
 
The electrodes were prepared using an steel mesh modified with MC-paste using commercial mesoporous 
carbon with pore diameter between 1.8 and 2.8 nm. Previously, the carbon material was characterized by 
X-ray diffraction, Raman spectroscopy, scanning electron microscopy, cyclic voltammetry and rotating 
disk electrode techniques. The prepared electrodes were tested for H2O2 production by oxygen reduction 
reaction using pure oxygen or air at different current densities (50, 100 and 150 mA cm-2).  The maximum 
concentrations of H2O2 achieved were 20 mL-1 and 16 mL-1 using oxygen and air respectively at 150 mA 
cm-2. The evaluation of the effectiveness of the developed electrodes was carried out on the degradation 
and mineralization of amoxicillin (50 mg L-1 by electro-Fenton and solar photo electro-Fenton processes. 
Complete degradation was achieved after 10 min and 90% of mineralization after 240 of electrolysis with 
solar photo electro-Fenton Mesoporous carbon electrodes produce H2O2 in amounts that are comparable 
to conventional carbon electrodes and provide an option of material with potential application on 
degradation and mineralization of organic pollutants in aqueous media by EF and SPEF processes. These 
instructions are an example of what a properly prepared meeting abstract should look like. Proper column 
and margin measurements are indicated. 
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Currently, electrokinetic (EK) remediation has been proven as the relatively effective technology for 
removal of heavy metals in polluted soil. Adsorption is an advantageous method to eliminate heavy 
metals at low concentration in waters and wastewater for which traditional methods, such as chemical 
precipitation or reverse osmosis, become inefficient. In this way, the aim of this work is to evaluate the 
performance of the electrokinetic remediation technique coupled to adsorption through the use of cork to 
remove lead in soils. The profiles of pH, electrical conductivity, concentration and their variations with 
time along an electrochemical reactor in a system subjected to constant voltage conditions was studied. 
The soil used in these experiments was contaminated with lead at a concentration of 1000 mg/kg. Four 
experiments were carried out for 12 days, varying the position of the cork along the electrochemical 
reactors, according to the following nomenclature: cork located in the center of the reactor (EK-Central 
cork), cork located near the anode compartment (EK-Anode cork), and cork located near the cathode 
compartment (EK-Cathode cork) and without cork (EK). At the end of each experiment, the soil was 
divided into 12 sections and subsequently pH, conductivity and lead concentrations were analyzed. The 
concentrations of lead were quantified by electrochemical analysis using the technique of anodic 
redissolution voltammetry. The pH and conductivity showed similar behavior in the four experiments 
carried out, in which an increase in soil pH and conductivity was observed in the direction of the anode 
compartment for the cathode compartment. Concerning the concentration of lead present in the soil, it 
was observed that in the experiments with the presence of cork (EK-Central cork, EK-Anode cork and  
EK-Cathode cork), the presence of lead in the sections near the anode compartment was not identified, 
whereas in the sections close to the cathodic compartment was observed a decrease in the concentration 
of lead. In EK, all soil sections indicated the presence of lead. 
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The significance of oil and natural gas in modern civilization is well known. The process of refining 
crude oil consumes large amounts of water. Consequently, significant volumes of wastewater are 
generated. The potential for contamination of this produced water must be minimized before its disposal 
or reinjection. For this reason, alternative treatment that minimizes the costs and the ecologically negative 
effects of the petroleum industry, thus the reuse of electrochemical technologies integrated to the use of 
solar energy. The main objective of the present research is the evaluation of the effects of anodic 
oxidation (AO) and coupled electrochemical with powered by photovoltaic solar technologies for the 
removal of petroleum pollution from water.  Bulk oxidations were performed in a single-compartment, 
electrolytic batch cell with parallel plate electrodes (Fig. 1). Electrodes BDD and titanium were used, as 
anodes and cathode with exposing to the effluent a nominal surface area of 12 cm2. The anodic oxidation 
experiments were performed at 25°C for studying the role of applied current density (j=15 and 60 mA cm-

2), while the NaCl and Na2SO4 effect (0.25; 0.5 and 0.75 M). Based on these results, the mediated 
electrochemical technology (persulfate and active chlorine species) can contributed more effective than 
the direct anodic oxidation. However, persulfate can be more effect for removing organic compounds. 
Moreover, powered by photovoltaic solar contributed for decreasing processes cost.    
 

 
 

Figure 1. Scheme 
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Every day, emerging contaminants are being discharged to water streams and even at low concentrations 
can cause considerable damage to ecosystems. Benzoquinone (BQ) is a xenobiotic, a toxic intermediate 
of a wide variety of benzene derivatives in the course of their oxidative degradation [1] that cannot be 
treated by biodegradation due to their resistance to microorganisms. Electrochemical advanced oxidation 
processes (EAOPs) have proved to be highly efficient in the removal of those persistent pollutants [2]. 
EAOPs are characterized by the in-situ generation of hydroxyl radicals (●OH), which promote the 
mineralization of the organic pollutants. Among those processes, the electrochemical oxidation (EO) has 
been the most employed method for treating organic pollutants. In EO, when boron doped diamond is 
used as anode, physical adsorbed ●OH are electrogenerated on its surface from water oxidation, 
promoting high pollutants degradation. Usually, to detect and quantify contaminants in solution, either 
chromatographic or spectrophotometric methods are selected over electrochemical ones. However, the 
two former analyses have some drawbacks such as high cost and long analysis times [3]. In this context, 
the mineralization of BQ was followed by differential pulse voltammetry (DPV). A set of galvanostatic 
electrolysis with 130 mL of BQ solution were performed varying current density (j, 8.30–66.6 mA cm-2), 
the concentration of the pollutant (50–200 mg L-1) and the initial pH (3.0–9.0) using different electrolytes 
(Na2SO4 and NaCl) with similar conductivity (7.2–7.6 mS cm-2). The results demonstrated that increasing 
j accelerates the BQ removal because of the rising of elecrogenerated ●OH. However, at the highest j 
value also the parasitic reactions are enhanced as well as the treatment cost. The increasing concentration 
of BQ led to generation and accumulation of a greater amount of intermediates and by-products. 
Therefore, those compounds are also competing with the BQ molecules to react with the same amount of 
●OH radicals, decreasing removal efficiency. Regarding the initial pH values using different electrolytes, 
it was verified that the BQ removal with Na2SO4 was similar regardless the pH used. Meanwhile, using 
NaCl, the BQ removal was affected by the initial pH, since the electrogeneration of certain oxidizing 
species is dependent on the pH conditions. In the case of the formation of the active chlorine species, until 
pH 3.0, the main species is Cl2(aq), while the predominant one in the pH range 3–8 is HClO and for pH > 8 
is ClO-. As theoretically expected, the Cl−-mediated EO of the pollutants with the active chlorine species 
is more extended in acidic than in alkaline media due to the higher standard potentials of Cl2(aq) 
(E0(Cl2(aq)/Cl−)=1.36 V/SHE) and HClO (E0(HClO/Cl−)=1.49 V/SHE) than ClO− (E0(ClO−/Cl−)=0.89 
V/SHE). After 180 min of treatment, it was verified that, almost 100% COD removal was achieved using 
NaCl, while 57% was attained with Na2SO4. Therefore, the optimal operating conditions were: j=33.3 mA 
cm-2, 100 mg L-1 of BQ at pH 5 with NaCl. Additionally, the voltametric method satisfied the requirement 
owing to its inherent specificity, rapid response, sensitivity and simplicity of preparation when compared 
to chromatographic and spectrophotometric techniques. 
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In recent years  the electrochemical oxidation has been proposed as an effective alternative to the removal 
of sulfur especially from diesel and gasoline [1]. Several articles and papers  are focused in 
electrochemical desulfurization (ECDS) as a new way to liquid fuel desulfurization.  The ECDS method 
compared to  hydrodesulphurization technology  has the advantages of being carried at low reaction 
temperature, at low pressure and without hydrogen. Sulfur aromatic compounds and their derivatives can 
easily oxidize to the corresponding sulfoxides and sulfones [2] and subsequently these oxidized products 
can be removed by extraction or adsorption [3]. In this work the model mixture of dibenzothiophene 
(DBT), 4-methyl dibenzothiophene (4-MDBT) and 4,6-dimethyldibenzothiophene  (4, 6-DMDBT) was 
electrochemically oxidized  in an acetonitrile-aqueous system on BDD  electrodes at different potentials 
and time electrolysis. The analysis of the extracts after oxidation by HRLC-MS / MS (Fig. 1) and GC-MS 
showed that in addition to the potential and time of electrolysis the previous electrochemical oxidation of 
the surface of the diamond electrode (Fig. 2) influences the kinetics and the composition of oxidation 
products.  
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Figure 1. TIC chromatograms of the 
electrolyzed extracts of mixture 80 mgL-1   
(DBT + 4-MDBT + 4, 6-DMDBT) at different 
potentials: E = 1.5V (a) and E = 2.0V (b) t = 4h. 
BDD “fresh” as working electrode. 
 

Figure 2. Chronoamperometric current response 
(polarized potential 2.0 V Vs Ag/AgCl) as a 
function of added 4, 6-DMDBT concentration 
for BDD electrode: (a) “fresh”, (b) low 
oxidation  and  (c) highly oxidizeded. 
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Abstract 
Electro-Fenton oxidation (EF) is a well-known and highly efficient electrochemical technology for 
degradation and mineralization of persistence and recalcitrant organic pollutants. This process is based on 
the electrochemical generation of hydroxyl radicals (●OH) indirectly from the total or partial in-situ 
production of Fenton’s reagents (Fe2+ + H2O2) [1]. The use of indissolvable solid Fe-catalyst in EF 
widens the working pH window, enhanced the reusability and minimized the formation of sludge [2], 
which are major challenge encounter with homogeneous/soluble Fe2+. In this study, EF process catalyzed 
by iron-rich lateritic soil has been investigated for the degradation of food colorant Bordeaux Red (E123). 
The laterite soil was characterized and the effect of catalytic dosage, calcination temperature, initial 
solution pH and concentration as well as applied current on the decay of the organic matter during the 
treatment of E123 solution was examined. The structural and chemical characterization of the laterite soil 
showed that it consists of over 30% iron oxides along with significant percentage of titanium oxide, 
bauxite and silica. Strong oxidant, major ●OH was generated in the bulk solution from both homogeneous 
and heterogeneous catalytic decomposition of electrogenerated H2O2 by Fe2+/Fe3+ redox couple leached 
into the solution and at the surface of the solid iron oxides. The mineralization efficiency of the process 
was enhanced with increased catalytic dosage up to 8.5 g L–1, calcination temperature up to 400 0C and 
applied current in the range of 50 – 500 mA, whereas lower COD removal was observed with increased 
initial solution pH and concentration. At optimum conditions (8.5 g L–1 dosage, 400 0C calcination 
temperature, 0.5 mM initial E123 concentration, pH 3 and applied current of 250 mA using Pt and 
carbon-felt anode and cathode respectively), complete COD removal (100%) was achieved in less than 4 
h of treatment, demonstrating the high potential of the electro-assisted laterite catalyzed Fenton process 
for the remediation of organic pollutants. The degradation of the E123 was via the formation of several 
cyclic intermediates such as 1-napthol and its derivatives, phthalic acid, hydroquinone and benzoquinone, 
which were later mineralized in biodegradable short-chain carboxylic acids.  
                        

 

Figure 1: (a) SEM image of Fe-rich 
laterite soil, (b) effect of laterite 
dosage, (c) effect of pH at 4 g L–1 
laterite dosage, and (d) effect of 
calcination temperature on the 
normalized COD removal vs 
electrolysis time: Experimental 
conditions: Anode: Pt; cathode: 
carbon felt; Vs: 0.23 L; Applied 
current: 250 mA; pH 3; 8.5 g L–1 
laterite dosage. 
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The electro-organic synthesis is experiencing a renaissance since no reagent waste is formed and 
alternative reaction pathways can be exploited.[1] Electro-organic synthesis can be conducted by three 
different electrode concepts: First, direct electrolysis using inert electrodes. Secondly, electrolysis at 
active electrodes. The surface of these electrodes are electrocatalytically active and enable a specific 
conversion. Thirdly, the mediator can be free-floating in the electrolyte and represents an electro-
regenerated reagent. For a most convenient down-stream processing and avoiding large over-potentials 
for a desired conversion, active electrodes exhibit the largest significance.[2] 

The talk will present novel active electrodes being useful for cathodic dehalogenation and anodic C,C 
bond formation. Leaded bronzes represent novel and powerful cathodes for the dehalogenation of 
cyclopropanes. These cathodes are superior for the production of pharmaceutically important 
intermediates.[4-6] In addition, a novel active electrode system could be established which allows the work 
in 1,1,1,3,3,3-isopropanol leading to many electrosynthetic applications.[7-8]   
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The electrocatalytic reduction of biomass-derived compounds is a promising way for the sustainable 
production of fuels and chemicals, taking advantage of renewable energy. In comparison to conventional 
heterogeneous catalytic processes, milder reaction conditions are required, i.e. room temperature and 
water as solvent, avoiding high H2 pressures. The electrochemical reduction of 5-hydroxymethylfurfural 
(HMF), a biomass derived platform molecule, to 2,5-bis-(hydroxymethyl)furan (BHMF), monomer for 
the manufacture of polyurethane foams or polyesters, has been recently proposed [1]. In a basic media 
(borate buffer pH 9.2) and with a conventional 2D electrocatalyst made by Ag particles on a Cu support, 
prepared by galvanic displacement, a 0.02 M HMF solution is selectively reduced to BHMF and a 100% 
Faradic Efficiency (FE) is obtained. However, selectivity and efficiency decreased when more 
concentrated solutions, closer to industrial ones, were electrochemically reduced, thus limiting the 
productivity of conventional 2D electrocatalysts and their applicability. 

In this work, we propose the use of 3D electrocatalysts, based on Cu open-cell foams coated by Ag 
particles, to replace conventional 2D electrodes. The resulting catalysts integrate the high performance of 
Ag nanoparticles with the large geometrical surface area, enhanced mass and electron transfer and high 
mechanical stability of Cu open-cell foam. 

Ag-based catalysts were obtained by a combination of galvanic displacement and electrodeposition of Ag 
on Cu foam rectangles of 10x10mm with thickness of 1.6mm and pore size 450μm. Electrochemical 
measurements were performed in a three-compartment cell where the working electrode was the foam, 
the reference electrode a SCE and the counter electrodes a Pt wire. The electrolytic solutions were HMF 
in borate buffer at pH 9.2. The electrocatalytic activity of the samples was investigated through linear 
sweep voltammetries (LSV) and application of a -1.3 V vs SCE potential pulse. The reaction products 
were analyzed by HPLC and 1H-NMR. 

Scanning electron microscopy (SEM) images showed that the Cu foam was rather homogeneously coated 
by spherical Ag particles of about 200 nm and dendrites (Figure 1). No pore blockage occurred. The best 
catalysts reached almost full HMF conversion to BHMF, without side-products formation, i.e. sel. > 97% 
and at FE higher than 95%. Higher productivity rates, than the ones reported in the literature, for the 
electroreduction of 0.02 M HMF solutions were obtained. Moreover, it was possible to achieve high 
performances when treating more concentrated solutions. The evolution of the reaction products with the 
reduction time will allow us to propose a reaction pathway. 

 
Figure 1. SEM image of a Cu foam coated by Ag 

In conclusion, a combination of galvanic displacement and electrodeposition is a facile procedure to 
prepare 3D Ag/Cu highly active, selective and effective catalysts for the production of BHMF. Unlike 2D 
systems, they showed high productivities even increasing HMF concentration.  
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Benzothiazoles (BTHs) are common additives in industrial and household products. Despite their low 
water solubility, they are quite stable once they enter into the aquatic environment. As reported, BTHs 
show poor removal by conventional wastewater treatment processes. Due to their wide application and 
biorefractory behavior, BTHs have been detected regularly in wastewater, surface water and even 
drinking water, ranging from low ng·L-1 to 100 µg·L-1. Two compounds are frequently detected after 
biological wastewater treatment, i.e., benzothiazole (BTH) and its breakdown product 2-
hydroxybenzothiazole (BTH-OH), thus ending in tap water. 

 
Photoelectro-Fenton (PEF) process is highly appreciated as an effective alternative among the 

electrochemical advanced oxidation processes (EAOPs). In such system, contaminants could be 
simultaneously treated by multiple direct and indirect oxidation reactions. Ultraviolet light, especially 
UVA, is usually applied to accelerate the photolysis of Fe(III)-carboxylate by-products and increase the 
mineralization of pollutants. Even though this effect has been proved by many authors, polychromatic UV 
light including UVA and UVC has not been thoroughly compared in PEF. In this study, PEF treatment of 
BTHs was carried out with a BDD/air-diffusion reactor under different conditions to study the effect of 
the initial concentration, current density and Fe2+ content, which was assessed from the contaminants and 
total organic carbon abatements. Chemical actinometry using ferrioxalate as actinometer was conducted 
to quantify the actual absorbed light intensity in solution by UVA (365 + 405 nm) and UVC (254 nm). 
The detailed analysis of the transformation products was made to elucidate the degradation pathways. The 
mechanism and kinetics of multiple oxidation routes are further explained based on the effect of the 
different ultraviolet light sources (Fig. 1). 

 
Fig. 1. Action of the multiple UV light sources in PEF. 
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Surface water contamination by antibiotics may lead to potential chronic toxic effects in humans and to 
resistance development by bacteria. The consumption of β-lactam antibiotics is quite significant in Brazil; 
in 2004, such antibiotics corresponded to 50% of the total sales of antibiotics in the country [1]. In this class 
of antibiotics, the β-lactam ring acts as a structural pharmaceutical element that provides the desired 
antimicrobial effect [2]. Especifically in cephalexin (CPX), the β-lactam ring is fused to another six-
membered ring known as the dihydrothiazinic ring – see chemical structure below. Commonly, 
electrochemical advanced oxidation processes (EAOPs) are capable of degrading organic and 
organometallic contaminants, surpassing the effectiveness of conventional oxidation techniques used in the 
treatment of different aqueous effluents [3]. In this work, we compare the performance of different EAOPs 
(electrochemical oxidation – EO, photoelectrochemical oxidation – PEO, electro-Fenton – EF and 
photoelectro-Fenton – PEF processes) in the oxidation, mineralization, and detoxification of an aqueous 
solution containing CPX (180 mg L–1). A one compartment filter-press flow cell was used, with a BDD (at 
500 ppm B, Si substrate, and ~24 cm2) electrode from NeoCoat and an AISI 304 stainless steel plate as 
anode and cathode, respectively. The following variables were kept fixed: supporting electrolyte, [Na2SO4] 
= 0.1 mol L–1; pH = 3 (adjusted with H2SO4); current density, j = 10 mA cm–2; treatment time, t = 8 h; flow 
rate, qV = 7 L min–1. In the EF and PEF processes, [Fe2+]0 = 278 mg L–1 and [H2O2]0 = 50 mg L–1; the latter 
concentration was renewed every hour. In the PEO and PEF processes, a SCT® 9 W (λmax = 360 nm) PL-S 
UVA lamp (protected by a quartz tube) was immersed in the solution. The values of [CPX] and TOC were 
monitored along the processes, as well as initial (by LC–QqTOF) and terminal (by HPLC) degradation 
intermediates. The antibiotic activity (toxicity) of CPX and its degradation intermediates towards E. coli 
was also monitored. In all the EAOPs investigated, the CPX molecules were completely oxidized within at 
most 4 h of treatment – see figure. After the 8 h treatment, the attained extent of mineralization of the CPX 
solution’s organic load followed the order: EO < EF < PEQ < PEF; only 7% of the organic load remained 
when the PEF process was used. These results can be explained as due to the distinct spatial availability of 
generated HO● radicals: near the surface of the anode, in the EO and PEO processes, or distributed 
throughout the solution, in the EF and PEF processes. The CPX antimicrobial activity towards E. coli (see 
figure) was reduced only after rupture of the β-lactam ring in the CPX molecule, as inferred from the LC–
QqTOF data for the initial degradation intermediates; cessation of that activity occurs after ~30 min for the 
PEF process, but only after 8 h for the EO process. Clearly, hydroxylation reactions in the β-lactam ring in 
the CPX molecule occur much more rapidly when the Fenton-based processes are used. The presence and 
accumulation in solution of short-chain carboxylic acids (terminal degradation intermediates), such as 
fumaric, oxalic, and oxamic acids, do not cause any significant inhibition of the E. coli growth. 

 

 
Molecular structure of 

cefalexin (CPX). 
Inhibition of the CPX antimicrobial activity and concentration 
vs. treatment time for the (�, �) EO and (z, {) PEF processes. 
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Electro-Fenton (EF) process has been shown an excellent alternative to treat wastewater containing 
refractory micropollutants, in which H2O2 and externally added Fe2+ can be simultaneously (re)generated 
by electrochemical reduction of dissolved oxygen and Fe3+ ions at the cathode under acidic conditions. 
The efficiency of EF process greatly depends on the selection of the electrodes. As cathode materials, 
graphite, carbon felt, and carbon-PTFE as air-diffusion electrode are most typically employed. Graphite, 
Pt, metal oxides, and BDD are usually preferred as the anode [1]. However, there are several limitations 
that still restrict the application of EF at large scale: (i) it demands acidic conditions (pH 2.5-3.5) to 
maintain a high performance, and (ii) large amounts of H2O2 are accumulated at the cathode in some 
cases, with poor electroreduction of Fe(III). 
 
To overcome these drawbacks, an aminopolycarboxylic acid like ethylenediamine-N,N'-disuccinic 
(EDDS) acid was employed to form the Fe(Ⅲ)-EDDS complex, which is proposed for the first time to 
modify the conventional EF process.  The use of Fe(Ⅲ)-EDDS is expected to enhance the EF process 
owing to the following features: (i) it allows working at near-neutral pH values, and (ii) the 
electroreduction of Fe(III)-EDDS complex may be more efficient as compared to that of hydrated Fe3+. 
The performance of Fe(Ⅲ)-EDDS-assisted EF process was evaluated by investigating the degradation of 
butylated hydroxyanisole (BHA). 
 
BHA, a monophenolic antioxidant, is frequently used to prevent the oxidative rancidity of food, 
pharmaceutical and other commercial products. Its large usage worldwide has caused its emerging 
occurrence in water, which exerts potentially negative effects on living beings [2]. The degradation of 
BHA was comparatively studied in sulfate medium at neutral pH with a RuO2-based anode and a carbon-
PTFE air-diffusion or carbon-felt cathode by different processes. The most effective process was Fe(Ⅲ)-
EDDS-assisted EF with carbon-felt cathode, achieving 95% removal in 45 min, whereas only 60% and 
55% removal was obtained in conventional EF using carbon-felt and carbon-PTFE air-diffusion cathodes 
with Fe3+ as catalyst source, respectively. However, with the carbon-PTFE air-diffusion cathode, only 
21% BHA abatement was achieved in the Fe(Ⅲ)-EDDS-assisted EF process, which can be attributed to 
the large amount of H2O2 generation on the cathode. The operation conditions were optimized by 
investigating the effects of current density, pH and Fe(Ⅲ)-EDDS ration and dosage. The evolution of 
different iron species, H2O2 and Fe(Ⅲ)-EDDS complex was clarified in different systems. Using 0.1 mM 
Fe(Ⅲ)-EDDS and 16.67 mA/cm2 current density at neutral pH, up to 48% Fe(Ⅲ) was transformed to 
Fe(Ⅱ) in 10 min by electroreduction in the Fe(Ⅲ)-EDDS-assisted EF process with carbon-felt cathode, 
whereas only 23% transformation was achieved using Fe3+ as catalyst at pH 3.0, which can be related to 
the much higher electroreduction efficiency of the Fe(Ⅲ)-EDDS complex. However, a very low Fe(II) 
concentration (0.1 mg/L in 45 min) was determined with the carbon-PTFE air-diffusion cathode due to 
the high H2O2 generation rate. Under the optimal conditions, 50% mineralization was achieved at 180 min, 
despite the contribution of EDDS to the initial total organic carbon (TOC) content. The intermediates 
generated during the oxidation of BHA were identified by GC-MS. In addition, the degradation 
mechanism of Fe(Ⅲ)-EDDS-assisted EF process and a degradation pathway for BHA is finally proposed. 
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Introduction  
Helminths are pluricellular worms, with microscopic eggs of the complex life cycle. Helminths reproduce 
through eggs that differ in shape and size, but in general, possess a shell that consists of three basic layers 
secreted by the egg itself; this is a lipoidal inner layer, a chitinous middle layer, and outer proteinic layer. 
All these layers give high resistance to eggs under several environmental conditions [1, 2], even resistant 
to common disinfection treatments with sodium hypochlorite [3]. There are some methods reported to 
remove Helminth ova: waste stabilization ponds, reservoirs constructed wetlands, coagulation-
flocculation, rapid filtration, and UASB [4]; however, in all cases, Helminth ova are inactivated but not 
destructed. There are other alternatives that promote disinfection through hydroxyl radical via Advanced 
Oxidation processes (AOP) [5]. Recent studies showed high efficiencies for helminth ova disinfection in 
an electro-Fenton reactor in non-polluted water. The objective of this research was to study the effect of 
organic matter on electro-Fenton disinfection of Helminth ova using synthetic polluted water. 
 
Methods 
An electro-Fenton reactor was used to study the effect of organic matter on Helminth ova disinfection in 
synthetic domestic water. Reagent H2O2 was electro-generated via oxygen reduction on the cathode, iron 
supported ionic resin was used to supply ferrous ion. The electrochemical reactor consisted of a tree 
compartment system, with carbon cloth electrodes, and activated carbon in the middle compartment. An 
amount of 9.5 mg/100 mL of organic matter was used. 1 h batch experiments were carried out.  
 
Results and conclusions 
Comparison results of organic matter presence/absence are shown in Figure 1. It is possible to appreciate 
that the inlet amount of helminth ova is reduced due to the presence of organic matter (1a), but also the 
efficiency of the process is limited (1c), that did not occur in the absence of organic matter (1b), where 
the amount of no viable helminth ova increases. Higher batch periods are required to increase the 
efficiency. Electro-Fenton reactor promotes the disintegration of Helminth ova, the efficiency increase in 
the absence of organic matter, what means a pretreatment is required. This is a promising alternative to 
wastewater disinfection. 
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Figure. 1. Helminth ova disintegration by Fenton reagent, a) presence/absence comparison of total HO, b) 

HO percentage distribution in organic matter absence, c) HO percentage distribution in organic matter 
presence. 
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During the latest years, the environmental awareness about pesticides has increased noticeable. Agencies 
such as the Environmental Protection Agency (EPA) or the World Health Organization (WHO) have 
alerted to the high risks of pesticides [1]. A wide variety of them are organochloride compounds which 
have high toxicity and carcinogenic nature. The properties that characterize these organic compounds 
make necessary to limit their presence in the environment. However, their great chemical stability and 
low biodegradability make difficult their mineralization by traditional treatments and different advanced 
oxidation process (AOPs) has been proposed. Among them, the conductive diamond electrochemical 
oxidation (CDEO) for the treatment of wastewater effluents has shown higher efficiencies removing 
organic compounds due to the great chemical and electrochemical stability of Boron Doped Diamond 
(BDD) electrodes [2]. Nevertheless, this electrochemical process has as its main handicap the high 
electrical energy demand per unit of treated volume. Electrons are the only necessary reagents in these 
reactions. Thus, energy resources are essential in these processes. Green energies like solar or wind power 
could decrease the cost of these processes, becoming them in sustainable and environmentally friendly 
processes and more attractive to industry [3]. Despite green energies are intermittent and unpredictable, a 
good management of them can overcome these drawbacks. The storage of energy or the management of 
the charge density (Ah dm-3) applied at sunlight or windy hours can be the ways to improve the use and 
exploitation of renewable resources.  
 
The present work studies the solar power management to removal organic pesticide from soils by 
electrochemical treatment. Taking this into account, the solar radiation in Ciudad Real was measured and 
recorded using a data acquisition systems (LabVIEW). Figure 1 shows the solar radiation from 26th of 
January to 9th of February of 2018. Subsequently, an electrolysis process of soil washing effluents 
polluted with clopyralid was directly powered by solar panels. Moreover, the control of the charge density 
applied to the electrochemical reactor was studied with the aim of getting the greatest energy 
management. The flow rate can be adjusted according to the current density generated by the solar panels, 
allowing the system to work at the optimum charge density and consequently achieving high removal 
efficiencies.   
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Figure 1. Solar radiation in Ciudad Real from 26th of January to 9th of February of 2018. 
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Chlorination is commonly used in disinfection to prevent from the bacterial growth in both intake and 
distribution pipelines or storage tanks. However, the disinfection treatment can result in an undesirable 
by-product, such a bromate (BrO3

-), which is a suspected human carcinogen. Seawater has a high 
potential of BrO3

- formation because of high bromide (Br-) concentration (around 65 mg/L) which can be 
transformed by chlorination in disinfection process. Therefore, the measurement or monitoring of BrO3

- 
formation is important. This study aims to apply the sensitive electrochemical sensing system for 
detecting BrO3

- in free chlorine condition. A linear dynamic ranged from 60 to 200 nM of BrO3
- even in 

28 μM free chlorine solution with a sensitivity of 108.8 μA/μM. A detection limit level of BrO3
- was 38.6 

nM (at pH 7). This value was half of global guideline for drinking water. The proposed sensor had no 
noticeable interference to the detecting of BrO3

- over various potentially interfering agents and other 
chlorinated disinfection by-products. The data measured by the proposed multilayered sensor system was 
in a good agreement for detecting BrO3

- with validated data measured by using a conventional UV-vis 
spectroscopic method. As a final demonstration, the proposed electrochemical sensing system would 
significantly contribute to the on-site detection of BrO3

- concentration from chlorinating disinfection 
process within drinking water treatment plants, including desalination, and water quality monitoring 
applications. 
 

 
Figure 1. A schematic diagram of the bromate sensing system 
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Due to the constant growth in human population and the consequent increase in the demand for agricultural 
products, we need to develop new and better fertilizers and pesticides in order to obtain good crops in such 
harsh conditions. Therefore, the development of new and better pesticides implies the need for developing 
better wastewater and soil treatment technologies. Clopyralid (3, 6-dichloro-2-pyridinecarboxylic acid) is 
a systemic organochlorine herbicide with a high aqueous solubility used to control broadleaved weeds or 
capeweed mostly in cereal fields, turf, ornamentals etc. 
 
There are many degradation techniques and treatment processes to face the treatment of effluents polluted 
with organochlorides but sometimes their use turns to be very expensive for the efficiency obtained. 
Electrochemical technologies play a key role in the scenario of this set of water treatment processes. 
Nevertheless, it is important to keep in mind that the majority of electrochemical degradation technologies 
suffer from an important drawback: the limited efficiency when treating low-concentration wastes due to 
the appearance of mass transfer limitations. In order to overcome these issues, concentration and 
degradation techniques may be integrated, increasing considerably the efficiency of the overall process. 
 
In this work, a simultaneous concentration-degradation of a synthetic wastewater containing clopyralid was 
studied using a system that performs the concentration and degradation of ionic organic pollutants by 
integrating electrodialysis and electrooxidation (EDEO) [1]. This system consists of integrating the 
concentration and the degradation of the pollutant in the same electrodialysis cell thanks to an ad hoc 
arrangement of the ion exchange membranes. In this way, the pollutant (which is ionic and can be 
transported through the cell) is transferred to a concentrated compartment where the oxidation mechanisms 
take place simultaneously. At the end of the treatment process, two diluted streams are obtained.  
 
Specifically, the present work is focused on the influence of the anodic material, current density applied 
and the supporting electrolyte. BDD (Condias GmbH) and MMO (PCCell GmbH) anodes were used. The 
first step consisted in evaluating the transport rate of clopyralid in electrodialysis tests and the potential 
adsorption of this compound in the anion exchange membranes. Next, in order to outstand the EDEO 
efficiency, the results were compared to those obtained from a conventional EO (Electro-oxidation setup) 
along with NaCl or Na2SO4 supporting electrolyte and at three values of current density from 35.55 A m-2 
to 177.77 A m-2.  
 
Within the range of working conditions tested, the best results were obtained at 177.77 A m-2 using BDD 
anode and Na2SO4 as supporting electrolyte. Working under these conditions, the conventional EO appears 
to exhibit a very similar degradation rate than EDEO in terms of clopyralid removal. Nevertheless, in terms 
of mineralization degree the integrated EDEO system significantly improves the treatment efficiency: 192 
mg of TOC removal vs 139 mg using the conventional EO at 240 min. Regarding results with MMO, 
important differences between the conventional EO and the integrated EDEO system were observed. The 
dissimilar behavior of both systems can be explained in terms of the relative ratio of degradation and 
transport rates, which were found to be key variables regardless the pollutant degraded. 
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The preparation and application of antimicrobial agents is a very important topic for water disinfection, 

biofilms prevention and microbial control. Unlike conventional chemical disinfectants, these antimicrobial materials are 
not strong oxidants and they are not expected to produce harmful DBPs, so, if properly incorporated into treatment 
processes, they have the potential to replace or enhance conventional disinfection methods.  

Several materials showing strong antimicrobial properties, have been successfully tested: among the others, 
titanium dioxide (TiO2) is one of the most studied materials in the field of antibacterial applications, due to its unique 
abilities such as photocatalytic bacterial-disrupting, nontoxicity, and self-cleaning properties. Moreover, combination of 
TiO2 with polymers has also been proposed to exploit a bactericidal combined effect.  

In this work, electrodes based on porous TiO2 combined with organic polymers have been prepared. In order to 
enhance both the light adsorption and the antimicrobial effect, the two sides of the electrodes have been modified with 
different organic compounds. The functionalization has been performed following a layer-by-layer approach. A first 
layer of phenylamine has been obtained by electroreduction of nitrobenzendiazonium salt, followed by the reduction of 
the nitro group to ammine. This allows the formation of stable covalent bonds between organic molecules and electrode 
surface. The amine groups have been used for further modifications: one side of the porous electrodes has been covered 
by electrochemical polymerization of polyaniline, in order to increase the photocurrent and depolarize the 
electrochemical cell, while the other side has been modified with poly-cationic molecules to enhance the cell lysis.  
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Abstract: Chlorophenols (CPs) belong to a group of ubiquitous contaminants in the environment, which 
have been listed as environmental priority pollutants by both China and U.S. EPA due to their strong 
toxicity and even carcinogenic property to human beings. The development of effective remediation 
strategy for recalcitrant pollutants including CPs is one of the central topics and key issues in the 
environment field. Here a novel electrochemical oxidation method was reported for the effective removal 
of 4-chlorophenol (4-CP), where a three dimensional (3D) electrode system was developed thanks to the 
addition of metal oxide (Fe3O4 or Pd/Fe3O4) NPs and their resultant polarization effect under the electric 
field. We show that the 3D electrode system exhibits a strong oxidation capacity for the degradation of 4-
CP, which was completely removed in 2 h and further efficiently mineralized as revealed by total organic 
carbon (TOC) removal efficiency of beyond 80% at 8 h. The added metal oxide NPs could be polarized to 
form a large amount of charged microelectrodes with one side of which was served as anode while the 
other was charged as the cathode. The microelectrodes exhibited an adjustable Lewis acid-base property 
in nature by changing the current intensity, leading to distinct removal efficiency for 4-CP. In the Fe3O4-
based 3D electrode system, the generated O2 from anode was reduced to form •O2

− and H2O2 once 
diffused to the negative charged surface of Fe3O4 NPs, whereas in the Pd/Fe3O4-based 3D electrode 
system, H2O2 was dominantly produced over •O2

− from the electro-generated H2 and O2 on the PdNPs 
catalyst surface. •OH as another important reactive species was involved in the degradation of 4-CP 
during the electro-Fenton process by the combination of in-situ formed H2O2 and Fe(II) from Fe3O4 NPs. 
The 3D electrode system showed excellent removal performances for 4-CP after 5 times repeated 
treatment, indicating a strong stability of these Fe3O4 or Pd/Fe3O4 NPs. This work reports an effective 
strategy for the removal of recalcitrant environment pollutants and may provide a new insight for the 3D 
electrode system. 

 

 
 

Schematic representation of 3D electrode system for effective degradation of 4-CP 
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The dimensionally stable anodes (DSA) have been widely 
used by the chlor-alcali industry since active chlorine 
species are generated in these surfaces whose generation 
will depend on the pH of the medium1. These electrodes 
consist of a titanium support on which is deposited an 
oxide or a mixture of oxides of Ir, Ti, Ru, Sn, Pd which is 
electrically conductive2. Different methods of synthesis 
have been developed such as Pechini and thermal 
decomposition, among others. 
In the present work, the synthesis of nanoparticles (NPs) of 
IrO2, RuO2 was performed to obtain DSA electrodes, which 
were used to degrade oxamic acid. Two types of DSA 
named Class I and II were prepared, both of which were 
obtained from the modification of a Ti sheet from the 
painted with commercial TiO2 NPs and IrO2 and RuO2 NPs 
of own synthesis. For the class I DSA the NPs used were 
synthesized separately, while for the Class II electrode Nps 
were synthesized in the same reaction medium. Electrolysis 
were carried out in an open cylindrical cell without division 
at 25°C. Every DSA was used as anode and a stainless steel 
electrode as cathode, both with a geometric area of 2.8 cm2 
immersed in 0.05 M NaCl and applying a current density of 
10 mA cm-2 for six hours. Decay of compound 
concentration was followed by ion exclusion 
chromatography and mineralization by decay of total 
organic carbon (TOC). Fig. 1a shows that with both 
electrodes it is possible to decrease the oxamic acid 
concentration, however Class I electrode is the one that 
allows eliminating this compound in 100%. The same 
tendency is obtained when analysing the TOC in Fig. 1b 
where the same electrode allows reaching a mineralization 
close to 100%. The higher degradation and mineralization 
achieved with the Class I electrode could rationalized in terms of reaction mechanism. One possibility is 
that direct oxidation of oxamic acid on the surface of the electrode and indirect oxidation mediated by the 
generation of active chlorine species and hydroxyl radicals are operating. Further investigation will be 
carried out to understand reaction mechanisms. 
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Figure 1. (a) Oxamic acid degradation and 
(b) TOC decay during electrolysis. 
Experimental Conditions: 0.05 M NaCl, 
10 mA cm-2, Tº = 25ºC. ◼= Class I DSA, 
☐= Class II DSA. 
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Nowadays, brewing process is accompanied by the production of high flow rates of wastewater  
characterized by high concentrations of easily biodegradable organic matter, but also high concentrations 
of suspended solids and nutrients (N and P) being necessary the implementation of suitable wastewater 
treatments to accomplish with the European and National effluent discharge limits. In this context, the 
ANSWER project (LIFE15 EN/ES/000591) aims to demonstrate the technical and economic feasibility of 
the integration of electrochemical, electrocoagulation (EC), and bio electrochemical technologies, 
Fluidized bed bio-electrochemical reactor (FBBR), at pilot scale for the efficiently treatment of agro-
industrial wastewaters. 
Firstly, EC has been proposed as initial step to efficiently decrease the initial brewery high concentrations 
of suspended solids of the raw brewery wastewater [1]. In addition, nutrients are recovered as an enriched 
biomass suitable for the use as bio-fertilizer increasing the sustainability of the process. Lab-scale 
experiments have been performed in EC cells of 2 L to optimize the pilot EC unit, designed to treat 10 m3 
h-1 of wastewater and employing recycle aluminum as sacrificial anode material in order to decrease the 
operational costs of traditional EC.   
Secondly, a pilot 420 L-FBBR has been installed in order to reduce the organic matter concentration by 
the action of electroactive bacteria, which use the electrically conductive electrode hosted in the anode as 
an electron acceptor to capture the electrons generated in the microbial oxidation of organic matter 
generating an electric current and an energy valuable flowrate of an enriched biogas (H2 and biogas). The 
pilot FBBR has been properly optimized attending to experimental results obtained at lab-scale, where 
critical parameters, as anode polarization and electrode configuration, has been evaluated in order to 
maximize the energy generation and wastewater treatment capacity of this microbial electrochemical 
technology (MET). 
Energetically efficient wastewater treatment has been successfully achieved removing up to 96% of the 
suspended solids, 98% of the nutrients at best conditions (N and P) and up to 96 % of the soluble COD 
accomplish with the effluent discharge limits with low energy consumption.  
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PEM fuel cells represents a promising device for efficient conversion of chemical energy carried by fuel 
into electrical energy. Absence of moving parts is the main reason for their quiet operation. Water is an 
only side-product, beside the heat, of fuel cell operation. Mentioned aspects make fuel cell stacks a 
suitable option for auxiliary power units (APUs) for mobile applications, like medical beds in field 
hospitals or source of energy for lighting and charging of communication devices in evacuation centers. 
Other potential applications are power sources for rescues. All these applications require power output in 
a range of 80-200 W for steady load and up-to 500 W peak for a short-time operation. Therefore, this 
project is focused to design mobile auxiliary power unit based on PEM fuel cell at this power output 
range.  
Electric power consumption of connected electronic devices varies in time. Target of balancing is to 
equilibrate APU voltage with changing loads and to stabilize load on fuel cell stack. Balancing can be 
accomplished by utilizing correspondingly sized energy storage devices connected to the fuel cell stack. 
Most effective solution from energy utilization point of view represents combination of accumulators and 
supercapacitors. High weight, large dimensions and complicated control system are the main 
disadvantages of this solution. Using accumulator of sufficiently high internal capacity seems from this 
point of view to be more effective. 
One of the most important constrains represents weight of the entire APU system. Safety load upper level 
for the mobile unit in an outdoor terrain is up to 15 kg. This weight limit is considered here without gas 
cylinder, as it can be moved separately and its size may differ according to the foreseen application. 
Humidifier and all parts of the system, like fuel and air supply, energy balancing, ventilators etc. must fit 
together with fuel cell stack into a single housing. The housing has to protect entire system against 
environmental conditions.  
Air is used as a preferred oxidant. It significantly simplifies construction of the unit and demands on 
available infrastructure. Main problem of ambient air represents its purity. Especially in the industrial 
agglomerations, or in the case of an accident, content of various impurities in air can potentially reach 
high level. Some compounds, like dihydrogen sulphide, carbon monoxide and selected organic 
compounds can poison platinum catalysts. Mechanical compounds can block gas diffusion electrode and 
impair transport of oxygen and water in electrode. Therefore, it is necessary to include air purification in 
to the system. Selected filter have to operate with low pressure drop in order to minimize internal energy 
consumption. 
System have to include also set of sensors controlling important quantities. One group of sensors 
monitors air purity and state of filters. Second group of sensors monitors concentration of hydrogen in 
housing and at output air from the fuel cell. Leakages of fuel can be detected by presence of hydrogen in 
housing. Fuel cells stack also in regular intervals discharges hydrogen to avoid accumulation of 
impurities. The sensors used have to ensure, that discharged hydrogen will be diluted to a safe level and 
any potential leakages will be detected immediately. Selection of sensors represent a difficult task. 
Sensors based on catalytic burning represents robust technology, but nonselective and with high energy 
demand. Electrochemical sensors are selective with low energy consumption but with low concentration 
range tolerated. 
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Electro-Fenton method has received tremendous attention in recent decades [1], since it is considered a 
very promising method for the treatment of wastewater contaminated by organic pollutants resistant to 
traditional biological processes [2]. The electro-Fenton process is based on the electro-generation of 
hydrogen peroxide via two electrons reduction of oxygen at cathodes. In order to improve the 
performances of the process, many works were devoted to the study of various kinds of cathodes 
materials [3] and using proper reactors [4] that enhance the mass transfer of oxygen to the. Carbon felt [5] 
of one of the most widely used cathode due to their large 3D active surface, mechanical integrity and 
commercial availability. In particular, many studies regarding electro-Fenton process were carried out in 
undivided cells in order to avoid the costs of the separator and to reduce the cell potentials. Hence, in 
order to optimize the cathodic conversion of oxygen to H2O2, the effect of many parameters linked to the 
anodic process (such as the nature and the area of the anode, the ratio between the cathode and anode 
surface, the current density and the mixing rate) were here evaluated. It was demonstrated that the 
performances of the process strongly depend on the ratio between the cathode and the anode surfaces, the 
nature of the anode, the mixing rate and the current density 
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Cold, dry and clean control of the oxidation state copper surfaces can be achieved using atmospheric 
pressure, radio frequency induced plasmas. Copper is very common circuit material used by the 
electronics industry in the production of interconnects and lead frames. Furthermore, copper (I) oxide is 
the oldest known semiconductor, with new emerging applications in photocatalysis and as transparent 
conducting films. Redox chemistry of thin copper layers has therefore been a major area of interest. 
Previous work in this area has generally focused on the reduction of metal oxide films in low-pressure, 
hydrogen plasma1-2, requiring costly vacuum plasma equipment. 
 
We investigate the effect of applied DC surface bias on the reduction of thin copper(I) oxide films to 
metallic copper in a non-thermal, atmospheric pressure, helium plasma jet. Thin layers (≈ 50 nm) of Cu2O 
are electrochemically deposited onto Pt electrodes and placed in helium plasma doped with H2, O2 and 
CH4 gases. Raman spectroscopy, XPS and SEM techniques are used to probe the effect of plasma 
treatment on the deposited copper oxide layer.  
 
We show that application of a DC bias to the Pt substrate in the range of ± 210 V during plasma exposure 
can help control the rate of reduction of the copper(I) oxide film. We propose that electrons play a critical 
role in the reduction process, and controlling the electron flux to the surface may be used as a means to 
modulate the reduction process. 
 
 
1. Sabat, K. C., Paramguru, R. K., & Mishra, B. K. (2016). Reduction of Copper Oxide by Low-
Temperature Hydrogen Plasma. Plasma Chemistry and Plasma Processing, 36(4), 1111–1124.  
2. Xu, Z. J., Qi, B., & Di, L. B. (2013). On the Mechanism of Copper Oxide Reduction by 
Dielectric Barrier Discharge Plasma Using H2 and Ar Mixture Gases. Advanced Materials Research, 
690–693, 1664–1667. 
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Meccanica, Università degli Studi di Palermo, Palermo 90128, Italy 

e-mail address: onofrio.scialdone@unipa.it 
 

In the last years, many efforts were dedicated to the evaluation of various electrochemical approaches [1], 
the selections of proper operating conditions and apparatus for the effective treatment of wastewater 
contaminated by organic pollutants resistant to conventional biological processes and toxic for 
microorganisms [2]. Nevertheless, most of the investigations were performed using synthetic wastewater 
[3]. Hence, it is now mandatory to study the problems connected to the passage from synthetic 
wastewater to the real ones. Some researchers started to investigate the applicability of some 
electrochemical approaches to real wastewater [4] coming often from textile, pharmaceutical or landfill 
leachates within some salt content. As real wastewater are characterized by a very large variety of 
conductivity [5], the addition of a supporting electrolyte inside is not easy for real applications for 
economic and in some cases safety reasons. In this work, the treatment of a real wastewater characterized 
by low conductivity was performed by anodic oxidation at boron doped diamond (BDD) in both 
microfluidic and undivided conventional cells, which avoided the cost of the membrane and the 
corresponding ohmic losses. The electrolyses carried out in conventional cells without supporting 
electrolyte were characterized by very high TOC removals but excessively high energetic consumptions 
and operating costs. The addition of sodium sulphate, as supporting electrolyte, allowed to strongly 
reduce the cell potentials and consequently the energetic consumptions and the operating costs. However, 
under various operating conditions, the addition of Na2SO4 caused a lower abatement of the TOC. The 
best results in terms of both TOC removal, energetic consumptions were obtained using a cell with a very 
low inter-electrode distance (50 µm) with no addition of a supporting electrolyte .  
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It has been calculated that the energy dissipated wherever the rivers get to the sea this corresponds to an 
amount of about 2 TW of power [1]. Recovering part of this energy could attenuate the dependency of our 
economic system from fossil fuels. The techniques conceived to exploit this blue energy are grouped within 
the family of the salinity gradient technologies, where pressure-retarded osmosis (PRO) and reverse 
electrodialysis (RED) are regarded as the most established technologies [2]. Nevertheless, their power is 
limited respectively by various factors including the kinetics of electrodes reactions. Conversely, the use of 
capacitive electrodes proposed by Brogioli in 2009, does not seem to be affected from these limitations, 
relying only on ions movement across the electrical double layer [3]. The literature highlights that RED 
and capacitive electrode can take advantage of their combination, implementing the Capacitive RED 
(CRED) [4]. In this framework, different electrochemical techniques such as cyclic voltammetry, 
impedance spectroscopy and chronoamperometry can be used to characterize the performance of the 
electrodes. These different strategies are here compared and applied to the characterization of novel, super-
critical-carbon-dioxide-prepared electrodes. 
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Throughout the last decade capacitive deionization (CDI) has attracted great attention in water 
desalination. Instead of separating the water from salt as is common practice in reversed osmosis and 
distillation, CDI targets the removal of the dissolved species. Especially, in terms of energy use for the 
desalination of brackish water CDI has shown promising results. The incorporation of ion exchange 
membranes in front of the electrodes could further improve the separation performance in membrane 
CDI. 1 Besides this, additional chemical charges can be introduced in the electrodes to store ions during 
the adsorption phase of the so-called inverted CDI process. This means that adsorption occurs at 0V 
whereas desorption occurs by depolarizing the electrodes electrochemically. 2 
 
Here we report on a modification strategy that allows fixation of both anionic and cationic polymers in 
the electrode matrix by using a water soluble butadiene rubber binder. We further discuss the influence of 
ion exchange membranes in inverted CDI that, due to their shielding, inhibit active adsorption of ions 
during the desorption step, leading to an increase in process efficiency as indicated in Figure 1. 
Furthermore, we report on maximum salt adsorption capacity and salt separation efficiency, as well as 
exergy indicators, which are notably different from those found for other CDI processes.  
 

 
Figure 1: Ion movent during inverted capacitive deinization, comparing the influence of additional 
surface charges (light green) and ion exchange membranes (yellow). 
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Textile industry is considered one of the main producers of water pollutants as a result of their large demand of 
water during the dying process. This wastewater contains high dye concentrations that can cause several 
damages in aquatic life and human beings due to their carcinogenic and mutagenic properties [1]. Due to its 
chemical structure and properties these pollutants are resistant to biodegradation and hardly removed by 
conventional methods such as coagulation, adsorption and biological processes [2]. Nevertheless, the 
electrochemical advanced oxidation processes (EAOP´s) have been used to remove azo dyes and their by-
products efficiently from wastewaters. Conventional electro-Fenton process carries out the electrochemical 
generation of hydrogen peroxide which reacts with Fe2+ to generate hydroxyl radicals •OH. Recent studies have 
shown evidence of a Fenton-like reaction between hypochlorous acid and Fe2+ to produce hydroxyl radicals. 
Catalyst Fe2+ can be regenerated from the photolytic reduction of iron complexes (Fe(OH)2+) by using UVA 
radiation [3]. This research deals with the combustion of the azo dye Acid Red 1 by solar photoelectro-Fenton-
like process using electrogenerated hypochlorous acid and Fe2+. Active chlorine (mixture of hypochlorous acid, 
chlorine, and hypochlorite) anodically produced on a Ti-Ir,Sn,Sb oxides, was formed at anodic potential of 1.9 
V vs SHE using a mixed electrolyte (35 mM NaCl + 25 mM Na2SO4) and a volumetric flow rate of 3.2 dm3 

min-1, to give evidence of the electro-Fenton-like process Fe2+concentrations were added, Figure 1(a). Color 
removal of a 0.19 mM Acid Red 1 was followed by UVA electro-Fenton-like process as shown in Figure 1(b).  

 

Fig. 1. (a) Active chlorine concentration vs time, influence of Fe2+concentration: (   ) 0.0, (   ) 0.1, and (   ) 0.4 
mM ; at 1.88 V vs SHE, for treatment of 6 L of a solution having 35 mM NaCl+25 mM Na2SO4 at pH 3, T = 
298 K. (b) % Color removal vs time of a 0.19 mM Acid Red 1, influence of Fe2+concentration: (   ) 0.1 mM and 
(   ) 0.3 mM, at the same conditions as in (a). 

[1] E.Brillas, C.A. Martínez-Huitle, Appl. Catal. B: Environ. 166-167 (2015) 603. 
[2] X. Florenza, A.M Sales, F. Centellas, C.A. Martínez-Huitle, E. Brillas, S. García, Electrochim. Acta 142 
(2014) 276.  
[3] Z.G. Aguilar, E. Brillas, M. Salazar, J.L. Nava, I.Sirés, Appl. Catal. B: Environ. 206 (2017) 44.  
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Filter-press electrochemical reactors with vertical parallel plate electrodes (ECR) are commonly used 
in industrial practice due to its effectiveness for a diverse range of applications including drinking water 
treatment [1]. Many industrial processes involve the gas bubbling generation, for example, the 
electrocoagulation technique, where the anodic plates of aluminum or iron are dissolved as Fe(II) and Al(III) 
ions, while the hydrogen evolution reaction (HER) takes place at the counter electrode. The gas in the 
inter-electrode gap (cell) affects the liquid flow distribution and the ionic transport to the electrode 
surfaces, which can have a considerable effect on cell performance [2].Therefore, the hydrodynamics are 
an important aspect of the reaction environment since flow around the electrodes determines the 
magnitude and uniformity of mass transport together with the current and potential distributions, which 
affect current efficiency and energy consumption during electrolysis [3]. In ECR, electrode gases are 
released into the electrolyte, when the bubbles reach a sufficient size, they leave the electrode surface, 
moving upwards and form a two-phase layer near the electrode, i.e., the ‘bubble curtain’.   

 
Computational fluid dynamics simulations were carried out to simulate the hydrodynamics 

characteristics of a two-phase (H2-H20) bubbly flow in an undivided, pre-pilot filter press flow reactor 
with a stack of three cells. Continuous and dispersed phase velocity fields were modelled via the Euler-
Eulerian approach, the biphasic Reynolds Averaged Navier-Stokes equations being solved by a standard 
k− turbulence model. The HER took place over the surface of the cathodes at a constant current density 
(j) of −7 mA cm−2. The mean linear inflow rate of water (u) was controlled in the range 1.2 ≤ u ≤ 2.1 cm 
s-1. It is important to emphasize that in the present investigation there is no oxygen evolution reaction at 
the anodes, because the anodic dissolution of aluminum is the thermodynamically favored reactions. 
Under these conditions the biphasic flow system studied here is considered solely as H2-H2O. 

 
Simulations of H2 dispersion along the inter-electrode gap did not show a bubble curtain profile, as 

typically occurs in the batch operation mode. The velocity profiles of the mixture (H2-water) were 
different at each one cell because of the change of flow direction. H2 bubbles increases the velocity of the 
liquid phase but the void fraction of such bubbles also increases pressure drop. Good agreement between 
theoretical and experimental residence time distribution (RTD) trials was obtained. Fig. 1 shows the 
dispersed phase fraction field on the x−y plane at a depth of 0.3 cm in the z-coordinate (in each cell) and 
RTD simulations, this later is compared with experimental data. 
                                  (a)                                                                                                 (b)  

                                             
Fig. 1. (a) Dispersed phase fraction field and (b) Comparison between theoretical (⎯) and experimental 
(●) biphasic RTD curves at u = 1.8 cm s-1 (Q = 13.3 cm3 s-1), j = ─7 mA cm-2.  
 
[1] F.F. Rivera at al., Electrochim. Acta, 163, 338, (2015). 
[2] A. Alexiadis et al., Chem. Eng. Sci., 66, 2252, (2011). 
[3] M.A. Sandoval et al., Electrochim. Acta, 216, 490, (2016). 
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Electrochemical oxidation is widely known as an environmentally friendly method for the treatment of 
wastewater containing organic compounds. In addition, much attention has been focused on the study of 
anodes with high oxygen evolution potential (OEP), high stability and low cost. SnO2–Sb anodes have a 
high OEP that favors the generation of ●OH radicals that act in the indirect oxidation of organic 
compounds. Because of that and their low cost, these anodes are one of the most promising alternatives to 
both the expensive and fragile boron-doped diamond anodes, and to the harmful, lead-leaching, PbO2-
based anodes [1]. Various processes to produce these anodes have been reported in the literature: sol–gel, 
chloride thermal decomposition and polymeric precursor method, known as the Pechini method. 
However, all of these cited methods employ a furnace for heat treatment, which is an expensive and time-
consuming process. To overcome this drawback, in recent years, laser technology has been employed as 
an alternative sintering method to produce dense and crack-free ceramics with different properties [2]. 
Advantages such as fast processing times, rapid heating and cooling rates, and ease of laser parameter 
optimization have made laser technology attractive. Therefore, here we attempted to produce Ti/SnO2–Sb 
anodes by using a CO2 laser. All anodes were coated with an antimony doped SnO2 solution and prepared 
by the Pechini method. Moreover, conventional anodes were prepared using a furnace, for comparative 
purposes. The microstructure of the films was analyzed by scanning electron microscopy and the 
crystalline phases were identified by X-ray diffraction.  The higher the calcination temperature the higher 
the anodic current density due to the oxygen evolution reaction (cyclic voltammetry in Fig 1a). Likewise, 
the OEP is higher for the laser prepared anodes than the conventionally made ones. The electrochemical 
impedance for the laser prepared anodes is smaller than those prepared in the furnace, which indicates 
that laser heating produces surfaces with improved charge transfer (Nyquist diagrams in Fig 1b). 
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Figure 1. Electrochemical properties of the Ti/SnO2–Sb anodes prepared at different calcination 
temperatures: (a) Cyclic voltammetry curves recorded at 0.05 V s–1 (in 0.25 mol L–1 Na2SO4); (b) Nyquist 
diagrams (0.1–104 Hz, in 0.5 mol L–1 H2SO4).  
 
Finally, a fast method employing CO2 laser as heating source successfully synthesized Ti/SnO2–Sb 
anodes. These were compared with Ti/SnO2–Sb anodes prepared conventionally and the laser prepared 
anodes possess lower charge transfer resistance and a higher oxygen evolution onset potential.  
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Electrochemical oxidation processes are promising for wastewater treatment due to their high efficiency, 
easy control, versatility and low environmental impact. In such processes, the anode is the key part of the 
system, which strongly affects the efficiency of organic pollutant oxidation [1]. Therefore, it is important 
to develop novel methods capable of producing anodes with improved characteristics, such as high 
stability, large surface area and enhanced electrocatalytic activity [2]. Mixed metal oxides (MMO) anodes 
are especially attractive due to its low cost and ease of preparation. MMOs anodes are commonly 
prepared by thermal decomposition, where the precursor solution is prepared by dissolving the metal salts 
in a solvent and coated onto the substrate surface [1]. In this context, polyvinyl alcohol (PVA) is an 
interesting alternative as a solvent to prepare MMO anodes. PVA is environmentally friendly, being 
nontoxic to organisms, because it has a biodegradable chain polymer [3]. The use of PVA as a dopant to 
improve the properties of PbO2 electrodes was reported by Li et al. [3]. However, studies employing PVA 
as solvent to synthesise MMO anodes have not been reported. Here, we use PVA as a solvent to 
synthesise RuO2-IrO2/Ti anodes. For comparison, anodes with the same composition were also prepared 
by using the conventional method employing a polymeric precursor solvent (so-called Pechini method). 
The as-prepared anodes were physically characterized by X-ray diffraction (XRD) and scanning electron 
microscopy (SEM) coupled with energy dispersive X-ray 
spectroscopy (EDS) and electrochemically by cyclic 
voltammetry, accelerated stability tests and electrochemical 
impedance spectroscopy (EIS). The reactive Blue 21 dye (RB21) 
was chosen as the model pollutant for electrochemical oxidation 
to evaluate electrochemical activity of the anodes. XRD analyses 
confirmed the formation of RuO2 and IrO2, both in the rutile 
structure. SEM images shows that RuO2-IrO2/Ti anodes prepared 
using PVA (Fig. 1a) have a rough and more compact surface than 
the anode made by the Pechini method, that shows the typical 
“cracked-mud” morphology (Fig. 1b). Avoiding the “cracked-
mud” structure, the infiltration of the electrolyte into the coating 
is reduced, thus increasing the electrochemical stability. The 
PVA-made anode showed a lifetime 1.6 times longer than the 
conventional-made one, while the total voltammetric charge 
increased in 250%. EIS analysis showed a low charge-transfer 
resistance for PVA anodes (38.36 Ω) compared to the 
conventional (193.81 Ω). The PVA-made anodes promote a faster 
discoloration rate of the RB21 dye during electrochemical 
oxidation, thus confirming improved electrocatalytic activity. 
Finally, this study reports the successfully synthesis of the novel 
RuO2-IrO2/Ti anode using PVA as solvent and opens up the 
opportunity for the use of the developed methodology for the 
further synthesis of MMO electrodes for diverse applications. 
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Fig. 1 SEM images of RuO2-IrO2 
coatings prepared with different 
precursor solvents: a. PVA and b. 
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There are several electrodes for electrochemical ozone generation, for example, boron-doped diamond 
(BDD) electrode [1] and tantalum oxide–platinum composite electrode [2]. However, these electrodes are 
not inexpensive, cannot be achieved having large area, and cannot be prepared with simple methods. In 
this work, electrochemical ozone generation at an easily prepared platinum-modified titanium (Pt/Ti) 
electrode was investigated in comparison with a BDD or a Pt electrode. The Pt/Ti electrode was prepared 
by our original method, multiple electrostrike (ME) method as follows. A vibrating Pt wire (cathode) was 
rubbed over a surface of a titanium plate (anode) with a potential of 7.5 V. Subsequently, ozone 
generation activities of the electrodes were evaluated in acryl sealed 36 L box (Fig. 1). Ozone gas was 
generated potentiostatically (5 V) in 3 mL of 0.5 M H2SO4 and dispersed by the fan. Ozone generation 
activity of the Pt/Ti electrode was found to be much higher than that of the BDD or the Pt electrode (Fig. 
2). From SEM observations, it was observed that molten Pt particles on the Ti surface ranging from 
several nanometers to submicrometers were broken after the electrolysis (Fig. 3). The result was expected 
to contribute to a better understanding of why the ozone generation increases with electrodes prepared by 
ME method. This research is attractive to development practical units for inexpensive and effective ozone 
generator. 
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Figure 3.  Back scattered electron image of the Pt/Ti electrode 
(left) before electrolysis and (right) after electrolysis. 
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It is well-known that the life of battery is influenced by the temperature, current rate, and chemistry of 
cell. Users test several conditions to extend the life of the lithium ion battery and increase its efficiency or 
expect its exact life. Generally people consider the lithium ion battery will be used for a decade, but it is 
hard to expect the battery life time, so many researchers have evaluated by using an accelerated method. 
The behaviors of lithium ion cells and aging mechanisms are strongly dependent to the battery cell 
chemistry and technology. But the degradation by current pattern and temperature and thermal effect by 
cell modulation could be analyzed.   
 
In this study by using an accelerated method the life of 18650 lithium ion battery is evaluated. The 
accelerating factor is a temperature and current pattern, to simplify and to understand the effect of 
temperature and current. And to find out the thermal effect, 1 cell and 16 parallel connected cell block are 
also tested.  
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The technology of industrial aluminium production is based on the same principles more than 130 years. 
The operating temperatures are over than 950 °C, the dominant component of the electrolyte is sodium 
cryolite, and the carbon consumed (CO2 evolved) anodes are used. One of the objectives of the industrial 
research is to lower the operating temperature of the electrolytic process. Low-temperature electrolytes 
are related to the inert electrode materials possible uses in modern technology. The several main benefits 
are improving of the global environmental footprint, increase of the cell life, decrease of corrosion rates, 
reduction of the energetic consumption or reduction of production costs. The environmental aspect is 
related mainly with dimensionally stable inert anodes that evolving of O2 instead of CO2. 
Physicochemical properties of low-temperature melts were investigated only in a lesser extent. Electrical 
conductivity is one of the key properties in electrochemical processes. The electrical conductivity is of a 
great importance in the energetic balance of the process since it affects the ohmic voltage drop in the 
electrolytic cell and it can also help in the research of the melts structure. 
The presented work is focuses on the characterization of electrical conductivity in low-temperature melts. 
Three basic types of cryolite-based electrolytes were studied: sodium cryolite system with high content of 
aluminium fluoride, potassium cryolite system and sodium-potassium mixture cryolite system. The 
sodium cryolite systems had additions of AlF3 up to 45 mol %. Different molar ratios (ratio between 
moles of NaF / moles of AlF3) MR = (2.0-1.2) with the step of 0.2 were investigated. The operating 
temperature varied from 705 °C to 1040 °C. The influence of individual various commonly used additives 
in industrial electrolyte (AlF3, Al2O3, CaF2, MgF2, LiF) and their mutual influence were also defined. The 
potassium cryolite system was measured for MR from 1.2 to 1.5 with the step of 0.1. The temperature 
dependence ((655-850) °C) and the influence of the different addition (individual and also mutual) on the 
electrical conductivity were obtained. Third system represents the combination of sodium and potassium 
cryolite melts. The temperature dependence was in range from 655 °C to 875 °C. Molar ratios were the 
same as in the potassium cryolite melts, from 1.2 to 1.5 (step 0.1). Four different concentrations of NaF in 
the cryolite mixtures were measured at all MR. 
Electrochemical impedance spectroscopy, EIS was chosen as a measurement method. Tube-type cell 
made of pyrolytic boron nitride with constant distance between the electrodes was used. AC-techniques 
with a sine wave signal with a small amplitude in the high frequency range (100 Hz - 100 kHz) were 
applied. All measured EIS data were evaluated by the non-linear regression analysis (the least square 
method) according to concept of equivalent circuit. Concentration and temperature dependences of the 
electrical conductivity for all the studied low-temperature systems were described by the regression 
equations. These equations are applicable for calculation of the electrical conductivity in whole measured 
area of the low-temperature cryolite electrolytes. 
 
The authors gratefully acknowledge the financial support for this research by the Ministry of Education, 
Science, Research and Sport of the Slovak Republic within the project VEGA 1/0543/15 and by the 
Slovak University of Technology Grant scheme for Support of Excellent Teams of Young Researchers 
for financial assistance (MiReK). 
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Throughout last decades, pesticides have contributed to improve the quality of crops. However, these 
compounds have also drawbacks and nowadays they are known to be related to health and environmental 
problems. Clopyralid (3,6-dichloro-2-pyridine-carboxylic acid) is a widely used halogenated herbicide. 
This herbicide is very persistent in soil under aerobic conditions. Furthermore, clopyralid presents high 
solubility in water and this causes that clopyralid has been detected very frequently in the environment and 
even in drinking water. The high solubility in water has an important advantage, it easy to extract clopyralid 
from soil thought a conventional Soil Washing (SW) without the addition of any surfactant. Once the 
herbicide has been extracted from soil, clopyralid has to be treated as a wastewater problem. Today, 
biological treatment is the most widespread method to treat conventional wastewater due to its low 
economical costs. Nevertheless, biological treatments are not effective when dealing with recalcitrant 
chemicals such as the herbicides. In these cases, advanced oxidation processes (AOPs) are an expensive 
but powerful technology to remove these complex organic molecules. AOP processes require an important 
energy consumption but is able to reach the complete mineralization of recalcitrant chemicals. This work 
proposes to apply and electrochemical process to improve the biodegradability and to reduce the toxicity 
of the effluents generated in a SW processes.  
 
The research conducted was divided into two stages. Firstly, a soil washing process was employed to extract 
clopyralid from polluted soil. Synthetic groundwater was used as a soil washing fluid. The efficiency of the 
process was about 90%, the wastewater has 180 mg L-1 of clopyralid concentration and enough conductivity 
to develop an electrochemical process without the addition of any supporting electrolyte. 4 different carbon-
based anodes were studied in order to generate biodegradable intermediates form clopyralid: p-Si Boron 
Doped Diamond (BDD), Carbon felt (CF), Ruthenium Based Mixed Metal Oxides (Ru-MMO) and Iridium 
based Mixed Metal Oxides (Ir-MMO). In all the cases, the pre-treatment was performed at 5 mA cm-2. After 
the pre-treatment, any pesticide removal was observed when working with Ru-MMO and Ir-MMO. 
However, when working with BDD and CF better results were obtained. BDD completely mineralize 
clopyralid to carbon dioxide due to the high efficiency of this kind of anodes. When using CF anodes, a 
significant transformation of clopyralid was obtained. TOC has a slower removal rate than clopyralid 
removal rate, and TOC was not completely removed, indicating that clopyralid suffers transformations into 
other intermediates. Due to the porosity of CF, the potential adsorption of clopyralid over the CF surface 
was determinated and it was concluded that clopyralid was not adsorbed on the surface anodes. The 
biodegradability and toxicity of electrolyzed solutions during the electrochemical process were evaluated 
using EC50 (Effective Concentration causing 50% inhibition), BOD5 (Biological Oxygen Demand) and 
OUR (oxygen uptake rate). Regarding toxicity, initially, the toxicity of the effluent increases. However, 
when the applied charge is about 2.5 Ah dm-3, toxicity decreases. The EC50 reaches his maximum value at 
3.83 Ah dm-3. The biodegradability of the samples was also measured as OUR and has the same trend that 
EC50. When low electrical charge were applied, the biodegradability decreases. Then, when the electrical 
charge exceeds 2.5 Ah dm-3 the trend changes. The initial decrease in biodegradability and increase in 
toxicity can be explained due to the degradation of the easily biodegradable compounds and to inhibitory 
effects of the reaction intermediates generated during the electrolysis. Subsequently, these substrates were 
transforms into more biodegradable one, such as acetic acid during electrolysis. The ratio BOD5/COD 
increases from 0.02 to 0.23 showing an important biodegradation improvement. 
 
It can be concluded that CF anodes achieve the partial oxidation of clopyralid generating more 
biodegradable intermediates. Biodegradability and toxicity tests verify that the electrochemical pre-
treatment using CF anodes improve biodegradability of SW effluents polluted with clopyralid.  
 
Financial support from the Spanish Ministry of Economy, Industry and Competitiveness and European 
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Reduction of organic halides is scientifically interesting particularly in the context of organic 
electrosynthesis and water pollution remediation achieved by abatement of toxic compounds through their 
conversion to less harmful and possibly still useful compounds. A direct electrochemical reduction of 
organic halides in aprotic media generally proceeds via two-electron cleavage of the C–X bond, occurring 
at very negative potentials at non-catalytic electrode surfaces, what is the biggest disadvantage of this 
process. The use of electrocatalytic electrode materials, such as Ag shifts the reduction threshold to less 
negative potentials, and therefore lower the energy requirement of the process. Electrocatalytic reduction 
of organic halides on Ag occurs via generation of organometallic attenuated radical intermediate, with a 
remarkable decrease in the activation energy. However, reduction thresholds are still very negative.  
It is widely recognized that the potential of electrocatalytic reduction of organic halides depends, inter 
alia, on cathode material and roughness; type of solvent and the supporting electrolyte. This observation 
introduces several potential routes for further improvement of the catalytic properties of electrodes used 
for reduction of organic halides. One of them is use of nanostructured electrode, e.g., Ag nanoparticles 
dispersed on support material, such as glassy carbon or Pt [1,2]. Nanoscale materials show unique 
properties different from the bulk materials due to their reduced dimensions and increased surface to 
volume ratio. In the context of electrocatalysis, nanoparticles can enhance mass transport and 
electrocatalytic activity, besides of course an increased active surface area.  
Therefore, we proposed the use of electrodes with the ordered array of Ag nanowires as electrocatalyst for 
reduction of organic halides. Such electrodes exhibit much better electrocatalytic properties than the bulk 
Ag electrodes [3], without the disadvantages of the nanoparticle electrodes. They are stable in time and 
can be used repeatedly. Due to the higher surface to volume ratio, nanostructured electrodes might be also 
less expensive than bulk materials. 
The aim of this research was to investigate electrocatalytic behavior of nanostructured Ag electrodes with 
different morphologies, and compare with a silver bulk electrode. Water was selected as a solvent because 
the electrocatalytic reduction in H2O was not widely studied, the mechanism of electroreduction in water 
is still not well understood, and metallic Ag electrodes exhibit improved catalytic activity in protic 
solvents due to availability of protons for hydrodehalogenation. Due to all mentioned effects, the 
reduction threshold is strongly shifted. It ensures that dehalogenation occurs at potentials less negative 
than hydrogen generation. This allows a proper observation of reduction peaks during electrochemical 
measurements in water. For this research, chloroform was selected as a simple model molecule with a 
sufficient solubility in water. Chloroform is also known as common, refractory water pollutant [4].  
The two-step anodization process and a voltage pulse detachment method were used for synthesis 
through-hole, highly ordered anodic aluminum oxide (AAO) membranes that served as templates for the 
synthesis of silver nanowire arrays. The electrodeposition of Ag nanostructures was carried out in a 
commercially available silver plating solution by applying a constant current density. The electrocatalytic 
properties of nanostructured Ag and bulk Ag electrodes were investigated by various voltammetric 
techniques in KClO4, NaClO4, Na2HPO4, and NaH2PO4 aqueous solutions. 
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The development of non-noble metal (NNM) catalyst with improved performance is essential in order to 
reduce the use of Pt as catalyst for the oxygen reduction reaction (ORR) which is a fundamental reaction 
related to various disciplines such as energy conversion, material dissolution and biology. In this work an 
experimental study was carried out following a synthesis on a laboratory scale plant with the aim of 
evaluating which chemical and physical parameters affect the final electrochemical activity of a Fe-N-C 
catalyst in relation to ORR. Specifically, Zeolitic imidazolate framework (ZIF_8), Iron(III)-
phthalocyanine chloride (Pc) and Sulfur were used as raw materials. The electrochemical activity was 
investigated with rotating disk electrode (RDE, BAS Instrument, glassy carbon 0.1256 cm2) using a 0.1 M 
KOH alkaline electrolyte which provides superior performance compared with acid environments [1]. 
The process was divided into two main parts: a reaction carried out in an autoclave in which the reagents 
were mixed in ethanol, followed by two pyrolysis steps under inert (N2) and forming (N2 / 50% H2) gas 
respectively. Initially, an analysis was conducted on the first synthesis step in the autoclave: three 
different sulfur concentrations and three different reaction temperatures (relating to vapour pressure 
inside the batch reactor) were investigated. In this case, the results showed an improvement in activity 
only as the concentration of sulfur increased. The surface electronic states of the catalysts produced in this 
phase were studied with XPS (Fig. 1A) in order to determine the effect of these parameters on the active 
centres composition and the final quantity of iron oxides which, through their presence, partially reduce 
the final activity of the material [2]. Afterward, a 23 full factorial design was followed with the aim of 
investigating the effect that three parameters at two levels and their interaction had on the catalyst 
performance: 

(A) Zif_8/ Fe(III)Pc wt. ratio:       0.5 and 1.5 
(B) Maximum temperature in the furnace during the pyrolysis process:  600 and 850 °C 
(C) Dwell time at maximum temperature:     1 and 3 h 

The analysis showed the best results as a combination of the highest amount of Zif_8 treated at 850 °C for 
1 h (Fig. 1B). With the goal of increasing activity forcing the temperature over 850 °C, different samples 
were prepared setting the maximum furnace temperature at 880 °C and varying the Zif_8 weight ratio 
from 0.5 to 2.5. The results (Fig. 1C) showed an increase in activity up to a limit of 68 A/g at 0.8 V with 
a Zif_8 wt. ratio of 2.0. A BET analysis on the surface of these catalysts demonstrated a relationship 
between the activity and the % of micro porosity. 
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The ethanol molecule offers many favorable features such as safety in storage, handling and transportation, 
lack of toxicity, high hydrogen content and availability from renewable resources. These features, joint to 
its chemical energy, favor the use of ethanol for hydrogen production through different technologies 
including partial oxidation, steam reforming or autothermal reforming. Consequently, catalytic steam 
reforming has been widely studied using different types of support materials and catalysts, such as noble 
and transient metals. Different studies have also used different kind of promoters to enhance the catalytic 
activity by adding species to the catalytic active sites [1, 2]. On this sense, the phenomenon of 
electrochemical promotion of catalysis (EPOC), discovered by Stoukides and Vayenas in 1981, is based on 
the promotion of catalytic active sites due to the migration of ions to the catalyst film when different 
potentials are applied. Moreover, the electrochemical promotion allows to control in a continuous and 
reversible manner the addition of promoters to the catalyst under reaction conditions. This effect makes 
possible a fast and precise evaluation and optimization of the promoter coverage on the catalyst surface [3]. 
In this work, the application of the EPOC phenomenon in H2 production reactions has been studied for the 
catalytic steam reforming of ethanol. For that purpose, a Pt-KβAl2O3/Au (solid electrolyte cell) 
electrochemical catalyst have been prepared and tested. Firstly, Au counter (C) and reference (R) electrodes 
were deposited on one side of a KβAl2O3 (used as a cationic solid electrolyte, source of K+ ions) by applying 
coatings of gold paste, followed by calcination at 800 ºC for 2 h (heating ramp of 5 ºC/min). On the other 
side of the electrolyte, the active Pt catalyst / working electrode (W) was deposited by impregnation of a 
H2PtCl6 solution, followed by calcination. The EPOC phenomenon was studied under different reaction 
conditions. Higher reactions rates were obtained by applying potentials below 0 V. At these potentials, the 
K+ ions are transferred to the catalyst surface, enhancing the ethanol chemisorption step and increasing the 
H2 production rates in almost 5 times vs. the un-promoted catalyst surface (2 V). As shown on Figure 1a), 
the increase of the hydrogen production rate is much higher than the increase of the carbonaceous products, 
due to an enhancement of the kinetic of the cracking reactions and the formation of carbon during the 
negative polarization step, which leads to catalyst deactivation (state 2). However, this phenomenon is 
reversible: the application of a positive polarization (2 V, state 3) allows the catalyst regeneration, as it can 
be observed in the second negative polarization step. These results were confirmed by TPO analysis that 
were performed after each polarization step (Figure 1b). The obtained results were further supported by 
different ex-situ characterization techniques such as SEM-EDX and RAMAN analysis showing the interest 
of the EPOC effect for the in-situ catalyst regeneration.  
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Figure 1. a) H2, CO2, C4H10O, C2H4O production rates vs time under different applied potentials. ESR conditions: 

H2O/C2H5OH = 9 % / 3 %, T = 400 ºC. b) TPO experiments after applying positive and negative potentials. O2 = 5 %. 
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Anodes of titanium coated with mixed metal oxides (MMO) are used in a variety of electrochemical 
applications due to their unique properties and versatility. The economic viability and feasibility of these 
anodes depends on their service lifetime and electrocatalytic properties. Frequently, methods as sol–gel, 
precursor chlorides decomposition and the polymeric precursor method (so-called, Pechini method) have 
been employed to produced MMOs anodes, where the active layers are deposited onto inert substrates [1]. 
However, all of the above-cited methods involve thermal decomposition, conventionally carried out in 
furnaces, which is an expensive and time-consuming process. More recently, laser technology has also 
been employed as an innovative sintering method to produce dense and crack-free ceramics with different 
characteristics [2]. The main advantages of laser technology include fast processing times, access to high 
temperatures, rapid heating and cooling rates, and ease of laser parameter optimization. Here, we present 
a facile and efficient approach to produce MMOs anodes by employing laser as the sole heating source. 
The Ti/RuxIr1–xO2 (x = 0.9 or 0.5) anodes were synthesized by Pechini method and calcined using a CO2 
laser applying a power density of 0.22 W/mm2 at 270 mm of focal distance. For comparison, the anodes 
were conventionally produced in a furnace. The anodes were characterized by thermogravimetry (TG), 
scanning electron microscopy (SEM), energy-dispersive X-ray spectroscopy (EDX), X-ray diffraction 
(XRD), electrochemical impedance spectroscopy (EIS), cyclic voltammetry (CV) and accelerated service 
lifetime (ASL) tests. SEM images showed a more compact morphology for the laser-prepared anodes in 
both compositions, while XRD analysis showed formation of a stable ruthenium-iridium solid solution, 
regardless the composition and calcination method employed. The influence of the composition and 
calcination method on the accelerated service lifetime (ASL) and on the total voltammetric charge before 
(q*) and after deactivation (q* deactivated), obtained in the potential interval between 0.2 and 1.2 V 
versus Ag/AgCl, is shown in Table 1.  
 
Table 1. Influence of the composition and calcination method on the ASL, on the total voltammetric 
charge (q*) before and after deactivation (deactivated), obtained in the potential interval between 0.2 and 
1.2 V versus Ag/AgCl. 

 
Anode 

Calcination 
method 

q* 
[mC cm–2] 

ASL 
[h] 

q* deactivated 
[mC cm–2] 

Ti/Ru0.9Ir0.1O2 Conventional 342.00 34.80 0.256 
Laser 645.00 41.10 0.00112 

Ti/Ru0.5Ir0.5O2 Conventional 156.30 69.80 6.860 

Laser 267.80 111.6 0.570 
 
It is possible to note that the electrochemically active surface areas, for Ti/Ru0.9Ir0.1O2 and Ti/Ru0.5Ir0.5O2 
laser-prepared anodes are 1.9 and 1.7 times higher than those prepared by conventional heating. Likewise, 
these laser-made anodes were, respectively, 1.2 and 1.6 times more electrochemicallly stable than the 
conventionally made ones. Finally, the laser calcination successfully produced Ti/Ru0.9Ir0.1O2 and 
Ti/Ru0.5Ir0.5O2 anodes with enhanced electrocatalytic activity and stability properties, reducing 
preparation time and cost when compared to conventional calcination methods. 
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Capacitive deionization (CDI) technology has attracted a great deal of attention over the past few 

decades due to its high energy efficiency (less than 1 kWh/m-3) compared to  conventionally 

utilized reverse osmosis (2–4 kWh/m-3) and distillation based (50–80 kWh/m-3) desalination 

technologies. However, due to a couple of issues including cost and requirement for a disruptive 

discharging step, it has been regarded as a challenging task to perform large-scale desalination of 

seawater by the CDI process. Herein, we report a novel design for a 3D desalination system 

utilizing porous lattice scaffolds. It can desalinate water as salty as sea water (35 g/L) with 

desalting efficiency comparable with conventional flow-electrode-based CDI (FCDI). By coating 

of ion exchange membranes and a graphene layer inside each channel of the lattice structures, 

honeycomb-shaped desalination cells could be realized. First, the desalination performance of the 

new design was investigated in batch mode. It exhibited comparable desalting performance while 

maintaining typical advantages of FCDI systems, such as low energy consumption and no need of 

a discharging step. Furthermore, since the porous structures involve channels for ion 

transportation and act as a structural scaffold, the cell architecture is remarkably compact and it 

can be readily scaled-up by varying the number of unit cells and its configuration, allowing great 

increase in the salt removal capacity. We scaled-up the desalination system to a 3 × 3 cell, which 

showed desalination efficiency four times higher than that of a 1 × 3 cell. Such facile build-up of 

the unit cell structure and versatile design of cell configuration provide strong potential for further 

scalability. We also determined that this system can be operated successfully in continuous mode, 

indicating that neither a distinct discharging step nor substitution of inflow and effluent are 

required. Because there is opportunity for much more improvement of desalting performance in 

terms of the electrode materials, resistance at the interface, and conductivity of the current 

collecting layer of this system, we expect that our approach has opened a new door in the field of 

desalination research. 
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Selective Laser Melting (SLM) is an additive manufacturing method that uses a laser in an inert 
atmosphere to selectively melt layers of loose metal powder into a solid, building a part layer by layer 
from the bottom up. This technique enables the rapid manufacturing of complex metallic parts and the 
creation of thin parts so as, for example, to decrease parts weight for aeronautic applications.  
Energy saving strategies in aerospace includes strategies for saving weight, thus leading to an increased 
interest in the field of lightweight materials typically aluminium based alloys such as AlSi10Mg, with 
high mechanical properties, like hardness and strength, in the heat treated state. This aluminium alloy can 
be used for many applications, such as for aerospace and heat exchanger products. Hastelloy X, a nickel-
chromium-iron-molybdenum alloy that possesses an exceptional combination of oxidation resistance, 
fabricability and high-temperature strength can be used in many applications such as jet engine 
combustion chambers, aircraft cabin heaters, turbine exhaust components, heat treating equipment etc. 
In order to achieve the necessary specifications or improve properties such as surface quality, geometrical 
accuracy and mechanical properties, it is often necessary to post-process and finish components produced 
with Additive Manufacturing techniques. Post processes of interest are electropolishing and chemical 
polishing, as these surface treatments significantly improve the surface finish of SLM parts. Its first 
objective is to minimize micro roughness, thus reducing the risk of dirt or product residues adhering and 
improving the cleanability of surfaces. Since electropolishing involves no mechanical, thermal or 
chemical impact, small and mechanically fragile parts can also be treated. For most electropolishing 
processes exists a particular potential current relationship that determines the optimum electropolishing 
parameters. This relationship is largely determined by the type of material and electrolyte used in the 
process.  
This work investigated the use of combination of chemical etching and electropolishing as surface 
treatment of the metallic parts (Al alloy & Hastelloy X) made by the SLM process. A non-aqueous 
alcohol based electrolyte and water based electrolytes were used, and the relationship between the process 
and surface roughness was evaluated. By combining chemical etching and electropolishing the surface 
roughness of the aluminium alloy could be significantly reduced. For the Hastelloy X a one-step process 
(electropolishing without a preceding etching step) provided a mirrored surface finish. Based on the 
results, the feasibility of electropolishing as a potential alternative surface post treatment for additive 
manufactured metal parts will be discussed. 
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In the last years, many efforts have been devoted to the development of electrochemical processes for the 
effective treatment of wastewater contaminated by organic pollutants resistant to conventional biological 
processes and/or toxic for microorganisms [1–5]. It was shown that some electrochemical approaches, 
including the direct anodic oxidation at suitable anodes such as boron-doped diamond (BDD) and/or 
electro-Fenton (EF) at suitable operating conditions and cells [1–6] can allow to treat effectively a very 
large number of organic pollutants. However, most of the investigations were performed using synthetic 
wastewater. Hence, it is now mandatory to study the problems connected to the passage from synthetic 
wastewater to the real ones. 
The treatment of a real wastewater characterized by low or high conductivity was here performed in 
various kinds of cells. The electrolyses carried out in conventional cells without supporting electrolyte 
were characterized by very high TOC removals but excessively high energetic consumptions and 
operating costs. The addition of sodium sulphate, as supporting electrolyte, allowed to strongly reduce the 
cell potentials and consequently the energetic consumptions and the operating costs. The best results in 
terms of both TOC removal, energetic consumptions and operating costs were obtained using a cell with a 
very low inter-electrode distance with no addition of a supporting electrolyte. 
In the case of wastewater with high conductivity, the utilization of a reverse electrodialysis process was 
attempted in order to reduce the energetic consumptions. 
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"Chlorophenoxy" herbicides, such as 2,4-D, are used globally on a large scale. They are resistant 
to biodegradation, have high toxicity and water solubility, causing surface and groundwater 
contamination [1]. For this reason, there is a great interest in the development of treatment methods that 
are able to destroy such compounds in an aqueous medium. In this context, this work proposes the 
application of electrochemical treatment using dimensionally stable anodes (DSA) to oxidize commercial 
herbicide Tordon, which contains 2,4-D in its composition. From the polymer precursors, the DSA were 
prepared: Ti/Ru0.3Ti0.7O2, Ti/Ru0.3Sn0.7O2 and Ti/Pt0.3Sn0.7O2 [2]. These electrodes were inserted into an 
electrochemical cell containing 100 mL of 0.1 mol L-1 H2SO4 and 100 mg L-1 of Tordon. Electrolysis was 
performed by applying constant currents of 50 and 100 mA cm-2 for 2 hours. The chemical oxygen 
demand (COD) of the final samples were analyzed using the colorimetric method [3]. For this 
measurement, a Shimadzu UV-1800 Spectrophotometer was used. 

Table 1 shows the COD removal percentage after electrolysis using different electrodes and 
current values. The results show that modest values of COD removal were obtained, with the maximum 
values acquired for the Ti/Ru0.3Ti0.7O2. In fact, anodic oxidation using DSA is known as a mild oxidative 
process; ●OH generated during the electrochemical step (MOx + H2O → MOx(●OH) + H+ + e-) reacts 
rapidly to form a higher oxide (MOx(●OH) → MOx+1 + H+ + e-) [4]. The higher oxide species (MOx + 1) 
are milder oxidants than the hydroxyl radical, so the reaction may stop at intermediates. Although, with 
the application of other processes (Fenton and photo-Fenton) conjugated to the electrochemical process, 
there would be a greater generation of hydroxyl radicals, provoking a slightly synergistic effect, which 
contributes to the mineralization of the pesticide (experiments in progress). 

Current efficiency (CE) is a parameter that can be defined as the current fraction effectively used 
for pesticide mineralization, including the degradation of intermediate species. From the COD results, the 
CE was calculated and the results are shown in Table 1. It is observed that the CE values decreased as a 
function of the increase of the applied current density. A decrease in CE is associated with secondary 
reactions, such as the oxygen evolution reaction (OER) that occurs in DSA and compete with the 
oxidation reaction of the organic molecule. The results obtained so far work as a guide for the application 
of the other proposed treatment methods, that is, by comparing the materials used, it can be concluded 
that the electrode composition Ti/Ru0.3Ti0.7O2 was the composition that presented better efficiency in this 
first applied process (anodic oxidation). 

 
     Table 1. Results of the Tordon oxidation using different electrodes and currents 

Electrodes (DSA) I 
(mA cm-2) 

COD 
(% removal ) 

CE 

Ti/Ru0.3Ti0.7O2 
50 14.82 30.99 

100 19.23 20.18 

Ti/Ru0.3Sn0.7O2 
50 10.53 22.06 

100 11.02 11.54 

Ti/Pt0.3Sn0.7O2 
50 11.48 24.04 

100 13.27 13.89 
 
 [1] Brillas, E., Boye, B., Sirès, I., Garrido, J.A., Rodriguez R. M., Arias, C., Cabot, P-L. & Comninellis, 
C. (2004). Electrochimica Acta, 49, 4487-4496. 
[2] Forti, J.C., Olivi, P. & De Andrade A.R. (2001). Electrochimica Acta, 47, 913-920. 
[3] American Society for Testing and Materials. 1995. Standard test methods for chemical oxygen 
demand (dichromate oxygen demand) of water. D1252-95, ASTM Annual Book of Standards. American 
Soc. Testing & Materials, Philadelphia, Pa 
[4] Comninellis C., (1994). Electrochimica Acta, 39, 1857-1862. 
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Recently, application of advanced oxidation technologies (AOTs) for environmental purification have 
received growing attention [1]. Especially electrolysis with boron-doped diamond (BDD) electrodes make 
it possible to generate various highly active oxidants such as ozone which can oxidize aqueous 
contaminants [2]. On the other hands, traditional Japanese paper “Washi” is also made by AOTs. 
Craftspersons have for at least 800 years developed special techniques, “snow-bleaching,” to improve the 
quality of Washi (Figure 1). It’s said that when the snow melts and evaporates, it gives off ozone, 
bleaching the bark of Kouzo on the snow, so there is no need for chemical bleaching. However, there are 
only a few scientific studies about this special techniques. Therefore, in this study, first we discuss about 
the phenomena of “snow-bleaching” by using of spectroscopy and some chemical analyses. Based on it, 
next we introduce recent studies about environmentally-friendly “AOT-bleaching” of cotton fabrics by 
using of ozone water treatment and UV irradiation (Figure 2). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] T. Ochiai and A. Fujishima, Journal of Photochemistry and Photobiology C: Photochemistry Reviews 

2012, 13, 247. 
[2] T. Ochiai, S. Tago, M. Hayashi, K. Hirota, T. Kondo, K. Satomura, A. Fujishima, Electrochem. 

Commun. 2016, 68, 49. 

Fig. 1. Photograph of “snow-bleaching” of the bark of 
Kouzo on the snow to improve the quality of Washi 
(upper), color change of the bark (below). 

Fig. 2. Photograph of “AOT-bleaching” of the 
cotton by ozone water and UV irradiation 
(upper), color change of the cotton (below). 
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The development and utilization of energy efficient water treatment technologies remain a crucial challenge 
for a sustainable future of humanity. The ability to control the concentration of water-dissolved ions is 
critical to producing drinking water, ensuring process stability in chemical and pharmaceutical production, 
accomplishing remediation of polluted environmental water, and establish the core aspect of ion separation 
technologies. Accordingly, a wealth of different technologies has appeared in literature, including reverse 
osmosis (RO), thermal adsorption processes, pH-dependent ion-exchange methods, and electrochemical 
processes. The latter potentially unlock high energy efficiency and performance longevity. 
 
Selective removal of ions by electrochemical processes is a 
promising approach to enable various water treatment 
applications such as lithium ion harvest. Ion intercalation 
materials have been investigated for their intrinsic ability to 
prefer one specific ion over others, showing a preference for 
(small) monovalent ions over multivalent species. In this 
work, we present for the first time a fundamentally different 
approach: tunable ion selectivity not by modifying the 
electrode material, but by adjusting the operational voltage. 
We used titanium disulfide which shows distinctly different 
formal potentials for the intercalation of different cations and 
formed thereof binder-free composite electrodes with carbon 
nanotubes. Capitalizing on this potential difference, we 
demonstrate controllable cation selectivity by online-
monitoring the effluent stream during electrochemical 
operation by inductively coupled plasma optical emission 
spectrometry for aqueous a mixture of 50 mM CsCl and MgCl2. We obtained a molar selectivity of Mg2+ 
over Cs+ of 31 (strong Mg preference) in a specific potential range. By adjusting the potential operational 
window, Cs+ is preferred over Mg2+ by 1.7-times (Cs preference). 
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Great efforts have been made to obtain clean water for sustainable development of industry and 
agriculture as well as to meet the basic requirements for drinking water. A large amount of knowledge 
and techniques has been accumulated by developing new chemical, physical and biological methods or 
combinations of these [1]. The strategy of using electrochemical technologies has attracted attention, 
especially for industrial wastewater treatment, due to its numerous versatile advantages, such as: 
environmental compatibility; amenability to automation; cost effectiveness; and high removal efficiency. 
Conventional electrochemical depolluting methods are mainly based on electrochemical oxidation/ 
reduction, electrocoagulation, electro-flotation or electrodialysis, whereas emerging technologies include 
capacitive deionization (CDI), photoelectrocatalysis, Fenton processes and sonoelectrocatalysis [2]. 

Unfortunately, many of these techniques suffer from drawbacks, such as anode passivation, the 
production of large volumes of sludge or fouling of the membranes. However, this is not the case with 
CDI that works by adsorbing ions onto the electric double layer, where they can be subsequently released 
by reversing the applied electric field [2]. This makes CDI a promising method to purify industrial 
wastewaters that are contaminated with heavy metals. 

Nevertheless, existing CDI methods can only be operated in batch systems, that is to say they are not 
a continuous operation. Therefore, to overcome this drawback we have designed and constructed a 
prototype for continuous electrochemical remove ions from wastewater based on two moving belt 
electrodes, which works by a combination of CDI and electroplating flow battery technologies [3]. As 
illustrated in Figure 1, the belt electrodes transport the heavy metal ions from the treatment tank, through 
which the wastestream is passed, into a collection tank where they are released and concentrated. One of 
the advantages of this double tank approach is that electrical connections only need to be made to one of 
the moving belts, as charges are automatically induced on the second belt. The prototype operates at 
ambient temperature and pressure as well as low voltage. Initial trials indicate that it can reduced heavy 
metal ion concentrations to below the requirements for discharge into public sewers in Singapore. 
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Fig. 1 Schematic of (a) the two moving belt electrode system and (b) the distribution of charge on the 

belts (left tank, treatment tank, the ions are extracted in the tank; right tank, collection tank, the ions are 
recovered in the tank). 

[1] Y. Feng, L. Yang, J. Liu, B.E. Logan, Environ.Sci.: Water Res. Technol. 2 (2016) 800-831. 
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The confined etchant layer technique (CELT) we firstly suggested has the distance-sensitive etching 
feature. [1] The essential of CELT is that the etchant of electrochemical generation at mold electrode 
diffuses to workpiece surface and then chemically etches it, while the etchant diffusion dominates the 
whole processing. In comparison to other nanomachining technologies, CELT has the distinct merits 
including nano precision, 3-D processing capability, damage free, and high efficiency, etc. Nevertheless, 
for the large-area nanomachining, CELT would meet a barrier of mass balance within the micro/nano gap 
between the mold surface and the workpiece surface. To solve this problem, we recently developed a new 
strategy of CELT combined with microfluidics for large-area nanomachining. A redox hydrogel thin-film 
acted as the CEL and was immobilized on the mold electrode surface, whose center had a macro hole. 
Thus, mold electrode/redox hydrogel thin film/workpiece would  work as a microfluidics system as well, 
when the solution was forced to flow from the center hole to the mold electrode margin and then into the 
bulk solution. The results demonstrated that the presented combination method is capable of 
nanomachining for the curved surface of large-area copper workpiece (Φ>50.8 mm) with a precision 
around 4 nm at a rate of about 4 nm/min.   
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Electrochemical advanced oxidation processes (EAOPs) allow the treatment of several kind of residuals 
(pharmaceutical, textile, urban and industrial) also containing persistent pollutants, resistant to traditional 
biological process [1]. Nevertheless the application of these methodologies required to satisfy many 
condition, among them a high solution conductivity. One possible approach to reduce energy 
consumption is the addition of supporting electrolyte; however the presence of chemicals in solution can 
lead to a reduction of TOC removal [2].  
To overcome the low conductivity issue, in this study a new electrochemical cell setup was used, 
sandwiching a Nafion® N324 ion exchange membranes, as electrolyte, between a Nb/BDD mesh anode 
and a Ti/RuO2 mesh cathode (Fig. 1a) [3]. Crystal violet (CV) dye was choice as model compound to 
evaluate system performance.  The dependence of applied current, stirring rate, water conductivity and 
temperature was investigated. Experimental results showed the efficiency of solid polymer electrolyte 
(SPE) system, with a complete removal of CV and almost total organic carbon (TOC),  through the effect 
of •OH radicals produced in solution during electrolysis. Oxidation was particularly enhanced by the 
increase of stirring rate which implies that electrochemical process was under mass-transport control. The 
addition of supporting electrolyte, such as Na2SO4 or NaHCO3, leads to a worsening of CV removal, due 
to the presence of side reaction and scavenger agents. Under best experimental condition (current 1A, 
stirring rate 800 rpm, temperature 20 °C) energy consumptions were evaluated as a function of TOC 
removal. For a removal lower than 70%, the energy consumption increases slowly, to go up rapidly at 
higher removal percentage. The complete mineralization of the solution consumed about 60 kWh m-3 that 
is an acceptable value if we consider that the solution has very low conductivity. 
 
 

 
 

Figure 1 (a) Sketch of SPE cell system (b) Evolution of the (�) TOC, (S) CV concentration and (z) 
intermediates expressed as mg/L of carbon, during the electrolysis of 50 mg/L of CV. Conditions: stirring 
rate: 800 rpm; electrolyte: double distilled water; T =20 °C. 
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Water pollution with recalcitrant, xenomorphic organic compounds had been a big concern in recent years 
because this constitutes a serious hazard to living beings given to its high toxic nature. Due of its 
resistance to biodegradation conventional water treatment are not recommendable for its elimination [1]. 
Nevertheless, electrochemical advanced oxidation processes (EAOP´s), like anodic oxidation (AO), AO 
with electrogeneration of hydrogen peroxide (OA-H2O2) electro-Fenton (EF) and photo electroFenton 
(PEF), have been studied and showed a great potential in the complete elimination of this compounds [2]. 
Traditional EF consists in the electrogeneration of hydrogen peroxide and its reaction with the catalyst 
Fe2+ to generate high oxidant hydroxyl radicals (•OH). Recent studies had shown that a Fenton-like 
reaction between hypochlorous acid (anodically produced) and Fe2+ lead to the formation of •OH [3]. In 
this communication we evaluate AO and the Fenton-like reaction with active chlorine for the oxidation of 
the azo dye Reactive Orange 16 (RO16). The influence of current density (j), volumetric flow rate (u) and 
initial catalyst concentration (Fe2+) were analyzed. The electrolyzes were performed in a laboratory flow 
plant containing 1 dm3 of solution having 50 mg dm-3 RO16 in two background electrolytes: 0.1 M 
NaSO4, and 0.01 M NaSO4 + 0.05 M NaCl. The AO trials were carried at j between 5, 7 and 10 mA cm-2, 
and u in the range of 1, 1.5 and 2.5 dm3 min-1. The EF-like tests were conducted at j = 5 mA cm-2, q = 2.5 
dm3 min-1, [RO16] =  50 mg dm-3 in 0.01 M NaSO4 + 0.05 M NaCl. These later tests were also realized 
with the addition of UVA radiation to yield a PEF-like process in order to increase the mineralization of 
the organic matter. The best results were obtained with the photoelectroFenton-like reaction with the 
UVA light irradiation, reaching complete discoloration in the first 90 minutes, and  95 % TOC removal 
after 8 hours of electrolysis, at j = 10 mA cm-2 and q = 2.5 dm3 min-1 as shown in Figure 1. 
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Fig. 1. Influence of j on color (a) and (b) TOC decay during the PEF-like process. Electrolyte:  0.081 M 
RO16 in 0.05 M NaCl + 0.01 M Na2SO4, 0.5 mM Fe2+, pH = 3, T = 298 K. q = 2.5 dm3 min-1. 
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In electro-Fenton-like (EF-like) system, the selection of heterogeneous catalysts is a hot research 

content in recent years. However, the metal ions leaching is still inevitable which influences the 
environmental security of EF-like system. In this study, a novel heterogeneous catalytic EF-like system 
was established with a graphite/TiO2 composite electrode as cathode, based on the electrocatalysis of 
TiO2 towards H2O2 decomposition. This graphite/TiO2 composite electrode provide 96.8 μM hydroxyl 
radicals (•OH) after electrolysis for 1 h with a cathodic potential of -0.8 V vs. Ag/AgCl. Defective 
structure of TiO2 with oxygen vacancies was observed after cathodic electrolysis. The possible 
mechanism analysis suggested that H2O2 decomposition was electrocatalyzed by reduced TiO2 (TiO2-x) 
under the cathodic potential. Efficient removal of tetracycline hydrochloride was achieved at a wide range 
of pH (2-8). Modified TiO2 presented perfect stability under acidic condition and •OH attack, with only 
about 0.10 ppm Ti ion leaching after a 120-min run of the graphite/TiO2 composite electrode. This work 
implied that TiO2 could act as a substitution for ferric compound to establish an absolutely heterogeneous 
and environmentally friendly EF-like system. 
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Abstract 
The current literature suggests typical synthetic methods for the preparation of basic bismuth nitrates 
include precipitation1, hydrothermal2, microwave-assisted hydrothermal3 and hydrolysis methods4. We 
have recently developed a new method for synthesis of basic bismuth nitrate [Bi6O5(OH)3](NO3)5⋅2H2O 
by galvanostatic electrodeposition in the two electrode cell with a Ti sheet as a substrate (cathode) and a 
stainless steel sheet as an auxiliary electrode (anode). Electrodeposition from an acidic Bi (III) solution in 
96% ethanol was carried out at a constant current density of 150 mA/cm2. Finally, material was obtained 
by thermal treatment at 200 ºC. Electrochemical synthesis through the electrodeposition is a very 
convenient method for material synthesis, due to its simplicity, rigid control of film thickness, uniformity, 
and deposition rate and it is especially attractive due to low cost of equipment and starting materials5. 
Using ethanol solutions in the electrodeposition process improves morphology of materials forming 
agglomerates of a very large surface area6. Characterization of synthesized basic bismuth nitrate was 
conducted by SEM-EDX, XRD as well as FTIR methods. Morphologically, it is composed of aggregates 
which were formed of several smaller particles of various shapes and sizes. The particles were smooth 
and some had a hexagonal shape. Some of them were smaller than 100 nm. Presence of pores can also be 
detected. XRD and EDX analysis confirmed that the obtained material is pure [Bi6O5(OH)3](NO3)5⋅2H2O. 
The synthesized material was applied in sorption processes for removal textile dyes from water, which 
presence in water is a serious threat to the environment7. The sorption performance of basic bismuth 
nitrate was evaluated in model solution of textile dye Reactive Blue 19 (RB19). The results showed that 
sorption process is very fast and equilibrium was reached in several minutes. The sorption capacity of 
basic bismuth nitrate for RB19 was 924.4 ± 9.7 mg g–1. A significant increase in sorption capacity was 
observed in comparison with the material obtained from the aqueous solution (671.4 ± 9.2 mg g–1). The 
maximum sorption performance was achieved at pH 2 for both materials. Comparing with the inorganic 
sorbents synthesized by conventional methods found in literature, electrochemically synthesized basic 
bismuth nitrate shows much higher sorption capacity and lower sorption equilibrium time8–11. These 
characteristics makes electrochemically synthesized basic bismuth nitrate a promising means for the 
reactive dyes removal from water. 
 
Acknowledgements 
The authors would like to acknowledge financial support from the Ministry of Education, Science and 
Technological Development of the Republic of Serbia (Grant No TR34008). 
 
References 
(1)  Abdullah, E. A.; Abdullah, A. H.; Zainal, Z.; Hussein, M. Z.; Ban, T. K. E-Journal Chem. 2012, 9 

(4), 1885–1896. 
(2)  Yang, Y.; Liang, H.; Zhu, N.; Zhao, Y.; Guo, C.; Liu, L. Chemosphere 2013, 93 (4), 701–707. 
(3)  Xie, L.; Wang, J.; Hu, Y.; Zheng, Z.; Weng, S.; Liu, P.; Shi, X.; Wang, D. Mater. Chem. Phys. 

2012, 136 (2–3), 309–312. 
(4)  He, Y.; Zhang, Y.; Huang, H.; Tian, N.; Luo, Y. Inorg. Chem. Commun. 2014, 40, 55–58. 
(5)  Zhitomirsky, I. Adv. Colloid Interface Sci. 2002, 97 (1–3), 279–317. 
(6)  Simka, W.; Puszczyk, D.; Nawrat, G. Electrochim. Acta 2009, 54, 5307–5319. 
(7)  Xu, F.; Tan, W.; Liu, H.; Li, D.; Li, Y.; Wang, M. Water Sci. Technol. 2016, 74 (7), 1680–1688. 
(8)  Ciobanu, G.; Barna, S.; Harja, M. Arch. Environ. Prot. 2016, 42 (2), 3–11. 
(9)  Ayazi, Z.; Khoshhesab, Z. M.; Norouzi, S. Desalin. Water Treat. 2016, 57 (52), 25301–25316. 
(10)  Khoshhesab, Z. M.; Ahmadi, M. Desalin. Water Treat. 2015, 57 (42), 20037–20048. 
(11)  Nga, N. K.; Hong, P. T. T.; Lam, T. D.; Huy, T. Q. J. Colloid Interface Sci. 2013, 398, 210–216. 



Effect of Current Density on Morphology and Chemical Composition 
of  Electrosynthesized  Bi2O3 Coat-based Anode and Its Use for 

Electrochemical Decolorization of Crystal Violet 
 

Nena Velinov1, Milica Petrović1, Slobodan Najdanović,1 Jelena Mitrović1, Milan Antonijević2, 
Aleksandar Bojić1 

1Department of Chemistry, Faculty of Sciences and Mathematics, University of Niš, Serbia 
2Faculty of Engineering and Science, University of Greenwich, Chatham Maritime, Kent, ME4 4TB, UK 
e-mail address: nena.velinov@yahoo.com 

 
Electrochemical oxidation is widely used for degradation of organics due to its many advantages. The 
degradation is done via hydroxyl radical, •OH, electrogenerated at the anode. Anode material is an 
important parameter and it is often based on various metal oxide coats [1-3]. Bismuth oxide (Bi2O3) has 
demonstrated photocatalytic and electrocatalytic activity in the processes of degradation of various 
organics [4-6]. Bi2O3 is synthesized in various ways [7-9], including electrodeposition under different 
conditions [10-12]. The aim of this study is to investigate the effect of current density (j) on surface 
morphology and chemical composition of electrochemically synthesized Ti/Bi2O3 anode for 
electrochemical decolorization of Crystal Violet. Ti/Bi2O3 anodes were prepared by galvanostatic 
electrodeposition using 510 DC potentiostat (Amel, Italy) from 0.1 M Bi3+ in 1 M HNO3 on Ti substrate, 
at various j values, using Pt sheet as counter electrode, followed by calcination at 600°C for 90 minutes. 
SEM micrographs of the anodes surfaces revealed significant morphological differences between the 
surfaces obtained at different j both before, and after the calcination. EDX analysis revealed that at lower 
j (up to 50 mA cm-2), the electrodeposited material was predominantly metallic bismuth (with the O 
content slightly increased with increasing j), while at 100 mA cm-2 it contained significant amount of O 
and N, indicating the presence of some form of bismuth oxides and basic nitrates. After calcination, the 
ratio between Bi and O on the surfaces approximately corresponded to Bi2O3, which appeared to be 
slightly oxygen-deficient when obtained at higher j. Ti/Bi2O3 electrodes obtained at j up to 30 mA cm-2 

were mechanically stable, unlike the ones obtained at higher j values. Based on the surface uniformity, 
mechanical stability and deposition time consumption, the optimal j for electrosynthesis of Ti/Bi2O3 
electrode was concluded to be 30 mA cm-2. The anode obtained at that j was used for electrochemical 
decolorization of Crystal Violet solutions of various initial concentrations in the presence of H2O2 and 
Na2SO4 at constant j of 30 mA cm-2. The dye was completely decolorized in the whole investigated 
concentration range. Decolorization rate decreased as the initial dye concentration increased. 
Decolorization followed the pseudo-first order kinetics, and the decolorization rates for 0.02, 0.04, 0.08, 
0.16 and 0.32 mmoldm-3 of a dye are found to be: 0.272, 0.271, 0.267, 0.196 and 0.142 with the 
corresponding R2 values of 0.992, 0.991, 0.991, 0.990 and 0.9901 respectively. 
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Chlorine-based water disinfection processes have played an essential role in ensuring good public health, 
since its implementation has allowed a considerable part of the world population to have access to 
drinking water without the risk of inadequate sanitization. However, there are still rural areas where, due 
to their isolated geographical situation, the drinking water service is very limited. In addition, even 
though traditional methods present satisfactory results, conventional methods for water disinfection with 
chlorinated compounds generate by-products such as trihalomethanes and/or halogenated acids which, 
according to recent studies, could promote diseases such as cancer and reproductive problems [1]. 
 
Among the non-conventional methods for water disinfection, the electrochemical approach appears as a 
promising alternative to chemical methods based on chlorination. An electrochemical cell for water 
disinfection operates due to a DC potential applied between the cathode and the anode, which promotes in 
the latter the oxygen evolution reaction and the production of disinfecting agents such as free-chlorine 
( 2Cl , HClO  y ClO− ) from the chloride ions present in the treated water [2]: 
 2( ) ( )2 2aq aqCl e Cl− −+    (1) 

 2( ) 2 ( ) ( ) ( )aq l aq aqCl H O HClO HCl+ → +   (2) 

 ( ) ( ) ( )aq aq aqHClO ClO H− ++   (3) 

The aim of this work is to develop a low-cost electrochemical technology for water disinfection, which 
represents an (economically) accessible alternative for the treatment of this resource in places of difficult 
access. To this end, platinum is deposited on carbon black particles by an electroless method using 
hexachloroplatinic(IV) acid as a precursor and sodium borohydride as a reducing agent (4% platinum to 
carbon black weight ratio). Afterwards, the impregnated particles are adhered to the surface of a stainless-
steel mesh (SSM) to fabricate the anode, which is characterized and implemented in an electrochemical 
cell for water disinfection. The cathode corresponds to a clean stainless-steel mesh. 
 
The disinfection of water is accomplished by applying a constant potential of 2.5 V vs Ag/AgCl(3 M 
KCl) to the anode for 90 minutes. The catalytic activity of the fabricated anodes was characterized 
measuring the free-chlorine concentration vs time during disinfection experiments, which shows an 
average increase of 94% when compared to that produced using a clean stainless-steel mesh and reaches a 
CT value of 23.9 mg min l-1 of free-chlorine dissolved in water. After disinfection, the water samples 
show the absence of microorganisms and the presence of residual disinfection agents. Considering that 
the disinfection process presents a moderate energy requirement (0.2 kWh m-3) and a high inactivation of 
microorganisms (99.9%), it appears to be a promising technology for water disinfection. 
 
Based on the results obtained at the laboratory scale, a 3D CAD model of a portable electrochemical 
water disinfection device was designed, which includes an automatic control system (based on an 
Arduino board) and storage containers for both contaminated and disinfected water. The device is also 
coupled with a photovoltaic panel so that the water disinfection process is completely autonomous in 
terms of energy requirements. 
 
[1] M.J. Nieuwenhuijsen et al., “Chlorination disinfection by-products in water and their association with 
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Stimuli-responsive self-assembled molecular materials are currently subject to intense research activity.  
This growing interest stems largely from the myriad of exciting applications envisioned for dynamic 
supramolecular assemblies, also known as dynamers, in materials science, sensing, catalysis and 
electronics. Enormous technologic interests are for instance at stake in being able to devise molecular 
objects that could respond to external stimuli by changes in structure and function. These particular 
properties can lead to applications in various domains as (i) in molecular electronics, (ii) in analytic 
science, with switchable hosts allowing the controlled binding/release of pollutants or drugs, (iii) in 
materials science with the development of adaptive supramolecular polymers.1-2  
Our own research activity over the past few years has mainly fallen within the scope of molecular 
metamorphism, a terminology borrowed from geologists that we use to picture the structural responses of 
molecules to external stimuli.2-8  In this lecture, the syntheses and detailed physico-chemical properties of 
a series of switchable molecular architectures whose movements are triggered by electrochemically 
driven self-assembly of organic radicals will be presented. Particular emphasis will be given to electron-
responsive tweezer-like molecules allowing to control the organization within self-assembled 
coordination oligomers/polymers. The dynamic properties of these redox-responsive molecular 
architectures and molecular materials will mainly be discussed on the basis of electrochemical, 
spectroelectrochemical and ESR experiments supported by quantum chemical calculations.  
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Both triarylimidazoles (Zeng mediators) and phenanthroimidazoles (Francke mediators) have been shown 
to be excellent redox mediators, particularly for oxidative processes, initiated electrochemically.[1,2]  
Examples will be provided and the superiority of the phenanthroimidazoles will be highlighted.  In 
addition to solution phase electron transfer, phenanthroimidazoles can be covalently attached to an 
electrode using click chemistry, and the properties of the resulting system probed.  Comparison between 
the solution phase and immobilized phase chemistry will be provided.[3]  Finally, the Francke mediators 
display a duality of behaviour – the electrochemically generated cation radical serving as an oxidizing 
agent, while the excited state serves as a reducing agent.  Examples will be provided and a brief 
discussion of the potential generality of the ‘duality concept’ highlighted.  
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Gold nanoparticles and, particularly, the smaller monolayer-protected clusters (MPCs, in which 

the gold core is capped by a layer of molecules) are materials of ever-growing importance in fundamental 
and applied research due to their distinct optical, magnetic, electrochemical, and catalytic properties. In 
MPCs with a gold core diameter of <1.6 nm, electronic-band energetics leads to evident quantum 
confinement effects that make these gold clusters display features very much alike those of molecules. 
This borderline behavior between actual molecules and larger nanoparticles makes the study of their 
fundamental properties particularly important. If preparing atomically precise clusters can be considered 
as a reasonably achievable target, obtaining single crystals suitable for accurate X-ray crystallographic 
analysis is very difficult and the outcome is most often serendipitous. 
 In this communication, we show that single crystals of thiolate-protected Au25(SR)18 clusters can 
be grown in large quantity and very high quality by electrocrystallization. This method relies on the fact 
that charged clusters display a higher solubility in polar solvents than their neutral counterparts. 
Nucleation of the electrogenerated insoluble clusters directly onto the electrode surface eventually leads 
to the formation of a dense forest of crystals. X-ray crystallographic analysis shows that known structures 
are not only easily reproduced, but also display improved crystallographic features and unprecedented 
structures can be attained [1]. Single-crystal X-ray crystallographic analysis revealed, in some cases, the 
formation of a structure that contains parallel chains of interconnected gold nanoclusters, just like a 
multiple-strand necklace made of gold "pearls" of only 1 nm. The individual cluster are linked with single 
Au-Au bonds and stabilized by interlocking of ligands. Within these structures, the otherwise unpaired 
electrons of the paramagnetic Au25(SR)18 clusters pair up, with generation of an unprecedented 
antiferromagnetic system. Furthermore, electrocrystallization allows tuning the crystals dimensions and, 
consequently, studying how the sample morphology affects magnetic properties [2]. 
 
 
 
References 
[1] S. Antonello, T. Dainese, F. Pan, K. Rissanen, and F. Maran, J. Am. Chem. Soc. 2017, 139, 4168-
4174. 
[2] M. Agrachev, S. Antonello, T. Dainese, M. Ruzzi, A. Zoleo, E. Aprà, N. Godvind, A. Fortunelli, L. 
Sementa, and F. Maran, ACS Omega 2017, 2, 2607-2917.  



Redox-Switchable Resorcin[4]arene Cavitands: Radical Control of 
Molecular Gripping Machinery via Hydrogen Bonding 

 
Laurent Ruhlmann, [a] Corinne Boudon, [a] Jovana Milić,[b] Michal Zalibera,[c] François Diederich [b] 

a Institut de Chimie de Strasbourg, Strasbourg, France. b Laboratory of Organic Chemistry, ETH Zurich, 
Zurich, Switzerland. c Slovak University of Technology, Bratislava, Slovak Republic. 

lruhlmann@unistra.fr 
 

Molecular grippers feature a binary conformational switch in response to external stimuli that results 
in reversible encapsulation of smaller molecules. This behavior makes them potentially applicable as 
delivery systems, sensors, receptors, or elements in nanorobotics. However, the control of molecular 
machinery by physical stimuli, such as electrical charge or light, is a prerequisite to their application. 
We therefore have studied (photo)redox-switchable molecular grippers based for instance on 
resorcin[4]arene cavitand platforms equipped with alternating quinone (Q) and quinoxaline walls carrying 
hydrogen bond donating groups, which were inspired by the role of semiquinones (SQ) in natural 
photosynthesis (Fig. 1). The SQ state was generated electrochemically or photochemically by using 
[Ru(bpy)3]2+ as a photocatalyst.1 

 
Figure 1. Representation of the (a) photosynthetic reaction center of Rb. sphaeroides (PDB 1DV3) that 
inspired the design of (b) the switching concept of the (photo)redox-switchable molecular grippers. 

 
Figure 2. Top: schematic representation of a binary switch between an open (kite) form in the oxidized Q 
state, and the closed (vase) conformation in the reduced SQ radical dianion state of quinone-based 
cavitands. Bottom: UV-Vis-NIR and EPR spectroelectrochemical study over several switching cycles of 
thioether (Q/SQ) actuator 2 upon the first electrochemical reduction. 

 

The properties were studied by UV-Vis-NIR and EPR spectroelectrochemistry (at room temperature 
and low temperature). It was shown that these systems adopt an open conformation in the oxidized Q state 
until redox interconversion to the paramagnetic SQ radical anion provides the stabilization of the closed 
form through hydrogen bonding (Fig. 2).1-2 We have also studied functionalized redox-active 
resorcin[4]arene cavitands with thioether groups showing covalent binding of the cavitands to the Au 
electrode surface in a preferentially upward orientation (Fig. 2).3 The tunable binding affinities of the 
grippers, along with high reversibility and responsiveness to electrical and electromagnetic stimuli, set the 
stage for a new generation of artificial molecular machines based on this switching concept in the future. 
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The use of electricity as reagent has several benefits for the generation of value added chemicals since no 
reagent waste formed and alternative reaction pathways can be exploited.[1] In general, the 
electrochemical oxidation potential and nucleophilicity are in most cases coupled. Therefore, the 
intermolecular cross-coupling is usually less preferred and homo-coupling products are predominantly 
obtained.[2] 

The talk will deal with a novel concept to tackle the desired electro-conversion by using innovative 
electrolytes.[3] The dehydrogenative C,C bond formation of aryls is anodically accomplished. The direct 
electrolysis represents a reagent- and metal-free cross-coupling reaction. From relatively simple starting 
materials phenol-arene, phenol-phenol, phenol-aniline, and aniline-aniline cross-coupling reactions were 
achieved.[4-6] It turns out that this electro-organic method is scalable and superior to peroxide based 
conversions.[7] Moreover, the electrolyte system based on 1,1,1,3,3,3-isopropanol seems to be the key for 
very robust electrosyntheses.   
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An electrochemical study of a series of substituted ortho-nitrobenzylic alcohols, with and without a 
carboxylic acid group was performed. The analysis revealed that intramolecular hydrogen bonding effects 
between the reduced intermediate of the nitro group and the benzylic OH group, lead to changes in the 
reduction potential of the corresponding anion radicals or dianion radical species, characterized as a 
function of an intramolecular hydrogen bond. The analysis was extended towards deprotonated acids, 
bearing the same functionality and similar changes were observed. Upon analysing the changes in 
electrochemical response as a function of the cell temperature, systematic variations in the electron 
transfer entropy were determined, where the compounds presenting intramolecular hydrogen bonding 
lead to lower values of the entropy, compared with compounds without such functionality. Results 
concerning theoretical analysis of the experimental entropy from thermochemical data will also be 
presented. 
 
 

  
 
Figure 1. (A) Cyclic voltammograms for 1 x 10-3 mol L-1 solutions of the studied nitrobenzene derivatives 
in 0.1 mol L-1 nBu4PF6 / DMSO, WE: GC (0.007 cm2) upon addition of 1 equivalent of nBu4OH. (B) 
Correlation between E1/2 as a function of temperature. 
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Intertwined structures called also mechanically bonded molecules, such as rotaxanes, catenanes 
or molecular shuttles are suitable for molecular devices, due to possible motion of molecule parts relative 
to each other. Interesting features of these systems also result from the interactions between components 
of the molecule. The presence of equivalent recognition sites may lead to movement of interacting 
moieties triggered by external stimuli. Electroactive interlocked systems are of particular interest as they 
can be interfaced with the external world via an electrode surface. 

The Nobel Prize for Chemistry in 2016 was awarded to three chemists Sauvage [1], Stoddart [2], 
Ferringa [3], who were honored for the design and synthesis of molecular machines. 

 

 
   Fig. 1. Structure of  [2] rotaxane 
 
We present new rotaxanes and catenanes composed of dibenzo-24-crown-8 ring and an axle 

containing tetraazamacrocyclic units coordinating transition metal ions – nickel or copper. 
Macrocyclic units are linked by bridges of different nature – rigid or flexible ones (m- and p-xylylene 
brides, aliphatic linkers) or even disulfide linker, which enables the adsorption on the gold electrode 
surface. Linkers between macrocyclic units allow to control the length and geometry of the molecule. 
Properties tuning of examined systems can be achieved by replacement of the metal ions, linkers or 
change of size of macrocycles or number of interlocked rings [4]. 
The complexes were structurally characterized by X-ray diffraction, NMR, and other spectroscopic 
methods. Electrochemical properties of presented compounds were investigated in the solution or after 
the adsorption process on the surface of gold electrode. 

Voltammetry is convenient tool to monitor subtle changes in redox properties of the 
electroactive centers, reflecting their interactions. Pulse voltammetry techniques are employed to follow 
the formal potential changes of the metal centers, placed inside macrocyclic rings, induced by the 
intramolecular interactions within the rotaxane or catenane molecules. We also demonstrate the utility of 
normal and reverse pulse voltammetry for the detection of internal molecular motion in response to 
applied potential.  
 
[1] J.-P. Sauvage; Angew. Chem. Int. Ed., 2017, 56, 11080–11093. 
[2] T. Ye, A. S. Kumar, S. Saha, T. Takami, T. J. Huang, J. F. Stoddart, P S. Weiss; ASC Nano 2010, 4, 

3697–3701. 
[3] W. R. Browne, B. L. Feringa; Nature Nanotechnology, 2006, 1, 25 – 35. 
[4] S. Domagała, A. Wieckowska, J. Kowalski, A. Rogowska, J. Szydłowska, B. Korybut-Daszkiewicz, 

R. Bilewicz, K. Wozniak; Chem. Eur. J. 2006, 12, 2967 – 2981. 
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Electrocatalysis is based on an electron transfer at the surface of an electrode. In order to identify and 
improve possible electrocatalysts, one must understand the underlying reaction mechanism and kinetics. 
This information is usually provided by the combination of electrochemical and analytical techniques. Most 
analytical techniques detect stable products that are formed during the reaction but do not always exclude 
other reaction pathways. Simultaneous Electrochemistry and Electron Paramagnetic Resonance (SEESR) 
can provide a solution in this matter by detecting radical intermediates that were formed at the electrode. 
The combination of this technique and the use of flow cells does not only distinguish the reaction 
mechanism from other proposed mechanisms but also allows the determination of reaction constants by 
measuring the lifetime of radicals.  
In the last decade, the field of electrocatalysis has known strong progress with the introduction of various 
nanostructures that are deposited on electrodes like nanoparticles, core-shells and dendritical shapes. When 
electrodes are positioned in the sensitive part of the resonator, adsorbed species can be measured and 
catalytic activity of these nanostructures can be derived from the hyperfine couplings of the EPR-spectrum. 
X-band continuous wave EPR allows the use of devices of dimensions in the order of centimeters while 
higher frequency spectrometers limits it to millimeters or less.[1] 
 
In this work, a new channel flow cell is designed by using easy-to-handle materials. This allowed us to 
derive mechanistic and kinetic data. The current can be related to the EPR-signal and the flow rate to 
determine the lifetime of radicals and the order of subsequent reaction steps. Because of the modular design, 
the electrode surface can be polished which allows the deposition of different nanostructures that are 
commonly used in electrocatalysis. 

 
 

As a case study to evaluate the cell and demonstrate the applicability to in-depth electrocatalyst research, 
the reductive scission of halogenated aromatic compounds as 9-bromophenanthrene and 9-
bromoanthracene is studied. The influence of the catalyst morphology and composition on the reaction 
mechanism is investigated. Depending on the system, product formation while performing cyclic 
voltammetry can be studied.[2] 

 

[1] Reijerse E., Savitsky A., eMagRes, 2017, Vol 6: 187–206 
[2] Pauwels D. et al, Electrochimica Acta, accepted manuscript, DOI: 10.1016/j.electacta.2018.03.093  
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Polyoxometalates(POMs) have been applied to various fields such as analytic chemistry, catalysis, 
biochemistry and materials chemistry since they exhibit many fascinating chemical properties. 
Electrochemistry of POMs is very rich but very complicated. Generaly, in the case of Keggin type- 
([XM12O40]n-) and Wells-Dawson type- ([X2M18O62]n-) POMs, multi-steps reversible one-electron transfer 
reactions occur in neutral solution, while two-electron transfer reactions in acidic solution. Voltammetric 
behavior of transition metal-subusituted POMs, [XZM11O39]n- (X=P, Si, S etc.; M=Mo, W, Z=transition 
metals), is different from that of the corresponding parent POMs, [XM12O40]m-. However, there have been 
few report on quantitative analysis of voltammetric behavior of transition metal-subusituted POMs.  

In the present study, novel iron-substituted tungstosulphate, [SFe(OH)W11O39]4-, has been prepared and 
characterized with elemental analysis, X-ray crystalography (Fig. 1), IR and Raman spectroscopy. 
Voltammetric behavior of [SFe(OH)W11O39]4- was extensively investigated in CH3CN containing 0.1 M 
n-Bu4NPF6 with cyclic voltammetry. Especially, we have focused on the first reduction step due to the 
reduction (III/II) of iron component of [SFe(OH)W11O39]4-. Addition of proton and water was greatly 
affected on its voltammetric behavior. However, the [SFe(OH)W11O39]4- was not stable in acidified 
CH3CN solution. Organic molecules, which can be bounded to iron as ligands, also changed voltammetric 
behavior drastically. Quantitative analysis on redox mechanism of [SFe(OH)W11O39]4- has been 
conducted in CH3CN in the absence and in the presence of organic molecules, DMSO and 1,10-
phenanthroline (Fig. 2). Simulated cyclic voltammograms were good agreement with the observed ones 
all over the concentrations of organic molecules examined, in which various parameters were obtained. 

Fig. 2 Cyclic voltammograms of 0.5 mM 
[SFe(OH)W11O39]4- in CH3CN containing 0.1 M n-
Bu4NPF6 in the absence (a) and in the presence of 1.0 
mM 1,10-phenanthroline (b). 

 

 

Fig. 1  Structure of Keggin-type[SFe(OH)W11O39]4- 
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Our work relates to the development of processes for energy storage or new synthesis processes. Our 
major goal is to develop efficient electro-catalysts for O2 activation, CO2 reduction or H2 evolution based 
on earth abundant transition metal catalysts. This requires deciphering the parameters that control the 
factors that govern the reactivity of the catalysts and the nature of the intermediates. We address this 
question through electrochemical methods coupled to spectroscopies (UV-vis, EPR, IR, XAS) which 
provide insights into the mechanism of these fundamental catalytic reactions. In the present talk, we will 
show how our approach can give insights into the involved mechanisms.  
We will illustrate our work with recent examples on O2 reductive activation using Mn[1][2] or Fe[3][4] 
complexes and on H2 evolution using Co complexes.[5]|6] Example of molecular catalysis of 
electrochemical reduction of CO2 using Fe and Co complexes[7][8] will also be introduced. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Scheme: Electrochemical O2 activation: generation and characterization 

of FeOO peroxo and FeOOH hydroperoxo complexes. 
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Abstract: The increasing scarcity of raw materials and conventional energy sources is pushing towards 
the development of alternative technologies with a more efficient use of resources. Chemical industry is 
striving to increase efficiency in their production processes, both on the product selectivity/yield and on 
the energy efficiency. Recent advances in membrane technology and electro-catalysis offer opportunities 
for investigating the selective oxidation of biomass derived molecules via an electro-generative process, 
which could lead to new possibilities for a more efficient use of resources and energy. 
 
HMF (5-hydroxymethyl-2-furfural), which features a furan ring with both alcohol and aldehyde side-
groups, has attracted enormous attention, and US DOE has identified HMF as one of the important 
intermediates for biorenewable chemicals and fuels. The partial oxidation product DFF (2,5- 
Furandicarbaldehye) is of particular importance, since it is an excellent candidate as monomer for 
biomass derived polymeric materials. This molecule has already been synthesized by chemical methods 
and conventional electrosynthesis[1-5]. Most often, these methods require high temperature, pressurized 
gas and toxic solvents.  
 
Theoretical calculation from our research suggested that this reaction is thermodynamically favorable 
('rGo = 189.1 kJ/mol), and could generate 0.98 V at standard conditions.  
 

 

 
 
In this work, selective oxidation of HMF to DFF was achieved under mild conditions in water via an 
electro-generative process. The best DFF selectivity by using the developed process was ca. 90%, while 
the best DFF yield was 41%. The influences of different reaction parameters were systematically studied, 
such as temperature, pH, flow rate, membrane, etc. The stability of catalysts was proved to be very good 
after 10 cycles. Furthermore, the mechanism for the selective oxidation was also studied combining the 
characterizations of catalysts with different compositions from both materials (XRD, BET, TEM, XPS) 
and electrochemistry (CV, Tafel slope) point of view. And finally, the optimized catalyst composition 
was also proposed.  
 
Key Words: Electrocatalysis, Biomass conversion, Electrogenrative process, Selective oxidation, HMF  
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Symmetric fluorescent dyes have been designed and synthesized in view of their use as building blocks 
for electrochemiluminescent (ECL) probes1 and nanoparticles.2 Here we describe the photophysical (PL), 
electrochemical and ECL properties in organic solvent of two new dyes formed of two triphenylamines 
(1) or diphenylamines (2) linked to a truxene unit (three fused fluorene units) by a thiophene bridge. The 
PL and ECL properties of a previously described dye (3),1 where spirofluorene unit replace truxene, were 
also investigated, as for comparison, in the same experimental condition. The ECL spectra showed one 
single band that almost matches the PL band. The ECL process, which was investigated by direct 
annihilation of the electrogenerated radical anion and radical cation, as well as by employing benzoyl 
peroxide as sacrificial coreactant, showed a bright emission around 500 nm with quantum yield higher 
than the standard tris(2,2’-bipyridyl) ruthenium (II) chloride. This study shows that new ECL dyes, based 
on a truxene or spirofluorene cores conjugated to N-perarylated donor, can be synthesized, which show 
bifunctional redox features, and a bright PL and ECL emission in the green spectral region.  
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[2] Daniel, J.; Godin, A. G.; Palayret, M.; Lounis, B.; Cognet, L.; Blanchard-Desce, M. J. Phys. D 2016, 
49, 08402. 
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An important goal in supramolecular chemistry is the development of stimuli-responsive systems in 
which the strength of the intermolecular interactions can be altered by external signals such as changes in 
light, temperature, pH or voltage of an electrode.  Our group is exploring the latter possibility, primarily 
by trying to develop systems in which electron transfer perturbs the strength of H-bonding interactions 
between molecules.  The underlying principle is straightforward: an oxidation that decreases the negative 
charge on a H-acceptor (A) or a reduction that decreases the positive charge on a H-donor (D) will 
weaken a H-bond. Alternatively, reduction that increases the negative charge on a H-acceptor or 
oxidation that increases the positive charge on a H-donor will increase the strength of a H-bond. 
However, in the latter case, it is possible that oxidation or reduction could also lead to full proton transfer.  
If this occurs across the H-bond, the primary H-bonds will remain, but the secondary H-bonds will 
change.  This can lead to an increase in unfavorable secondary interactions, which would counteract the 
effect of the initial proton transfer. However, with proper design, proton transfer could lead to an increase 
in favorable secondary interactions, which would enhance the effect of initial transfer.  The goal of this 
project is to do the latter.   
 
For this work, the 3 H-bond DAD array, 1, that 
contains a N-methyl-4,4'-bipyridinium or “monoquat” 
redox couple (see figure) has been synthesized.  
Compound 1 forms a three  H-bond dimer with the 
non-electroactive ADA array, 2, in CH2Cl2.  Typically, 
DAD-ADA arrays such as this have relatively weak 
association constants of ~102 M−1 in non-competitive 
solvents such as CH2Cl2 due to the three, favorable 
primary H-bonds (shown as solid, double-headed, 
green arrows in the figure) being counterbalanced by 
four unfavorable secondary interactions (shown as 
dashed, double-headed, red arrows). Preliminary NMR 
studies suggest stronger binding in this case (>103 
M−1), probably due to the greater acidity of the amide 
NH’s in 1 because of the strongly electron-withdrawing nature of the pyridinium.  In the absence of 2, 
initial cyclic voltammetry studies of 1 display the expected two, sequential, 1 e−  reduction waves of the 
monoquat redox couple in CH2Cl2, corresponding to reduction of 1 to the radical and then the quinoidal 
anion.  Addition of 2 results in no change in the E1/2 of the first reduction, but the second reduction shifts 
~0.24 V positive.  Further addition of 2 causes no additional change in the E1/2, consistent with a 1:1 
complex.  The 0.24 V positive shift indicates an ~104 increase in binding strength upon overall 2 e− 
reduction of 1.  Combined with the initial association constant of >103 M−1, this indicates an association 
constant of >107 M−1 in the fully reduced state.  We believe the most likely explanation of such strong H-
bonding in a 3 H-bond array is that the second reduction induces proton transfer across the central H-bond 
in the complex, thus converting the DAD-ADA array to a DDD-AAA array.  The latter is expected to 
have significantly stronger H-bonding because all of the secondary interactions, in addition to the primary 
interactions, are favorable. 
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Mesoionic carbenes of the 1,2,3-triazol-5-ylidene type are currently useful ligands in various branches of 
chemistry.[1] Our group has recently pioneered the use of chelating mesoionic carbenes as prominent 
ligands in coordination and organometallic chemistry.[2] Some of these ligands deliver metal complexes 
that are highly potent in several branches of electrocatalysis.[1] 
 
In this contribution, we will present a series of such chelating mesoionic carbenes and their 
“[Re(CO)3Cl]” complexes.[3] Data from electrochemistry and IR-spectroelectrochemistry will be used to 
judge the donor/acceptor properties of these carbene ligands. We will then show that cobalt(III) 
complexes of these mesoionic carbene ligands are extremely potent electrocatalysts for the reduction of 
protons to dihydrogen in organic medium (Figure 1).[4] These catalysts display the lowest overpotentials 
reported until date for such reactions in organic medium. Furthermore, we will show that rhenium(I) 
complexes of such carbenes are very efficient electrocatalysts for the highly selective reduction of CO2 to 
CO.[5] Such compounds are more efficient CO2 reduction electrocatalysts compared to their famous bpy 
analogues. Apart from results from electrocatalysis we will also discuss the prevelance of ligand non-
innocence in mesoionic carbene ligands, as well as the usefulness of mesoionic carbenes for stabilizing 
unusual oxidation states such as rhenium(II). Results from cyclic voltammetry, UV-vis-NIR/IR/EPR 
spectroelectrochemistry, bulk electrolysis coupled with mass spectrometry and DFT calculations will be 
presented to decipher the electron transfer properties of these metal complexes and to elucidate the 
reaction mechanism of the electrocatalytic reactions. 
 

 
Figure 1. Catalytic current obtained during cyclic voltammetry experiments of a cobalt-carbene complex 
in the presence of acetic acid. Figure adapted from reference 4. 
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Lipidic cubic phase is a bicontinuous mesophase consisting of two sets of noncommunicating but 

interpenetrating water channels confined in-between lipid bilayers. It resembles a molecular sponge 

allowing to host significantly larger amounts of biological molecules or drugs, compared to other carriers 

e.g. liposomes or gold nanoparticles [1]. We have shown recently that holding the drug inside the 

mesophase may decrease its toxic effects towards healthy cells while appropriate mechanisms can 

stimulate the release of the drug from the carrier when it approaches the cancer cell environment [2]. 

Diffusion and kinetics of release from the mesophase depend among other factors on the nanostructure 

and aqueous channels sizes which are defined by the amphiphilic molecules used for the formation of the 

liquid crystalline phase. The channels diameters can be increased by adding hydration increasing 

surfactants to the main lipid forming the mesophase. Embedding the transmembrane proteins in the cubic 

phase has been often used for the crystallization of these proteins, however, only few studies have been 

devoted to the evaluation of their activities and functions when immobilized in this biocompatible 

environment [3,4]. Here we  present reconstitution of two different integral proteins: transporter protein – 

chloride channel from Escherichia coli and Na+/K+-ATPase (EC 3.6.3.9) - a transmembrane pump in the 

lipidic cubic mesophase films and we follow using electrochemical methods their activities, ion transport 

efficiency and inhibition processes. 
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Electrochemistry plays a unique role in generating reactive catalysts or intermediates for a wide variety of 
catalytic reactions and delivers—at the same time—kinetic information about the reaction itself.[1] When 
combining electrochemistry with various spectroscopic techniques like UV-Vis, IR or EPR one can gain 
insights about the structure of intermediates involved in the respective chemical reactions.[2] 
Nickel complexes with α-diimine ligands are well known for their capability of forming carbon-carbon 
bonds in the field of polymer chemistry, but also in the field of synthetic electrochemistry for various 
coupling reactions.[3] Nickel complexes with simple bidentate ligands like  
1,2-Bis(diphenylphosphino)ethane (dppe)[4] or 2,2’-bipyridine (bpy) complexes[3] are used in reductive 
dimerization and cross-coupling of aryl halides using preparative scale electrolysis.[2]  
 
In this work, we aim to elucidate mechanistic aspects of the reductive dimerization of simple aryl halides 
by bipyridine and terpyridine complexes of nickel and close gaps in the proposed mechanism. The 
investigation takes places by means of cyclic voltammetry[5,6], spectroelectrochemistry[2], digital 
simulations and DFT calculations. In this particular case, the catalytic intermediates–the σ-complexes of 
the corresponding nickel complexes– are comparatively simple to isolate, which offers the opportunity to 
investigate certain reaction steps independently from the catalytic cycle, and to elucidate the 
concentration dependencies of the various intermediates.  
 

Figure 1: Reductive dimerisation of bromobenzene (increasing concentration) with (bpy)Ni(II)Cl2 
monitored by cyclic voltammetry(left: whole CV; right: enlargement of the cathodic part). The purple 
trace shows bromobenzene in absence of the catalyst, black trace shows the catalyst in absence of 
bromobenzene. 
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The modification of surfaces with functional molecules allows a fine control over the interfacial 
properties of materials, while preserving their intrinsic properties. This lead to the development of 
innovative materials dedicated to analytics (higher sensibility / selectivity for diagnosis and therapeutics 
in (nano-) medicine for example) or to catalytic purposes (better performances and selectivity of 
processes). Control of the phenomena taking place at the solid (material) / liquid (analyte, electrolyte) 
interface is crucial for developing effective technologies. 
We will demonstrate in this presentation that the chemical grafting of macrocycles, using aryldiazonium 
chemistry, allows the introduction of molecular functions together with  nano-structuring on metallic 
surfaces in a very effective, versatile and extremely robust way, whether on massive or divided materials 
(spherical nanoparticles, nanorods, nanowires).  

 

Herein, an innovative and versatile approach based on the grafting with calix[4]arene-tetradiazonium salts 
is developed and allows the formation of highly robust and densely-packed monolayers on a large range 
of materials. 1,2, Homogeneously mixed monolayers could be easily prepared from a binary mixture of 
calix[4]arene-tetradiazonium salts in solution.3. It is then possible to control the interface of the metallic 
materials at the molecular scale, and to direct the reactivity, thanks to the grafting of a single organic 
monolayer. The concept will be demonstrated using the electrocatalysis of the oxygen reduction reaction 
at nanoparticles decorated with a monolayer of calixarenes. 
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Since the number of carbon atoms per molecule is increased during many industrially relevant chemical 
transformations, abundant and inexpensive C1-building blocks are needed in this field of application. One 
possible building block is carbon monoxide, which can be derived from CO2 as a starting material and 
which is used, for example, in carbonylation reactions and in the production of phosgene or methanol.[1] 
The electrochemical generation of CO from CO2 offers the advantage of using inexpensive electric 
current as a reagent as well as mild reaction conditions, while the possibility of using renewable energy 
sources leads to an environmentally friendly process. The direct electroreduction of CO2, however, 
suffers from the drawbacks of a high overpotential and many possible side reactions.[2] In this regard, the 
presence of catalysts is necessary during the reaction. Homogenous electrocatalysts are able to achieve 
high activity and selectivity, while many of them are still based on poorly accessible ligands such as 
porphyrin analogues and/or on precious metals such asRe, Ru and Pd.[3-4] 
Herein we report a manganese diimine complex as an electrocatalyst for CO2 reduction, whichis 
accessible via a simple one-step synthesis from commercially available starting materials (see Figure 1).[5] 
Its electrocatalytic behavior was characterized by cyclic voltammetry,controlled potential electrolysis and 
IR-spectroelectrochemistry (SEC).Turnover frequencies up to 38 s-1and turnover numbers up to 31 were 
achieved, while the Faradaic efficiency was 98% for CO generation. Noteworthy is an unexpected 
protonation-firstmechanism, which we identified with the help of CV and SEC and which 
differentiatesour catalystfrom the well-known manganese bipyridine complexes.[6] 
 

 
 
Figure 1. Cyclic voltammetry of 1 mM Mn(pyrox)(CO)3Br in dry 0.1 M NBu4ClO4/CH3CN electrolyte 
(WE = glassy carbon) at 100 mV s-1in presence of 1 M TFE under Aratmosphere (grey) and under 
CO2atmosphere (black). 
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How electric charge is transferred on self-assembly arrays of nanoparticles are a subject of intense 
scientific research, since it could lead to a better explanation on how the nanoparticles and the linker 
molecules act to transfer electrical charges. However most of the studies uses drop casting of 
nanoparticles on top of a self-assembled insulating monolayer. Even though easy and convenient it has a 
huge drawback since it does not offer control over the nanoparticles deposits, which directly influence the 
electrochemical performance of the obtained device. Here we use a strategy based on the programmable 
atom equivalents self-assembly of AuNps modified with self-complementary DNA strands developed by 
Chad Mirkin’s group, resulting in the formation of a structured film with body cubic centered (bcc) 
crystalline structure in two different facets (100) and (110) on top of gold electrodes.1,2 The films were 
characterized by AFM (Figure 1A), confirming the formation of the 3D structure by the DNA modified 
AuNps, and by SEM the homogeneity of the films were assessed. Using electrochemistry, the conduction 
of the films using electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV) was 
studied. The results showed that the 3D structure influences the conduction. Using EIS it is shown that the 
conduction is dependent of the organization and thickness of the nanoparticle film, Figure 1B, having a 
better conduction when the nanoparticles are aligned in the (100) crystal facet. Using Laviron’s 
methodology the DNA contribution was studied, and a very fast charge transfer rate in the order of 1400 
s-1 cm2 was observed, this value is comparable with those obtained for DNA double strands monolayers. 
The mechanism is discussed, and we proposed that electron tunneling is not the major contributor to the 
charge conduction, probably a mixed mechanism is preferred in the case.1 Our results show the formation 
of an electroactive hybrid material with well-organized structure, composed of different nanoscopic 
entities that actuate synergistically. In this way, our results pave the way for the future development of 
electrical nanomachines based on DNA nanostructure. 
 

 
Figure 1. A) AFM image showing the film thickness. B) EIS spectra for the DNA-AuNps films with 
different layers. C) Relation of kET with the number of layers deposited for the (100) and (110) facets. 
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Atom transfer radical polymerization is a controlled process based on a dynamic equilibrium between an 
alkyl halide RX, acting as an initiator, or a dormant polymeric chain PnX, and a propagating radical, Pn

• 
(Scheme 1, X = Cl, Br). The activation process involves reduction of the C-X bond in RX or PnX by a 
catalyst in its lower oxidation state (e.g. [CuIL]+) with the formation of the deactivator (X-CuIIL]+).1  

Scheme 1. Mechanism of electrochemically mediated ATRP. 

The process has been applied to many monomers in different media with excellent results, especially 
if an external stimulus such as electric current is used to trigger polymerization and continuously 
regenerate Cu(I) (eATRP, Scheme 1).2 However, in contrast to organic solvents, gaining control of ATRP 
in aqueous media has been found to be difficult, mainly because both [CuIL]+ and [X-CuIIL]+ are 
unstable, KATRP is large, and the activation reaction is very fast. We recently defined a set of guidelines 
for a well-controlled aqueous ATRP by careful examination of various relevant factors including pH, 
activation kinetics (kact) and equilibrium (KATRP), disproportionation (kdisp) of [CuIL]+, and halidophilicity 
(KX) of [X-CuIIL]+.3 We outlined that a good catalyst must exhibit sufficiently low KATRP and kdisp, and 
high KX. Also neutral to acidic pH is preferable, while an excess of halide ions must be used to avoid 
dissociation of the deactivator [X-CuIIL]+. 

These guidelines have been used for well-controlled eATRP of oligo(ethylene glycol) methyl ether 
methacrylate3  and methacrylic acid.4 In this study, we considered three other monomers, namely N,N-
dimethylacrylamide, 2-hydroxyethyl methacrylate, and oligo(ethylene glycol) methyl ether acrylate. The 
redox behavior of the copper catalyst was first investigated in water/monomer mixtures, both in the 
absence and presence of halide ions, showing that both Cu(I) and Cu(II) are stable in the reaction media. 
Eo of the catalyst becomes more positive as the concentration of the monomer is increased, reaching a 
maximum shift of ca 140 mV at 20 vol% of monomer. Next, eATRP of each monomer was investigated. 
Various operational factors were examined to check whether universal conditions for eATRP could be 
defined. Particularly, the effects of applied potential (Eapp), solvent-to-monomer ratio, [Br-], nature and 
concentration of the copper catalyst, type of initiator and temperature were investigated. Good results 
were obtained for all monomers in terms of conversion, polymerization rate and, above all, molecular 
weight dispersity. 

This study, together with our previous works in water, evidenced that electrochemistry offers 
powerful tools to control ATRP in aqueous media, which before the advent of eATRP was a real 
challenge. Nevertheless, universal well-defined conditions applicable to a variety of monomers could not 
be found. The reaction conditions should be optimized for each monomer. 

 
References 
1 K. Matyjaszewski, Macromolecules 2012, 45, 4015–4039. 
2 P. Chmielarz, M. Fantin, S. Park, A. A. Isse, A. Gennaro, A. J. D. Magenau, A. Sobkowiak, K. 

Matyjaszewski, Prog. Polym. Sci. 2017, 69, 47–78. 
3 M. Fantin, A. A. Isse, A. Gennaro, K. Matyjaszewski, Macromolecules 2015, 48, 6862−6875. 
4 M. Fantin, A. A. Isse, A. Venzo, A. Gennaro, K. Matyjaszewski, J. Am. Chem. Soc. 2016, 138, 

7216−7219. 



The electrochemical methodology as useful tool in organic synthesis; 
the second step of the Corey-Fuchs reaction  

 

Isabella Chiarotto, Marta Feroci, Leonardo Mattiello, Fabiana Pandolfi 
 

Dipartimento di Scienze di Base e Applicate per l’Ingegneria (SBAI) Sapienza Università di Roma,  
via Castro Laurenziano, 7, 00161, Rome, Italy 

isabella.chiarotto@uniroma1.it 
 

Electrochemistry represents a broad interdisciplinary field, which has applications to many areas in 
physics, chemistry, metallurgy, and biology. The synthetic use of electricity instead of classical chemical 
reagents is very appealing in economic and ecological aspects.  
Terminal alkynes, can be considered a raw material (thus an important resource). Nevertheless, due to the 
significant triple bond strength (839 KJ mol-1), they are characterized by a moderate thermodynamic 
reactivity [1]. However, both the C-C triple bond and the terminal C-H bond could be efficiently and 
selectively activated by metal or metal-free catalysts. The use of terminal alkynes, activated by catalysts, 
as building blocks or intermediates in the synthesis of a large number of chemicals is extensively 
summarized in recent reviews [1-3]. 
The Corey-Fuchs reaction can be used [4] to obtain terminal alkynes. This is a two steps reaction in which 
an aldehyde is at first converted into a 1,1-dibromoalkene with chain extension by one carbon by reaction 
with carbon tetrabromide and triphenylphosphine (Scheme 1, reaction 1). The second step is the 
conversion of the 1,1-dibromoalkene into the corresponding alkyne by reaction with BuLi at -78 °C in 
THF (Scheme 1, reaction 2). 
 

 
 

Scheme 1: Corey-Fuchs reaction. 

The second step of the Corey-Fuchs reaction requires the cleavage of the C-Br bond. A valid alternative 
to the chemical classical reduction of alkyl halides can be achieved by electrochemical methods. We have 
studied the possibility to carry out this second reaction step electrochemically, via a selective cathodic 
cleavage of the C-Br bond. In this way, the reaction can be performed in mild conditions and in the 
absence of reducing agents or bases purposely added to the reaction mixture. 
The possibility to direct the reaction towards different products simply changing electrolysis parameters 
(potential, solvent, supporting electrolyte, number of Faradays per mole, additives, etc.) will be presented. 
In order to test the general applicability of the proposed electrochemical methodology, we have carried 
out a series of experiments on different substrates. Furthermore, this procedure allows the selective 
synthesis of alkynes and bromoalkynes in high yields by cathodic reduction of dibromoalkenes. 
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BODIPY dyes are unique materials with spectroscopic and electrochemical properties comparable to 
those of aromatic hydrocarbons. Electrochemical studies are useful in understanding the redox properties 
of these materials and in finding structure stability relations for the radical ions. Along with spectroscopy, 
these studies help researchers design novel compounds with desired properties. Reports on the 
electrochemistry of BODIPYs are relatively new and are gaining importance recently, due to the 
possibility of electrogenerated chemiluminescence.1 Their electrochemical properties are very much 
dependent on experimental conditions and their chemical structures, especially in terms of substitution at 
the meso (R1), α (R4 or R5) and β positions (R3 or R6).  
Nitroso substitution of BODIPYs is unprecedented in the literature, and direct nitrosation opens 
opportunity for the development of new fluorescent probes. A fast and efficient method for the nitrosation 
of the pyrrole ring in BODIPYs’ core using NOBF4 was performed, yielding the novel compounds 3 and 
4 . The meso-phenyl substituted BODIPys 1 and 2 and the nitroso derivatives 3 and 4 ((Fig. 1A) were 
electrochemically investigated, using cyclic voltammetry (CV), in degassed DMF + n-Bu4NPF6 solution, 
at several scan rates, vs..Ag/AgCl, Cl- (sat). The CVs of compounds 1 (Figs. 1B) and 2 toward negative 
(0.5 V up to –2.5 V), display, as expected, two reduction waves, the first one (EpIc1 = -0.673 V, EpIc2 = -
0.601 V) related to a one-electron, quasi-reversible (EpIa1 = -0.588 V, EpIa2 = -0.525 V), diffusion-
controlled electron transfer and the second, irreversible, (EpIIc1 =-1.678 V; EpIIc2 =-1.779 V). There is 
an unusually large separation between EpIc and EpIIc, almost and more than ∼1.0 V difference. This is a 
well-known fact, and mostly electronic in nature, as analysed by computation.2 The presence of two 
halogens (-Cl), on the meso-phenyl ring, facilitates the first electron capture and turns the second one, 
more difficult. The rings are not coplanar and this could be the reason for their behaviour. As they include 
unsubstituted positions, the radical ions can undergo dimerization or other reactions, as is the present 
case, in terms of the second wave. The addition of the acceptor nitroso group, in compounds 3 (in position 
α) (Fig. 1C) and 4 (in position β), leads to a different profile. The reduction is much easier, ca 300 mV 
more positive. For compound 3, with the nitroso group in the α-position (Fig. 1 C), the first to be reduced 
is the nitroso group, due to the proximity to the positively charged N (EpIc3 = -0.673 V), differently from 
compound 4 with a β-nitroso group, where the reduction occurs in the BODIPY core. The last compounds 
were investigated as chemosensors for thiols. 

 
1: R1 = Ph; R2 – R7=H 
2: R1= PhCl2; R2-R7= H 
3: R1 = Ph; R4 = NO; 
R2, R3, R5, R6, R7=H 
4: R1 = Ph; R3 = NO 
R2, R3, R5, R6, R7=H 
 
Fig. 1A: Structures 

 
 
 
 
 
 
 
 
 
 
Fig. 1B. CV of compound 1. 
Several inversion potentials. 
GCE. 

 
 
 
 
 
 
 
 
 
 
Fig 1C: CV of compound 3. Several 
inversion potentials. GCE. 

Acknowledgements: To CNPq, CAPES, FAPEAL, FAPESP. 
References 
1.Nepomnyashchii, A.B., Bard, A.J. (2012) Accounts of Chemical Research, 45 (11), pp. 1844-1853; 
2.Nepomnyashchii, A.B., Cho, S., Rossky, P.J., Bard, A.J. (2010) Journal of the American Chemical 
Society, 132 (49), pp. 17550-17559. 

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5
-30

-25

-20

-15

-10

-5

0

5

10

15

N
B-

N+

F F

I /
 P

A

E / V vs. Ag|AgCl|Cl- (sat.)

 

 

-3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5 1.0
-90

-75

-60

-45

-30

-15

0

15

N
B-

N+

NFF O

I /
 P

A

E / V vs. Ag|AgCl|Cl- (sat.)

 

 



Stereoelectrochemistry of Calixarenes 
 

Alan Liškaa, Jiří Ludvíka, Pavel Vojtíšekb, Krunal Modia 
a J. Heyrovský Institute of Physical Chemistry of the CAS,  

Dolejškova 3/2155, 182 23 Prague, Czech Republic  
b Charles University in Prague, Faculty of Science,  

Albertov 6, 128 43 Prague, Czech Republic 
alan.liska@jh-inst.cas.cz 

 
 Calixarene skeleton seems to be a stereochemically well defined framework, very popular in 
nowadays supramolecular chemistry [1]. However, this molecule is electrochemically inactive. For this 
reason, the presence of a suitable reducible or oxidizable substituent ("redox probe") is needed in order to 
enable investigations of redox properties and electron distribution in this system by means of 
electrochemical methods.  
 
 Calix[4]arene molecular geometry offers a set of variables to be changed, but their experimental 
observation is difficult, namely in solution. Therefore it´s reasonable to correlate the observed 
electrochemical response with the structural parameters ("stereoelectrochemistry"). Until now, we made 
several attempts to look into these relationships, mainly from the point of view of: 
 
a) the conformation: cone- / paco- / 1,2- and 1,3-alt- [2,3]; 
b) type of bridging units: methylene / thia / oxa / sulphoxide / sulphone / aza [4]; 
c) type of the redox probe: nitro / nitroso / carbonyl (aldehydic and ketonic) / oxime / nitrile / sulphonate / 
ferrocenyl [2-5]; 
d) number and position of the redox probe(s), their mutual intramolecular interactions [2-4,6]: 
 i)  upper rim / lower rim / both rims, 
 ii)  para- / meta- / both (with respect to the lower rim substitution), 
 iii) on the adjacent / opposite benzene rings (in the case of polysubstituted calixarenes); 
 iv) shape and symmetry of the molecule [6]; 
e) rigidity / flexibility of the molecule in solution [2-4]; 
f) character and reactivity of the radical intermediates, their spin state [6,7]; 
g) complexation abilities towards ions in solution.  
 
 Provided that we know only one qualitative structural parameter (from the list above mentioned), 
it seems to be difficult and unreliable to predict any specific calixarene electrochemical properties. Based 
on polarographic and CV results, and with the help of EPR-in situ-spectroelectrochemical measurements, 
in the contribution a brief overview of reduction mechanisms together with the conclusions about the 
structural influence on the electrochemical behaviour will be presented. 
 
 From the point of view of intermolecular interactions, nitro substituted calixarenes in charged 
state can bind cations in a stoichiometric way. They represent electrochemically generated polyradicalic 
ligands which are stable enough to be investigated by conventional time scale spectroelectrochemical 
methods. Complexation capabilities towards alkali metal ions will be discussed.  
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Electroorganic synthesis has been acknowledged as a promising green technology which provides several 
advantages compared to conventional organic synthesis.[1] These merits include ecologic and economic 
advantages of using electric current instead of reagents, as well as mild reaction conditions and the 
possibility for controlling the selectivity via the electrode potential. Despite all the progress which has 
been made in the last decades, there are still some fundamental challenges which prevent this 
methodology from application on a broader base, i. e. the necessity for using excess amounts of 
supporting electrolyte and sometimes, poor kinetics and selectivity associated with the electron transfer 
between electrode and substrate molecule. Whereas the latter issue is typically addressed with the use of 
electron transfer mediators,[2] the problem with the supporting electrolyte has been ignored for a very long 
time.[3]. 
In the context of these challenges, we have recently developed a system which allows for simultaneous 
separation and recycling of supporting electrolyte and mediator in a single step (see Figure, right).[4] For 
this purpose, alkylammonium and 2,2,6,6-tetramethylpiperidin-1-oxyl (TEMPO) groups were attached to 
polymer backbones (see Figure, bottom left), resulting in well-soluble, conducting and redox-active 
polymers. After completed electrolysis, these polyelectrolytes (PE) and polymediators (PM) can be 
separated by ultrafiltration and reused for several runs. For proof of principle, we have selected the 
TEMPO-mediated electrochemical conversion of alcohols to carbonyl compounds as test reaction,[5] and 
developed a procedure which combines high Faradaic efficiency (up to 99%) with a convenient 
separation procedure. 
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Supramolecular nanostructures continue to attract considerable interest due to the fascinating properties 
that emerge from the assembly, which are not present in the corresponding molecular entities.1 Although 
there has been quite extensive interest focused on their photoluminescent properties,2 so far one of the 
unexplored fields is related to the electrogeneration of luminescent excited states of assemblies. 
Electrogenerated chemiluminescence (ECL),3 where an electronically excited state is generated 
electrochemically, is essentially a chemiluminescence reaction at an electrode surface which is initiated 
and controlled by the application of a potential. ECL is superior in many respects to photoluminescence, 
due to its extremely low detection limit related to a very low background and high sensitivity. Almost all 
current ECL applications are based on the luminescent label Ru(bpy)3

2+ (where bpy= 2,2’-bipyridine).3 
Recently there has been a grow interest in other emitters notably those based on Ir(III),4 because of their 
color tunability and higher quantum yields, and nanomaterials, such as carbon nanodots.5 
In this work, we demonstrate that supramolecular nanostructures based on Pt(II) and Ir(III) metal 
complexes can lead to intense ECL emission. We have coined the term Aggregation-Induced 
Electrogenerated Chemiluminescence (AIECL)6 for this phenomenon, as it is directly analogous to 
Aggregation-Induced Emission (AIE).7 The findings, besides being a new chemical concept, can lead to a 
new generation of bright emitters that can be used as ECL labels in immunoassays and in different 
biosensors where the change in the packing of the aggregated systems can be monitored by the different 
colors or even in an off/on ECL signal. 
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Tethering the material surfaces of conductors, semiconductors and polymers with organic films derived 
from aryl diazonium salts is a widely used method.[1] The reduction of the aryl diazonium salts permits 
the creation of aryl radicals, which are very reactive and responsible for the modification of the substrate 
surface with strongly attached polyphenyl layers. 
The synthesis of alkyl diazonium salts is not a common reaction because they are “extremely unstable 
even in solution” and are “useless for preparative purposes”.[2] Their very high instability explains why 
they have not been yet considered as precursors for decorating surfaces with alkyl layers. 
We have demonstrated the possibility of attaching alkyl groups on a copper surface by 
electrochemical reduction of an acidic or basic aqueous nitrate solution in the presence of an 
alkylamine.[3] The electrochemical reduction of NO3

- ions at -0.8 V/Ag/AgCl gives NO2
- ions, 

which react immediately with the primary alkyl amine to give the corresponding alkyldiazonium 
salt. The electrode potential is sufficiently negative to enable the simultaneous reduction of the 
alkyldiazonium to the alkyl radical that reacts with the copper electrode.  
We have used the alkyldiazonium salts derived from trifluoroethylamine, butylamine and 
aminovaleric acid to modify copper surfaces with alkyl layers. The organic films have been 
characterized by IRRAS and XPS (with trifluoroethylamine see in Figure 1 the signature of 
trifluoroethyl groups). The reaction is limited to copper which shows a lower overpotential for the 
NO3

- reduction while no reduction wave is observed on carbon and gold before the reduction of 
protons.[4]  
 
 
 
 
 
 
 
 
 
 
  
    
 
 
Figure 1. IRRAS and XPS high resolution spectrum for C1s region of copper plates maintained in a 0.1M 
HClO4 aqueous solution at E = -0.8V/(Ag/AgCl) for 20min in the presence of: 0.12M NH2CH2CF3 + 
0.23M NaNO3. 
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Comm., 2016, 262, 286-294. 
[4] Shul, G., Parent, R., Mosqueda, H.A. and Belanger, D. ACS Appl. Mater. Interfaces, 2013, 5, 1468-
1473. 
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Carbenes are highly reactive species, practically all having lifetimes considerably under 1 second. 
Carbenes are chiefly formed in two ways, through other pathways are also known. 
 

1) In D-elimination, a carbon loses a group without its electron pair, usually a proton, to give an 
anion and then another group (with its electron pair) leaves the anion, usually an halide ion. 

2) The second is a disintegration of compounds containing certain types of double bonds, such as 
the photolysis of ketenes or the diazirine decomposition.1 

In the present communication carbenes are generated by the pathway 1, with the help of the electrical 
current: 
A) Reaction of electrogenerated carbenes with dianions.2 Example: reaction of chloromethylcarbene with 
the phenanthrenequinone dianion to give 1-(10-hydroxy-phenanthren-9-yl)-ethanone. When the former 
reacted with benzophenone dianion produced (Z)-3-hydroxy-1,2-diphenyl-2-buten-1-one and with the 
acenaphthenequinone dianion afforded 1-(2-hydroxyacenaphtylen-1-yl)ethanone. 
B) Reaction of diarylmethylchlorocarbene (obtained by  cathodic reduction of DDT) 
(dichlorodiphenyltrichloroethane) with the acenaphthenequinone dianion3 gave 2-(bis(4-
chlorophenyl)methyl)phenanthro[9,10-d][1,3]dioxoles. 
C) Reaction of phenacylcarbene, through a stereoselective [2+2]cycloaddition reaction, with the 
conjugated double bond of p-benzoquinone or 1,4-naphthoquinone produced the corresponding 
homoquinone.4 
 The new [1,3]dioxoles described in the indirect reduction of DDT are candidates to be used in the 
synthesis of new functionalized [7]helicenes5 and subsequently helical conjugated polymers6 of great 
interest due to their application in organic-emitting diodes (OLEDs).7,8 
Homoquinone moieties are interesting and important building-block in organic chemistry, that have a 
fused cyclopropane ring in the quinone frame. (±)-Asarinol is an homoquinone isolated from Asari radix 
and identified as antilisterial compound exhibiting potent inhibitory activity against L. monocytogenes 
strains.9 
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Currently, electrochemical nucleic acid-based biosensing methodologies provide an attractive alternative 
to conventional quantification strategies for the routine determination of relevant nucleic acids at different 
settings. A particularly relevant objective in the development of such nucleic acid biosensors is the design 
of as much as possible affordable, quick and simple methods while keeping the required sensitivity with 
no need for using nanomaterials and/or nucleic acid amplification [1]. In this communication the 
development of two novel and extremely attractive electrochemical biosensing strategies for PCR-free 
determination of relevant animal or plant-food derived nucleic acids targets directly in raw mitochondrial 
and genomic DNA extracts will be presented. Both methodologies involved formation of DNA/RNA 
heterohybrids further labelled with commercial antibodies specific to these heteroduplexes and bacterial 
antibody binding proteins conjugated with single or multiple HRP molecules onto the surface of 
commercial magnetic beads (MBs) followed by amperometric transduction upon magnetic capture of the 
resulting magnetic bioconjugates at screen-printed electrodes (SPCEs) using the system HRP/H2O2/HQ 
[2,3]. 
One of the developed electroanalytical platforms allowed detecting unequivocally the presence of 
horsemeat by targeting a specific region of its D-
loop mitochondrial genome [2]. Results presented 
demonstrated the feasibility of this method to 
perform the detection of the target DNA directly 
in raw mitochondrial lysates at the levels 
established by the European Commission (0.5% 
(w/w) horse meat). The other approach allowed 
the selective detection of Sola l 7, a nonspecific 
lipid transfer protein (nsLTP) from tomato seeds 
associated to severe symptoms of tomato-allergic 
patients, by targeting a specific fragment of the 
Sola l 7 allergen coding sequence. The results 
achieved in the analysis of non-fragmented 
genomic DNA extracted from tomato (both from 
peel and seeds) and corn confirmed the reliability of this approach to detect the presence of the target 
protein just in tomato seed extracts [3]. 
Apart from being the first bioscaffols described so far for the detection of these relevant nucleic acids 
targets, these smart biosensing platforms pave the way towards the detection of other mammalian DNAs 
or relevant allergens. Moreover, their simple handling, applicability at different settings and the relatively 
low cost per detection postulate these novel biotools as the basis of further implemented electrochemical 
biosensing approaches with potential applications in authentication and traceability of meat products, 
food safety control and consumer protection. 
[1] Ruiz-Valdepeñas Montiel et al. ACS Sens. 3 (2018) 211−221.  
[2] Ruiz-Valdepeñas Montiel et al. Anal. Chem. 89 (2017) 9474−9482. 
[3] Barros et al. in preparation for publication.  
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The activation of molecular oxygen occurs at the biological level by metalloenzymes through reduction 
processes which involve one or several active site metal ions (Fe, Cu, Zn, Mn).1 Via O2-addition and 
redox chemistry, the multiple steps involve the formation of different reactive metal-superoxo, peroxo 
and hydroperoxo adducts. All of these species may have oxidative properties leading to oxygen atom 
insertion into C-H bonds. However, their characterization remains difficult because of their very short 
lifetime (ms) at room temperature. More information about structures and spectroscopic features of metal-
oxygen centers can be obtained from synthetic models of enzymatic active sites by using fast-time 
acquisition set-ups, organic solvents, and low temperatures. Yet, redox potentials and electron-transfer 
properties of such active species are scarce, in particular for copper-oxygen systems. Among the few 
reported examples, redox features of the copper-oxygen adduct have been predicted by using 
reducing/oxidizing agents.2 In order to obtain direct measurements, we have developed a new UV-vis-
NIR cryo-spectroelectrochemical setup. The system leans on an external reflection spectroelectrochemical 
cell which is airtight and can be integrated to different cryo-cooling systems. Hence, different transient 
copper-oxygen species have been characterized (see for example Figure 1).3-7 This new time-resolved 
spectroelectrochemical setup appears as an efficient tool for the spectroscopic identification of 
intermediates, and could be used for other organic and inorganic transient species. 

 
Figure 1. Low-temperature (T = 223 K) UV-Vis spectrum monitoring of the two successive 
electrochemical oxidation/reduction of a dinuclear copper-oxygen adduct.  
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The synthesis, structure and bonding, as well as the electrochemical and spectroelectrochemical behavior 
of multi-sandwich-substituted 5-membered heterocycles, including group 14 – 16 main group elements 
and group 4 metal building blocks (type A – C molecules) will be reported. [1,2] 
The atropisomeric behavior of super-crowded molecules B will be envisaged. [3] 
The electrochemical behavior of type A – C molecules (cyclic voltammetry, square wave voltammetry, 
linear sweep voltammetry, in-situ UV-Vis/NIR spectroscopy; DFT calculations) will be presented and 
discussed in a super-ordinated manner towards electronic transfer processes in the appropriate mixed-
valent species. 
 
 

 
  
 
 
Within this talk an overview of theoretical and experimental methods to determine electrostatic 
interactions mixed valent compounds will be given. The influence of additional attractive or repulsive 
electrostatic properties (see molecule 1, Figure 1) on the electrochemical behaviour will be discussed.[4] 
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Recently, the relationship between the electrochemical behaviour of molecules possessing two identical 
redox-active moieties and the spectroscopic properties of the corresponding mixed-valent (MV) species 
has gained increasing attention.[1] However, there are (i) examples of MV compounds with a pronounced 
redox-splitting but no observable electron transfer excitation, [2]  and (ii) cases in which despite a very low 
potential difference in the electrochemical measurements, a high degree of delocalization is observed[3]. 
These phenomena are explainable by the analysis of electrostatic interactions within the molecules. 
 

  
  
 
Figure 1. Attractive and repulsive electrostatic interactions within for example trichlorotri(ethynyl-
ferrocenyl)benzene 1.  
 
Within this talk the development of theoretical models will be recapitulated and experimental methods to 
determine electrostatic interactions mixed valent compounds will be shown. The influence of additional 
attractive or repulsive electrostatic properties (see molecule 1, Figure 1) on the electrochemical behaviour 
will be discussed.[4] 
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The contribution represents a molecular electrochemistry of a series of recently synthesized compounds 
based on oxazaborine core. Whereas in first series the main attention has been paid to electrochemical 
behaviour of oxazaborine (OZB) core bearing electron-donating / withdrawing substituents (e.g. CN or 
OCH3) on phenylazopendant [1-3] within the presented series N-substituted OZB bearing 7- or 6-amino 
coumarin moiety (see Fig.1 as an example) has been studied. Moreover, the second structural 
modification was in replacement of two phenyl groups by two fluoro substituents on boron atom of OZB 
core. The main attention has been paid to redox characterization of these molecules. For this study in non-
aqueous N,N-dimethylformamide or acetonitrile polarography, cyclic voltammetry, and rotating disk 
voltammetry were used. In the homologous series of oxazaborine derivatives the first reduction  
(-1.44 to -1.68 V vs SCE) proceeds as a one-electron (quasi)reversible process localized on the central 
heterocycle. The first oxidation of oxazaborines (+1.51 to +1.77 V vs SCE) proceeds as a two-electron 
irreversible process, most probably of the ECE type. Moreover, electron-withdrawing ability of coumarin 
and fluoro substituents plays significant role in redox behaviour of these compounds. The electrochemical 
data were correlated with UV-Vis spectra as well as with DFT calculations of HOMO-LUMO gaps. 
Concerning other interesting properties, some of these compounds exhibit aggregation induced emission 
as well as solid state fluorescence.  Obtained results will be employed in tuning and design of the next 
generation of oxazaborine compounds with potential fluorescence in solid state.  
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Electrochemiluminescence (ECL) is a powerful analytical technique due to its sensitivity and intrinsically 
low noise.1 In this framework, the design of new ECL probes enable high efficiency and tunable ECL 
emission, as well as biocompatibility is still an open challenge. Recently, our group has successfully 
demonstrated how a nanotechnology-based approach ca be used to design new ECL probes exploiting 
multicentre emission, colour emission tunability and allowing to overcome restrictions due to the dye 
solubility. 
In this contribution, we present very stable, monodisperse and versatile core-shell silica-PEG 
nanoparticles (NPs) obtained by a reliable one pot synthetic strategy in aqueous conditions allowing the 
embedding of many kinds of dyes both in the silica-core and in the PEG-shell of the nanoparticle. 
Interestingly, an elegant control of energy transfer processes between different dyes within the same NP 
allow us to tune its emission response.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
Even more, fundamental insights on the mechanisms that regulate ECL within the NPs have been 
highlighted by studying the ECL emission of Ru(bpy)3

2+ doped NPs featuring all the same morphology 
but a very different doping regimes, therefore a quite different surface charge properties (Z-Potential).9 
Our results show a switching ECL mechanism controlled by the doping ratio; in particular, at low doping 
regime the mechanism involves exclusively the radicals deriving from the coreactant oxidation, on the 
contrary a second mechanism involving also the direct anodic oxidation of the Ru(II) moieties has been 
observed for high doping regimes. This behaviour has been associated with the NPs Z-Potential, and 
strongly influences the overall ECL emission of these systems, since this two mechanisms show very 
different efficiencies.3  
These results are valuable from a fundamental point of view, since they increase the understanding of the 
ECL mechanism occurring within the nanoparticle, but also they pave the way for the design of new and 
more efficient ECL emitting silica nanoparticles as labels for bioanalysis. 
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In the world, the average is 5 to 10% of hospitalized patients is affected by nosocomial infections [1]. 
These infections are contracted in hospitals or health care facilities, and occur after 48 hours following 
hospitalization of medical care. In 87% cases, bacteria are the most common cause. Besides that, infected 
patients are usually asymptomatic in the early stages of infection. Because of this, many health 
complications appear mainly due to a diagnostic delay [2]. Thus, medical fields need new tools of 
bacterial infection diagnosis, rapid, cheapest, efficient and reliable. In this way, the development of an 
electrochemical immunosensor with excellent analytical capabilities such as sensitivity, reproducibility 
and feasible miniaturization can be envisaged as a promising alternative for detection and rapid 
identification of these bacteria associated to nosocomial infections.  
Therefore, in this work is developed an electrochemical immunosensor that will allow a rapid and 
sensitive detection of this type of bacteria by using an assay based on the immobilization of antibodies on 
screen-printed electrode surface. The work is focused on the optimization of each one of the phases of 
immobilization achieving a simple and sensitive immunosensor, in which antibodies are used as a 
molecular recognition element and the couple ferro/ferricyanide as a redox probe. In this direction, a 
sensitive immunosensor is being developed by using a powerful, nondestructive and informative 
electrochemical impedance spectroscopy (EIS) technique, which is used to study the electrical properties 
of the sensing device interface and trace the reactions occurring on it. Thus, the biosensing methodology 
presented in this work represents a very attractive alternative to the existing methods due to simplicity, 
high sensitivity, portability and inexpensive instrumentation.  
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2,2-dinitroethene-1,1-diamine (explosive FOX-7) is a very interesting molecule representing push-pull 
system with intramolecular electron transfer. In solution is present in several different forms [1]. 
Its electrochemical reduction in aprotic solvents leads to the reduction of nitro groups by autoprotonation 
mechanism, where the zwitterionic form of FOX-7 serves as a source of protons [2]. ESR/UV-VIS 
spectroelectrochemical study [2] revealed the oxygen-centered nitro dianion radical intermediate 
(g = 2.0051) with alternating line width effect (AL), as a result of intramolecular dynamic processes. 
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Structure of observed radical (up) and spin density/geometry for site A and site B. 
 
For better understanding of observed dynamics, the temperature dependent ESR measurements (≈ 225 –
 ≈ 335 K) upon continuously electro-generated radical anion were performed. Recorded spectra were 
simulated using special program capable to distinguish the spin system parameters for different 
conformers (sites). Simulation program was provided by A. Rockenbauer [3]. Observed dynamics 
describes well an asymmetric 2-site exchange model.  However, dynamic parameters say nothing about 
the transition mechanism between conformers. Therefore, the DFT quantum chemical calculations were 
performed to clarify the mechanism. Observed dynamics in ESR spectra is result of the oscillations 
of both nitro groups within the molecule followed by transfer of an unpaired electron resulting into two 
conformers – sites A and B. 
 
Prof. Antal Rockenbauer Ph.D. from Hungarian Academy of Sciences is gratefully acknowledged for 
providing his simulation program. The authors thank Doc. Zdeněk Jalový Ph.D. from the University 
Pardubice for granting the sample. 
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The study of the mutual influence between chirality, spin and magnetism is a thoroughly documented 
field of fundamental research [1], and spin-dependent electrochemistry (SDE) is quite recent, attracting 
branch of electrochemistry.[2] The importance of such studies includes possible applications in the field 
of spintronics, development of computing oriented electronics, chemical sensoristic and so on. 
 
In this presentation unprecedented effects will be described and discussed, quite recently observed in a 
new electrochemical setup involving advanced chiral materials, of great potential interest in the above 
frontier fields. 
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Oxidation potentials of guanine (G), guanosine (Guo), deoxyguanine (dGuo), 
guanosine-5´-monophosphate (GMP) and d(GMP) were calculated on basis of the 
individual structures optimized on B3LYP/6-311++G** level with implicit solvation 
model (CPCM). The oxidation of deoxy compounds was predicted to occur at lower 
potentials than that of corresponding parental ones. The electrochemical oxidation of 
all G derivatives was investigated on carbon electrodes in buffer solutions at different 
pH (from 3 to 9) and different scan rates (from 50 to 1 000 mV/s). While with 
increasing pH, a linear shift of G oxidation peaks (Epa) towards negative potentials was 
obtained, with increasing scan rate, Epa is shifted positively. It was found that the 
oxidation for all derivatives is irreversible process occurring in several consecutive 
steps depending on analyte concentrations, pH, buffer composition and electrode 
surface. From the analytical point of view the highest G oxidation signals were 
obtained on a polymer pencil graphite electrode (pPeGE) at pH about 5 and the lowest 
ones were observed in the case of a glassy carbon electrode. Voltammetric 
investigation showed that the electrooxidation of guanine derivatives at the pPeGE 
starts with the 2e– and 2H+ process, which can be attributed to the fact that the G 
molecules are oxidized to form 8-oxoguanine, occurring in the nucleophilic  
–N(7)=C(8)– bond of guanine base. The interaction, resulting in a different adsorption 
state of the studied G derivative, was evaluated using elimination voltammetric 
procedure developed in our laboratory. 
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Microcavity arrays are a useful platform for supporting lipid bilayers.  They combine the versatility of 
supported lipid bilayer, including the prospect of asymmetric lipid composition with the fluidity of 
liposomes.   
Herein, we apply microcavity array supporting asymmetric lipid bilayers, MSLBs, to electrochemical 
investigation of the membrane association of the protein Annexin V. 
Annexins are an important class of membrane binding protein that associate in a calcium dependent 
manner with anionic phosopholipids most notably to phosphatidylserine.  And, are involved membrane 
organization, signaling and vesicle transport and are implicated in a number of disease states including 
thrombosis and inflammation.  
Using asymmetric DOPS containing bilayers we examine the impact of Annexin V on the 
electrochemical impedance of the supported lipid bilayers.  
The arrays comprise of a 1.5 x 0.8 cm2 gold electrode imprinted with an ordered array of uniform 
spherical-cap pores of 1 μm diameter prepared by gold electrodeposition through polystyrene templating 
spheres. The pores were pre-filled with aqueous buffer prior to Langmuir-Blodgett assembly of a 1,2-
dioleoylsn-glycero-3-phosphocholine and 1,2-dioleoyl-sn-glycero-3-phospho-L-serine  bilayer.1  
Varying Annexin concentration and lipid composition, varying PS concentration and positioning within 
the bilayer we use EIS to study evidence for aggregation of this protein at the bilayer and support our 
measurements with Raman microscopy. 
. 

 
Scheme 1: Scheme showing the steps involved in a gold MSLB preparation and the final MSLB 
with a bilayer and proteins incorporated. 1  
 

 
Figure 1: Left is an SEM image of the MSLB Cavities, Right is The EIS stabilty of a 
DOPC//DOPC:DOPS(80:20) asymetric bilayer in a phospahte buffer at pH 7.4 
 
 
1) S.Maher, H. Basit, R.J. Forster, T.E. Keyes, Micron dimensioned cavity array supported lipid bilayers 
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Reduction processes of D-hydroxyquinones represent a typical self-protonation case of study, wherein the 
electrogenerated anion radicals undergo fast and irreversible proton transfer, leading to the formation of 
the corresponding hydroquinones.1 Unfortunately, the faradaic efficiency of the process leads to only one 
third of the starting material being reduced. To improve this efficiency, an external proton source 
(salicylic acid, pKa (in DMSO) = 6.7) can be added to the medium (Figure 1A), and the corresponding 
voltammetric signal increases its relative current. Nevertheless, in some compounds (diterpene abietane 
D-hydroxiquinones Horminone, Taxodione y 7α-O-methyl-conacytone, Figure 1B), the behavior leads to 
the evolution of a peak prior to the one associated with the selfprotonation step, which increases its 
current in a similar fashion as with increases of proton donor. This behavior suggests that the latter 
compounds undergo a prior chemical reaction, probably related to the formation of an hydrogen bonding 
complex with the original quinone. In this work, experimental details evidencing such process along with 
theoretical analysis of the possible structure of such adducts will be presented. 
 

 
Figure 1. Cyclic voltammograms of 10-3 mol L-1 solutions of (A) 2-hydroxy-1,4-naphthoquinone and (B) 
Horminone in 0.1 mol L-1 nBuN4PF6 / DMSO, upon additions of salicylic acid. The following 
concentrations of added acid are presented (in logarithmic increases / mol L-1): (─ ─) -4; (─ ─) -3.5, --
3.25, --3,--2.75 (-2.75 for Horminone). Sign in B represents the signal which increases upon acid 
additions. 
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This work describes a label-free and real time voltammetric aptamer-sensor for the detection of cocaine. 
The sensing platform is a gold substrate functionalised with an adlayer of thiolated split-MN4-aptamer 
derivate. Zhao et al. demonstrated previously that the binding affinity of anticocaine split aptamer pairs 
could be improved by gold nanoparticles-attached aptamers due to the increased local concentration of 
aptamers and multiple and simultaneous ligand interaction.[1] Here, we present a sensor system based on a 
punctual modified sequence of the MN-cocaine-aptamer family investigated extensively by Neves et al.[2] 
First measurements showed a lowest detection limit of 10 nM cocaine in PBS and no interference with 
other alkaloids such as skopolamine or quinidine. For extended investigations of human liquids like urine, 
saliva or blood a new strategy for purification/ preconcentration by means of free flow electrophoresis has 
been developed. 
Spectroscopic and chromatographic techniques proved to be powerful but slow and cumbersome methods 
for the the detection of small molecules. In this context electronic aptamer-based sensing platforms have 
been suggested as an inexpensive yet reliable alternative. Numerous publications describing aptamer-
based, electrochemical sensors for the detection of various targets as thrombin, HER 2, vasopressine, 
codeine, PDGF, H5N1, ochratoxine, oxytetracycline were presented in the last decade.[3] However, the 
transfer from laboratory research to industrial production did not occur yet. It is in the interest of the 
Fraunhofer ICT therefore to substantiate the existing results and develop a reproducibly working sensor 
prototype for the analytical/ pharmaceutical industry. 
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In this work we report the assembly of a new class of compounds based on naphthalenediimide (NDI) that 
form helical nanotubes in nonpolar solutions and in the solid state. They are simple to prepare, and possess 
a uniform core with the potential to bind a variety of guests and display externally a range of side chains 
that currently are derived from α amino acid residues. If the side chains are able to form hydrogen bonds, 
the NDI species may form helical nanotubes, otherwise the supramolecular structure is inhibited.  
The electrochemical and photophysical study of the above species was aimed to investigate their behaviour 
following the introduction, via electrochemical reduction, of negative charges into the NDI core assessing 
in particular (i) the stability of the supramolecular structure and (ii) the possibility to switch its 
disassembling via an electrochemical stimulus.  

 
Fig. 1 Supramolecular structure through hydrogen bond [1]. 

 
Our compounds have been studied not only with electrochemical techniques but also with 
spectroelectrochemical studies (absorption and emission); for the first time these compounds have been 
studied with Circular Dicroism (CD) coupled with absorption spectroelectrochemistry. 
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In "inherently chiral" molecules chirality and key functional properties originate from the same structural 
element and are thus strictly linked together. In the case of poly(hetero)aromatic electroactive molecules, 
this can be achieved by inserting in the main conjugated backbone a tailored torsion with an energy 
barrier too high to be overcome at room temperature, while not entirely hampering conjugation. This 
strategy results in outstanding chirality manifestations, including e.g. circularly polarized luminescence as 
well as outstanding enantiorecognition ability in CV experiments. For instance, large peak potential 
differences were observed for the enantiomers of different chiral probes on electroactive surfaces 
obtained by electrooligomerization of inherently chiral monomers having atropisomeric (with hindered 
rotation between two moieties) bibenzothiophene (Fig 1A) or bithiophene cores. [1-4]. An interesting 
option is also to change the thiophene-based atropisomeric cores with biindole ones, on account of the 
easy functionalization of the core e.g. with long alkyl chains, modulating solubility and processability.   
                               A                                               B                                                           C                   

Figure 1 R = H or n-C1-C6 alkyl chains; Spacer = 4-phenylene or nothing (oligothiophene wings attached 
to core) 
 
The change also leads to quite interesting modifications in the electrochemical activity. Since indole is 
electron richer than thiophene, the first two oxidations take place at significantly less positive potentials 
than in the former cases and are localized on the two interacting moieties of the biindole core rather than 
on the terminal wings; thus, they are chemically reversible (oligomerization can be achieved cycling 
around the third oxidation peak). A peculiar attractive feature concerns the interaction between the two 
equivalent redox centers in the biindole core, which can be evaluated from the potential difference 
between the corresponding oxidation peaks: it can be shown that it can account for the rotational energy 
barrier (which depends on the 2,2' or 3,3' connectivity; in particular, it is higher in the first case, resulting 
in atropisomerism, and lower in the second one, resulting in tropos systems) and is also modulated by N-
alkyl substituents and solvent polarity. Thus electrochemistry can provide information on the torsional 
energy barrier, as confirmed by other approaches. 
Besides the intrinsic interest of these inherently chiral families, they are also quite attractive from the 
applicative point of view, since enantioselectivity test on films obtained by electrooligomerization of the 
configurationally more stable 2,2' monomers yield large potential differences for the antipodes of very 
different chiral probes, also of pharmaceutical interest. 
The current support of Fondazione Cariplo/Regione Lombardia "Avviso congiunto per l’incremento 
dell’attrattività del sistema di ricerca lombardo e della competitività dei ricercatori candidati su strumenti 
ERC - edizione 2016” (Project 2016-0923) to our inherently chiral research is gratefully acknowledged. 
References: 1. Angew. Chem. Int. Ed. 2014, 53, 2623. 2. Chem. Eur. J. 2014, 20, 15298. 3. Chem. Sci. 
2015, 6, 1706. 4. Chem. Eur.2016, 22, 10839.  5. Anal. Bioanal. Chem. 2016, 408, 7243. 
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Several neurodegenerative syndromes in the central nervous system are mainly caused by the 

depletion of dopamine. Monitoring such low concentrations under in vivo conditions is not 
straightforward, but electrochemical methods, such as differential techniques, fast scan cyclic 
voltammetry and chronoamperometry provide attractive avenues. However, selectivity has a special role, 
because biological samples contain a lot of electroactive components and there is only a slight difference 
between the oxidation potential of these molecules. Therefore, preparing a sensor, which is selective for 
one compound is challenging, because the signal can come from multiple electroactive components, 
furthermore some of them could even poison the electrode surface, making the detection impossible. 

In this work, we have produced a highly sensitive and selective electrochemical sensing material 
for dopamine using the molecularly imprinted polymer skeleton of overoxidized polypyrrole and carbon 
nanotube. Electrochemical polymerization of pyrrole was carried out by chronoamperometry in aqueous 
suspension of carbon nanotube, pyrrole and dopamine. The dopamine acts as a template, around which 
the polymer is formed as a cast-like shell. Extraction of the template leaves sites in the polymer with 
specific shape and functional groups responsive only to the original template molecule. The extraction 
was in KOH solution by cyclic voltammetry, where the simultaneous electrochemical oxidation of 
polypyrrole also occurred. The differential pulse voltammetric measurements were performed in 
phosphate buffer solution with the pH adjusted to the physiological value. The molecularly imprinted 
layer can detect dopamine at very low concentrations (the limit of detection is 50 nM) even in 
multicomponent samples, based on its oxidation peak current. The prepared sensor showed high 
sensitivity for dopamine (greater than 90 PA PM-1 cm-2) in the presence of ascorbic acid. 
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Proton coupled electron transfer (PCET) reactions constitute a very important class of electrochemical 
reactions, encountered in numerous fields as diverse as energy conversion (water splitting, O2 reduction 
in fuel cells), photosynthesis, enzymatic catalysis or CO2 conversion. The coupling between electron and 
proton transfer steps makes the mechanism complex and dependent on many parameters. Indeed, the 
electron transfer depends on the electrode material and the applied potential while the proton transfer is 
influenced by the pH and the buffering conditions.  
 
In order to gain a deeper understanding of the different phenomena occurring during PCET reactions, we 
combine experimental investigations with numerical simulations modelling the experiments. The 
governing equations describe diffusive mass transport coupled to the electrochemical and chemical 
reaction processes, for each electroactive species as well as for the buffer components. We consider a 
Nernstian electron transfer and the acid-base catalysis for the proton transfer kinetics.  
 
Experimentally, electrochemical experiments are coupled to confocal fluorescence microscopy ("EC-
fluorescence microscopy"). To be able to visualize the diffusion layer, we use electroactive fluorogenic 
species whose fluorescence properties (absorption/emission maxima, quantum yield) depend on the 
oxidation state and/or pH.  Confocal fluorescence microscopy imaging is performed in situ and in real 
time during the electrochemical experiment. By using confocal fluorescence microscopy, it becomes 
possible to obtain 3D fluorescence maps of the diffusion layer. As a result, a tridimensional image of the 
diffusion layer can be reconstructed from a series of fluorescence images (x-y plane) at different distances 
z from the electrode ("z-stack"), and compared to the concentration profiles predicted by numerical 
simulations.  
 
In particular, we present the results obtained with HPTS (8-Hydroxypyrene-1,3,6-trisulfonic acid) which 
follows a PCET of 1 electron / 1 proton (4-member square scheme, see inset in Figure 1) and with ATTO 
655 which undergoes a PCET of 2 electrons / 2 protons (9-member square scheme, see Figure 1).  
 

 
Figure 1 Scheme of the 2 electrons / 2 protons PCET of a molecule Q (9-member square scheme) while 

the inset shows the 1 electron / 1 proton PCET (4-member square scheme). 
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Functionalized lipidic cubic phases (LCPs) have gained considerable interest as drug delivery 

systems (DDS) in recent years. Among their advantages, one of the most intriguing features that make 
them interesting as DDS is the possibility of controlling the release of drugs based on electrostatic 
interactions or phase transitions. [1,2] The drug release profiles can be modulated by the electrostatic 
interactions between the drug molecule and the charged LCP used. Modulation of the release of a 
positively charged drug, doxorubicin (DOX) was obtained by incorporation of small amounts of designed 
charged derivatives of the monoolein host lipid as additives to the otherwise non-charged LCP. By 
design, the charged hydrophilic headgroup of the additive was exposed to the aqueous channels, whereas 
the hydrophobic tail is incorporated in the lipid bilayer and forms an integral part thereof. The release 
rates of drugs are strongly dependent on the structure of the lipidic mesophases. The drug release 
characteristics from H2 and V2 mesophases ensures that the symmetry of liquid crystalline structures may 
be used to control the drug release rate. Transport properties within hexagonal (H2) phase are more 
strongly affected by the interaction of DOX with the carrier than it was observed in the cubic (V2) phase. 
The monoolein derived hexagonal phase and its nanoparticles showed very slow discharge profile from 
H2 without an initial burst release of the drug, contrary to the one observed for the V2 phase. The release 
profiles of the DOX-loaded hexosomes showed that most of the drug remained encapsulated within the 
lipid bilayers of the GMO derived hexosome. 
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The kinetic and thermodynamic study of immobilized or free proteins and enzymes with cyclic 
voltammetry  is often rendered impossible due to the very low enzyme concentration and superposition of 
capacitance currents. Alternative methods, such as electrochemical impedance spectroscopy and AC 
voltammetry, often face similar problems. For this reason, an attempt has been made in the last decade to 
develop a variant of the method of cyclic voltammetry and alternating current voltammetry, known as 
Large Amplitude Fourier Transform  Alternating Current Voltammetry (FtacV) [1] It is based on the 
perturbation of the cyclic voltammogram with a large  amplitude and  constant frequency f harmonic 
signal. This technique "discloses" hidden faradaic and catalytic currents that would otherwise be 
undetectable in the cyclic voltammogram due to the low concentration of the electroactive species. 
Despite being promising, the data in the literature are still quite scarce and there is little information on 
how to properly use the this technique, i.e. how to choose the correct operating parameters for the system 
under study. In this work systems of both free and immobilized electroactive compounds have been 
modeled in order to find the correlation between the operating conditions (frequency, scan rate, 
perturbation amplitude, compound concentration,  electron transfer kinetic constant) and the response of 
the systems. The simulations have been conducted with the use of the finite elements method and 
implemented by COMSOL Multiphysics. The numerical results have been compared with experimental 
findings based on low concentration free inorganic redox species and enzymes of the LPMO enzyme 
family [2], immobilized on glassy carbon electrode with the use of the Nafion polyelectrolyte as an 
immobilization matrix. 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figur

e 1 (a) 6th harmonic from the analysis of FTacV voltammogram of a one electron transfer redox reaction 
of free species for different frequencies  (b) Dependence of the 2nd to the 6th harmonic peak current  as a 
function of the amplitude  for frequency of 33 Hz. Rest of the parameters: concentration 1mM kinetic 
constant 0.01 m/s, amplitude of 150 mV and scan rate 50mV/s. 
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Polyoxometalates(POMs) have been applied to fields such as analytical chemistry, catalysis, biochemistry 
and materials chemistry because they exhibit many interesting chemical properties. A variety of transition 
metal-substituted tungstophosphates have been prepared and characterized. Voltammetric behavior of 
metal-substituted tungstophosphates and tungstosilicates has been investigated in various media. 
Moreover, some of them exhibit excellent electro catalysis, which applied to water splitting, lithium 
battery, redox battery. Electrochemistry of POMs still remains ambiguous although general trend is 
getting clear in the voltammetric behavior. In order to clarify the detailed electrochemistry of 
polyoxometalates, voltammetric behavior of POMs with the other components should be investigated and 
compared each other. However, there have been few reports on the synthesis of transition metal-
substituted tungstosulphates. Recently, lacunary tungstosulphate, [(S2W14O54)3]32-, has been prepared by 
addition of a weak base into the [S2W18O62]4--
containing solution in our laboratory. In addition, 
transition metal-substituted tungstosulphates, 
[S2XW17O61]n- (X=FeIII, CuII, MnII, NiII and ZnII) 
were prepared by using [(S2W14O54)3]32- and 
isolated as n-Bu4N+ salts and characterized by 
elemental analysis, X-ray analysis, IR and Raman 
spectroscopy, and cyclic voltammetry.  

In the present study, the detailed voltammetric 
behavior of iron component of Wells-Dawson type 
[S2FeW17O61]5- was investigated in CH3CN (0.1 M 
n-Bu4NPF6) in the presence of organic ligands as 
1,10-phenthoroline, pyridine and DMSO. 
Simulations of cyclic voltammograms were 
conducted to elucidate the redox mechanism of 
[S2FeW17O61]5- and its interaction with the above-
named organic substances. Figure 1 shows 
simulated and experimentally observed 
voltammograms of 0.5 mM [S2FeW17O61]5- in 
acetonitrile containing 0.1 M [n-Bu4N][PF6] as a 
supporting electrolysis in the presence of 
designated concentrations of 1,10-phenanthroline. 
Simulation of cyclic voltammograms was 
conducted on the basis of electrochemical and 
chemical reactions shown in Scheme 1. Simulated 
cyclic voltammograms were good agreement with 
the observed ones all over the concentrations of 
1,10-phenathroline measured. In addition, similar 
simulation of cyclic voltammograms of iron 
component of [S2FeW17O61]5- was carried out in 
the presence of designated concentrations of 
pyridine and DMSO.  

Fig. 1 Observed (---) and simulated (RRR) cyclic 
voltammograms of 0.5 mM [S2FeW17O61]5- in CH3CN 
containing 0.1 M [n-Bu4N][PF6] in the presence of 
designated concentrations of 1,10-phenanthroline 
(phen). [phen]/mM=(a) 0; (b) 1.0; (c) 100. 

 

 

Scheme 1 Electrochemical and chemical 
reactions of [S2FeW17O61]5- in CH3CN in the 
presence of organic ligands 
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The massive consumption of fossil fuels resources is causing the release of 36 Gt per year of carbon 
dioxide in the biosphere, with dramatic consequences for the environment and the climate.[1] The 
activation of this inert molecule is then becoming a challenge for scientists over the world since CO2 may 
become in the next future the most abundant carbon source available for the development of various 
important products, including plastics and drugs. Moreover, the CO2 conversion to fuels like e.g. 
HCOOH, CH3OH, CH4, could lead to the efficient storage of the highly intermittent sunlight energy into 
chemical bonds.[2] 
A possible approach is the electric energy production by a photovoltaic system, followed by the 
electrochemical CO2 conversion into various products, including CO (a precursor towards many 
compounds by the Fischer-Tropsch process), or fuels.  
Another possibility is the direct photochemical CO2 reduction by using an organometallic catalyst 
coupled to a light harvesting antenna.[3] 
The use of Fe- and Co-based catalysts containing the organic ligand 2,2′:6′,2″:6″,2‴-quaterpyridine has 
been analyzed both in electrochemical and photochemical conditions.[4] Here a detailed study of the 
electro-catalytic mechanism will be shown, with the goal to optimize the catalytic performances for the 
CO2-to-CO conversion.[5] 
 
 

 
Scheme: complexe [M(qpy)]2+ (M= Co, Fe). 
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 So called "zerovalent iron", (ZVI), is used for water treatment, or, more generally for 
environmental remediation. In fact, the surface of the metallic iron powder in the presence of water and 
oxygen cannot be considered as pure Fe0 but as a mixture of its corrosion products. The remediation 
process occurs on the surface of these iron particles, hence the degree of "corrosion" is crucial for the 
process itself.  
 Although studies of iron oxidative water treatment are reported in the literature [1-6], less 
attention was paid on systematic investigation of the aging effect of zero-valent iron and its influence on 
reactivity. In our approach, the process of ageing of ZVI (pre-corrosion occurring without the pollutant) 
was studied separately from the remediation itself and the results were compared.   
 Batch experiments were performed in buffered solutions (pH 4.0, 4.7 and 5.5) and under oxic 
conditions (presence of dissolved oxygen) using Zn2+ as probe contaminant. The time-dependent (0 to 16 
days) concentration changes of Fe2+ and Zn2+ during pre-corrosion as well as during remediation process 
were monitored using differential pulse polarography (DPP).  
 During the pre-corrosion, an "induction period" of the corrosion was detected in the first hour 
when no Fe2+ ion is released in the solution. After this period, Fe2+ was identified in solution and its 
concentration progressively increases up to 6 hours, then starts to decrease and after 6 days nearly 
disappears.  
 The following experiments with Zn2+ reveal that even here the induction period appears when 
during the first two hours no remediation of Zn2+ occurs. In addition to this, the most efficient 
remediation occurs with the ZVI after 6 hours of pre-corrosion, while after 6 days the remediation ability 
of the ZVI system drops to zero. This coherence, however, proves that the Fe2+ ions represent important 
markers describing the state of the iron corrosion, but they are not reactants.  
 It was found that the presence, the amount and the changing nature of iron corrosion products 
("degree" of corrosion) significantly impact the removal efficiency of Zn2+ in Fe0/H2O/O2 system. Under 
given conditions the chain of several follow-up corrosion reactions was observed, but the remediation 
reaction occurs only when simultaneously Fe2+ ions are released. The probable mechanism is discussed.   
 
The authors are grateful to the grant support GAČR, No. 18-12150 S and to the institutional support RVO 
61388955. 
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Nowadays, molecules on the base of 1,3-diphenylisobenzofuran attract interest because they should be 
efficient as chromophores for singlet fission [1]. Singlet fission is a photophysical process in which an 
organic chromophore in excited singlet state shares its excitation energy with a neighbouring ground-state 
chromophore and both are converted into two triplet states [2]. The redox properties of molecules for 
singlet fission are therefore critical for their use in solar cells, hence, the electrochemical studies of 
various DPIBF derivatives are very important [3]. The present study is focused on electrochemical 
behaviour of fluorinated derivatives of DPIBF where the influence of number and position of fluorine 
atoms in the molecule on the redox potentials and mechanism is followed. For characterization of redox 
properties of these molecules classical electrochemical techniques, and in situ UV-vis and EPR 
spectroscopy were used. 
 

O 0 - 5 F0 - 5 F

 
 
The observed oxidation as well as reduction patterns of the fluorinated derivatives (symmetric as well as 
non-symmetric) are mostly analogous to monomer (non fluorinated DPIBF) when the number of fluorine 
atoms are up to four. Then the potentials differ regularly according to number and position of fluorine 
atoms. Whereas the para-  and ortho-positioned fluorine atoms (towards the connection with the 
isobenzofurane)  have no effect on reduction potentials, the reduction and oxidation potentials are 
substantially moved to more positive values with higher number of fluorine atoms in meta position. The 
reduction mechanism is apparently of the EEC type. The first reduction step is connected with change of 
absorption at the range 1000 – 450 nm. Upon the course of the first reduction step the formation of anion 
radical was proved and the corresponding change on UV-vis spectra was observed. 
 
The electrochemical behavior of DPIBFs with 5 and 10 fluorine atoms is different. They are reduced in 
two two-electron steps pointing to the change of mechanism. Their oxidation proceeds in the most 
positive potentials in comparison with other fluorinated derivatives. Also electrochemical behavior of 
DPIBFs with 3 fluorine atoms, resp. 6 atoms differs. As a result, suitable combination of the number and 
position of fluorine atoms enables detailed "tuning" of redox properties within this series of 
chromophores.  
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Via Golgi 19, 20133, Milano, Italy 

b ISTM-CNR, Istituto di Scienze e Tecnologie Molecolari − Consiglio Nazionale delle Ricerche 
via Golgi 19, 20133, Milano, Italy 

c INSTM RU, Consorzio Interuniversitario Nazionale per la Scienza e Tecnologia dei Materiali 
via Golgi 19, 20133, Milano, Italy 

mirko.magni@unimi.it 
 

Solid-state luminogens are required in many high-tech fields, with applications that spread from lighting 
to biology. Unfortunately their development is far from being an easy task, mainly due to the aggregation-
caused quenching phenomenon; as a result weakly or even nonemissive materials in condensed phase are 
obtained from highly emissive molecules in solution. On the contrary, materials characterized by 
enhanced emission in the solid state (aggregation-induced emission, AIE) or, even better, molecules that 
are induced to emit by crystallization (crystallization-induced emission, CIE) are well desired. Even if 
organic emitting materials are preferred over their organometallic counterparts because of sustainability, 
chemical flexibility and economical reasons, intrinsic electronic properties hinder the isolation of new 
organic luminogens characterized by multicolored emission with lifetimes spanning from the nanosecond 
to the millisecond regime. 
Moving into this context, some of us have recently proposed triimidazo[1,2-a:1’,2’-c:1’’,2’’-
e][1,3,5]triazine and its halo derivatives as efficient scaffolds for the development of fully organic 
emitters with a multifaceted photoluminescence behavior. In particular they exhibited CIE with room 
temperature ultralong phosphorescence (RTUP) under ambient conditions (up to the second regime), 
associated with H-aggregation [1,2]. Notwithstanding detailed photophysical studies, to the best of our 
knowledge, no electrochemical data have been still provided. In this work we have wanted to fill the gap. 
The ideal C3h symmetry of the heterocyclic scaffold (Figure) is particularly appealing, providing an 
intriguing source of molecules with three equivalent redox sites. A suitable set of cyclic triimidazole 
compounds was selected (Figure), including both neutral and charged (i.e. salt) species, together with 
bromo- and iodo derivatives. For sake of uniformity, to avoid any possible misleading results due to a 
direct role of the solvent in the electron transfer processes, N,N-dimethylformamide (DMF) was chosen 
as the election solvent due to its good solubilizing ability. The forefather cyclic triimidazole exhibited a 
quite pure electroactivity on glassy carbon electrode in DMF with [(n-Bu)4N][PF6] supporting electrolyte, 
in good agreement with its wide optical band gap, clues of a poor/absent conjugation between the three 5-
member rings. Further experimental evidence points to imidazoles be almost perfectly independent redox 
sites in the aforementioned polar solvent. 
Additionally, the possibility to functionalize the heterocyclic scaffold with halogen atoms makes these 
triazines an interesting springboard to study the dissociative electron transfer of C–X bonds (with X = Br 
or I). In this context the reactivity of some halo-triimidazoles was analyzed on glassy carbon (as an 
ideally inert electrode) and on two electrode surfaces (i.e. gold and silver) known to exhibit a catalytic 
behavior toward the electro-cleavage of C–X bond. 
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The reductive cleavage of C–Br bonds on silver electrodes can be regarded as an ideal model of 
dissociative electron transfer (DET) in electrocatalytic conditions, modulated by many factors, among 
which the molecular structure is of particular relevance. A detailed mechanistic study based on a large set 
of compounds with different molecular structures allowed us a full rationalization of the process for the 
case of aryl bromides in acetonitrile. [1] 
Now we are extending this research to heteroaromatic halides, in which the heteroatom not only makes 
the aromatic ring asymmetric from the perspective of the electron density but also can have its own 
specific interactions with the electrode surface, in addition to those of the halide ions. [2] As a first 
approach, we have selected the mono-, di-, tri- and tetra-bromothiophene series, plus a series of 
substituted bromothiophenes together with the corresponding bromobenzenes as benchmarks, 
investigating (by CV, supported by EIS in selected cases) the electrochemical reduction of the whole 
family: (i) on glassy carbon, GC, assumed as a non-catalytic reference electrode accounting for intrinsic 
reactivity; (ii) on the highly catalytic silver electrode; (iii) on gold electrode, showing in former halide 
cases lower catalytic effects than silver but having the highest affinity for the sulphur atom in the 
thiophene ring. While the results on GC and on Ag are fully consistent with the formerly studied aryl 
bromide case on the same two electrodes [1] the catalytic effects of Au appear to be neatly modulated by 
the relative position of the −Br leaving group with respect to the sulphur atom. This feature is quite 
evident and reproducible in the whole series (including polysubstituted cases provided by our organic 
partner group), and points to the S atom acting as an asymmetrically anchoring group for the molecule on 
the Au surface. 
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Symmetric and non-symmetric biphenols play an important role as ligands and ligand building blocks in 
transition metal catalysis.[1] In addition, the biphenol scaffold is also a very common motif in natural 
products,[2] pharmaceuticals[3] and agrochemicals.[4] Hence, a selective and sustainable access to 
biphenols is essential. However, the synthesis of biphenols by “classical” chemical routes, suffers from 
the application of usually exotic reagents, stoichiometric or over-stoichiometric amounts of mostly toxic 
oxidants or expensive transition metal catalysts. For reasons of pollution control and resource 
conservation, these strategies are highly problematic; due to a lot of toxic waste is accumulated.  
In contrast, we established an electrochemical protocol to synthesize a variety of different biphenols by 
direct anodic oxidation of the corresponding easy available phenols. Since electrons serve as only reagent, 
reagent waste is avoided effectively. Therefore, the developed electro-organic method is highly economic, 
ecologic, inherently safe as well as sustainable and belongs to the field of green chemistry.[5] 
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Abstract: Chloronitrobenzenes (CNBs) are extensively used as a group of important raw materials for the 
production of fine chemicals, polymers, pharmaceuticals, dyes and agrochemicals. On another hand, the 
large-scale production and uses, as well as the improper disposal of CNBs have made these compounds 
the common pollutants in the contaminated soil and various water bodies. Electrochemical reduction is 
regarded as one of the most promising approaches for environmental and synthetic applications, 
especially the abatement of chlorinated environmental pollutants. However, few studies on the 
electrochemical reduction of CNBs have been reported before. In this study, the electrochemical 
reduction of mono-CNBs was investigated over silver and glassy carbon electrodes in DMF containing 
0.10 M TPABF4. Two prominent reduction waves were observed in the cyclic voltammograms of p-
CNBs at both Ag and GC cathodes, which were mainly due to the stepwise hydrogenation of nitro group 
in the molecular structure with the ultimate p-chloroanilene (p-CAN) formation, and no reductive 
cleavage of C-Cl bond occurred during the electrochemical reduction process. Essentially there was no 
difference in the first reductive peak potential of p-CNB at Ag when compared to GC electrode, 
indicating no catalytic activity of Ag for the reduction of p-CNB. This outcome was primarily ascribed to 
the reversible nature of the first reduction wave in the cyclic voltammetry. Results show that the 
molecular structure and solvent conditions are two key factors in determining the reduction reactivity and 
mechanisms of CNBs. The reduction reactivity of mono-CNBs at both electrodes was found to follow the 
increasing order: m-CNB > p-CNB > o-CNB. The presence of proton donor can significantly effect on 
the voltammetric reduction of p-CNB, in which we notice an increase in the first reduction peak and a 
decrease in the second reduction wave till completely disappeared with the increasing concentration of 
proton donor. Further electrolysis results showed that the product selectivity was strongly dependent on 
the solvent conditions. In the pure DMF, the electrolyses of p-CNB mainly yielded the mixture of p-CAN 
and chlorinated azobenzene compounds, while the selective hydrogenation of p-CNB to p-CAN was 
effectively prohibited in the presence of proton donor, and it mainly gave rise to azo-based compounds 
instead. This work may provide a new tool for selective production of CANs and chlorinated azobenzene 
compounds.  
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The mechanism of action of pharmaceuticals often involves oxidative charge transfer processes which can 
be investigated in vitro using electrochemical techniques, since most of their products are also generated 
in vivo after enzymatic intermediation. This electrochemical approach can be efficient due to specific 
tailoring of electrode surfaces, allowing the detection of reactive intermediates (usually radicals), and can 
be correlated with the compounds’ biological activity. 

 

 
Figure 1 – Molecular structure of (A) cefadroxil and (B) amoxicillin. 

 
Penicillins and cephalosporins are groups of first-generation antibiotics with structural differences in the 
thiazine/thiazolidine ring close to the β-lactam moiety [1]. Their bactericidal action is related to the 
inhibition of the active site of PBPs (penicillin-binding proteins), which catalyze the synthesis of 
peptidoglycan, a component that confers rigidity to the cell wall of prokaryotes. 
The electrochemical behavior of cefadroxil and amoxicillin, Fig. 1, antibiotics effective against a variety 
of gram-positive and gram-negative organisms, was first investigated at bare glassy carbon electrodes 
(GCE) using voltammetric techniques in buffer electrolytes with different pH values. 
The first electrochemical oxidation process follows an ECE mechanism, in a diffusion-controlled and pH-
dependent process that involves the transfer of one electron and one proton followed by a chemical 
coupled reaction with water, generating hydroquinones. The latter are reversibly reduced and oxidized, 
visible in the second scan, in a process involving two electrons and two protons. Further oxidation 
processes can be attributed to a different moiety, most likely the sulphur heteroatom present in the 
thiazine/thiazolidine ring, generating sulphoxide and sulphone in two one-electron processes. The 
amoxicillin molecule has two methyl groups attached to the carbon next to the sulphur heteroatom, which 
hinders this oxidation process leading to smaller oxidation currents at more positive potentials than 
observed for cefadroxil. The products of these oxidation processes are most likely to influence the 
interaction between the β-lactam site and PBPs and, therefore, the biological efficiency of the antibiotic. 
The electrochemical oxidation of cefadroxil and amoxicillin has also been investigated using carbon 
nanomaterials, namely functionalized carbon nanotubes, graphene oxide and reduced graphene oxide, 
immobilized on the carbon electrode surface, to further characterize the oxidation processes and obtain 
smaller limits for quantification in real samples. Also, the use of redox polymer films deposited 
electrochemically in aqueous media containing dye monomers has been investigated and will be 
discussed. 
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The use of hydrogenases and bio-inspired catalysts instead of precious metal catalysts in hydrogen fuel 
cells provide a renewable alternative to the design of biodegradable and biocompatible energy source.  
In this work, we compared the use of [NiFeSe] hydrogenases1 and a monuclear nickel bisdiphosphine 
complexes, a bio-inspired from hydrogenases’ active site, for hydrogen oxidation reaction (HOR). Both 
electrocatalysts were non-covalently immobilized on modified carbon nanotubes (CNT), providing high 
specific surface area and electronic conductivity. Finally, an hydrogen fuel cell was designed with the use 
of the enzyme Bilirubin oxidase at the cathode side for Oxygen Reduction Reaction (ORR) and either the 
hydrogenase or the nickel catalysts at the anodic side for HOR.  
The biomimetic nickel bis‐diphosphine complex exhibits reversible electrocatalytic activity for the 
H2/2H+ interconversion from pH 0 to 9, with catalytic preference for H2 oxidation at all pH values. The 
high activity of the complex over a wide pH range allows us to integrate this bio‐inspired nanomaterial 
either in an enzymatic fuel cell together with a multicopper oxidase at the cathode, or in a proton exchange 
membrane fuel cell (PEMFC) using Pt/C at the cathode. The Ni‐based PEMFC reaches 14 mW cm−2, only 
six‐times‐less as compared to full‐Pt conventional PEMFC. The Pt‐free enzyme‐based fuel cell delivers ≈2 
mW cm−2, a new efficiency record for a hydrogen biofuel cell with base metal catalysts.2 
The [NiFeSe] hydrogenase from Desulfomicrobium baculatum was wired onto anthraquinone and 
admantane modified-CNTs. This hydrophobic interactions was probed by electrochemistry, QCM-D and 
theorical calculations. Interestingly, this enzyme is able to achieve HOR in an O2-tolerant environment at  
maximum current densities of 2 mA cm-2 at pH = 7.6 and with no deactivation at high potential. The direct 
wiring of the enzyme was characterized by Docking simulation, demonstrating that both anthraquinone and 
adamantane interacts directly with hydrophobic amino-acid in the outside shell of the protein. Finally, the 
enzyme was integrated in an H2/air biofuel cell reaching maximum power density of 0.9 mW.cm-2 and open 
circuit voltage of 1.2V at pH = 7.6 and room temperature.3 

 
Figure 1: (A) Enzymatic H2/air fuel cell and associated power curves. (B) Immobilized mononuclear nickel 

bisdiphosphine complex and results for hybrid H2/air fuel cell. 

 
 
(1)  Volbeda, A.; et al. Chem. Commun. 2013, 49 (63), 7061. 
(2)  Gentil, S.; et al. Angew. Chem. Int. Ed. 2017, 56 (7), 1845–1849. 
(3)  Gentil, S.; et al. ACS Cat., submitted.  
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The rapid and on-site detection of beta-lactams antibiotic residues in milk is a fundamental issue for diary 
companies, consumers and authorities. The electroactive behaviour of certain antibiotics, such as 
cefquinome (CFQ), can be possibly exploited for their direct electrochemical detection.  
As a proof-of-concept for the creation of a complete sensor array for β-lactams detection in milk, a 
biomimetic sensor for CFQ was designed. CFQ is a fourth generation cephalosporin applied only in 
veterinary treatments and its Maximum Residue Limit (MRL) is 20 µg/kg (~38 nM) for the EU. CFQ 
electrochemical fingerprint on graphite screen-printed electrodes (G-SPEs) allows its structural 
discrimination in respect to the cephalosporins of first and second generation because of the irreversible 
oxidation of its 2-amino-5-thiazolyl-acetamido side chain. The electron transfer mechanism of the CFQ 
side chain was investigated with CV and LSV. The estimated number of protons and electrons suggested 
a possible oxidation mechanism involving the amino group of the 2-aminothiazole moiety of the C7 
position side chain. Under optimized conditions (phosphate buffer pH 2), the criteria of CFQ 
electrochemical identification were founded to be reliable also in presence of possible interfering 
compounds (such as other β-lactams) and degradation processes. 
To improve sensibility and sensitivity an integrated sensor based on electropolymerized molecularly 
imprinted polymers (MIPs) on Multi walled carbon nanotubes (MWCNTs) modified G-SPEs was 
devised. MIPs can be directly integrated with the electrode surface by electropolymerization. The 
selectivity provided by the key-lock mechanism of MIPs cavities will add up to the specific 
electrochemical signal of the target leading to highly selective biomimetic sensors. In this case, the 
selection of the CFQ-MIPs monomer, namely 4-aminobenzoic acid (4-ABA), was based on a rational 
design screening performed with Sybyl 7.3 software package. Even though 4-ABA was known to give 
conductive polymers, its polymerization mechanisms has not been clarified yet1. A broad 
electropolymerization study was carried out to map the pH-dependence in relation to the electrochemical 
properties: conductive Poly(4-ABA) can be obtained at pH 1 and 7 while for intermediate pHs the 
polymers result to be isolating. Aiming to exploit a direct electrochemical detection, CFQ MIPs were 
synthetized by electropolymerization at pH 1 (0.1 M sulphuric acid) performing 7 consecutive cycles of 
cyclic voltammetry (CV, scan rate 50 mV/s), with a monomer:target ratio of 5:1 on multi-walled carbon 
nanotubes graphite screen printed electrodes (MWCNT-G-SPEs). The extraction of the analyte entrapped 
in the formed polymeric network was performed by letting in contact the modified electrode with 
phosphate buffer (PB) at pH 12 for 5 min. The modified electrodes were fully characterized by 
Electrochemical Impedance Spectroscopy, Scanning Electron Microscopy and CV proving the MIPs to be 
conductive and reproducible. Under optimum conditions, the lower cefquinome concentration detectable 
on the modified sensor was 50 nM in PB pH 2; not far away from the CFQ maximum residue limits in 
milk of 38 nM, established by the EU. 
 

                                                           
1 L.F. Ferreira et al., J. Mater. Sci. 50 (2015). 
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The chemistry of tetrapyrrolic macrocycles is essential for many of life’s functions[1] and yields a great 
potential for future technological and catalytic applications[2]. The field of porphyrinoid compounds poses 
many challenges for the synthetic chemists as well as for the electrochemist, which makes it especially 
intriguing.[3]  
 
Mixed‐valent compounds are fascinating entities that are useful as models for investigating 
electron‐transfer reactions, and find use in a host of biologically relevant redox processes. Though the 
bio‐relevant metal copper is well established in mixed‐valent chemistry, the AgII/AgIII mixed‐valent 
combination of its higher congener in a molecular complex has rarely been reported before.  
 
This work[4] reports the synthesis of a new β,β′‐linked bis{corrolato‐silver(III)} complex and its 
characterization in five different redox states. A combination of electrochemistry, 
spectroelectrochemistry, and DFT calculations point to the existence of a mixed‐valent AgII/AgIII and an 
isovalent AgII/AgII form. Additionally, characterization of the AgIII/AgIII form and ligand‐based 
corrolato‐centered mixed‐valency is presented as well. These results thus open new avenues for 
bis‐corrolato ligands and for mixed‐valency in disilver compounds. 
 
 
 

 
 

Figure 1: Structure of the title compound [1](left), EPR spectra of the in-situ reduced title compound 
([1]•–, [1]2–; middle) and UV-Vis-NIR spectra of the in-situ reduced title compound ([1]•–, [1]2–; right). 
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Carbene complexes, e. g. [1] are characterized by presence of a formally double bond M=CR2. In electrophilic 

carbenes of Fischer type, the Mδ– = Cδ+ polarity of this bond is typical. An extended study of mononuclear 

complexes (CO)nM = C(NR’)R showed that there are two rather independent redox active centers present: 

oxidation is aimed on the metal atom, reduction on the carbene moiety. [2] This picture is in agreement with their 

HOMO and LUMO composition. 

Biscarbenes belong to molecules with multiple redox centres as they comprise two oxidisable metal atoms 

together with two reducible carbene moieties connected by a bridge. Recently, a new modular synthesis of 

biscarbenes [3] has opened a way to molecules with longer bridging groups and thus various intramolecular 

conductivity. 

The reduction of biscarbenes is substantially easier than that of monocarbenes as the bridge is involved in the 

system of delocalized π-electrons of the LUMO; the amino or alkoxy substituent X plays important role in tuning 

the reduction potential, too. For oxidation, the extent of electronic communication via the bridge can be 

identified by occurrence of two subsequent oxidation signals whereas in absence of the electronic communication 

both the metals are oxidized at the same potential. The molecules were studied using polarography on DME, 

cyclic voltammetry on GC and Pt electrode.  
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Electrochemically generated organic radicals often undergo a fast dimerization. This deactivation of 
radicals was recently considered as a possible mode of storing binary information and is called 'reversible 
dimer switching'. Joint collaboration with several synthetic groups (F. Teplý and I. Starý from Prague, 
M.J. Fuchter from London) yielded several examples of redox dimer formation: pyridiniums, 
dodecylpyridinium, quinolinium, azoniahelicene and benzimidazolinium cations [1-4]. Reversible dimer 

switching can be monitored by UV-vis spectra or electronic circular 
dichroism [5]. Figure shows reversible switching of ECD signal of (P)-
azoniahelicene at two wavelengths by application of potential pulses of 
100 s duration between the full reduction and reoxidation. Estimation of 
the rate of dimerization is therefore an issue. Data analysis of the second 
order kinetics is hampered by non-existence of the inverse Laplace 
transformation of partial differential equations containing a quadratic 
term. In the past this was circumvented by digital simulations of series 
of voltammograms at different concentrations and scan rates using the 
finite difference methods. Alternative evaluation of kinetic parameters 
from faradaic phase angle I leads to a problem to include the surface 
concentration c(0,t) at a given potential. Shapes of theoretical cotI as a 
function of the square root of frequency for values of dimerization rate 
constants in the range 104 to 107 M-1·s-1 are shown in the middle figure. 
All previous communications using the phase angle approach suggested 
the estimation of c(0,t) by the finite difference technique as in the case 
of voltammetry. This duplicates the evaluation and offers no special 
advantage. We will demonstrate a substantial simplification by 
combining the convolution voltammetry and the electrochemical 
impedance spectroscopy. Our procedure works with convolution of a 
single cyclic voltammogram, yielding c(0,t), and a single set of 
impedance spectrum at the same bulk concentration.  
Typical example of experimental and simulated cotI data with the 
dimerization rate constant kD = 6.6˖107 M-1.s-1 for benzimidazolinium is 
shown in the bottom figure. From the same set of data the linear high 
frequency asymptote yields the value of the heterogeneous electron 

transfer  rate constant k0 = 0.63 cm·s-1. Programs for simulations were written in software 
Mathematica. 
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The preparative electrochemical conversion of organic molecules is an attractive alternative to conventional 
reagent-based approaches. Electroorganic syntheses exhibit many benefits, such as inherent safety and 
sustainability.[1] Saving metals and rare resources, keeps electrochemical methods clear of reagent waste. 
Besides, electrochemistry is a viable means for using flue gases, such as CO or CO2, and converting them 
into valuable chemicals.[2] However, three-phase electrolysis on planar metallic cathodes is very 
inefficient. Meanwhile, gas diffusion electrodes (GDEs) have a porous structure that provides close contact 
at the three-phase boundary, wherein a gas reacts with liquid electrolyte at the solid electrode.[3,4] A special 
type of GDEs, so-called oxygen-depolarized cathodes (ODCs), were developed for chlor-alkali electrolysis 
to reduce the energy demand by up to 30%.[5] To take advantage of the ODC technology we enhance our 
former cell setup[6] to novel screening cells equipped with ODCs for electroorganic synthesis. Henceforth, 
we enable highly efficient application of gaseous starting materials for instance carbon dioxide as C1-
building block for electroorganic syntheses. 

[1] A. Wiebe, T. Gieshoff, S. Möhle, E. Rodrigo, M. Zirbes, S. R. Waldvogel, Angew. Chem. Int. Ed. 2018, 
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Electrochem. 2008, 38, 1177; [4] A. Bulan, J. Kintrup, R. Weber, EP 2398101 A1, 2011. [5] J. Jörissen, T. 
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Indirect B-N Interactions in Boronic Acid–Aminoferrocene System:  
Point of View of Electrochemistry 

 
Martin Konhefr*,†, Karel Lacina‡, Monika Skrutková-Langmajerová†, Zdeněk Glatz†, Petr Skládal†,‡,  

and Ctibor Mazal‡,§ 
 

† Department of Biochemistry, Faculty of Science, Masaryk University, Kotlářská 2, 611 37 Brno, 
Czechia; ‡ Central European Institute of Technology, Masaryk University, Kamenice 5, 625 00 Brno, 

Czechia; § Department of Chemistry, Faculty of Science, Masaryk University, Kotlářská 2, 611 37 Brno, 
Czechia 

 

*379848@mail.muni.cz 
 

We have broadened the current knowledge about nature of the B–N interactions of iminoboronates 
mostly in protic solvents using electrochemical methods. This approach is novel in the probing of these 
intramolecular interactions in imines made from aminoferrocene.  

The qualitative conditions and prerequisites for boronate–imine interaction were investigated within 
electroactive ((ferrocenylimino)methyl)phenylboronic acids. The role of this interaction throughout the 
reaction “primary amine – hemiaminal – imine” was also assessed. The behaviour of all three 
((ferrocenylimino)methyl)phenylboronic acids is influenced by the character of solvent, the oxidation 
state of the ferrocenyl moiety and the space separation of the boronic acid moiety from nitrogen atom.  

Exceptional redox behaviour of the ortho isomer, 2-((ferrocenylimino)methyl)phenyl-boronic acid, 
in comparison with meta and para isomers has been observed (see the Figure). The interaction between 
the boron and nitrogen atoms within the structure of the ortho isomer is indirectly mediated by a molecule 
of methanol. Furthermore, another molecule of the primary alcohol can add to imine bond depending on 
the redox state of the ferrocenyl unit. This in situ formation of a hemiaminal ether is facilitated/triggered 
by oxidation of the ferrocene moiety only in cooperation with the proximate ortho-boronic acid moiety. 
The transition between these two states – the imine and the hemiaminal forms – are thus controllable 
electrochemically. 

Other multiple equilibria have also been investigated and described in detail covering of interactions 
of imine and boronic acid moieties with surroundings including the influence of various nucleophiles. The 
obtained results also provide the possibility to realize molecular switching events and to design improved 
molecular devices.  

 
 

Figure: Cyclic voltammograms of ((ferrocenylimino)methyl)phenylboronic acids showing the 
electrochemically facilitated formation of a hemiaminal ether from ortho isomer 1a in methanol. 
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Electrochemical reduction of carbon dioxide (CO2ER) using metal-free catalysts to value-added products 
is a promising way to solve CO2 emission problems. Numerous metallic electrocatalysts have been 
investigated for CO2ER due to their vacant orbits and active d electrons that can effectively promote the 
CO2 adduct bonding with metal as well as the desorption of products, [1] however, the wide application 
of the catalysts is still significantly hindered by high cost and poor durability. Recently, metal-free carbon 
materials have been reported for CO2ER applications at low overpotential with high selectivity and 
efficiency, such as N-doped carbon nanotubes [2] and N-doped mesoporous carbon [3]. This paper 
describes a facile approach to synthesize a series of pyridoxine modified graphene oxide (GO-VB6) as 
robust metal-free electrocatalysts with different pyridyl N contents for CO2ER, which exhibits various 
degree catalytic abilities. Remarkably, GO-VB6 catalyst with the pyridyl N content of 2.32% shows the 
optimum catalytic ability for CO2ER to ethanol and acetone, and the overall faradaic efficiency (FE) 
reaches up to 45.8% at -0.40 V vs. RHE. Interestingly, the catalytic ability is closely associated with the 
content of modified pyridyl N in GO-VB6. 

The XPS full spectrum of GO-VB6 from Figure 1A reveals the existence of C, N and O. An obvious 
peak at ~399.1 eV in the high-resolution of N1s spectrum for GO-VB6 catalyst was observed in the inset 
of Figure 1A, corresponding to the pyridyl group, which demonstrates that the VB6 was successfully 
modified on the surface of GO sheets. To explore the electrolysis performance for GO-VB6, potentiostatic 
electrolysis of CO2 over different GO-VB6 catalysts with different pyridyl N contents are displayed in 
Figure 1B. Different GO-VB6 catalysts display various catalytic abilities, which was deeply affected by 
the pyridyl N contents in the GO-VB6 catalysts. The optimal catalyst was observed for GO-VB6 with an 
N content of around 2.32% on the surface of GO sheets, which produce the maximum FE ethanol of 
approximately 37%.These results indicate that pyridyl N species is the main active species for CO2ER to 
ethanol and acetone. Besides, the catalytic activities of GO-VB6 exhibit distinct performances, which are 
closely related to the pyridyl N contents. This work will open up an avenue for developing robust metal-
free carbon-based electrocatalysts for converting CO2 into C2 and C3 compounds with high selectivity 
and efficiency. 
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Figure 1. (A) XPS pattern of GO-VB6 catalyst (the inset is the high-resolution of N1s for GO-VB6); (B) 
FEs of CO2 reduction on different GO-VB6 sheet surface with different pyridyl N contents at -0.40 V vs. 
RHE in 0.1 M KHCO3 aqueous solution. 
Reference 
[1] J. Qiao, Y. Liu, F. Hong, J. Zhang, Chem. Soc. Rev. 2014, 43, 631. 
[2] J. J. Wu, R. M. Yadav, M. J. Liu, P. P. Sharma, C. S. Tiwary, L. L. Ma, X. L. Zou, X. D. Zhou, B. I. 

Yakobson, J. Lou and P. M. Ajayan, ACS nano, 2015, 9, 5364-5371. 
[3] Y. F. Song, W. Chen, C. C. Zhao, S. G. Li, W. Wei and Y. H. Sun, Angew. Chem., Int. Ed., 2017, 56, 
10840-10844. 

                                                           
 The fund of National Natural Science Foundation of China (No. 21473060, 21673078, 21773071) 



One-pot synthesis of D-phenylalanine-functionalized multi-walled 
carbon nanotubes: a metal-free chiral catalyst for the asymmetric 

electroreduction of aromatic ketones 
 

Ying-Na Yue, Sheng Zeng, Hui Wang, Shuo Wang, Huan Wang* and Jia-Xing Lu* 
Shanghai Key Laboratory of Green Chemistry and Chemical Processes, School of Chemistry and 

Molecular Engineering, East China Normal University, Shanghai 200062, China 
E-mail: hwang@chem.ecnu.edu.cn, jxlu@chem.ecnu.deu.cn. 

 
Asymmetric synthesis is attracting considerable research attention given the increasing demand for chiral 
pharmaceuticals.[1] Many synthesis methods of chiral drugs have been established. However, such 
methods are generally catalyzed by precious metal catalysts, such as Ir, Ru, and Rh complexes.[2] In this 
study, we explored a chiral-functionalized multi-walled carbon nanotubes (MWCNTs) catalyst for 
asymmetric electroreduction. The catalyst can immobilize the chiral inducer onto the cathode material, 
thereby enabling the reuse of chiral inducer, reducing the use of metals. 

p-MWCNTs functionalized by different dosages of D-4-amino-phenylalanine were obtained by an 
analogical method, and the corresponding samples were designated as D-PHE-MWCNTs-1, D-PHE-
MWCNTs-2, D-PHE-MWCNTs-3, and D-PHE-MWCNTs-4. 

Apart from the preparation and characterization of D-PHE-MWCNTs, we further explored the catalytic 
capability in asymmetric electroreduction. D-PHE-MWCNTs were fabricated as a chiral electrode to 
catalyze the asymmetric electroreduction of ketones. 2,2,2-Trifluoroacetophenone was selected as a 
model substrate. The cyclic voltammograms (Fig. 1) showed that the peak currents of functionalized 
MWCNTs were higher than those of p-MWCNTs, indicating that the MWCNTs enhanced catalytic 
activity for reducing the carbonyl group of the model substrate after functionalization. 

The asymmetric electroreduction of the model substrate 2,2,2-trifluoroacetophenone was performed 
by galvanostatic method. The yields obtained on the functionalized MWCNTs (Table 1, entries 3-6) were 
higher than those on the p-MWCNTs (Table 1, entry 2). The ee values obtained from the D-PHE-
MWCNTs (Table 1, entries 3-6) were markedly higher than those of p-MWCNTs (Table 1, entry 1), 
indicating that the functionalized MWCNTs cathodes were more beneficial as heterogeneous catalyst.  
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Fig. 1 Cyclic voltammograms of 50 mM 2,2,2-
trifluoroacetophenon in MeCN/n-amyl alcohol (1/1)-0.1 M 
TEAI with the scan rate of 0.1 V s-1 on different electrodes: 
p-MWCNTs, D-PHE-MWCNTs-1, D-PHE-MWCNTs-2, D-
PHE-MWCNTs-3, D-PHE-MWCNTs-4. 

Table 1 Effect of cathode on the enantioselective 
electroreduction of 2,2,2-trifluoroacetophenona 
Entry Cathode Yieldb (%) eeb (%) 
1c p-MWCNTs 22 1 
2d p-MWCNTs 21 0 
3 D-PHE-MWCNTs-1 23 20 
4 D-PHE-MWCNTs-2 24 27 
5 D-PHE-MWCNTs-3 25 32 
6 D-PHE-MWCNTs-4 25 39 
a Anode: Mg, 20 mL co-solvent (MeCN/n-amyl 
alcohol=1/1), 0.1 M substrate: 2,2,2-trifluoroacetophenone, 
supporting electrolyte: 0.1 M TEAI, current density: 3 mA 
cm-2, charge: 2 F mol-1, temperature: 25 oC. b Determined by 
GC with a chiral column. c D-PHE added into reaction 
solution, the ratio of the D-PHE and p-MWCNTs is 
consistent with the D-PHE-MWCNTs-4. d No D-PHE added. 

 
In summary, D-PHE-MWCNTs were prepared through one-step method and performed as a 

heterogeneous chiral catalyst in the asymmetric electroreduction of aromatic ketones. Chiral inducer-
functionalized MWCNTs could be ideal chiral-modified electrodes available in asymmetric 
electroreduction of aromatic ketones. 
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Polymerization of relevant monomers by electrochemically mediated atom transfer radical polymerization 
(eATRP) was successfully triggered in a stainless-steel (SS304) reactor by galvanostatic mode under 
stringent electrochemical control. Methyl acrylate, methyl methacrylate, styrene and acrylamide were 
polymerized using appropriate conditions for each monomer and a variety of copper catalysts including 
[CuIITPMA]2+, [CuIIPMDETA]2+ and [CuIITREN]2+. An undivided two-electrode cell was used. The reactor 
scaffold served as the cathode, whereas an aluminum rod was used as a sacrificial anode. Electrochemically 
mediated ATRP was also attempted under pressure for methyl acrylate.  

For all investigated monomers the controlled character of the reaction was confirmed by the agreement of 
theoretical molecular weight and GPC values, as well as by the narrow molecular weight distribution. The 
high preservation of chain-end functionality allowed the synthesis of block copolymers. The SS304 
electrochemical reactor represents an important electrochemical advancement for eATRP and opens a new 
wide area for industrial research focusing on eATRP scale-up. 
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To date metallic electrodes have dominated the study of protein electrochemistry. However, proteins are 
highly liable to undergo denaturation when immobilized on a variety of functionalized electrode surfaces 
due to undesirable protein-electrode interactions.1 As a consequence of these dramatic changes in the 
morphology of the protein, the formal electron transfer potential is affected. Thus, a major focus of 
bioelectrochemistry in general is the development of different platforms and different strategies of 
substrate modification to preserve the native state of immobilized proteins. 
 
A particularly interesting approach is protein electrochemistry at “soft” electrified liquid-liquid interfaces. 
Immiscible water-oil interfaces, such as those formed between water and 1,2-dichloroethane, have long 
been considered biomimetic models of half a biological cell membrane.2 Several studies with proteins 
involving interfacial adsorption and extraction have been performed over the last decade at the interface 
between two immiscible electrolyte solutions (ITIES). Most of these studies have been performed in 
highly acidic aqueous solutions displaying a characteristic electrochemical signal inherent to facilitated 
ion transfer at ITIES.3 However, studies under more gentle conditions imitating real biological 
environments are essential, in particular to gain insights on how the interaction of proteins with “soft 
membrane-like interfaces” facilitates interfacial electron transfer processes. 
 
Herein, we have studied the stability and the electrocatalytic behavior of cytochrome c at an electrified 
liquid-liquid interface at different pH values (2, 7 and 9). Cytochrome c was chosen as a model 
biomolecule since it has been widely studied over the last decade regarding its role in cell death, known 
as apoptosis.4 Electrochemical and spectro-electrochemical experiments involving interfacial electron 
transfer between cytochrome c (on the aqueous side of the interface) and decamethylferrocene (on the oil 
side) have shown that cytochrome c can act as an interfacial catalyst towards the oxygen reduction 
reaction (ORR). This research is an important milestone to further bioelectrochemistry studies with more 
complex biomolecules providing key insights into biological electron transfer systems and processes. 
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Atom transfer radical polymerization (ATRP) is the most used technique to produce well-defined 
macromolecular architectures. Side reactions affecting ATRP catalyst during polymerizations must be 
investigated, in order to minimize their effect or exploit them to tune the overall process. 
In ATRP, CuIL+ activates the initiator (RX) or dormant chains (PnX), generating radicals and the 
deactivator XCuIIL+. However, CuIL+ and generated radicals can reversibly form the organometallic 
species R–CuIIL+. The latter is a potential catalyst for a different polymerization process, known as 
organometallic-mediated radical polymerization (OMRP). Therefore, the competition between the ATRP 
and OMRP pathways for CuIL+ should be evaluated (Figure 1a). 
In a recent work [1], thermodynamic and kinetic parameters of the competing equilibria were calculated 
by simulating the cyclic voltammetry (CV) response of some ATRP catalysts and RX, in CH3CN and 
DMSO. Spectroelectrochemical measurements confirmed the generation of the organometallic species.  
Herein, mentioned techniques were used on ATRP catalysts covering a wide range of activity towards 
RX. Analyzed initiators were secondary alkyl halides, bearing a structure that mimics the chain-end of 
acrylates and acrylonitriles. CVs were recorded in DMF (Figure 1b). Redox properties, and 
thermodynamic and kinetic parameters concerning the ATRP equilibrium were separately measured for 
each catalyst/RX combination, by using well-established electrochemical and spectrochemical procedures 
[2]. Therefore, if compared to the preceding work, less parameters were left to be refined by the 
simulation software. Moreover, two pathways involving R–CuIIL+ were considered, namely i) reduction 
to R–CuIL and dissociation to R− and CuIL+, and ii) reaction with a free radical to regenerate CuIL+ and 
terminated species (the so-called CuI-catalyzed radical termination, CRT). 
Finally, spectral features of organometallic species were derived from spectroelectrochemistry. Radical 
termination was then followed by UV-Vis spectroscopy, under optimized conditions, in order to further 
define the rate constant of CRT.  
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Figure 1. a) Competing equilibria in OMRP and ATRP. b) CVs of CuBr2/TPMA in DMF + 0.1 M 
Et4NBF4, in the absence and presence of 2-bromopropionitrile, v = 0.2 Vs-1, T = 25 °C. 
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The use of electrical stimuli to remotely control chemical processes is emerging as a green and versatile 
approach. Taking inspiration from the recent advances in electrochemically mediated atom transfer 
radical polymerization [1] and cationic polymerization [2], we targeted the electrochemical triggering of 
reversible addition-fragmentation chain-transfer (RAFT) polymerization (Figure 1). 

 
Figure 1. Mechanism of RAFT polymerization (In = initiator, M = monomer, Pm = polymer chain). 

 
The living character of RAFT polymerizations (i.e. predetermined molecular weight and narrow chain 
length distribution) strongly depends on the selection of the chain transfer agent (CTA). The general 
structure of typical CTAs is S=(CZ)S-R, where R is a homolytic leaving group, whereas Z modifies the 
reactivity of the compound. Dithiobenzoathes, trithiocarbonates and dithiocarbamates (Figure 2a) are 
commonly employed, but their redox properties were unexplored. 
Cyclic voltammetry and electrolysis, in the absence and presence of a strong acid, were used to 
investigate the electron transfer processes and chemical reactions occurring during reduction of selected 
CTAs in DMF. The potential window where the reduction of each family of CTAs occurs was defined 
(Figure 2b), resulting in a useful guide for tuning the polymerization setup. 
However, this study showed that long-lived radicals cannot be generated by direct electrochemical 
reduction of CTAs. Therefore, other approaches for the electrochemical mediation of RAFT were 
attempted, such as the electro-reduction of radical initiators (e.g. dibenzoylperoxide and diazonium salts 
[3]) and the use of a mediator to reduce the CTA in solution. These approaches towards an 
electrochemically mediated RAFT polymerization will be discussed. 
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Figure 2. a) Structures of some studied CTAs. b) CVs recorded on a GC electrode of 2 mM CTA in DMF 
+ 0.1 M Et4NBF4, v = 0.2 Vs-1, T = 25 °C. 
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The development of the efficient catalytic system for the selective oxidation of alcohols followed with the 
condensation reactions to the formation of C-C bonds is not only an interesting issue in basic chemistry research, 
but it is also a significant case for the chemical industry. Remarkable attempts have been dedicated towards the 
employment of waste-free and selective electrochemically mediated TEMPO-catalyzed oxidation of alcohols 
as an appealing and highly promising method for this type of transformation.1-3 Also, a literature survey shows 
different considerable methodologies which a carbonyl group undergoes nucleophilic attack in order to the 
formation of C-C bonds under the title of condensation reactions.4 But to date, and the best of our knowledge 
there has been no report of the in-situ simultaneous electrochemical synthesis of above-mentioned reactions. 
This elegant idea can be accomplished by the paired electrosynthesis strategy.5 Furthermore, metal-organic 
frameworks (MOFs) are the spotlight of a comprehensive research area, particularly in the modified electrode, 
with the eye-catching features of the large surface area and catalytic effects.6-9 In this work, we introduce the 
paired electrosynthesis of knoevenagel condensation by the HKUST-1 metal-organic framework modified 
electrode. To shed light on this issue, we used of anodic half-reaction for the in-situ electrocatalytic oxidation 
of alcohols to the related aldehyde and so of cathodic half-reaction for in-situ deprotonation of malononitrile 
by electroreduction of the protic solvent. In the following, the in-situ generated aldehyde undergoes nucleophilic 
attack by the activated methylene in the presence of MOF tin film (MOFTF) as a large surface substrate and 
known catalyst for condensation reactions. Implementation of this eco-design procedure as a one-step, base 
additive-free, and versatile protocol leads to the convergent paired electrosynthesis. In the other words, two 
different substrates undergoing oxidation and reduction synchronously to afford products that react between 
themselves to make a single final product. From the green chemistry and eco-friendly standpoint, if our envision 
could be accomplished, it will be the first example of paired electrosynthesis with the MOFTF modified 
electrode, at the room temperature, green solvents, enhanced energy and time economy with the suitable TON 
and product scale. 
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Abstract: 
 
Most chemical products are based on platform chemicals, which are produced by multistage and branched 
value chains in optimized processes. These platform chemicals are mainly originated from fossil 
resources. New processes are needed to replace current fossil platform chemicals with potential new bio 
based chemicals to guarantee sustainability of industrial productions. Electrochemical conversions of 
biomass-derived feedstocks into high value products are gaining considerable interest to reduce 
dependence on fossil resources and usage of renewable energies. 
 
An example for an important biomass-based feedstock is glycerol. It is a renewable platform chemical 
that is produced in large quantities as a side product in biodiesel and oleochemical industries. One of the 
possible products of glycerol conversion is 1,3-propanediol, which is a bulk chemical with 
multifunctional applications in polymers, lubricants, pharmaceuticals, and in the synthesis of heterocyclic 
compounds. Direct electroreduction of hydroxyl groups is difficult because of the inhibited electron 
transfer by high overvoltage on the cathode. Therefore, electrochemical oxidation of glycerol to 
glyceraldehyde followed by a reduction in divided or undivided cells is required (Figure 1). Generally, the 
electrooxidation of the functional groups of glycerol leads to a large product spectrum e.g. aldehydes, 
ketones or acids, which can be extended by follow up reactions. 

 
Figure 1: Reaction route from electrochemical conversion of glycerol to 1,3-propanediol. 

 
In electrochemical reactions the electrode material in combination with the electrolyte solution, pH-value 
and potential has a very high impact on the reaction path and the selectivity. Here, we present the 
electrochemical oxidation and reduction of glycerol to produce higher value products on various 
electrodes, electrolytes and modified electrode combinations. The investigation shows a possibility to 
produce 1,3-propanediol electrochemically in divided and undivided cells. 
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Abstract: 
 
The development of technology towards more sustainable processes goes along with an increasing share 
of process electrification. At the same time, renewable precursors start to replace fossil resources in 
chemical processes. In this respect, electrochemical syntheses of fine and platform chemicals, based on 
renewable resources, gain increasing attention.  
 
Some electrochemical reactions, like the deoxygenation of neighbored alcohol groups, are difficult to 
accomplish and often require the use of chemical additives, which diminish the positive effects of the 
electrolysis process. With glycerol as a model polyol, we here propose a fully electrochemical reaction 
pathway based on a consecutive oxidation –reduction procedure allowing access to a selective removal of 
hydroxyl groups. (Scheme 1). 
 

  
Scheme 1: Reaction scheme of possible one-pot glycerol electrolysis reactions. 

 
This method allows for membrane-less electrolysis cells and thus a simplified reactor design for a coupled 
oxidative/reductive electrochemical processes. The reaction pathway itself can be directed by the choice 
of electrode material and electrolyte solution. The principle can potentially be applied to further polyols 
such as carbohydrates, to broaden the spectrum of electrochemically generated chemicals. 
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Self-assembled monolayers (SAMs) of thiols on gold have been used as a modifier of electrodes for the 
fabrication of integrated molecular systems [1]. These kinds of surfaces are usually used for 
electrochemical sensing where the analyte is attached to an electrode [1]. Here a new molecule, a 
derivative of 2,5-diaminoterephthalate - diethyl 2-{3-[5-(1,2-dithiolan-3-yl)pentanamido] propylamino}-
5-[(tert-butoxycarbonyl)amino]terephthalate (DAT), with unique properties has been assembled on a 
surface as a remarkable platform for integrated molecular systems. 2,5-diaminoterephthalate have been 
synthesized as fluorescent dyes [2]. Some derivatives are turn-on probes, i.e. they emit fluorescence only 
when bound to an effector [2] which facilitates the distinction of reacted vs. unreacted dye. 
 
The DAT was assembled on the Au surface together with 1-decanethiol. These layers are not redox active 
in the potential range of 0-0.9 V (NHE). However, by a potential excursion to 1.15 V, the layer can be 
activated. Subsequently, it shows a surface-immobilized redox couple (E°’=0.66 V). The surfaces are 
characterized before and after activation by XPS, fluorescence microscopy and polarization modulation 
infrared reflection absorption spectroscopy (PM-IRRAS). From the XPS data, one can see a new peak in 
the higher binding energies in the N 1s spectra. In the O 1s spectra the ratio between the two existing 
peaks is changed. This indicates that part of the DAT with the Boc group is influenced in this activation 
reaction. The PM-IRRAS data show lower intensities of the vibrations in the fingerprint region after 
activation. With the fluorescence microscopy one can see the lower intensity of the fluorescence with the 
activation of the DAT. Furthermore, the fluorescence can be turned off when the DAT is reduced after the 
activation, which means that the fluorescence of the dye can be switched on and off by sweeping the 
potential. 
 
The activation of the surfaces can also enable binding of an effector groups. The modified surfaces 
undergo an addition reaction with an effector from the solution when the surface is in its oxidized state. 
As a proof of concept, we used 3-(trifluoromethyl)aniline to simulate an effector because the fluorine in 
this compound can easily be detected by XPS in the modified monolayers. From the XPS data, one can 
conclude that around 11% of the DAT molecules were modified. 
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Caffeine is a widespread natural product found in seeds, nuts, leaves of plants from South America and 
East Asia. Among them, the most famous are coffee, tea, cocoa plants. Caffeine is thus a bio-based, 
renewable reagent and its use as starting material in chemical syntheses is highly recommended. 
The presence of the imidazole ring could in principle allow the transformation of caffeine into a bio-based 
imidazolium salt, which could be used in organic synthesis as N-heterocyclic carbene (NHC) precursor. 
Caffeinium salts are molecule known for decades and sparingly used as chemical synthons, mainly as 
precursors of ligands in organometallic complexes, in some cases with biological activity. 
 

 
 
The reactivity (as nucleophile or base) of this NHC is strongly influenced by the substituents of the 
imidazole ring, and thus the presence of the amide moieties of the caffeine structure could give this 
molecule a particular reactivity. Although the electrochemical behaviour of caffeine has been extensively 
studied due to the importance of this molecule, no paper on the electrochemical behaviour of the 
corresponding caffeinium salt is present in the literature. The electrochemical behaviour of 9-
methylcaffeinium iodide in DMF-TEABF4 solution can be studied by cyclic voltammetry, differential 
pulse voltammetry and constant potential electrolysis. In particular, DPV technique can be used to study 
the electrochemical properties of extremely small amounts of products because the effect of the double 
layer charging current can be minimized and therefore only faradaic contribution to the peak is recorded. 
The electrochemical behaviour of 9-methylcaffeinium iodide is very similar to the one of other 
imidazolium salts, for which the cathodic reduction generates the corresponding N-heterocyclic carbene 
(NHC) which, in turn, is oxidised at a potential near 0 V. 
The results of the electrochemical study will be reported, along with the reactivity of the electrogenerated 
species. 
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Amide function is very important in both organic and medicinal chemistry. Benzamides can be obtained 
in good to high yields by reaction of both deoxybenzoin and benzoin, primary or secondary amines, 
molecular oxygen and electrogenerated superoxide anion (obtained with galvanostatic method, Reaction 

1).  
 
Reaction 1: 

O2  +  e                    O2  
 
The advantage of using electrogenerated superoxide 
anion is related to its counterion, the 
tetraethylammonium cation, which is not tightly 
bound to the anion and thus renders superoxide 
highly reactive also in the absence of additives 
(necessary when using KO2). The reaction 
conditions are very mild and only 0.5 F/mol are 
necessary to obtain good yields in benzamides. This 
work points out that benzamides can be obtained 
starting from deoxybenzoin (Reaction 2)  
 
 

Figure 1. Superimposed cyclic voltammetries of  
molecular oxygen (about 2·10-3 M) and of a solution  
containing molecular oxygen and benzoin (2·10-2 M).  
DMF-0.1 M Et4NBF4 solution, GC electrode, rT;  
reference electrode: mSCE. Q: 0.2 V s-1.  
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and benzoin (reaction 3), via C-C bond cleavage, with yields which depend on the charge amount.  
 
Reaction 3:  
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Cyclic voltammetric analysis allowed to suggest a mechanistic hypothesis, which permits to explain the 
formation of byproducts and to define the role of oxygen and superoxide anion. 
 
 
 
F. Pandolfi, I. Chiarotto, D. Rocco, M. Feroci, Electrochim. Acta 2017, 254, 358-367. DOI: 
10.1016/j.electacta.2017.09.135. 
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Electrofluorochromism, in which fluorescence of molecules can be modulated electrochemically, is 
becoming a very attractive approach in analytical and bioanalytical chemistry since many analytes are 
redox active and can be detected and/or mapped with high sensitivity through fluorescence [1,2]. Within 
this context, we recently investigated three rhodamine derivatives, including the commercially available 
Rh101 as well as two novel derivatives (Scheme 1), by cyclic voltammetry and UV-Vis/fluorescence 
spectro-electrochemistry [3].  
 

 
Scheme 1. Chemical structures of rhodamine 101 (1), alkyne 2 and triazole 3 derivatives investigated. 
 
As shown in Scheme 2, a full ON/OFF switching could be achieved with rhodamine 101 ((1) in Scheme 
1) between the fluorescent oxidized and the non-fluorescent reduced states without noticeable loss of 
overall intensity during several cycles. 
 

 
 

Scheme 2. A full ON/OFF fluorescence switching could be successfully achieved by electrochemistry 
with rhodamine 101 (R = COO−; see Scheme 1). 
 
This result prompted us to modify the Rh101 molecule and examine whether the electrochemical 
fluorescence switching were preserved on the resulting compounds. Accordingly, an original rhodamine 
derivative 2 bearing an alkyne moiety was first prepared, then used to synthesize the triazole derivative 3 
(Scheme 1). Interestingly, while the reversibility of electrochemical fluorescence switching in compound 
2 was not as efficient as in compound 1, fluorescence of compound 3 could be restored electrochemically, 
a most interesting feature for rhodamine-based compounds obtained by click chemistry. This work proved 
that rhodamine 101 derivatives can act both as light emitters and redox switches, opening new 
perspectives in the development of these fluorophores as practical probes, namely in fluorescence 
confocal microscopy [4]. 
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Biologically relevant thiols (biothiols), the most important systemic and intracellular endogenous 
antioxidants, play essential roles in the protection against oxidative damage, cause of several diseases. 
They include proteins with reduced cysteine residues and low-molecular weight (LMW) sulfur 
compounds. As the result of environmental, biochemical, clinical, and pharmacological importance of the 
thiols and disulfides, their accurate determination has gained significant attention within the analytical 
community. Electrochemical detection offers advantages in terms of analytical methods.  

Simple and sensitive electrochemical methods for the determination of N-acetyl-cysteine (NAC) 
and reduced glutathione (GSH), on a glassy carbon electrode (GCE) and on a boron dopped diamond 
electrode (BDDE), using cyclic (CV) and differential pulse (DPV) voltammetries, were developed, based 
on the chemical reactivity between the thiols (thiolates) and lipoic acid. On GCE and BDDE, the results 
indicate that lipoic acid can facilitate the electrochemical oxidation of thiolates, in a neutral pH, with a 
substantial increase of its anodic current, for the oxidation of NAC, GSH, cysteine (Cys) and 
homocysteine (HCys), at a potential of 0.85 V vs. Ag/AgCl, Cl-. Lipoic acid plays an important role as a 
redox mediator, in solution, being regenerated, at the electrode surface, after oxidation and one electron 
capture from the thiolates, giving thiyl radicals that dimerize. On GCE (Fig. 1), under optimized 
conditions, by DPV, the analytical parameters for NAC and GSH were obtained in the range of 1 up to 10 
µmol L-1 and 1 up to 60 µmol L-1, respectively. The quantification was performed with high sensitivity, 
reproducibility and submicro detection limit of 0.27 and 0.67 µM for NAC and GSH, respectively. The 
method was successfully applied to the determination of NAC and GSH, in artificial saliva and human 
urine samples, with excellent recovery results. For NAC, on BDDE (Fig. 2), analytical parameters were 
obtained in the interval of 1 up to 100 µmol L-1 and with a nanomolar detection limit of 93 nmol L-1. The 
method was successfully applied in pharmaceutical preparations (capsules, syrup and suspension), 
without matrix effects. The present study shows that the redox reaction between the studied thiolates and 
lipoic acid, on BDDE, is one of the simplest and efficient analytical tool, already reported, for quantifying 
NAC in a rapid, convenient, sensitive and low-cost way. The use of lipoic acid as a redox mediator is 
tricky and the method is adequate for thiols, whose oxidation occurs at high positive potentials. 
Acknowledgements to CNPq, FAPEAL, CAPES, INCT - Bioanalítica 
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Fig. 1: DPV for succesive additions of NAC (1 up 
to 10 μmol L-1); pH 7.4, McIlvaine buffer 0.1 mol 
L-1, in the presence of 5 μmol L-1 lipoic acid, 
GCE.. 
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Fig. 2: CV BDDE, in the absence of analyte, and 
in solutions with 500 µmol L-1 of NAC, 500 µmol 
L-1 of lipoic acid and 500 µmol L-1 of NAC + 
lipoic acid (1:1), 0.1 mol L-1 phosphate buffer, pH 
7, v = 10 mV s-1. 
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G-quadruplex sequences exist in eukaryotic organisms and prokaryotes, and the investigation of the 
interactions between G-quadruplexes and small molecule ligands is important for gene therapy, biosensor 
fabrication, fluorescence imaging and so on. Here, we investigated the behavior of methylene blue (MB), 
an electroactive molecule, in the presence of different intramolecular G-quadruplexes by an 
electrochemical method using a miniaturized electrochemical device based on its intrinsic electrochemical 
properties. Although the effects of MB on different intramolecular G-quadruplex structures are not 
obvious by circular dichroism spectroscopy, distinct differences in the binding affinities of MB with 
different intramolecular G-quadruplexes were quickly and easily observed by an electrochemical 
technique. The data show that different G-quadruplexes present different binding abilities with MB, 
mainly depending on the intrinsic structure characteristics of the G-rich nucleic acids. Remarkably, there 
exists a relatively apparent distinction between parallel and antiparallel G-quadruplexes. At the same 
time, for the human telomerase G-rich sequence (HT), the diffusion current of MB changed sensitively 
under different ionic conditions due to the formation of different conformations of HT (Figure 1), which 
indicated that our electrochemical method has the potential to study the influence of metal ions on the 
conformations of the G-quadruplexes with simplicity, rapid response and low cost. Moreover, it also 
provides a new strategy to study the ligands of G-quadruplexes and is useful for G-quadruplex ligand 
screening. 
 

 
Figure 1. (A) CD spectra of 10 μM HT in different ion conditions; (B) SWVs of MB with HT in different 
ion conditions. The concentration of MB was 10 μM. 
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The occurrence of L-Cysteine (L-Cys) adsorption on metallic surfaces was widely studied. Even though, 
quantitative data about its kinetics are still few, meanly due to the viscoelasticity of the adsorbed film. In 
the present work QCM-D technique was used to study the kinetics of adsorption of L-Cys on Pt surfaces 
at different pHs. The viscoelasticity of the film is higher than for other proteins, like BSA. The kinetics 
analysis were done considering a Frumkin adsorption isotherm, showing the most favorable condition 
was pH 9 when thiolate is present, but the amine is protonated while the least favorable one is when it is 
full deprotonated (pH 14). 
Since L-Cys is just a monomer, this high viscoelasticity observed was not expected, so to understand the 
origin of this behavior, it was necessary to use ATR-FTIR, in order to obtain structural molecular data of 
the species adsorbed. This approach corroborated observations obtained by QCM-D, and also allowed the 
verification of many simultaneous processes that cannot be separated by QCM-D. The conformation of 
the adsorbed species is very much dependent on the pH and the assembling follows a slower kinetics than 
the S-Pt bond formation. The different conformations observed as function of the pH allowed, also, an 
increase in anion adsorption and wettability justifying the high viscolasticity and its pH dependence. 
 

 
Figure. a. 'f/'D vs. t profile for L-Cys adsorption on Pt at pH 7. b. Abs vs. t profile of L-Cys adsorption 
on Pt, by ATR-FTIR. Bands attributed. A-D. L-Cys(ads) structures proposed as function of pH. Angles not 
preserved. 
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The SO2 is an atmospheric pollutant of high toxicity. But, it is possible mitigate the impact of this mortal 
gas: oxidizing the SO2 to H2SO4, while the counter reaction is the production of H2, E0= 0.157 V. This 
process presents advantages over the traditional electrochemical method is water electrolysis, E0= 1,23V. 
The use of SO2 is too more environmental friendly than to produce H2 by means of catalytic reform of 
organic compounds. To apply this system is necessary to utilize a metallic electrocatalyst. Cyclic 
voltametric studies show different profiles for Pt and Au and that current density for gold is one order of 
magnitude higher than platinum. Tests with different electrolytes showed that just for Au electrode in 
ClO4

-, a chaotropic anion, current and potential oscillations were observed. Potential steps revealed that 
these oscillations were observed from 1.0V. When the electrolyte was HSO4

-, a kosmotropic anion, it has 
presented only fluctuations in the current. The same behavior was observed for current steps, just for Au 
in chaotropic media and just when the electrode could reach potentials as positive as 1.00 V. Therefore, it 
can classify oscillatory behavior as a HNDR (hidden negative differential resistor).This implies the 
presence of at least, two catalytic poisons that block surface of electrode. The cleaning of the surface 
occurs with de oxygen evolution reaction. The mechanism of electroxidation of the sulfur dioxide is 
dependent of the material of the electrode and the chaotropicity of the anion in solution. 
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Over the last decade specific DNA methylation changes, both genome-wide and at specific gene loci in 
tissues and in biological fluids, have received increasing attention as reliable biomarkers for early 
detection, diagnosis, prognosis and therapeutic stratification of cancer [1]. Although current classical 
methods are effective in studying DNA methylation patterns, they exhibit relatively low sensitivity and 
high false positive rates and require expensive instruments and complicated and time-consuming 
protocols. In this context, electrochemical biosensing provides attractive pathways to overcome these 
limitations by allowing the determinations of methylated biomarkers in a straightforward, simple, 
sensitive, fast, portable and cost-effective way. 
The main features of novel, sensitive, selective and rapid amperometric affinity biosensing platforms 
developed for determination of altered DNA methylation patterns of relevance in cancer [2] will be 
presented in this communication. The promising electrochemical approaches developed are focused on 
the determination of the two main epigenetic modifications of cytosine: 5-methylcytosine (5-mC) and 5-
hydroxymethyl cytosine (5-hmC), both at global and locus-specific level. The developed strategies are 
based on the rational coupling of appropriate bioreceptors (antibodies raised against 5-mC or 5-hmC and 
DNA probes specific to the methylated targets to be detected), functionalized magnetic microcarriers, 
attractive bioassays formats and amperometric detection at disposable electrodes.  
The handy sensitive electrochemical 
biosensing strategies developed, which imply 
simple and reproducible working protocols 
free of bisulfite and/or amplification 
pretreatments, demonstrated reproducibility 
throughout the entire protocol and successful 
applicability to target the promoter 
methylation status of two normally non-
methylated, biologically significant tumor 
suppressor genes, RASSF1A and MGMT, both 
in buffered solutions and directly in liquid 
biopsies. Results presented demonstrate their 
competitiveness with the conventional 
methodologies in terms of convenience, low-
cost, ease of operation and suitability for 
universal analysis of any DNA sequence and 
over the few electrochemical biosensors reported so far in terms of sensitivity and assay time.  
Moreover, the fact that the proposed methods do not require complicated nanomaterials preparation, 
conventional methylated DNA pretreatments or sophisticated instruments for signal readout makes them 
economical and compatible with portable and low-cost devices to perform studies of DNA methylation-
related functional genomics and epigenomics in different settings or at the point-of-need. These attractive 
capabilities make these biosensing strategies as a basis for developing easy and affordable tests in an 
easy-to-use format, not too technically demanding and requiring equipment readily available at most 
academic institutions for cancer suspects as well as for management and better outcome of cancer 
patients, complementing current and future pathological and molecular assessments. 
[1] Campuzano and Pingarrón. Electroanal., 2018, in press, DOI: 10.1002/elan.201800004. 
[2] Povedano et al. Sci. Rep. 2018, submitted.  
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The boron nitride nanomesh is a corrugated moiré structure that consists of an atomically thin layer of 
hexagonal boron nitride (h-BN) on Rh(111) [1].  Because of the insulating nature of h-BN and the 
potential window of about 1V where the nanomesh is stable in a variety of electrolytes, this material is a 
promising substrate for (bio)molecular electronics applications.  
 
In my talk, I shall discuss features that further enhance the functionality of the boron nitride nanomesh.  
First, the nanomesh corrugation can be switched reversibly by electrochemical intercalation of hydrogen, 
which changes the adhesion and wetting properties of the surface at a length scale, 6 orders of magnitude 
larger than the 3.2-nm superlattice constant [2].  Secondly, the nanomesh moirons or “pores” selectively 
trap molecular species, either electrostatically or—depending on the nature of the adsorbate—covalently, 
making the nanomesh an atomically precise scaffold for molecular immobilisation [3]. 
 
Finally, it will be demonstrated how metal underpotential 
deposition (upd) may find use as a general tool to determine 
the collective defect area in hybrids between 2D materials 
and various substrate metals [4].  Importantly, upd itself does 
not alter the defect area on repeated cycling.  Overpotential 
deposition, on the other hand, is shown to have significant 
consequences on the defect area.  We show that this non-
innocent Cu electrodeposition involves intercalation 
originating at initial defects, causing irreversible 
delamination of the h-BN layer; this effect therefore may be 
used for 2D material nanoengineering. 
 
[1] Corso et al., Science 303, 217 (2004) 
[2] Mertens et al., Nature 534, 676 (2016) 
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Molecular electronics started with the idea that a molecule sandwiched between electrodes 

may behave as a rectifying device. Since then, a number of studies have been reported that a 
molecule can rectify. Recently, C.A. Nijhuis et al has reported a SAMs molecular diode with 
high, robust, rectification ratios of 1.1 103. 1 

In this work thin layers of oligomers with thickness between 7 and 9 nm were deposited on 
flat gold electrode surfaces by electrochemical reduction of diazonium reagents, then a Ti(2 

nm)/Au top contact was applied to complete a solid-state molecular junction. That makes it 
possible for the direct evaporation of various metals on the grafted organic layer in order to 
fabricate the top electrode through CMOS processes2,3. The influences of various molecules 
have been investigated. The molecular layers investigated included donor molecules with 
relatively high energy HOMO, molecules with high HOMO-LUMO gaps and acceptor 
molecules with low energy LUMO and terminal alkyl chain. Using an oligo(bisthienylbenzene) 
based layer, (HOMO energy level in vacuum is close to the Fermi level of the gold bottom 
electrode) the devices exhibit robust and highly reproducible rectification ratios above 1000 at 
low voltage (2.7 V). When the molecular layer is based on a molecule with a high HOMO-
LUMO gap, i.e. tetrafluorobenzene, no rectification is observed while the direction of 
rectification is reversed if the molecular layer consists of naphtalene diimides having low 
LUMO energy level.  

 
 
 
 
 
 
 
 
 
 
We demonstrate that rectification is induced by the asymmetric contact but is also directly 

affected by orbital energies of the molecular layer. A “molecular signature” on transport through 
layers with thicknesses above those used when direct tunneling dominates is thus clearly 
observed. 
 
(1)  Yuan, L.; Breuer, R.; Jiang, L.; Schmittel, M.; Nijhuis, C. a. A Molecular Diode with a Statistically Robust 

Rectification Ratio of Three Orders of Magnitude. Nano Lett. 2015, 15, 150721171048008. 
(2)  Martin, P.; Della Rocca, M. L.; Anthore, A.; Lafarge, P.; Lacroix, J.-C. Organic Electrodes Based on Grafted 

Oligothiophene Units in Ultrathin, Large-Area Molecular Junctions. J. Am. Chem. Soc. 2012, 134, 154–157. 
(3)  Nguyen, Q. van; Martin, P.; Frath, D.; Della Rocca, M. L.; Lafolet, F.; Barraud, C.; Lafarge, P.; Mukundan, 

V.; James, D.; McCreery, R. L.; et al. Control of Rectification in Molecular Junctions: Contact Effects and 
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A major challenge in bioelectrocatalysis is to achieve an efficient electron exchange between redox 

enzymes and electrodes. To overcome this difficulty, most approaches involve a chemical modification of 
the electrode surface or the protein structure. We have recently shown that the simultaneous crosslinking 
and covalent immobilization of a recombinant form of Tobacco Peroxidase (TOP-WT) on a graphite 
electrode results in a very fast electron transfer and excellent bioelectrocatalytic properties [1]. In this 
work, we intend to further improve the direct electron transfer rate of TOP-WT by site-directed 
mutagenesis. In particular, we have replaced the remote and surface exposed amino acids leucine Leu157 
and phenylalanine Phe140 by a tryptophan and a tyrosine, respectively.  

We have carried out a detailed characterization of the direct electron transfer of TOP-WT and its 
mutants under non-turnover conditions, by analyzing their voltammetric response as a function of 
solution pH and temperature. After decoupling the electron transfer step from the proton transfer events 
that accompany the Fe(III)/Fe(II) redox conversion, we could observe a significant increase of the 
standard electron transfer rate constant of both mutants as compared to that of the wild type variant. It is 
interesting to note that this increase of electron exchange rate could be traced back to an increase in the 
electronic coupling between the redox center of the mutants and the graphite electrode, while the 
reorganization energy was somewhat larger for the two mutants.  

We have extended also our study to the electrocatalytic reduction of hydrogen peroxide by these 
enzymes in the absence of mediators, though limited to 5ºC and pH 7. Results were derived from the 
variation of the steady-state electrocatalytic currents with substrate concentration and electrode potential. 
Again, higher electron transfer rate constants for the reduction of Compound II were obtained for the two 
mutants. On the other hand, the values of the first order rate constants for the formation Compound I were 
similar in the three enzymes investigated, though the Michaelis constant values were somewhat larger for 
the two mutants, which results in lower values of the second order rate constant for the formation of 
Compound I, in agreement with previous results obtained in solution [2].  
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Self-assembling processes play a crucial role in the development of function in biomacromolecules. 
Recreating this feature on synthetic systems would not only allow understanding and reproducing 
biological functions but also developing new functions that align with our technological needs. This has 
inspired the development of mechanically-interlocked systems and conformationally-ordered synthetic 
oligomers and polymers (known as foldamers). These systems are able to adopt specific conformations 
through non-covalent intramolecular interactions encoded in their structure. We have developed a new 
strategy to pile up acenes and azaacenes by a combination of intramolecular hydrogen bonds and aromatic 
interactions, leading to a new family of mixed-stacks, foldamers and supramolecular polymers. Such 
process allows piling up aromatic moieties in stacks opening up an efficient charge transport channel. 
 

 
 

Figure 1. Charge transport channel of a π-folded molecular junction. 
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The redox state, geometry and chemical conversion of molecular or biomolecular moieties in contact with 
an electrified interface can be tuned by adjusting the applied potential. To improve device design in 
biotechnology, molecular electronics or electrochemical energy conversion applications, detailed 
understanding of reaction-site specific interfacial electron transfer on the structural and physico-chemical 
properties of (bio)molecular adsorbates is required. 
 
In this talk, I will present our recent development of electrochemical tip-enhanced Raman spectroscopy 
(EC-TERS) as a powerful tool to study electrified solid/liquid interfaces with molecular detail.[1-4] A 
combination of EC-STM and Raman spectroscopy, EC-TERS provides the potential-dependent chemical 
fingerprint of interfacial species and electrode surfaces with <10 nm spatial resolution, in combination 
with topographic information on the region of interest. 
 
In a proof-of-concept study, we have investigated the electrochemical behavior of less than 100 small, 
non-resonant adenine molecules at Au(111).[3,4] From the spectral changes observed as a function of 
potential, the conformational and chemical changes of the showcase DNA base, namely the adsorption 
state and geometrical reorientation following molecule (de)protonation were deduced by combining EC-
TERS experimental and theoretical simulation data. 
 
Our results demonstrate the great potential that this unique addition to the electrochemical nanoscopy tool 
box holds to access electron-transfer triggered (bio)molecular chemistry in situ with unprecedented 
spatial and chemical resolution, for example, to unravel redox mechanisms of biophysical processes on 
the few- to single-moiety level for sensing or molecular electronics applications. 
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Electron Transfer (ET) is essential for biological processes such as cell respiration and photosynthesis. It 
takes place between redox proteins, and within large protein complexes where electrons are transferred 
over long distances with outstanding efficiency. Photosystem I (PSI) is a type I reaction center in oxygenic 
photosynthesis that acts as a natural photodiode. It allows electron conduction through the protein complex 
upon light illumination, with efficiency close to unity [1]. The importance of its biological role, together 
with its outstanding properties, makes PSI one of the most investigated ET systems in biology. 
 
Electrochemical Scanning Tunneling Microscopy (ECSTM) is an excellent tool to study ET proteins that 
offers single molecule resolution imaging in aqueous solution, in nearly physiological media while 
maintaining full electrochemical control. Beyond imaging, ECSTM allows performing current-voltage and 
current-distance electrochemical tunneling spectroscopies (ECTS). Using current-distance spectroscopy, 
the distance decay factor β of an ET system can be directly measured by recording the current flowing 
between the electrodes while changing the distance between them [2, 3]. 
 
We have characterized for the first time individual PSI complexes on Au (111) electrodes under 
electrochemically-controlled conditions using ECSTM. PSI was immobilized onto Au surfaces through 
electrostatic interactions with an 8-mercaptooctanoic acid SAM, where it retained its electrochemical 
activity and photocurrent generation ability. We obtained ECSTM images where we can resolve individual 
PSI molecules with an apparent height of ~0.4 nm, in good agreement with previous reports of STM images 
of PSI in air [4]. We also studied ET between PSI bound to a functionalized Au electrode and the conductive 
probe of the ECSTM setup. Using current-distance spectroscopy we measured the distance decay factor β 
for a range of electrochemical potentials, at positive and negative bias. The majority of the obtained β values 
were in the range of 4-6 nm-1, in agreement with previously reported values for other ET proteins [2]. 
However, we have found conditions displaying remarkably low β values (<2 nm-1) that indicate the presence 
of long-range electron transfer (LRET) between protein and probe through the aqueous solution. We will 
discuss the dependence of these currents with the electrochemical conditions and their possible biological 
interpretations in the framework of the photocurrent generation mechanism.  
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1394 
[4] I. Lee, J. W. Lee, R.J. Warmack, D. P. Allison, and E. Greenbaum, Molecular electronics of a single 
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Electron transfer is central to all life processes. Every living cell must get rid of a large number of 
electrons left behind in metabolism when nutrients convert into energy. Aerobic organisms use oxygen to 
dump these electrons. Electron transfer in proteins occurs through either tunneling or hopping a few 
nanometers via inorganic cofactors. However, the common soil bacteria Geobacter sulfurreducens 
transfers electrons over hundreds of micrometers, to insoluble electron acceptors1 or syntrophic partner 
species2. Electron transfer is using hair-like protein filaments called pili1,2 that function as molecular 
nanowires and this allows bacteria to survive in environments that lack membrane-permeable electron 
acceptors such as oxygen. The conductivity of pili exhibits temperature dependence similar to that of 
disordered metallic polymers1,3. However, metallic conductivity is considered improbable in proteins due 
to the lack of periodicity in protein structure, thermal fluctuations, and low conductivity values.  
 
I will present our recent electrical, optical and structural studies to identify the structural, molecular and 
physical mechanism of metallic conductivity in pili. To determine the molecular architecture responsible 
for conductivity, we are using a suite of complementary experimental and computational methods such as 
molecular dynamics, x-ray diffraction, circular dichroism, fluorescence microscopy and infrared 
spectroscopy. Our studies suggest that aromatic amino acids in pili are closely packed from each other        
(< 4 Å), forming pi stacking, that can cause in intermolecular electron delocalization, conferring metallic 
conductivity to pili. Notably, we observe large conformational changes that accelerate electron transfer in 
pili. Furthermore, we show that improved metallic nature in the pili correlates with the improved pi 
stacking. These studies defy the current biochemical assumption that all proteins are electronic insulators 
and need inorganic cofactors for electron transfer. Pili thus represent a new class of electronically 
functional proteins that can transport electrons at rates and distances unprecedented in biology. I will 
discuss the implications of these studies for biological electron transfer as well as for bioelectronics. 
 
[1] Malvankar et al. Nature Nanotechnology, 6, 573-579 (2011) 
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Replacement of silicon–based technologies by specialized molecules may lead to further miniaturization 
of the future electronic devices. In this context the extended and expanded pyridinium derivatives have 
been studied as promising molecular wires for molecular electronics.[1–3] Scanning tunneling 
microscopy break junction technique was used for determination of single molecule conductance values 
in nanoscale junctions of four expanded pyridinium–based molecules 1 to 4 (see structures below) in two 
different solvent environments. Data were analyzed statistically, whereas 1D conductance and 2D 
conductance–distance histograms were constructed. Density functional theory combined with non–
equilibrium Green’s function formalism was used to calculate transmission functions for the most 
probable molecular junction (MJ) geometries of 1 to 4 taking into consideration both solvents explicitly.  

 
The single molecule conductance decreased from molecule 1 to 4 in both solvents. The largest difference 
between the solvent environments was observed for molecule 1, which exhibited log G/G0 = –3.4 ± 0.5 in 
water and log G/G0 = –4.1 ± 0.5 in 15% v/v ethanol/mesitylene solvent. The experimentally–obtained 
molecular junction length was shorter in mesitylene solvent compared to an aqueous environment.  With 
the help of quantum mechanical computations we were able to explain the differences in the single 
molecule conductance values by a different molecular junction evolution in these two solvents. The most 
probable MJ configuration, explaining the experimentally–observed current–distance curves, has been 
proposed for each molecule. An impact of the solvent on the energy offset of the charge transporting 
LUMO orbital was evaluated since the change in LUMO energy is a key parameter that controls the 
charge transport process in MJs of molecules 1 to 4. Understanding the effect of solvent molecules on the 
work function of metallic contacts at electrode–molecule interface as well as the effect of adsorption (van 
der Waals interactions between the electrode and molecule) continues to represent a challenge in 
molecular electronics.[4] 
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From the beginning of this decade, our group has focused on studying Functionalized Metal-Active 
Molecule Interfaces through Self-Assembly methods as platforms for electrocatalytic studies of reactions 
of interest in the field of sensors and energy conversion. Our main focus has been placed on the  structural 
and electronic properties of  molecular wires (bridge) positioned between the electrode surface and a MN4 
Molecular Catalysts (Metal-phthalocyanines; MPc) [1-3]. The self-assembling molecular wires provide 
a highly ordered structures which assemble spontaneously, thereby improving the physicochemical 
properties of the final electrocatalytic interface. The possibility to build up electrodes systems 
by molecular assembly involves also the use of interesting molecular structures, such as macrocyclic 
complexes of transition metals or even carbon nanostructures, which exhibit excellent structural and 
electronics properties to be consider in fundamental electron transfer studies. SAMs provide structurally 
well-defined surfaces with a controllable chemical functionality, allowing an efficient control of the 
effects of double layer, eliminating the mass transport limitations and finely tuning the distance between 
the active redox molecule and surface electrode. Our findings have motivated us to consider single 
molecules approaches, a  Molecular Electronics platforms, to get further insights into such systems 
through relating the electron transfer (ET) at the Metal—Molecule/MPc interface and the electron 
transport (conductance) in Metal—Molecule/MPc—Metal(STM tip) junctions.  Here we will describe our 
recent work on two self-assembled electrode systems as molecular platforms for studying electrocatalysis 
of two specific targets; of L-cysteine electrooxidation (figure bottom left) and the oxygen reduction 
reaction (ORR) ((figure bottom right)). In this vein, we will show how these molecular platforms built on 
gold electrodes activate and amplify the electrocatalytic response on these two important reactions. 
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The symmetrical framework of crystals shapes has attracted our curiosity since the dawn of civilization; 
the ancient Greeks believed in all matter being made up of perfect Platonic bodies and now, over two 
millennia later, the philosophical fascination with polyhedral solids has taken more scientific forms.7 
Beyond the immediate beauty apparent to the eye of the observer, chemists and engineers appreciate the 
deeper scientific value of crystals in the nanometer domain. The properties of a nanocrystal, from its 
chemical reactivity to its ability to either store or conduct charge, are linked to its shape, to the presence 
of edges between crystal faces or steps between atomic terraces. To realize the full potential of a 
conducting or semiconducting nanocrystal in a real-world circuitry setting, and for instance to have 
multiple entities operating at the unison, the particle(s) has to be deposited on a sturdy surface and 
organized at interfaces. This opens up the delicate aspect of contact structure, geometry or alloying 
between the particle and its support. In 2015 Huang and co-workers succeeded in forcing a direct current 
across a Cu2O rhombicuboctahedron particle while holding it between two needle-shaped metal contacts. 
They found the particle can behave as a diode when connections are carefully made to its ‹110› and ‹111› 
faces, but most remarkably the rectifying properties of this single-entity system are almost completely lost 
when the electrical wires “land” instead on its ‹100› and ‹111› faces (Tan, C.-S., Hsu, S.-C., Ke, W.-H., 
Chen, L.-J. & Huang, M. H. Facet-Dependent Electrical Conductivity Properties of Cu2O Crystals. Nano 
Lett. 15, 2155 (2015)). This shows us glimpses of the extent to which the engineering of the electrical 
connections between a nanoparticle and its electrified supports are not innocent factors in a meaningful 
and reproducible charge transport measurement. It also opens-up a new conceptual path towards multiple 
electrical signatures, i.e. a switch in rectification ratios, while using a single active component. Here we 
present the first insights on this contact “landing” factor for single-particle circuitry supported on a 
macroscopic substrate, showing its magnitude and implications. We do this by means of high-resolution 
electrical mapping of rectifiers made by Cu2O nanoparticles deposited on a silicon electrode, namely 
providing quantitative insights on factors such facet-/shape-dependent rectification, role of inter-particle 
spacing on knee voltages and leakage currents, and show that facet-to-substrate obliquity is a powerful, as 
well as overlooked, aspect defining the series resistance of a nanodiode. By first overcoming the hurdle of 
controlling particles shapes and densities without changes to additives, and with no use of organic 
capping agents nor templating, all of which could inevitably introduce electrical “artefacts”, we have 
explored a sub-micrometer electrical view within individual diodes of metal oxide particles arranged in 
large 2D micrometre- to millimeter-scale arrays. 
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Quantum interference effects (QIEs) have become an emerging area in single-molecule charge 

transport investigation, which represents unique quantum effects with an opportunity for fine tuning the 
charge transport properties through molecular building blocks by constructive or destructive quantum 
interference effects. 

During the past seven years, we carried out a series of single-molecule conductance measurements to 
investigate the QIEs in the charge transport through various types of molecular junctions at room 
temperature. Benefiting from the high current sensitivity up to fA level, we observed conjugation 
dependent QIEs using mechanically controllable break junction (MCBJ) technique and found destructive 
QIE in cross-conjugated anthraquinone (AQ)1, which is considered as one of the first experimental 
observations of destructive QIE at single-molecule scale. Then we quantitatively evaluated different 
degrees of interference due to different electron input and output pathways from single benzene ring2 to 
graphene-like polycyclic aromatic hydrocarbon systems with different connection sites3,4. The destructive 
QIEs were also found in the central pyridine ring while the different position of heteroatom in 
hydrocarbon ring, which leads to single-atom gating of quantum interefernce5. Moreover, novel metalla-
aromatic system was also found choosing a preferred conducting pathway due to the existence of cross-
conjugation6. 

Therefore, beyond the detection, the directly manipulation of QIE will be the next crucial step for the 
utilizations of QIE in functional molecular materials and devices. It is found that the QIE could be tuned 
via protonation of the azulene core,7 our studies also suggested that photo illumination and heating also 
provide the access to manipulate the destructive QIE of dihydroazulene molecules. More importantly, the 
distinguishable conductance different from QIE offer the opportunity to detect the reaction kinetics at the 
single-molecule scale.8 

The tuning of destructive QIEs by electrochemical offer a unique chance towards single-molecule 
electrochemical QIE transistor. For redox active molecules, electrochemical gating offered possibility of 
switching anthraquinone between oxidized state with destructive QIE and the reduced one without 
destructive QIE.9 For redox inactive molecules, or more generally when the applied electrode potentials 
varied in non-faradaic region, the molecular conductance obtained from electrochemical gating agrees 
with the molecular transmission function curves. Considering the sharp transmission profile of destructive 
QIEs, it is expected to enables a high gating efficiency upon tuning the electrode potentials without the 
redox reactions. In our recent experiments, we found the conductance of thiophene molecule with 
destructive QIE can be tuned for more than 40 times within the redox inactive potential windows. 
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Photoswitching molecules have been the focus of intense research for decades. These molecules could be 
used for a wide variety of applications including: controllable optical filters, data recording, signal 
transduction in sensing systems, as optoelectronic switches, or as a molecular electronic element such as a 
Read-Only Memory (ROM). Despite the variety of uses of these systems, many photochromic molecules 
have proven to be difficult to switch when placed on a metal surface, limiting their utility for integration 
with electronic systems. In this talk we will discuss electrically-induced electrical switching of 
norbornadience-based photoswitches. Specifically we demonstrate that isomerization between the 
norbornadiene (NB)-state and the quadricyclane (QC)-state, which is normally controlled optically, can 
also be electrically controlled on metal surfaces. We utilize the Single-Molecule Break Junction (SMBJ) 
technique to make contact to and investigate the switching properties of these molecules. Because the 
isomerization process breaks the conjugation pathway within the molecule, it causes a large conductance 
change of a factor of ~10. Interestingly, at room temperature, under high vacuum, the transition between 
the NB- and QC-states occurs at low biases. At a bias of 50 mV, the high conductance NB-state is 
detected, but at 200 mV, the low conductance QC-state is observed. Alternatively, when the single-
molecule conductance measurements are performed in a mesitylene solvent environment, the switching 
does not occur until reaching a bias of ~1.2 V. This change in the switching voltage suggests that the 
solvent serves as a cold bath and that a local heating effect is responsible for the observed switching 
behavior. By systematically controlling the ambient temperatures over a range from 78 K to 300 K we are 
able to demonstrate a clear correlation between the switching bias and the ambient temperature. The 
bias/temperature dependence can be explained by a local heating mechanism which yields a local 
effective temperature of 325 K when the two states have equal probability. By modeling the behavior 
with an Arrhenius-type relation we are able to examine the effects of surface binding on the switching 
energy barrier and determine the kinetics for the switching behavior. This understanding of an electrically 
controlled thermal switching behavior also indicates that the back reaction from the QC-state to the NB-
state is also possible and electrically controllable, albeit at significantly higher biases. By electrically 
controlling the switching behavior in both directions, this molecule represents a new opportunity to 
develop electrically-controlled, single-molecule, memresistive, memory devices. 
 
 

 

 
Figure 1. Overview of Single-Molecule 
Memory Element. a) Schematic of a single-
molecule optoelectronic switch. Using this 
platform we have examined various 
mechanisms that can lead to switching 
between the high-conductance NB-state and 
the low conductance QC-state shown in b). 
The system can be transitioned between 
states by either optical absorption and 
relaxation (processes A and C) or by 
overcoming an activation barrier (processes 
B and D).  
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This subject includes scientific aspects of electric migration, of possibilities of forming double layers, of 
ion-ion interactions, and of change in ionic environments associated with faradaic reactions. The most 
studies extensively reviewed [1] have been paid to the migration effects, especially from a theoretical 
viewpoint [ 2 - 11 ]. The complications of electrode reactions without deliberately adding supporting 
electrolyte can be realized quantitatively through voltammetry at various sized nano-electrodes, partly 
because of negligibly small solution resistance effects and partly because of steady-state voltammograms 
which can be analyzed theoretically without capacitive time-dependent current. According to our 
experiments, this report deals with i) techniques of fabrication of many sized nano-electrodes, ii) 
conditions of keeping low salt concentrations, iii) ionic contribution of forming double layers, iv) 
participation in counter ions for electrode reactions, and v) change in ionic environment by redox 
reactions. These instructions are an example of what a properly prepared meeting abstract should look 
like. Proper column and margin measurements are indicated. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. Plot of (Imax - Imin)/a'V against log(2a) in the solution of 2 mM Ferrocene + (circles) 2 mM BQ 
and (triangles) 2 mM TCNQ in acetonitrile when the potential window ranging from -1.2 to 0.6 V ('V = 
1.8 V). The inset shows voltammograms of 2 mM ferrocene + 2 mM BQ of deaerated acetonitrile without 
adding electrolyte at v = 0.01 V s-1 at microelectrodes with 2a = (a) 0.04, (b) 0.36, (c) 0.52 and (d) 1.70 
Pm. 
                                                           
[1] M. Ciszkowska, Z. Stojek, J. Electroanal. Chem. 466 (1999) 129. 
[2] C. Amatore, M.R. Deakin, R.M. Wightman, J. Electroanal. Chem. 225 (1987) 49. 
[3] C. Amatore, B. Fosset, J. Bartelt, M.R. Deakin, R.M. Wightman, J. Electroanal. Chem. 256 (1988) 

255. 
[4] J.B. Cooper, A.M. Bond, K.B. Oldham, J. Electroanal. Chem. 331 (1992) 877. 
[5] K.B. Oldham, J. Electroanal. Chem. 250 (1988) 1. 
[6] B. D. Pendley, H. D. Abruna, J. D. Norton, W. E. Benson, H. S. White, Anal. Chem. 63 (1991) 2766. 
[7] K.B. Oldham, J. Electroanal. Chem. 337 (1992) 91. 
[8] K. Aoki, J. Electroanal. Chem., 488, (2000) 25. 
[9] J. G. Limon-Petersen, E.J.F. Dickinson, S. R. Belding, N.V. Rees, R.G. Compton, J. Electroanal. 

Chem. 650 (2010) 135. 
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[11] W. Hyk, Z. Stojek, Anal. Chem. 74 (2002) 4805. 
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Covalent modifications on metal substrates plays a significant role in many electrochemical applications. 
Au-C bond, as one of the most important junctions has been proposed from various anchoring groups1–3, 
such as diazonium salts. However, the unequivocal proof of a covalent Au-C bond has still eluded up to 
now. The previously reported assignment of a band at 412 cm-1 obtained from surface-enhanced Raman 
spectroscopy4 as the Au-C bond is excluded from our isotopic shift study. We now provide direct 
evidence for covalent Au-C bonds on the surface of Au nanoparticles using solid state 13C NMR and 
13C labelled phenyl diazonium salts. We assign a 13C NMR shift at 165 ppm to the aromatic carbon linked 
to the gold surface. Moreover, we validate that sterically hindered phenyl diazonium salts only form 
monolayer modification on Au surfaces while the less hindered salts result in multilayer growth. We 
additionally deduce the assignment of a signal at 148 ppm as the C-C bonds involved in multilayer 
formation. Our findings provide the unambiguous evidence for Au-C bond and advances the rational 
design toward robust Au-C junctions. 
 

 
 
(1) Olavarria-Contreras, I. J.; Perrin, M. L.; Chen, Z.; Klyatskaya, S.; Ruben, M.; van der Zant, H. S. J. C-
Au Covalently Bonded Molecular Junctions Using Nonprotected Alkynyl Anchoring Groups. J. Am. 
Chem. Soc. 2016, 138, 8465–8469. 
(2) Hines, T.; Díez-Pérez, I.; Nakamura, H.; Shimazaki, T.; Asai, Y.; Tao, N. Controlling formation of 
single-molecule junctions by electrochemical reduction of diazonium terminal groups. J. Am. Chem. Soc. 
2013, 135, 3319–3322. 
(3) Bejarano, F.; Olavarria-Contreras, I. J.; Droghetti, A.; Rungger, I.; Rudnev, A.; Gutiérrez, D.; Mas-
Torrent, M.; Veciana, J.; van der Zant, H. S. J.; Rovira, C. et al. Robust Organic Radical Molecular 
Junctions Using Acetylene Terminated Groups for C-Au Bond Formation. J. Am. Chem. Soc. 2018, 140, 
1691–1696. 
(4) Laurentius, L.; Stoyanov, S. R.; Gusarov, S.; Kovalenko, A.; Du, R.; Lopinski, G. P.; McDermott, M. 
T. Diazonium-derived aryl films on gold nanoparticles: Evidence for a carbon-gold covalent bond. ACS 
nano. 2011, 5, 4219–4227. 
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Direct electron transfer (DET) process at enzyme-electrode system is indispensable to develop the 
alternative power sources of bioelectronics devices, biosensors, biofuel cells, etc. Efficient electrical 
interaction between enzyme and electrode is important when it comes to DET efficiency of enzyme-
electrode as well as performance of devices. There are many factors determining performance of DET, 
including conductance of electrode material, stability of enzyme immobilization, substrate diffusion 
toward enzyme, distance between enzymatic cofactor, and the presence of external insulating agent from 
outside enzyme. So To datefar, significant progress in immobilization method has been made to achieve 
efficient DET via providing intimate contact between the enzymatic cofactor and electrode surface or 
enlargement of effective surface area of electrode to increase encounter probability of enzymatic active 
site with electrode surface. 

However, that fact that the active site of biocatalysts is buried deep inside the protein matrix and 
biocatalyst have limited area for catalytic reaction, causes enzymes to have poor electrical contact 
between enzyme and electrode surface, thereby limits the efficiency of DET. In addition, enzymatic 
agglomeration caused by protein-protein hydrophobic interactions which occurs by van der Waals 
contacts between amino acid residues of enzymes could insulate DET. During the immobilization of large 
amount of enzymes on the electrode surface, enzymatic cofactor which donates electron toward electrode 
can be hindered by non-conductive exterior of surrounding enzymes and charge transfer resistance during 
ET can increase, reducing electrical efficiency of DET. Thus, it is expected that as the enzyme-electrode 
interface is less occluded, the electrons produced at the enzymatic cofactor will travel to electrode surface 
without insulating barrier.  

As such, in this study, we utilized synthetic glucose dehydrogenase (GDH) which is genetically 
engineered to show orientated immobilization on the electrode, enabling close contact between enzymatic 
active site and electrode surface along with DET capability. With DET capable enzyme, the investigation 
of the influence of neighboring enzymes on DET was performed using spatially tunable electrode. Spatial 
tuning of electrode surface aims to produce different DET condition of enzyme-electrode interface and 
compare the DET efficiency according to controlled DET conditions; less inter-enzyme insulation 
enabling favorable ET. From the electrochemical results, the electron delivery from enzymatic cofactor to 
electrode become favorable as inter-enzyme insulation get decreased and vice versa. Furthermore, it 
implies that the inter-enzyme agglomeration should be importantly considered as decision factor for DET 
condition at enzyme-electrode interface. The findings of this study indicate that integration of 
biochemistry, biotechnology, material science is needed to pursue ideal performance of biocatalyst-
electrode system. 
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In this report, we describe rectification properties of a dual-layered organic device sandwitched with 
Au electrodes. Triphenylamine derivatives are commonly used as hole-transport materials for organic 
electronic devices. In many organic devices, a high overvoltage is required for injecting a hole to the 
organic material even when Au electrode having a large work function is used. For decreasing the large 
overpotential, we employed an Au/triphenylamine derivative (TPA) doped with C60. Then, a 
metal/TPA/C60-doped TPA/metal was prepared and its rectification property was measured.  

The layered device was prepared as follows. The 
layered structure and the chemical formula are shown 
in Fig. 1. An Au layer was vacuum deposited on a glass 
substrate about 20 nm thick. Toluene solutions 
containing 10 wt.% of TPA with C60 (molecular ratios 
were 100:1, 1000:1, 10000:1) were used to form a C60-
doped TPA of 0.3 Pm thick on the Au electrode by a 
spin-coating technique. Then, a 50 wt.% TPA-
tetrahydrofuran solution was recasted on the C60-doped 
TPA layer to make a 2.5 Pm-thick TPA layer. On the 
TPA layer, a counter Au electrode was vacuum-
deposited in the same manner. Thus, the dual-layered 
organic devices were fabricated. 

Current-voltage properties of the devices were 
measured in a vacuum chamber connected to a source 
meter (Keythley 2612A). Figure 2 shows relationships 
between the applied electric field and the current 
density as a function of C60-doped amount. As for the 
without C60-depoed TPA layer, a symmetrical i-E 
characteristic is observed, which points out that the Au 
electrodes are equally contacted to the organic layer. 
The Richardson-Shottkey plot analysis assessed that the 
energy barrier for the hole injection is 0.43 eV. When 
the C60 is doped in the TPA layer, the onset electric 
field shifts toward for getting smaller under the forward 
direction; whereas, it does not change under the reverse 
direction from Fig. 2. According to an increase in the 
amount of doped C60, the onset electric field decreases 
under the forward direction. The hole injection barriers 
are estimated to be 0.39, 0.35, 0.06 eV for TPA:C60 = 
10000:1, 1000:1, 100:1, respectively. Consequently, it 
is known from Fig. 2 that the rectification property is 
realized at the Au/TPA layer/C60-doped TPA layer/Au 
device. 
 

Figure 1  Chemical formula of TPA and 
structure of layered device. 

Figure 2  Relationship between applied 
electric field and current density as a function 
of C60-doped amount. 
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Electrochemical strain microscopy (ESM) is a mode of scanning probe microscopy (SPM) for studying 
the ionic mobility in materials of ionic conductors applicable in a production of Li-ion accumulators. The 
realization of the method is based on Vegard displacement of the surface under the action of charge 
carrier’s concentration gradient stimulating by the biased SPM tip. The principal advantage of ESM is a 
simple realization allowing inspection of local ion concentration and diffusion coefficients in different 
experimental configurations: cathode and anode materials separately and interacting in electrolyte media, 
in situ local investigation of the battery lithiation and delithiation. 
 

 
Figure 1: Electrochemical strain microscopy of inactive LiMn2O4 particle from battery cathode: 

(a) topography, (b) local diffusion coefficient, (b) ion concentration. 
 

In this work, we present a novel quantitative approach for the probing of local diffusion coefficients and 
ion concentration based on frequency dependences of the electromechanical signal in ionic conductors. 
We provide the theoretical basis considering the dynamic behavior of ion migration and relaxation and 
change of ion concentration profiles under the action of the electric field of the SPM tip. The developed 
“dynamical” approach is artifact-free meaning that we can neglect the most significant contributions to 
the electromechanical signal coming from the charge injection and the electric field induced phase 
transition [1], since we do not use DC voltage for the probe excitation [2]. The analysis of ESM images 
by the proposed approach allows not only simple visualization but also a quantitative mapping of the 
ionic diffusion coefficients and the concentration in ionic conductors (Figure 1). The results are validated 
on Li-battery cathodes (LiMn2O4) of commercial Li-batteries (Robert Bosch GmbH.) and discussed in 
terms of degradation of electrode material under intercalation/deintercalation during exploiting [2]. 
Proposed method provide novel possibilities for their development and further insight into the 
mechanisms of capacity fade induced by long-term cycling of the electrode material. 
 
The work was financially supported by the Portuguese Foundation for Science and Technology (FCT) 
within the project PTDC/CTM-ENE/6341/2014. This work was developed within the scope of the project 
CICECO-Aveiro Institute of Materials, POCI-01-0145-FEDER-007679 (FCT Ref. UID/CTM/ 
50011/2013), financed by national funds through the FCT/MEC and when appropriate co-financed by 
FEDER under the PT2020. 
The electrochemical strain microscopy measurements were done in Ural Federal University (UrFU). This 
part of research was made possible by Russian Science Foundation (Grant 17- 72-10144). The equipment 
of the Ural Center for Shared Use “Modern nanotechnology” UrFU was used. 
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Continuing trend of miniaturization of the electronic devices forces the developers to design the 
electronic components based on new technologies. One of the possibilities how to replace the silicon-
based devices is using of molecular electronics, where the specialized molecules accomplish various 
tasks. [1] Extended and expanded pyridinium derivatives rank to promising group of compounds 
applicable to molecular electronics due to the attractive combination of relatively high single molecule 
conductance and unique electrochemical behaviour. [2-3] Four expanded pyridinium derivatives were 
designed and synthesized: 9-(pyridin-4-yl)benzo[c]benzo[1,2]quinolizino[3,4,5,6-ija][1,6]naphthyridin-
15-ium tetrafluoroborate (molecule 1), 2´,6´-diphenyl-[4,1´:4´,4´´-terpyridin]-1´-ium tetrafluoroborate (2) 
, 3,5-dimethyl-2´,6´-diphenyl-[4,1´:4´,4´´-terpyridin]-1´-ium tetrafluoroborate (3) and 2,6-diphenyl-4-(4-
(pyridin-4-yl)phenyl)-[1,4´-bipyridin]-1-ium tetrafluoroborate (4). All of these compounds contain one 
expanded pyridinium centre and two terminal pyridine-based anchoring groups specially situated for the 
highest possibility of the electrode-molecule-electrode junction formation, which is crucial for the single 
molecule conductance measurements.  
 
The electrochemical reduction of the compounds was studied by various methods in aqueous as well as in 
non-aqueous environment. The behaviour of the compounds in water is strongly influenced by the 
adsorption of the molecules to the electrode surface. In non-aqueous solutions the adsorption process is 
suppressed and the reduction mechanism is determined by the capability of the structural changes of the 
molecules after receipt of the first electron. If the structural change is prohibited, the second electron is 
received stepwise (molecules 1 an 3) . On the other hand, if the structural change is allowed, the second 
electron is received immediately and only one reduction signal corresponding to two electron transfer is 
observed (compounds 2 and 4). The electron transfer rate constants were obtained for all of the 
molecules. 
 
Single molecule conductance of the compounds 1-4 was measured by scanning tunneling microscopy 
break junction (STM BJ) technique in mixture of 1,3,5-trimethylbenzene and ethanol. The highest single 
molecule conductance was obtained for the most conjugated molecule from the series, compound 1 (log 
(G/G0) = -4.1), the lowest value was obtained for the longest molecule 4 (log (G/G0) = -5.2).  
 
The correlation of the experimentally obtained electron transfer rate constants and the single molecule 
conductance shows linear dependence for molecules 1, 2 and 4. Electron transfer rate constant for 
compound 3 has higher value than would be expected based on this correlation. 
 
This research has been supported by the Czech Science Foundation (16-07460Y, 18-04682S) and Czech 
Academy of Sciences (MTA-16-02). 
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Electronic devices based on molecular functional components are viewed as a viable alternative to 
currently used silicon-based semiconductor technologies. The fabrication of electric circuits involving 
individual molecules relies on the formation of a well-defined and reproducible contact between the 
molecular electronic element (conductors, switches, rectifiers etc.) and metallic electrodes. Pyridine 
moiety is considered as one of the best anchoring groups to provide firm covalent coupling between gold 
electrodes and molecular assemblies [1]. In this work we employ experimental mechanically controllable 
break junction (MCBJ) technique and density functional theory combined with non-equilibrium Green´s 
function (DFT/NEGF) computational approach to investigate charge transport properties (electric 
conductance) of single molecule junctions containing pyridyl terminated molecular conductor based on 
branched extended viologen structural unit [2] (molecule 1, inset in the left panel).    

MCBJ technique is based on a repetitive formation and breaking of single molecule junctions between 
two gold electrodes. Electric current recorded in the course of the junction evolution is converted to 
conductance G by means of Ohm´s law. Conductance histogram constructed from all obtained single 
molecule junctions shows a distinct maximum at log(G/G0) = -7.3 ± 0.5 (left panel) further considered as 
the single molecule conductance value. Comparison with results of DFT/NEGF calculations clearly 
indicates that the electric charge is transported via the principal backbone of the molecule with both 
pyridyl anchoring groups being involved in the covalent attachment to the electrodes (left panel, inset). 
We further employ cyclic voltammetry to demonstrate that the molecule of 1 reversibly transfers 
altogether four electrons in two two-electron steps (right panel). Three stable redox forms (12+, 10 and 12-) 
are thus accessible by applying the electrode potential, allowing the investigated molecule to serve not 
only as a molecular conductor, but potentially also as an electrochemically addressable molecular switch.  
 
Financial support by the Czech Science Foundation (16-07460Y, 18-04682S) and  the Czech Academy of 
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Electrochemiluminescence (ECL) is luminescence phenomenon induced by electrochemical reactions in 

which species generated at electrodes undergo reactions to light-emitting excited states. The ECL system 
based on Ru(bpy)3

2+ as emitter and tripropylamine (TPrA) as coreactant using platinum electrodes and 
photomultipliers, has been utilized for commercial applications in highly-sensitive clinical analyses. Since 
the analyzers are large equipment, portable ECL-based analytical device are desirable for point of care 
(POC). Graphene is attractive material for ECL applications due to high conductivity, transparency and 
chemical stability. Furthermore, graphene consisting of carbon atoms, allows ease of surface modification 
and usage as disposable electrodes. These characteristics promise that graphene is useful as electrode 
material for portable ECL-based devices. However, there are only a few reports about ECL using 
graphene as electrode materials so far.[1, 2]  In this study, ECL based on the Ru(bpy)3

2+/TPrA system is 
demonstrated using monolayer graphene electrodes and also indium tin oxide (ITO) electrode for 
comparison. Furthermore, ECL measurements using a CMOS image sensor were also demonstrated 
towards realization of portable and highly-sensitive ECL bioanalytical devices.  

Monolayer graphene films were grown by chemical vapor deposition (CVD) method on copper foils and 
transferred onto quartz substrates by using poly (methyl methacrylate) (PMMA) (Fig.1a). A gold film was 
formed on graphene for electrical contact. The ECL measurement cells as shown in Fig. 1(b), were 
utilized. The photomultiplier (PMT) or the custom-made CMOS chip was placed under the quartz 
substrate. Visible, orange light was observed using graphene electrode during measurements (Fig. 1(c)). It 
can be also detected by CMOS image sensors. Figure 2 shows cyclic voltammograms (upper figure) in 
0.2 M phosphate buffer solution (PBS) containing 0.1 M TPrA and 1 mM [Ru(bpy)3]Cl2 at graphene and 
ITO electrodes and their simultaneously measured ECL intensity-potential curves using PMT as 
photodetector (lower figure). Graphene electrodes showed higher current and lower potential for the 
electrochemical reactions, compared to ITO electrodes. This difference in CVs between both electrodes is 
derived from their reactivity to TPrA. Consequently, higher ECL intensity was observed by using 
graphene electrodes. It suggests that graphene is promissing electrode material for ECL applications.  

    
 [1] N. L. Ritzert et al., Faraday Discussions, 172 (2014) 27.   [2] T. C. Cristarella et al., Langmuir, 31 (2015) 3999. 

 

 
Figure 2. Cyclic voltammograms (upper) and 
their ECL intensity (lower) in 0.2 M PBS 
containing 1 mM [Ru(bpy)3]Cl2 and 0.1 M 
TPrA using graphene and ITO electrodes. 

 

 
Figure 1. (a) Scheme of the fabriation process of 
graphene electrode. (b) schematic illustration of 
ECL measurement cell. (c) Bottom views of the 
ECL cell (upper) and ECL at graphene (lower). 
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The investigation of charge transport through single-molecule junction provide fundamental information 
for the design of materials for next-generation electronics devices. Recently, all-organic radical species 
have raised broad interests as the unpaired electron can lead to novel quantum phenomena for tuning the 
electronic properties.1 Due to the advantages of synthetic easiness and room-temperature stability, 
heterocyclic compound such as phenothiazine (PTZ) system offers good candidate for radical studies, 
which can easily undergo one-electron oxidation on the nitrogen atom to form a radical cation (PTZ+·), 
and furtherly oxidize into a dication (PTZ2+).2 
Recent study using mechanically controllable break junction (MCBJ) technique3 demonstrated that, as the 
butterfly structure of the PTZ derivative became more planar in the radical cation form, the electron 
density delocalized over the whole PTZ+· molecule including the central ring, the HOMO-LUMO gap 
will be significantly decrease with a red-shift in its UV/Vis spectra, therefore lead to a 200-time 
conductance enhancement.4 Besides, the radical can be stable for at least two months with marvelous pink 
colour. However, this study used trifluoroacetic acid (TFA) to trigger the radical state, which hindered the 
controllable and recyclable oxidation and reduction. 
Using micro & nano-fabrication methods, we make gold suspended nano-bridge onto flexible chip to 
fulfill nano-fabricated MCBJ method. With the integration of micro-counter electrode, the 
electrochemical gating can be realized. Therefore, the single-molecule charge transport of multiple 
oxidation states of PTZ derivatives can be investigated thoroughly. Furthermore, as the charge transport 
studies show high potential to investigate kinetics of chemical reaction in single-molecule scale,5 the 
kinetic information of this electrochemical reaction can be obtained and summarized. 
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Molecular Electronics is a new field of research based on the use of unimolecular systems as rectifiers,  
idea proposed by Aviram and Ratner in 1974.[1] The studies in unimolecular systems focus on the 
processes and mechanisms of electron transport through molecules, which are in a metal-molecule 
interface and also, these molecules can be in contact with two electrodes adopting a metal-molecule-metal 
configuration.[2] The properties of electronic transport in these systems is influenced by intrinsic 
characteristics of the molecules to be used, such as their length, conformation, in addition to the groups 
with which the molecule will bind to the metal.[3] Molecular electronics coupled with electrocatalysis is 
of great relevance as a study strategy to develop descriptors of catalytic activity and better scenario for 
electronic transfer studies. 
Based on the aforementioned and in order to design systems to be used as future electrocatalytic platform, 
the modification of a conductive surface with azo-derivatives was carried out by means of two routes; 
covalent and non-covalent, with the objective of studying the efficiency of the anchor group on charge 
transfer through molecular assembly. For which, compound 4-PDPA was synthesized by means of an azo 
coupling, leaving a terminal amino group in the molecule; and in a second step 4-PDPA is used to obtain 
the respective diazonium salt 4-PDPD. The derivatives were characterized in solution by conventional 
spectroscopic techniques such as FT-IR, NMR and UV-Vis; in addition, of electrochemical studies. 
Subsequently, anchoring of the synthesized molecules 4-PDPA (non-covalent) and 4-PDPD (covalent) on 
a gold surface will be performed. 
 
 
 

 
 
Figure 1. a) Azo-aryl derivatives 4-PDPA and 4-PDPD. b) Molecules assembled on a gold surface; non- 
covalently (left) and covalently (right). 
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Nowadays the method for the selective modification and functionalization the electroactive surface 
through organic (or inorganic) molecules upon metallic surface based on interface they are crucial for the 
study and control of the transport charge phenomenon.  
A versatile method for derivatizing surface is the reduction of aryl diazonium salts which can be applied 
to a variety conductive or semi conductive materials [1]. The high efficiency of this process it is attributed 
to the great reactivity aryl radical, this reactivity it is paradoxically the source of the principal 
inconvenient of the method, the formation of multilayers.  
Recently, has been controlled the massive diazotization of the surface through use of molecules with the 
capacity of catch radicals, as the 2,2-diphenyl-1-picrylhydrazyl (DPPH) [2], this methodology is based on 
the kinetics competition presenting the involved processes. This work they modified electrodes through of 
the reduction with diazonium salts regulating the formation of multilayer using different concentration of 
the DPPH. 
Later were funcionalization with Fe(II)Phthalocyanine for study the catalytic response to oxygen 
reduction reaction with the thickness of the film formed in the Surface. 
 
 
 
 

 
 

Fig.1 a) Cyclic voltammetry in CH3CN with 0.1 M TBAP 1 mM nitrophenyl diazonium. Without and 
increasing the concentrations of DPPH. b) Polarization curves for the reduction of oxygen in 0.1 M 

NaOH for the different modified systems. 
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The interface formed between two immiscible electrolytes solutions (ITIES) is a defect-free (down to the 
molecular level), self-healing, renewable and conductive substrate for the preferential and controlled 
formation of molecular assemblies and nano-objects.1 Similar to solid electrodes, modifier layer(s) can be 
formed and characterized by charge transfer processes across the interfaces. The potential drop across the 
interface can be controlled externally by using a potentiostat or chemically by dissolving a common salt 
in both phases. The polarization can be used to drive charged semiconductor nanoparticles to the 
interface. Polarization could also effectively drive the photo-induced charge transfer reaction by e- or h+ 
to control evolution of H2 with molecular photosensitizer2 and O2 semiconductor nanomaterials assembled 
at the ITIES.3 The jump in hydrophobicity at the soft interface supports the spatial separation of charge 
carriers on either side which partially restricts the recombination processes. Mechanistic studies of charge 
transfer in photoactivity of semiconductors at polarized ITIES are crucial for evaluation of such interfaces 
for fluidic systems with the ultimate goal of linking such interfaces to a z-scheme for water splitting. 

 
 

We probe the photo-induced electron transfer reaction at polarized soft interface by integrating it into 
scanning electrochemical microscope (SECM) as a tool to analyse the kinetics of the interfacial reaction 
at the nanostructured BiVO4|butyronitrile interphase under chemically controllable Galvani potential 
difference tuned by variation of ClO4

- concentration ration between the two liquid phases.4 This reaction 
occurs between electron in conduction band of BiVO4 and [Co(bpy)3]3+ in the organic electrolyte. SECM 
feedback approach curves are recorded based on the regeneration of the oxidized form of initial 
[Co(bpy)3]2+ by using the microelectrode (ME) in organic phase as probe. The current is enhanced under 
illumination with visible light (Scheme A). Furthermore, using substrate generation-tip/collection mode 
of SECM, O2 is probed as a main product of the photogenerated hole transfer in the aqueous phase under 
variable interfacial polarization (Scheme B).  

We also present a novel application of surface interrogation (SI) mode of SECM for in situ evaluate 
the surface of BiVO4 in photo-assisted water oxidation reaction (WOR). A micropipette filled with 
aqueous solution of dispersed nanostructured BiVO4, as a well-defined photosensitized substrate, is 
immersed into an immiscible organic solution containing perchlorate as common anion to generate the 
hydroxyl radicals (OH•) as intermediates of WOR under chemically controlled polarization (Scheme C). 
By the help of a ME as probe, surface concentrations of intermediates (Γ) and kinetics of their decay by 
bimolecular reactions (k) are analysed by recording the ME chronoamperograms transients enhanced by 
intermittent illumination of the substrate.  
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DNA-based technology has attracted attention in the last decade mainly because of the new field of 
the nanomachines based on DNA structure. DNAs are versatile and effective structures, which allow the 
development of machines that can deliver a specific function in a determined area or field1,2. Aiming at a 
range of applications from selective catalysts to biosensors, understanding the processes that take place on 
surface/interface of an electrocatalyst and determining its electrocatalytic activity at different regions are 
very important. Scanning Electrochemical Microscopy (SECM) provides direct analysis of heterogeneous 
systems and yields a local modification of substrates due to electrochemical reactions. Here we present an 
electrochemical approach for gold bulk and gold microelectrodes modified with film DNA-Gold or DNA-
Silver nanoparticles superlattices using electrochemical impedance spectroscopy (EIS), cyclic 
voltammetry (CV) and SECM approach curves.  EIS results have shown that the conduction is dependent 
on the organization and thickness of the nanoparticle film2. For the bulk electrodes the behavior indicates 
that the optimized condition is at 10th layer of DNA-Ag, where the macroelectrode behaves as a 
microelectrode. These results are proved by CV, where there is no evidence of iR drop during the scan 
and looking at the obtained resistance for bare gold and for the modified gold electrodes they are pretty 
much the same, having a better conduction when the nanoparticles are aligned at layer 10. For the 50 µm 
microelectrode the results agreed for those obtained for the bulk electrode, however the best condition 
was reached for the 8th layer where the electrode behaves as a bare gold microelectrode. These results are 
proved by CV and EIS. SECM results have also shown that the kinetic constants are almost the same or 
even a little bit better for the modified electrode compared to the electrode without the modification with 
DNA-Ag film, which indicate that the organization of the film improves the electron transfer (Figure 1). 
Another point is that the modified electrode presents different results depending on the substrate, e. g. for 
the Si substrate, the modified electrode is considerably better than the bare Au microelectrode, however 
when both the microelectrode and the substrate are modified the curves are the same until certain distance 
where the thickness of the film start to affect the measurement. The results show the formation of an 
electroactive hybrid material with well-organized structure, which improves the electron transfer of the 
system compared to the bare Au electrode. Thus, we present a path to improve the future of the 
development of electrical nanomachines based on DNA nanostructure. 
 

 
Figure 1. Approach curves for 50 µm microelectrode with and without DNA-Ag modification towards 
different substrates (A – Au substrate; B – Si/SiO2 substrate; C – Bulk electrode modified with DNA-
Ag). 
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 Nowadays detection of decreased levels of neurotransmitters is considered as a key indicator for 
introducing medical treatment for patients. Moreover, discriminating between different neurotransmitters 
secreted by nerve cells can lead to better understanding of the nervous impulse transmission.   

Recently hydrodynamic electrochemical methods such as microfluidics and rotating disc electrode 
(RDE) were widely used for obtaining the surface and solution information in electrochemical systems and 
to lower the detection limit of analytes. Despite a long list of advantages of commonly used systems, one 
can distinguish some limiting aspects. Limitations of a big sample volume and relatively long time response 
can be avoided by using a rotating droplet (RD) method based on the principle of RDE, however in this 
case the small volume sticks to the non-moving surface and is rotated by a spinning rod1,2.  

To overcome the problem of detection of low concentrations of several neurotransmitters in the 
presence of interferents in physiological concentration in body fluids we propose usage of different types 
of electrode surface modifications in combination with hydrodynamic methods. The modifications are 
based on application of electro-catalytic nanoobjects trapped on the electrode surface with of the silica 
matrixes3. 

Here we present the successful usage of the RD method for determination the several 
neurotransmitters in the presence of interferents on electrodes modified with nanoparticles.  

 
Fig. 1 Determination of serotonin (5-HT) and dopamine (DA) in presence of uric and ascorbic acids (UA 
and AA). Square wave voltammograms of increasing concentration of DA, 5-HT in presence of 0.5 mM 

UA and AA in  phosphate buffer pH 7.4  
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Electron transfer is fundamental to life, occurring in proteins/peptides over surprisingly long molecular 
distances (100 Å).1 A fundamental understanding of electron transfer in peptides is not only central to the 
elucidation of essential biological processes (such as respiration and photosynthesis) in living organisms, 
but also paramount to the design and development of functional bio-inspired molecular electronic 
devices. It was observed that tryptophan can promote faster electron transport than phenylalanine and 
tyrosine in peptide nanowires.2 However, the exact role of tryptophan for this requires significant further 
investigation. Here, we present electrochemical results, in support of theoretical evidence, to unveil the 
mechanism of electron transfer in tryptophan-containing peptides.  
 

    

    
Scheme 1. Molecular structures of β-strand peptides (1-8). 

 
Electrochemical measurements were 
conducted on a series of tripeptides 
(1-4, see Scheme 1) constrained with 
a side chain tether introduced by ring 
closing metathesis, with variable 
amino acids (i.e. either leucine, 
phenylalanine, tyrosine or tryptophan) 
at the second position. These peptides, 
and respective linear counterparts (5-
8, see Scheme 1), have a similar β-
strand backbone conformation, 

differing only in the presence (or absence) of the constraint and the associated effect that this has on 
backbone rigidity. The electrochemical data reveals that peptides 1 and 5 (see Figure 1a) exhibit 
considerably different formal potentials and electron transfer rate constants. However, the peptides 4 and 
8 (see Figure 1b) exhibit remarkably similar electrochemical properties (formal potentials and electron 
transfer rate constants), regardless of the presence (or absence) of the constraint. Theoretical calculations 
indicate electron transfer in peptides 1 and 4 undergoes a tunneling pathway, whereas an alternative 
hopping pathway operates in peptides 5 and 8 by using the tryptophan residue as a ‘stepping stone’.  
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Figure 1. Typical cyclic voltammograms for β-strand peptides 
immobilized on SWCNTs/Au electrodes taken at 5 V s-1. 
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Scanning electrochemical probe techniques, such as the 
scanning electrochemical microscope or scanning 
electrochemical cell microscope are popular tools used 
for both electrochemical imaging as well as substrate 
modification. Major developments in the fields of 
catalysis, energy and sensing have been possible thanks 
to these powerful techniques. However, scanning 
electrochemical techniques present the intrinsic 
characteristics, and to a degree a limitation, of a scanning 
probe method. They are “sequential” methods, i.e. only 

one discrete area can be addressed at a certain time, with the moving tip possibly generating convective forces in 
the electrolyte. Furthermore, the investigating ultramicroelectrode “probe” is approaching the electrode from the 
electrolyte side, hence for instance we can only investigate charge transfer kinetics at an electrified surface 
indirectly from the electrolyte “point of view”. This is because scanning electrochemical techniques have a critical 
requisite of a one-electrode/one-wire, i.e. it is only possible to turn-on the entire conductive interface and then 
raster the probe to a specific site.  One could envision a simplification of these rather sophisticated electrochemical 
imaging techniques by shifting the tenet of one-electrode/one-wire toward one-wire/many-electrodes, doing so by 
turning an insulator into a transient conductor only at one specific site that is defined by the experimentalist.  We 
developed an optical/electrochemical instrument to perform localized electrochemical reactions by using the 
intrinsic semiconducting property to generate and separate charge carriers when illuminated.1-3 Spatially confining 
the electrochemical reaction on the surface is then a matter of controlling the illuminated areas. The experimental 
set-up is based on a spatial light modulator that defines the illumination pattern (Fig. 1a).4 We demonstrate the 
versatility of this “light addressable” principle by assembling patterns of nanoparticles (Fig. 1b) with adjustable 
morphology and interparticle spacing over space. This allows to study the nanoparticle properties systematically 
ruling out possible flaws coming from different substrate preparation. We are currently studying the interplay 
between the spatial arrangement and crystallographic 
orientation of large nanoparticles arrays to tune the 
electrical rectification of single nanojunctions (Fig. 2). 
These new insights bring out an often overlooked 
practical consideration, that is, interfacing a nanoscale 
crystal with a macroscopic substrate is not an innocent 
factor of an electrical measurement or of device 
construction. We are reporting these findings in the 
context of measuring electrocatalytic activity 
distribution in 2D hence demonstrating the spatial light 
modulator device as a powerful electrochemical imaging 
tool. 
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Au(111) electrodes are ideal for fundamental studies in electrocatalysis, since surface structure and 
stability are well-understood. This is especially the case for simple reactions, such as the electrooxidation 
of small organic molecules. The understanding of the reaction mechanism of HCOOH electrooxidation is 
facilitated by the selectivity for the so-called direct path, i. e. without formation of adsorbed CO. 
 
We studied the oxidation of formic acid on Au(111) as a function of concentration and pH to obtain a 
better understanding of the reaction mechanism [1,2]. It is apparent that the reaction rate is slowed down 
by site-blocking species, such as phosphate or thiophenol (PhS). However, chemisorbed molecules with 
particular functional groups (e. g. 4-mercaptopyridine, PyS) are found to speed up the oxidation of formic 
acid on Au(111). This is a new example of electrocatalysis in the presence of an adsorbed molecular 
architecture. In addition, the electrode potential has a tremendous effect on the orientation of 4-
mercaptopyridine molecules, as was previously demonstrated for Ag surfaces, too [3]. The presence of 
the PyS self-assembled monolayer (SAM) decreases the coverage of strongly adsorbing and site-blocking 
formate and thus leads to an electrocatalytic enhancement.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Current-potential curves for the electrooxidation of formic acid on Au(111) in 0.1 M HClO4 + 
0.1 M HCOOH with and without modification by 4-mercaptopyridine (PyS) and thiophenol (PhS) 
adlayers. Scan rate: 10 mV s–1.  
 
References 
[1] L.A. Kibler, M. Al-Shakran, J. Phys. Chem. C 120 (2016) 16238. 
[2] A. Abdelrahman, J.M. Hermann, L.A. Kibler, Electrocatal. 8 (2017) 509. 
[3] Y. Chao, Q. Zhou, Y. Li, Y. Yan, Y. Wu, J. Zheng, J. Phys. Chem. C 111 (2007) 16990. 
 
 

-0.4 -0.2 0.0 0.2 0.4 0.6

0

500

1000

1500

2000

2500

Au(111)

Au(111)/PhS

0.1 M HCOOH
0.1 M HClO4

10 mV s-1

j /
 µ

A 
cm

-2

E vs. MSE / V

Au(111)/PyS



The role of interfaces(interphases) in Li-ion batteries: theoretical 
considerations 

 
Ezequiel Leiva1,2, Agustín Alvarez3,4, Germán Lener1,2, Guillermina Luque1,2, Laura Para3,4, Patricio 

Vélez1,2, Alexis Paz1,2, Maximiliano Gavilán5, Oscar Oviedo1,2, Oscar Pinto5, Beatriz López de Mishima5, 
Fabiana Oliva1,2, Osvaldo Cámara1,2, Daniel Barraco3,4 

1Facultad de Ciencias Quíımicas - Universidad Nacional de Córdoba- Argentina 
2 Instituto de Investigaciones en Fısico-Química de Córdoba, CONICET-UNC-Argentina 

3Facultad de Matemática Astronomía y Física - Universidad Nacional de Córdoba-Argentina 
4Instituto de Física Enrique Gaviola ,CONICET-UNC-Argentina 

5Instituto de Bionanotecnologıía del NOA (INBIONATEC-CONICET), Universidad 
Nacional de Santiago de Estero-Argentina 

 
eze_leiva@yahoo.com.ar 

 
Lithium-ion batteries have allowed to design lightweight accumulators, of small size and varied shapes, 
with high performance and reliability, specially adapted to the applications of the consumer electronics 
industry. At first sight, it could appear that the most important properties to consider by these energy 
accumulation systems are the bulky ones, since Li-ion is stored in many cases in massive materials. 
However, this phenomenon involves always the transfer of ions and electrons across interphases, so that 
in many cases kinetic issues are critical to achieve an efficient energy storage. 
In the present talk we address, by means of computer simulations, a few Li-ion storage materials in which 
accounting for interphases and kinetic behavior is essential to understand and tune the performance of 
these materials.    
The figure below illustrates different systems containing Li-ions where interphase effects are important:  
core-shell formation in anodic materials (a), the occurrence of phase boundaries in graphite (b) and the 
adsorption of polysulfides on a doped graphite surface. 
 
 
 

  
(a)                                     (b)                                                                        (c) 
 
Figure: Illustration of Li-ion storage systems where surfaces play a role: (a) formation of a core-shell 
structure simulated by kinetic Monte Carlo (KMC). Blue: Li+ diffusing ions, yellow: deposited Li+ ions, 
white: metallic contact; (b) occurrence of a phase boundary for Li+ insertion in graphite, as simulated by 
KMC. Green spheres denote Li+ ions; (c) Adsorption of a L2S6 polysulfide on a graphene surface doped 
with a B atom.    
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Formic acid (HCOOH) electrooxidation on Pt electrodes has been studied mostly in strong acids due to 
the relevance to direct formic acid fuel cells using Pt catalysts and cation-exchange solid electrolyte 
membranes. However, several studies have shown that formate ion (HCOO-) is more reactive than 
HCOOH. We examined the reaction over a wide range of solution pH by using phosphate buffer solutions 
and observed that oxidation rate becomes maximal at pH near pKa of HCOOH (=3.75) [1]. In contrast, 
Behm and coworkers [2] observed that oxidation rate plateaus at pH = 4-10 by using un-buffed solutions, 
and claimed that the volcano-shaped pH dependence observed by us is a result of influence of the specific 
adsorption of phosphate anions. Is the true pH dependence of formic acid oxidation the volcano-shaped or 
the plateau-shaped?  This work aims at solving this problem by by kinetic modeling and simulation. 
 
Very recently, theoretical study by Schwarz et al. [3] revealed that format ion directing its H atom toward 
Pt surface is easily decomposed to CO2 and H+ as 
  HCOO- + * → CO2 + Hads + e- (rds) (1) 

Hads → H+ + e-    (2) 
where  step (1) is rate determining. The oxidation current density is given by  
 j = 2F[HCOO−]k1{exp(-F/RT)}(1−ox) 
(see Ref. [1] for detail). A simulation using plausible parameters exhibits a volcano-shaped profile 
peeking at pH ~ pKa as shown in Figure 1a, while Figure 1b show a simulation taking into account HPO4

− 

adsorption (→ PO4,ads) [4]. Adsorption of bridge-bonded formate (HCOOH + * → HCOOads + H+ + e-) 
was also included in the simulation. As clearly seen, adsorption of HPO4

− and bridge-bonded formate 
suppresses HCOO- oxidation, but the volcano-shape is maintained. Since HCOOH/HCOO- oxidation 
releases H+ to increase pH of unbuffered solution (at least at the interface), we believe that the volcano-
shaped pH-dependence is intrinsic for  HCOOH/HCOO- oxidation.  
 

 
Figure 1. Simulated current density of HCOOH/HCOO- oxidation (jp) in anion-free (a) and 0.1 M 
phosphate buffere solutions (b) plotted as a function of solution pH. Coverages of adsorbed bridge-
bonded formate (BF) and phosphate anion (phos) are also shown in b. 
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The unique properties of conducting polymers have been explored for a variety of applications 
and these materials have been well succeeded in many fields.  Poly(3,4-ethylenedioxythiophene) doped 
with poly(styrene-4-sulfonate) (PEDOT:PSS) exhibits pseudo-cationic doping character, making it an 
attractive choice for electrodes in Alkali metal-ion batteries. Besides the stability, the nature and easiness 
of mass transfer, particularly that of the cation, during the charge/discharge processes of the polymer, is 
then a crucial parameter for the performance of such devices. 

The electrochemical techniques can provide effective thermodynamic and kinetic information on 
electroactive systems but sometimes fail to resolve the modifications of the material under study 
(structural, chemical,...) imparted by the electron and mass transfer processes. The coupling of those 
electrochemical methods to techniques highly sensitive to changes in the electrode surface caused by 
charge transfer events, push to a higher level the nature and amount of information that can be retrieved 
from a given system.  

In this work PEDOT:PSS films were potentiostatically and potentiodynamically synthesized 
onto platinum electrodes from aqueous solutions containing the monomer and PSS. The mass transfer 
phenomena taking place during the redox conversion of the modified electrodes in organic media 
containing LiClO4 or NaClO4, were investigated by coupling electrochemical methods with 
microgravimetry (EQCM) and Probe Beam Deflection (PBD). These techniques are well suited for 
measuring the mass fluxes taking place during the redox conversion of thin polymer films, since they 
undergo transfer phenomena of counter ions to preserve the electroneutrality (probed by EQCM and 
PBD), and solvent molecules that are associated to the mechanical changes of the polymeric matrices 
during the electrochemical transformations (only gauged by EQCM). By cooperatively using the data 
collected by PBD and EQCM allows distinguishing the solvent mass fluxes from that of the ions, that 
were resolved individually by using the mathematical tool of temporal convolution of PBD data. The 
gathered results revealed a quite fast non-ideal pseudo-cationic doping being the perchlorate anion 
participation in the conversion process lower than 40% of the overall ionic transfer. Long runs of 
charging/discharging conversions of the PEDOT:PSS demonstrated the high stability of electric and mass 
transfer responses of the modified electrodes. 
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Understanding chemical and electrochemical properties of interphases in lithium and sodium batteries is 
vital for improving battery performance. Many of the fading mechanisms described for Li-ion batteries are 
emanating from side-reactions taking place at interfaces. Most studies have been performed on the Solid 
Electrolyte Interphase (SEI) on negative electrodes (especially graphite) due to the fact that electrolytes are 
typically unstable at low potential vs. Li+/Li (or Na+/Na). The Cathode Electrolyte Interface (CEI) reactions 
have also attracted attention. The reason for this is to understand and thus to be able to prevent corrosion 
reactions by protecting the surface of the cathode particles, for example with different coatings. The most 
detrimental reaction on the cathode is the leakage of metal ions into the electrolyte, resulting in migration 
of the ions through the electrolyte to deposit on the negative electrode surface within the SEI: this is 
negatively influencing the battery performance. 
 
In this presentation the focus will be on the SEI on different negative electrode materials and the use of 
spectroscopic techniques to elucidate properties. Similarities and differences between different compounds 
such as graphite, silicon, conversion materials, and lithium titanate, will be discussed in relation to their 
electrochemical characteristics as anodes in Li-ion batteries. Similarly, selected negative electrode 
materials for Na-ion batteries will be discussed.  
 
All results presented are based on a combination of different characterisation techniques where 
photoelectron spectroscopy and electrochemical tools are the two most prominent. 
 
One example of differences in SEI characteristics is depicted in Fig. 1. 
 

 
 
Figure 1: Example of Solid Polymer Electrolyte Interphase (SPEI) (a) and a conventional SEI (b) for 
graphite as the cathode and lithium metal as the anode, and their respective interphase chemical 
constituents.  
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CO2 reduction may yield a large variety of useful products such as HCOOH, CO, CH3OH and C2O4
2-, 

among others. Several factors control activity and product selectivity in CO2 photoelectrochemical 
conversion, being the chemical composition of the semiconductor material and the type of solvent used 
the most relevant [1]. In aqueous solution, CO2 presents low solubility (33 mM at 25 °C) and some 
difficulties to control the concomitant side reaction of hydrogen evolution, which takes place at similar 
thermodynamic potentials. For this reason, imidazolium based ionic liquids (ILs) have been proposed as 
suitable non-conventional solvents for performing CO2 conversion, since CO2 solubility is much higher 
than in aqueous solution and they do not present flammability or volatility concerns as conventional non-
aqueous solvents do [2]. Furthermore, the presence of imidazolium cations in CO2 electrochemical 
reduction has been proposed to play a co-catalyst role by modifying the electrode-electrolyte interface 
and forming CO2 adduct species. However, maximum current density for CO2 reduction in ILs is limited 
due to the slow diffusion of CO2 in high viscosity solvents such as imidazolium based ILs. For this 
reason, other approaches based on water-IL mixtures (low viscosity and high conductivity) concentrate a 
lot of attention nowadays. 
We locally address here the study of different photoelectrocatalysts for CO2 reduction by photo-
electrochemical scanning microscopy (photo-SECM) [3] and electrochemical impedance spectroscopy 
(EIS) under local illumination, which allow us a complete characterization of semiconducting materials. 
We present experimental results comparing photocatalytic activity and photodegradation resistance on 
different metallic oxides in aqueous solution, pure IL and water-IL mixtures. Thus, the main goal of this 
contribution is studying the photoelectrochemical conversion of CO2 driven by solar or UV light on 
semiconducting materials by local electrochemical techniques. 
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The study of mechanism of growth and the physico-chemical characterization of anodic oxides on so-
called valve-metals and their alloys was and it is still a very appealing subject. In fact, such class of 
materials, finds a widespread use in several technologically important fields including both more 
traditional fields of corrosion and electrical engineering as well as most recent fields of microelectronics 
(high-k materials, ReRAM, high-precision interferometry etc.) and energy conversion where thin and 
thick valve-metal film oxides (e.g. TiO2, WO3, Ta2O5 etc.) have been used [1]. 
In previous papers [2-3] we have shown that anodizing can be a valuable technique for the fabrication of 
thin oxide films with assigned solid state properties (dielectric constant H, optical band gap Eg

opt) which 
can be tailored by choosing suitable metallic substrates and anodizing conditions. 
In the case of mixed Ta-Nb oxides [4], we obtained a linear dependence of the optical band gap from the 
composition of the starting magnetron sputtered alloy. In particular it was shown that, by increasing Ta 
content in the alloy, the band gap of the anodic oxide could be linearly varied between that of the pure 
components of the alloy (3.35 ± 0.2 eV for Nb2O5 up to 4.05 ± 0.1 eV for Ta2O5). Such a linear 
dependence was rationalized by using the results of a previous correlation [3] which allows to predict the 
band gap of pure and mixed oxides as a function of the square of the difference of electronegativity 
between the oxygen and metallic cationic counterpart [3]. 
In a recent paper [5] the investigation of optical properties of mixed Ta-Nb anodic oxides grown on 
metallic substrates of variable composition, comprised between the two pure metals, have been 
investigated by variable angle spectroscopic ellipsometer (VASE) technique and a non-linear dependency 
of the optical gap from the substrate composition has been derived. In order to rationalize their results, the 
authors suggested, as a possible reason for their findings, the existence of an enrichment of the anodic 
film with respect to one of the two components of the metallic substrate during the anodizing process. 
In this work we will present some preliminary results on the optical band gap behaviour of anodic films 
grown on identical alloys and provided by the authors in ref. [5] but characterized by using the 
Photocurrent Spectroscopy technique. The detailed investigation, still in progress, seems to suggest that 
the source of differences in the measured optical band gap values has to be attributed to the influence of 
anodizing conditions used in ref. [5] with respect to those employed in our previous work. The 
comparison of the results obtained in the two different conditions as well as the different analytical 
approach will be deeply discussed in order to evidence both the advantages as well as possible 
disadvantages in the techniques employed for deriving a fundamental quantity like the band gap values of 
amorphous and/or crystalline oxide films. The role of anodizing solutions in affecting the electronic 
properties of anodic oxides will be discussed. The validity of the correlation between oxide optical band 
gap and films composition previously suggested is still confirmed. 
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Graphene quantum dots (GQDs) are attracting great attention due to their special optical and electronic 
properties. In the family of graphene-based materials, GQDs are being used in promising applications in 
different fields. Particularly, GQDs luminescence is very useful in biological applications due to the high 
biocompatibility of this nanomaterial. However, both its electrochemical and optical behavior is still a 
matter of debate, so it seems necessary to use tools that provide information regarding these 
aforementioned properties. Actually, there are few attempts to tune the GQD redox state by 
electrochemical methods. 
Time-resolved spectroelectrochemistry includes a number of instrumental techniques very useful to study 
GQDs1 because changes in their optical properties can be easily followed during the electrochemical 
process. Thus, UV/Vis absorption spectroelectrochemistry describes the changes of absorbance with 
potential, whereas Photoluminescence spectroelectrochemistry provides information on the effect of 
electron transfer on the luminescent behavior of this nanomaterial. Finally, Raman 
spectroelectrochemistry allows us to obtain information about changes in the characteristic vibration 
modes of GQDs during the electron transfer. In this work, using this set of spectroelectrochemistry 
techniques, we have investigated not only the photoluminescence changes induced by the electrochemical 
charge injection and removal to/from GQD, but also the structural changes induced in the GQDs in order 
to shed more light on these complex processes, demonstrating the capability of spectroelectrochemistry in 
the characterization of this type of material.  
 

  

Figure 1. (A) Cyclic Voltammetry and (B) Photoluminescence at 500 nm recorded during the potential 
scan carried out in a GQD solution in 0.1 M LiClO4. Ei=Ef=-0.20 V, Ev1=-1.10 V, Ev2=+1.10 V, 
v=0.020 V s-1 
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The idea to tune the energy landscape of a chemical reaction through selective excitation of molecular 
vibrations of reactants is unquestionably very appealing. Yet, there are only two experimental 
configurations with which it has been realized, one employing cryogenic matrixes1 the other utilizing 
microfluidic cavities2. In this contribution, we demonstrate that the selective manipulation of a reaction 
pathway is also possible through resonant coupling of molecular vibrations to the near-field of plasmonic 
excitations. This approach is applied to an electrocatalytic reaction network, namely CO2 reduction in an 
aqueous electrolyte. More precisely, we study the electrochemical CO2 reduction on an array of Au 
islands on Si wafers in aqueous (H2O or D2O), CO2-saturated electrolyte. Shape and size of the Au islands 
are tuned such that it exhibits plasmonic excitations at the wavenumber of a first vibrational overtone of  
CO2. We demonstrate that the excitation of plasmons only leads to an increase in reactivity when the 
plasmon resonance frequency matches a CO2 vibrational mode. We provide evidence not only for an 
increased overall reaction current, but also a higher selectivity for CO2 reduction over the concomitantly 
occurring hydrogen evolution reaction. Taken together, our approach represents a novel and versatile 
applicable route to manipulate reaction pathways towards a desired product. 
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The structure and composition of the complex electrode-electrolyte interface can affect the rate and 
mechanism of electrocatalytic reactions. The rate of the electrochemical hydrogen oxidation and 
evolution reactions (HOR/HER) are significantly slower in an alkaline electrolyte than in an acid 
electrolyte on many transition metal electrodes [1, 2], and are 2-3 orders of magnitude slower on the most 
active catalyst for this reaction, Pt [3]. The effect of pH on the rate of this reaction on platinum has been 
correlated with the effect of pH on the location of sharp, low-potential features in cyclic voltammograms 
measured on platinum electrodes [4]. These sharp features were previously believed to be solely due to 
hydrogen adsorption on step sites [4], and exhibit an anomalous non-Nernstian dependence on pH [5]. 
Using density functional theory, we have supported recent arguments [5] that these features actually 
correspond to the competitive adsorption/exchange of hydrogen and hydroxide on to Pt step sites [6, 7], 
and can explain well the shape and location of these experimentally measured voltammetric features. 
Further, we have shown that the adsorption of alkali metal cations along Pt steps becomes increasingly 
favorable with increasing pH. These cations retain most of their charge on adsorption and interact 
strongly with near-surface and adsorbed water, which leads to a weakening of hydroxide adsorption, 
explaining the experimentally measured shift in the location of this peak to more positive potentials (on a 
relative hydrogen electrode scale) with increasing pH [6,7]. This work shows there is no effect of pH on 
the binding strength of hydrogen. To fully understand the effects of pH on the HOR/HER, which involves 
an adsorbed hydrogen intermediate, we will present our most recent work using both density functional 
theory and experiment to examine the effect of pH, alkali metal cations, and near surface electric field on 
the kinetics of the HOR/HER and proton adsorption/desorption on platinum electrode surfaces. 
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Knowledge of the oxidation state of electrocatalysts under operating conditions is essential for proper 
understanding of their function.  Methods to obtain such knowledge are limited however. Here, we 
present a new approach for interfacing a near-ambient pressure XPS end station with a flexible 
electrochemical cell, and its application to the oxidation of platinum. As depicted in Figure 1, platinum 
nanoparticles are deposited on a proton exchange membrane and subsequently covered with graphene. 
The electrolyte permeates from the backside through the membrane, providing a steady flow of water. 
The graphene layer on the other side greatly reduces the evaporation rate of the electrolyte into the 
vacuum chamber. We show that this can lead to the formation of a thin layer of liquid electrolyte between 
the graphene and the membrane. The electron transparency of the graphene layer allows for XPS and 
NEXAFS measurements to be conducted.  Furthermore, the graphene layer provides electrical contact to 
the Pt nanoparticles. Thus, electrocatalysts can be studied in a liquid environment using XPS and 
NEXAFS, while maintaining accurate potential control. 
 
Our studies on the potential-driven formation of platinum oxides in 0.1 M H2SO4 show that the behavior 
at the onset of Pt oxidation is influenced by the choice of proton exchange membrane, yet universally 
involves (hydrated) PtO2 formation. The oxidation process is fast: even bulk oxide growth occurs on the 
sub-minute timescale. This suggests that (hydrated) PtO2 may take part in the transient dissolution 
processes that dominate Pt electrode degradation. 
 

Figure 1: Schematic representation of the electrochemical cell (left) and Pt 4f spectra obtained by 
stepwise increase of the electrode potential vs. RHE (right). 
 



Interlayer Charge Transfer At Metal/Semiconductor Interface: A 
Concerted Investigation For Ag/TiO2 

 
Valentina Pifferi, Giovanni Di Liberto, Leonardo Lo Presti, Michele Ceotto, Luigi Falciola 

Dipartimento di Chimica, Università degli Studi di Milano 
Via Golgi 19, 20133-Milano, Italy 

valentina.pifferi@unimi.it 
 

The use of hybrid nanomaterials, characterized by unprecedented behaviors and features, has 
paved the way toward promising applications in many fields, such as electrocatalysis, photocatalysis, 
electroanalysis, and environmental chemistry, impacting on the everyday life [1].  

Suitably designed nanoheterojunctions enhance synergistic functionalities and allow one to 
obtain “brave new materials” with physicochemical properties that are not simply the addition of the 
precursors’ ones but are completely new, different, and unexpected. However, research on such systems 
is most often dominated by trial and error procedures, while a deep atomistic understanding of the 
phenomena inside of the junction region driving appropriate design of the final device is missing. Here, a 
concerted theoretical and electrochemical investigation is proposed to gain insights into the important 
class of heterojunctions made by metal-semiconductor interfaces.  

This approach is applied to the case of silver/anatase hybrid nanocomposite, a very promising 
material for advanced sensing applications [2]. Specifically, it provided the first photorenewable sensor 
device, pushing the limits in terms of accuracy, sensitivity, detection limits, and photoactivity [3]. 
Considering that in most cases titania semiconductors are useless in electroanalysis and silver is subject to 
fouling and oxidation/passivation, such broad outcomes were totally unexpected. Despite the ongoing 
research, a quantitative and comprehensive understanding of the physics behind this nanocomposite is 
still missing, thus preventing its full exploitation and the extension of the same paradigm to other systems 
and devices. 

In particular, we measure the exceptional electrochemical virtues of the Ag/TiO2 junction in 
terms of current densities and reproducibility, providing their explanation at the atomic-scale level and 
demonstrating how and why silver acts as a positive electrode [4]. Cyclic voltammetry and 
electrochemical impedance spectroscopy are used in combination with periodic plane-wave DFT 
calculations, giving comparable qualitative but also quantitative results. We theoretically estimate the 
overall amount of electron transfer toward the semiconductor side of the interface at equilibrium and 
suitably designed electrochemical experiments strictly agree with the theoretical charge transfer 
estimates. Moreover, photoelectrochemical measurements and theoretical predictions show the unique 
permanent charge separation occurring in the device, possible because of the synergy of Ag and TiO2, 
which exploits in a favorable band alignment, in a smaller electron–hole recombination rate and in a 
reduced carrier mobility when electrons cross the metal–semiconductor interface. Finally, the hybrid 
material is proven to be extremely robust against aging, showing complete regeneration, even after 1 year 
[4]. 
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Direct ethanol fuel cells have been 
subject of numerous studies in recent 
years. However, the complete oxida-
tion of ethanol to CO2 at the anode 
side is still one of the main chal-
lenges. Efficient electro-oxidation of 
ethanol (EOR) requires the use of 
elevated temperatures >60°C.[1] The 
catalysts that are usually platinum 
(Pt) based alloys, are mainly sup-
ported on carbon, which can corrode 
under these conditions resulting in 
detachment and agglomeration of 
catalyst nanoparticles.   

In this study, planar titanium oxycarbide (TiOC) is investigated as innovative support for Pt based 
nanoparticles during the EOR.[2,3] The chemical composition of the TiOC surface is characterized in-situ 
during its conversion from TiO2 to TiO0.5C0.5 using X-ray photoelectron spectroscopy (XPS). For this, a 
surface science approach is followed, where compact anodic TiO2 films are first converted via a quasi in-
situ treatment to test the influence of exposure to air and oxygen on the chemical composition of the 
surface.[4] An operando study of the same conversion procedure is then conducted under UHV conditions 
which revealed that TiOC is thermodynamically less stable than anatase TiO2 and carbon, and that it 
therefore always decomposes at the surface.[4] This decomposition and the formation of a TiO2 surface 
film upon exposure to air protect the material from further oxidation when it is used in an electrochemical 
environment. To understand the role of TiOC as catalyst support, its surface chemistry is monitored 
during the EOR using quasi in-situ XPS in combination with electrochemistry, where the electrochemical 
cell is directly connected to the XPS.[5] The surface chemistry is altered during the EOR, through 
formation of a thin TiO2 film at the TiOC surface during the anodic polarization. This is accompanied by 
a higher EOR and CO oxidation activity, and the change of the chemical composition of the surface can 
be perfectly correlated and understood through comparison with data obtained with differential 
electrochemical mass spectrometry (DEMS). 
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In many applications the precise knowledge of composition and morphology of materials is a key 
information to control performance and reliability. This is especially true for battery materials: detailed 
information of elements distribution and particles morphology of the discharge products on the cathode as 
a function of their charging state are crucial for the identification and the understanding of the involved 
processes. Energy resolved full field transmission soft X-ray microscopy (TXM), is able to give a full 
picture at the nanometer scale of the chemical state and spatial distribution of many interesting elements, 
providing pixel-by-pixel absorption spectrum. This technique can be successfully performed at the 
Mistral beamline of the ALBA light source [1] where tomography may complement the 2D chemical 
information with a 3D morphological and chemical description of the discharged products. In this work, 
after a description of the beamline and of the method of application of the technique to electrode 
materials, we will present the results from recent studies we have performed on discharge products of 
Li/O2 and Na/O2 batteries [2-5] and on Ca-ion and Li- ion batteries [6-7].     
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Figure A) and B): 2D chemical 
characterization of metal/O2 
deposits (a Li/O2 fully 
discharged particle and a Na/O2 
fully discharged- partially re-
charged particle) with 
carbonates distribution in green 
and oxides distribution in pink. 
D) and E): 3D morphological 
representation of fully 
discharged Li/O2 and Na/O2 
particles. In the Na/O2 case it 
was possible to distinguish the 
oxides bulk (in violet) from the 
carbonate shell like structure (in 
light blue). C) and F): Ca 3D 
distribution outside (red and 
orange) and inside (pink) of a 
CaxTiS2 particle obtained by 
chemical intercalation of Ca in 
TiS2. 
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The (electro)chemical, optical and electronic properties of poly(3,4-ethylenedioxythiophene) (PEDOT)  
have potential application in a wide range of devices. This has generated very substantial research 
interest, represented via a huge literature, but surprisingly few viable practical devices. In common with 
other conducting polymers, such as polypyrrole and polyaniline (and their substituted derivatives), there 
are reports of somewhat different properties for films of nominally the same material (i.e. starting from 
the same monomer). When translated to a practical application this corresponds to variation in device 
performance, a characteristic that is detrimental to large scale exploitation. While this is often 
qualitatively attributed to variations in film structure, direct evidence to support this notion is rare.  
 
It is apparent that, in pursuit of optimised interfacial architecture, one must be able to control and 
determine interfacial composition. Here we explore the hypothesis that different electrochemical control 
functions drive different PEDOT nucleation and growth dynamics that create different film architectures, 
each with distinct electron, ion (dopant) and polymer dynamics. The critical aspect that links film 
architecture and dynamics is solvent population. The key advances represented here are determination of 
absolute (cf. changes in) solvent population and its spatial distribution during film growth. We 
accomplish this using in situ neutron reflectivity (NR) measurements. 
 
The penetrating nature of neutrons makes NR ideally suited to characterisation of “buried” interfaces. 
Further, thoughtful use of isotopic substitution (“contrast variation”) permits selective detection of a 
given species, of particular interest here solvent. Specular NR permits determination of the spatial 
distribution of solvent across a surface-bound film. Integration yields the absolute solvent content; this 
complements EQCM measurements of redox-driven changes of solvent population. Most NR 
measurements reported to date relate to films subsequent to deposition [1],[2]. To address the hypothesis 
presented above, we extend our investigations to dynamic monitoring of film composition during 
deposition of PEDOT via potentiostatic (PS), potentiodynamic (PD) and galvanostatic (GS) control 
functions. In each instance, we select the control parameters such that the film growth rates and final 
coverages are not so dissimilar; this removes the effect of film thickness per se.  
 
These dynamic in situ NR observations provide insights into film evolution during deposition. For a given 
total surface population of electroactive sites, we determine the volume over which they are dispersed, the 
solvent content, the degree of compositional heterogeneity across the film and the sharpness of the 
polymer/solution interface. Data for the effect of electrochemical control function during PEDOT 
deposition show this to be less pronounced than previously found for polypyrrole. We also report the 
persistence of these distinctions subsequent to deposition, following PEDOT film redox switching in 
background electrolyte. The issue addressed here is whether film structure and dynamics are irreversibly 
determined by deposition protocol (electrochemical deposition control function) or, irrespective of 
deposition protocol, they evolve to a common state determined by the immediate medium and conditions 
of exposure. These outcomes of this nature vs nurture contest will be discussed in the context of rational 
design of electrode surfaces.  
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In previous work we reported that the oxygen reduction reaction (ORR) on oxide free metals involves the 
concurrent reduction of adsorbed oxygen species.[1] This was revealed by exploiting the properties of 
microdisc electrodes to perform chronoamperometry on the millisecond timescale for a range of 
potentials over the ORR wave. At long times, the current follows the theoretical diffusion controlled 
chronoamperogram at microdiscs thereby indicating that the ORR rate is solely controlled by the 
diffusion of dissolved oxygen towards the microelectrode. However, at short times, typically below 100 
ms, the reduction of oxygen produces a large additional current which depends on the electrode metal, 
deliberate electrode poisoning, the oxygen concentration in solution, and the rest time prior to a potential 
step being performed. The results are consistent with the reduction of oxygen containing species which 
adsorb on the electrode when its surface is first exposed to dissolved oxygen. The experiments also 
revealed a unique relationship between the coverage of these adsorbed oxygen species and their 
adsorption energy with respect to the electrode material.[2]  
In this presentation we will describe new results from a range of novel experiments: We have extended 
the work to large electrodes and we are now investigating how the presence of molecular oxygen affects 
the metal surface at the onset of the ORR. Through a combination of potentiostatic and galvanostatic 
waveforms we are analysing the effect of dissolved oxygen on the chronopotentiometric response. We 
have also refined the chronoamperometric methodology to improve its sensitivity. We are now exploiting 
the results to study the apparent number of electron as a function of time and to investigate the desorption 
kinetics of the O adspecies. In summary the lecture will describe our new experimental approach, our 
recent results, and how they reveal subtle effects arising from exposure of the metal surface to dissolved 
oxygen.  
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Electrochemical impedance spectroscopy (EIS) is a well-known technique that in the recent decades has 
gained a lot of interest due to the possibility to observe with a single experiment several electrochemical 
phenomena occurring in a broad range of time constants, from a few μs up to hours. The strongest 
limitation of EIS for a proper interpretation of the results is the stationarity requirement, i.e. the system 
has to have a minimal or negligible drift during the time of acquisition of the impedance spectrum. In 
order to overcome this limitation, in 1977 Bond et al. have introduced the measurement of dynamic 
impedance spectra based on multi-sine perturbation signals and short time windowed Fourier transform 
[1]. Recently, using the concept of quadrature filter and inverse Fourier transform, we have developed the 
dynamic multi-frequency analysis (DMFA) as a method for extracting high quality dynamic impedance 
spectra from an electrochemical system with high temporal accuracy in a broad range of frequencies [2, 
3]. Despite these progresses, the concept of dynamic impedance remains obscure due to the empirical and 
heuristic description of DEIS given in previous works. In this work I will start from a physical definition 
of dynamic impedance and its relation to the Volterra kernel, which describes non-linear systems. Using 
this mathematical framework, it becomes clear that the dynamic impedance appears in the Fourier 
transform as a skirt, which lay close to the perturbing frequency (see Figure). This observation suggests 
also which strategy can be more successful in the extraction of the experimental dynamic impedance 
spectra. Moreover, this physical definition of dynamic impedance allows developing a proper modeling of 
the DEIS. Fitting routines and minimization objective functions for the qualitative and quantitative 
analysis of the large amount of acquired data will be proposed and discussed. Finally, as example, the 
results of DEIS acquired through DMFA on Pt electrodes during hydrogen evolution in acidic 
environment will be shown. It is clearly possible to distinguish from the DEIS the region of double layer, 
adsorption, and hydrogen evolution. Fitting of the data shows how the kinetic parameters change with the 
potential. 
 

 
Figure: Fourier transform of voltage (a) and current (b) of a multi-sine perturbation during the acquisition 
of dynamic impedance spectra. The ac components of the current represent the dynamic impedance in the 
Fourier domain. 
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Electrochemical reactions at solid-liquid interfaces can form a variety of gas or liquid products [1]. The 
determination of the material- and potential-dependent product distribution is essential for understanding 
reaction mechanisms and steering selectivity towards desired products. The most classical way for determining 
products in electrochemical reactions involves the periodic sample withdrawal during long-term electrolysis 
(galvanostatic or potentiostatic) and the on- or off-line determination of the collected samples with analytical 
methods (IC, HPLC, GC, NMR, and others) [1, 2]. This methodology is ideal for the quantitative determination 
of production rates, selectivities, or faradaic efficiencies. However, it is very time-consuming, which impedes 
the investigation of many materials at different conditions (e.g. potentials, electrolytes) and offers only 
intermittent information during a single electrolysis experiment.  
 
The analysis of gaseous products of electrochemical reactions with good potential resolution was enabled with 
the development of differential electrochemical mass spectrometry (DEMS) and its further variations (e.g. the 
online electrochemical mass spectrometry, OLEMS) [3-5]. This method is based on the separation of gases from 
the liquid phase using a hydrophobic interface (e.g. a porous Teflon membrane) and thus it relies on the vapor 
pressure of the compound of interest. 
 
We present here a new methodology for the determination of liquids and gases in real-time during 
electrochemical reactions, with excellent time or potential resolution i.e. during cyclic voltammetry or 
chronoamperometry. The method is based on the parallel coupling of different mass spectrometry techniques 
with an electrochemical flow cell. The capabilities of the method will be showcased using model 
electrochemical reactions, e.g. the reduction of carbon dioxide or the oxidation of alcohols.  
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    The intermittent nature of renewable energy sources requires storage and conversion of energy in a 
clean, scalable manner. Water electrolysis and hydrogen fuel cells present a promising solution, however 
the overall efficiency is limited by the oxygen evolution and reduction reactions (OER and ORR), 
resulting in the use of precious metals to reduce the kinetic overpotential. In alkaline environments, 
transition metal oxides present an alternative to noble metals for oxygen electrocatalysis. However, a lack 
of fundamental understanding of the reaction mechanism and interfacial interactions has hindered their 
rational design. 
 Investigation of epitaxial oxide thin films allows examinations of their chemical speciation in an 
aqueous environment using ambient pressure X-ray photoelectron spectroscopy.1 By quantifying the 
formation of hydroxyl groups in situ, we compare the relative affinity of different surfaces for this key 
reaction intermediate in oxygen electrocatalysis.2 The coverage of hydroxyl groups measured 
spectroscopically at a fixed relative humidity trends with the free energy of a hydroxylated surface 
calculated by density functional theory, providing an experimental handle on the binding strength of this 
reaction intermediate.3 Understanding oxide electronic structure in an aqueous environment is also critical 
for promoting charge transfer reactions in both electrocatalytic and photocatalytic reactions. To this end, 
we investigate changes in the electronic structure as a function of the oxygen and water chemical 
potential, enabling comparison with the metal redox potential and catalytic activity. This fundamental 
molecular-level understanding of interfacial interactions developed from epitaxial surfaces can guide the 
rational design of high-surface-area oxide catalysts for technical applications. 
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Mimicking photosynthesis and producing solar fuels is an appealing way to store the huge amount of 
renewable energy from the sun in a durable and sustainable way. Hydrogen production through water 
splitting has been set as a primary target for artificial photosynthesis,1 which requires the development of 
efficient and stable catalytic systems, only based on earth abundant elements, for the reduction of protons 
from water to molecular hydrogen. We will report on our contribution to the development of various series 
of catalysts for H2 evolution,2-4 including the reinvestigation of amorphous molybdenum sulfide5 and to the 
establishment of methodologies towards the rational benchmarking of their catalytic activity. Besides, we 
will also describe our effort towards the combination of such catalysts with various photoactive motifs for 
the preparation of photoelectrode materials6-10 that can be implemented into photoelectrochemical (PEC) 
cells for water splitting.  
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It is well known that the adsorption energies of key intermediates determine to a great extent the activity 
of electrocatalysts [1]. However, other parameters such as adsorbate solvation are considerably important 
but have received less attention so far.  
 
In this talk, I will discuss the importance of solvation in computational electrocatalysis. Although for 
simplicity it is typically assumed to be constant on all materials, I will argue that this is probably not a 
good approximation in all cases. To support this claim, I will consider three relevant case studies in 
electrocatalysis: (I) Pt alloy catalysts for oxygen reduction [2], (II) metalloporphyrins for oxygen 
reduction and evolution [3], and (III) RuO2 and IrO2 for oxygen evolution [4].   
 
In general, solvation affects adsorption-energy scaling relations [3, 5]. Therefore, substantial differences 
in the activity predictions are observed with and without including solvation in the models, and also when 
comparing constant-solvation corrections with respect to materials-sensitive solvation corrections. In 
addition, although the *OH and *OOH intermediates are usually stabilized by solvation in all studied 
materials, *O intermediates are only stabilized by solvation on oxides and metalloporphyrins. 
 
All these observations hint toward the need for an accurate and comprehensive incorporation of solvation 
in computational electrocatalysis models. 
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In the context of the chlorate process we have studied hydrogen evolution on relevant surfaces such as 

D- and γ-FeOOH1, D-FexCr1-xOOH2 and Cr2O3
3, both experimentally and theoretically. The experiments 

were made in 0.2 M sodium sulphate with pH = 11 and at room temperature. From the process point of 
view the choice of electrolyte can be questioned since chlorate formation takes place in highly 
concentrated solutions at elevated temperatures. We have previously used Monte Carlo (MC) simulations 
to investigate thermodynamic properties of real salt solutions4 and have used the same methodology in 
this work to calculate the activity coefficient and osmotic pressure for NaClO4 and NaClO3 as a function 
of concentration. From the osmotic pressure obtained by MC simulations, the activity of water can be 
calculated. The results show that the water activity decreases with increasing concentration for both 
electrolytes and that for concentrations larger than 2 M. The difference in water activity originates from 
the ability for these salt to dissociate in water, where sodium perchlorate is fully dissociated while sodium 
chlorate tends to form ion pairs at high concentrations. 

The water activity is expected to be an important factor for the kinetics of hydrogen evolution in 
alkaline solutions. To test this hypothesis, hydrogen evolution was studied at different electrolyte 
concentrations on Au and deposited chromium oxide on Au, Cr2O3@Au. The results show that the rate of 
water reduction is related to the fraction of free water, i.e. the amount of water that is not associated with 
the electrolyte ions. Even though the water exchange rate is high for coordination to sodium, there is a 
mean fraction of free water participating in the water reduction reaction. For Cr2O3@Au an additional 
factor seems to contribute to the rate of water reduction. It is well known that also electrolyte ions such as 
sodium can for surface complexes on oxides and as the concentration increases this process becomes 
more important. The water reduction is inhibited by adsorption of sodium on active sites. 

Also the temperature dependence at different electrolyte concentrations were investigated using 
impedance spectroscopy. Preliminary results show that the transfer coefficient increases with increasing 
temperature, leaving the Tafel slope relatively unaffected.  

The experimental results will be discussed in relation to the mechanism proposed for hydrogen 
evolution on chromium oxide covered surfaces2,3. 
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Gathering fundamental insights of the governing mechanisms controlling the electrocatalytic activity for 
oxygen reduction is of fundamental interest for future energy conversion- and economical schemes [1]. 
Recent reports have suggested divergences between catalytic performances of noble metal surfaces for 
this reaction in acidic and basic electrolyte [2].  
Prior work [3] by us have elucidated the Sabatier volcano for the oxygen reduction reaction in acid using 
copper-platinum near-surface alloys model catalysts. In this present work, the surface binding of *OH 
reaction intermediates was shown to be weakened by ligand effects introduced by varying subsurface Cu 
coverage in Pt(111) in a remarkably similar fashion in alkaline media as known from acid [3]. This was 
done by monitoring the observed oxygen electroreduction activities with potential shifts in the base 
voltammograms OH adsorption peaks.  
In addition to the universal dependence towards the OH intermediate binding observed by the Cu/Pt(111); 
changing the electrolyte to NaOH or KOH were seen to result in a substantial ~2- and ~4.5-fold 
improvement in activity compared to that observed in HClO4 (see Figure 1) [4]. This suggests a 
fundamental effect of changing the cation present in the electrolyte. The synergistic improvement from 
sub-surface alloying and combination with 0.1 M KOH electrolyte results in staggering specific activities 
reaching in the order of 101±8 mA/cm2 at 0.9 V vs. the reversible hydrogen electrode (RHE) [4]. 

 
Figure 1: Artist rendering (left) of Cu/Pt(111) surface in cation containing electrolyte. Specific activities 
(right) for oxygen electroreduction (at 0.9 V vs. RHE) of Cu/Pt(111) surfaces with varying subsurface Cu 
content. From [3, 4]. 
 
Hence, our results confirm that *OH binding energies govern the activity in both acid and alkaline media 
i.e. a Sabatier volcano relationship persist in alkaline media. Furthermore, our results open up discussions 
of relevant aspects describing the electrolytes interplay with the catalyst surface. 
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Platinum is arguably the most stable, highly active electrocatalyst under oxidizing conditions in acidic 
media. Nonetheless, the poorly understood electrode degradation process strongly limits the economic 
feasibility of large scale applications. Previously, we have shown by combination of simultaneous cyclic 
voltammetry and in-situ EC-STM that the total electrochemical signal of Pt(111) is directly correlated to 
its surface roughness [1, 2]. This analysis, however, did not yet provide a rationale for this correlation.  
Here we show that it is possible to derive the average, atomic-scale structure of the formed Pt nano-
islands and their evolution via a detailed analysis of the EC-STM images. Correlating the resulting 
density of specific surface sites to the different hydrogen adsorption features/peaks and their evolution in 
the voltammetry, allows us to identify the electrochemical reactivity of particular formed step, kink, and 
terrace sites on the roughened surface. This finally disentangles the rather complex evolution of the cyclic 
voltammograms: we can pinpoint each individual peak in the hydrogen adsorption region to a specific 
atomic structure on the roughened surface. 
Our detailed analysis delivers new insights into how to describe the electrochemical reactivity not only of 
the observed nano-islands but also of Pt nanoparticles in general. 
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As electrochemists, we are interested in electron attachment and detachment processes. Traditionally, we 
control the availability of electrons via an electrically conducting solid and measure electron transfer 
across the solid/liquid interface. Of course, there are exceptions to this picture, e.g. liquid/liquid 
interfaces, but often liquids are involved to provide an electrolyte medium to support the chemical 
species. Gaseous electrolytes have typically been ignored due to their feeble electrical conductivity. 
However, recently with the advent of new accessible approaches to form stable plasmas, these electrically 
conducting gases are attracting some significant interest and are now being investigated as exotic 
electrochemical environments.   
 
The defining property of plasmas is presence of free electrons, because of this they may be considered as 
both electrodes or electrolytes1-3. We describe results supporting both modes. We show that copper(I) 
oxide films may be reduced to metallic copper using a helium atmospheric plasma jet. We show that free 
electrons do indeed reduce a copper oxide film, which may be carefully controlled by surface bias.  
 
We also show that a gaseous flame doped with electroactive species may be considered as electrolytes. 
Using a three-electrode system4, we may measure unique voltammograms for a series of small organic 
molecules and amino acids. Except for leucine and isoleucine, all were distinguishable. The reduction 
signatures originate from specific electron attachment reactions of radicals formed via incomplete 
combustion and fragmentation of the parent molecules. In this case without a solvent we have an 
extended potential window and our voltammograms extend between 0 and -10 V, which gives 
unprecedented access to chemistry not previously accessible in liquids. Moreover, mass transport 
properties are far better than in liquids, as such the fluxes of electroactive species to the electrode a much 
greater. 
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 Ionic liquid (IL), which is salt existing in liquid state due to its low melting point, is now popular 
liquid material. It possesses several fascinate features, such as negligible vapor pressure, non-
combustibility, high ionic conductivity, and capability to dissolve many kinds of substances. Among them, 
we focused on the first feature, negligible vapor pressure, which allows us to put IL in a vacuum chamber.  
There are instruments and manufacturing machines requiring vacuum conditions.  They are, of course, 
designed so as to deal with solid samples, and almost nobody try to put liquid sample in these 
instruments. Ionic liquid would become only liquid sample for the vacuum instruments. Based on this 
idea, we are developing new techniques for nanomaterial productions and analyses by putting RTIL in 
vacuum chambers of several instruments [1]. The vacuum instruments that we employed for IL were 
scanning electron microscope (SEM) [2], transmission electron microscope (TEM) [3], energy dispersive 
X-ray spectrometry (EDX) [4], X-ray photoelectron spectroscopy (XPS), metal sputtering instrument, 
focused ion beam (FIB) [5], and electron beam (EB) [6]. 
 Regarding use of IL for electron microscopes, we found 
that the fascinate fact that IL can be observed by a scanning electron 
microscope (SEM) without charging of the liquid [1]. In other 
words, IL behaves like a conducting material for SEM observation 
when the liquid is put on insulating samples.  This fact became very 
useful to observe samples under wet conditions.  In cases of 
biological samples, for example, several treatments including 
fixation and conductivity addition are required to keep natural 
configuration, which is observable by SEM, in a vacuum chamber 
[8]. 
 In general, solid materials used as active materials in 
batteries changes their volumes accompanied with redox reactions. 
Silicon is one of such the materials but is one of most appealing 
next-generation anode active materials. In order to understand the 
charge/discharge behavior of the active materials, direct observation 
of the materials while conducting their charge-discharge reactions 
must be important. In this study, we developed several ways to do in 
situ observation of individual Si particle possessing different 
morphologies using IL. An example of the former case is shown in 
Figure 1. The Si thin flake is a promising active material due to its 
high durability. Its volume and shape changes during charge-
discharge reaction were observed. As recognized in the figure, each 
flake showed bending actions due to mechanical stress caused by Li 
ion insertion, giving significant evidence of high durability of this 
material. 
 
[1] S. Kuwabata, T. Tsuda, and T. Torimoto, J. Phys. Chem. Lett., 1 (2010) 3177. 
[2] S. Arimoto, D. Oyamatsu, T. Torimoto, S. Kuwabata, CHEMPHYSCHEM, 9 (2008) 763. 
[3] T. Uematsu, M. Baba, Y. Oshima, T. Tsuda, T. Torimoto, and S. Kuawabata, J. Am. Chem. Soc., 136  

(2014) 13789. 
[4] T. Uematsu, J.-T. Han, T. Tsuda, and S. Kuwabta, J. Phys. Chem. C, 116 (2012) 20902. 
[5] S. Kuwabata, H. Minamimoto, K. Inoue, A. Imanishi, K. Hosoya, H. Uyama, T. Torimoto, T Tsuda, 

and S. Seki, Sci. Rep. 4 (2014) 3722. 
[6] H. Minamimoto, H. Irie, T. Uematsu, T. Tsuda, A. Imanishi, S. Seki, and S. Kuwabata, Langmuir, 31 

(2015) 4281. 
[7] A. Imanishi, M. Tamura, and S. Kuwabata, Chem. Commun., (2009) 1775. 
[8] T. Tsuda, N. Nemoto, K. Kawakami, E. Mochizuki, S. Kishida, T. Tajiri, T. Kushibiki, and S. 

 
 
Figure 1 In situ SEM Images of a Si 
thin flake anode during charge 
(upper) and discharge (lower). 
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Pulsed laser deposition (PLD) is a bottom-up fabrication technique which allows the growth of 
preferentially-oriented thin films of pure metals and alloys of a chosen composition. Despite the 
significant technical challenges, PLD is an emerging powerful tool for electrochemists aiming to prepare 
and study well-ordered metal surfaces [1-4]. It features intrinsic advantages over the use of bead single-
crystal electrodes, such as the ability to access a wide range of alloy compositions and the control over the 
film preferential orientation by means of epitaxial growth on single-crystal substrates. 
 
In this talk, we present a comprehensive overview of the thin metal films prepared by pulsed laser 
deposition on single-crystal MgO and STO [2-5], with a special focus on (100) surfaces, from pure Pt [2] 
to bimetallic alloys [3-5], and on (111) Pt films. We will address the physical (XPS, XRD and AFM) and 
electrochemical characterisation along with the electrocatalytic properties of each system. 
 
(100) surfaces display a unique ability to catalyse electrochemical reactions such as NH3 oxidation, NO2

− 
reduction and dimethylether (DME) oxidation. PLD of Pt on MgO(100) allowed us to obtain Pt films of 

preferential (100) orientation. Deposition conditions (temperature, 
film thickness) were optimised to enhance the growth of (100) 
domains.  NH3 oxidation and NO2

− reduction were used as test 
reactions, highlighting the formation of 7-9-atom wide (100) 
domains [2]. Secondly, we investigated the interplay between strain, 
ligand and ensemble effects in electrocatalysis by alloying Pt with a 
second metal. For instance, NH3 oxidation activity at a (100) Pt75Ir25 
alloy increases with respect to Pt(100), thanks to the alloy’s smaller 
lattice parameter [3]. On the other hand, ligand effects help to 
rationalise the significant nitrate reduction activity of Rh-rich PtRh 
alloys in acidic media [4]. Instead, DME oxidation requires the 
“double-bridge” ensembles typical of Pt(100). Although Pt-rich 
(100) PtRh alloys do display an earlier onset potential with respect 
to Pt(100), the replacement of Pt with Rh at the surface brings about 
a loss in terms of the maximum oxidation current [5] (Figure 1a).    
 
Finally, we will present challenges and opportunities of PLD of 
other Pt basal planes, showing how (111) surfaces can be obtained 
on MgO(111) (Figure 1b). The electrochemistry of these surfaces 
will be compared to the respective single-crystal electrode, 
highlighting how the changes in the electrochemical response reflect 
the presence of lattice strain. 

 
Figure 1: Cyclic voltammetric profiles of thin films deposited by PLD onto MgO single-crystals: DME 
oxidation at (100) Pt and PtRh alloys in 0.5 M H2SO4 (positive-going sweep, v = 50 mV s−1, panel a) and 
of a preferentially-oriented (111) Pt in blank 0.1 M NaOH (v = 20 mV s−1, panel b). 
 
[1] S.E. Temmel, Tuning the Surface Electrochemistry by Strained Epitaxial Pt Thin Film Model  
Electrodes Prepared by Pulsed Laser Deposition, Adv. Mater. Interfaces, 3 (2016), 1600222-. 
[2] N. Sacré, et al., Pt Thin Films with Nanometer-Sized Terraces of (100) Orientation, J. Phys. Chem. C, 
121 (2017) 12188-. 
[3] N. Sacré, et al., Tuning Pt–Ir Interactions for NH3 Electrocatalysis, ACS Catal., 8 (2018) 2508-. 
[4] M. Duca, et al., Enhanced electrocatalytic nitrate reduction by preferentially-oriented (100) PtRh and 
PtIr alloys: the hidden treasures of the ‘miscibility gap’, Appl. Catal. B-Environ., 221 (2018) 86-. 
[5] M. Duca et al., in preparation 



Operando Electrochemical Characterization of Pt on Carbon Catalysts 
combining XAS and SAXS 

 
Mauro Povia,a Juan Herranz,a Tobias Binninger,a Maarten Nachtegaal,a Ana Diaz,a  

Joachim Kohlbrecher,a Daniel Abbott,a Bae-Jung Kim,a and Thomas J. Schmidta,b 
aPaul Scherrer Institut, 5232 Villigen PSI, Switzerland 

bLaboratory of Physical Chemistry, ETH Zurich, 8093 Zurich, Switzerland 

Mauro.povia@psi.ch 
 

Pt-nanoparticles (NPs) supported on carbon black (Pt/C) are largely used as catalysts for polymer 
electrolyte fuel cells, which constitute a promising technology to drastically reduce the use of fossil fuels 
in the transportation sector. However, the high cost of Pt is a limiting factor for the commercialization of 
these devices. Thus, in order to make this technology more marketable, it is important to decrease the Pt-
loading and to improve the durability of the device, whose performance decay is largely related to the 
degradation due to Pt-nanoparticles dissolution and growth.[1]  
To investigate these effects, we have developed a new setup at the Swiss Light Source (SLS) that 
combines small angle X-ray scattering (SAXS) and X-ray absorption spectroscopy (XAS), whereby 
SAXS provides the NPs’ size distribution and XAS is used to determine changes in their oxidation state, 
chemical composition and coordination environment. In this novel setup, the gas ionization chambers and 
flight tube plus 2D-detector required for XAS and SAXS acquisition, respectively, are mounted in 
parallel on a movable table that allows to transition among techniques within a couple of minutes.  
To prove this setup, commercial Pt on graphitized Black Pearls and Pt on Vulcan catalysts (Pt/BP-g vs. 
Pt/V, respectively − both with 30 wt. % Pt) were processed into working electrodes and electrochemically 
tested in an in-house electrochemical flow cell with a degradation protocol consisting of 250 potential 
cycles from 0.5 V to 1.5 V vs. RHE (50mV/s, N2-saturated 0.1 M HClO4). The protocol was interrupted 
at several stages to acquire SAXS and XAS data. As an example of our results, the increase of the SAXS-
derived average NP-diameter (<D>) with the cycle number displayed in Fig. 1a agrees with previous 
studies reporting a decrease of the NP-growth rate at <D> values > 3 nm.[2] Moreover, when these cycle-
dependent average diameters are plotted vs. the Pt-Pt bond distances estimated through the fitting of the 
XAS data (Fig. 1b), the relation among both variables is also in excellent agreement with the literature.[3] 
In summary, this contribution will introduce a novel, combined SAXS and XAS setup, validated through 
the study of the operando variations in morphology and chemical environment undergone by two Pt/C 
catalysts submitted to an electrochemical degradation protocol.  
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Figure 1 Variation of the SAXS-derived average particle diameter (<D>) with the number of potential degradation 
cycles (a), and corresponding change of the Pt-Pt bond distance (from the fitting of the Fourier-transformed XAS) as 
function of the particle average dimeter (b), including a comparison with the results of Lei et al (who derived  <D> 
using transmission electron microscopy).3 
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The photoelectrochemical behaviors of semiconductors or dyes are the basis for their photocatalytic 

and photovoltaic applications and the photocurrent response of the semiconductor-based complex has 
been studied extensively. Recently, there has been a new direction on the surface plasmons (SPs) based 
coinage metal (e.g., Au, Ag, Cu) nanostructures to harvest or redistribute the incident light for an efficient 
utilization of solar energy and photochemistry. The photoresponse behaviors of the metal nanostructures 
with SPs are quite different from that of semiconductors or dyes because of the lack of band gap. To our 
knowledge, there has no any study on photoelectrochemical current of the plasmonic nanostructures. 

The SPs relaxation leads to excited carriers and thermal effect that play key roles in the energy 
conversion and chemical reaction, including plasmon-mediated chemical reaction (PMCR). However, 
these two factors are generally coupled together, and there are still no valid methods to effectively 
distinguish these two effects. Therefore, it is highly desirable to investigate these two effects separately, 
Electrochemistry appears to be the most promising tool to tackle this problem, with its high energy and 
time resolution and the ease of controlling the Fermi level of the electrodes. The applied electrochemical 
potential may create some new environments for SPs, e.g., one can easily control the Fermi level of the 
plasmonic nanostructure. Two distinctively different properties of electric fields (the electromagnetic 
field and static electrochemical field) co-exist in such a photoelectrochemical system.    

Recently we have tried to disentangle the photothermal and photoelectronic effects of plasmonic metal 
nanostructures by photoelectrochemical methods. We systematically studied the photocurrent response of 
these two effects to the applied potential bias, the wavelength and intensity of the incident light. We 
observed a unique photoelectrochemical response (plasmocurrent) of the plasmonic nanostructures, which 
is dramatically different from that of semiconductors or dye. And it fully reflects the improvement effect 
of the surface plasmons for the electrochemical reaction. This approach could be helpful to the basic 
understanding of plasmon-based photo-(electro)chemistry and also give a powerful reference to rationally 
develop the nanostructured electrodes for the SPs-based applications. 
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Among various surface-specific vibrational spectroscopies, SERS is a powerful technique to observe in-
situ electrochemical reactions at electrode/electrolyte interfaces.  In particular, this scattering 
spectroscopy has a potential advantage in detecting low frequency vibration modes under electrochemical 
environment, which is never expected for terahertz (THz) or far-infrared (FIR) absorption spectroscopy.  
Since low frequency vibrations, particularly ultra-low frequency vibrations below 6 THz, include 
information on intermolecular interactions and substrate/molecule interactions, ultra-low frequency SERS 
observation should help us to gain deep insights into electrochemical and electrocatalytic processes.  
Recent technological advancements in fabrication of optical filters enabled us to eliminate Rayleigh 
scattering efficiently with a conventional spectrometer.  Moreover, SERS observations are now able to be 
conducted even at atomically defined single crystalline surfaces of various metals, which is important to 
study electrode/molecule interactions [1-3].  Thus, we have extended the detectable frequency range of 
SERS into the ultra-low frequency region [4].  In this talk, in-situ electrochemical THz-SERS is 
demonstrated by observing reductive desorption of benzenethiol monolayers from single crystalline Au 
surfaces. Extramolecular vibrations such as QAu-S or GAuS-Ph clearly exhibited the crystal orientation 
dependence.   

 
Figure 1. Ultra-low frequency SERS spectra of 4-methylbenzenethiol monolayers measured on Au(100), 
Au(111), and roughened Au.   
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Manganese oxides show a rich redox chemistry and are abundant, which makes them interesting materials 
for application in energy storage and conversion. Here, we will focus on the oxygen evolution reaction from 
water. In nature, the reaction is catalyzed by a Mn-containing complex in natural photosynthesis, which is 
replaced frequently due to the harsh reaction conditions [1]. Therefore, in situ studies of manganese oxides 
are of prime interest to elucidate the mechanisms of catalytic activity, activation as well as deactivation. 
We selected thin film and nanoparticles of the perovskite and Ruddlesden-Popper oxides La1-xSrxMnO3, 
Pr1-xCaxMnO3 and Pr2-xCaxMnO4 as model systems for mechanistic elucidation by electroanalytical 
methods [2], ex situ X-ray absorption spectroscopy [3] and ex situ as well as environmental TEM [4]. These 
studies suggest that the stability of the model oxides increases with increasing ionic character of the Mn-O 
bond, while more covalent bonds are prone to corrosion, which is triggered by formation of point defects 
in the oxygen sublattice. Furthermore, the structural framework of the stable compositions is preserved 
after catalysis [2]. This is in contrast to simple electrodeposited oxides that undergo reversible changes of 
the local structure, the Mn valence as well as the Mn-O covalence as probed by in situ soft X-ray absorption 
spectroscopy at the Mn-L edges and O-K edge [5]. The combination of both in situ spectroscopy and 
microscopy provides a very detailed picture of the active state during oxygen evolution, which is 
indispensable for the rational design of future catalysts. 
 
 

 
 

Figure 1. Schematic illustrations of (a) structural characterization by environmental TEM (ETEM) and (b) 
mechanistic elucidation by X-ray absorption spectroscopy (XAS). (c) reversibility of Mn valence changes 
over 3 cycles between conditions of the oxygen reduction reaction (ORR) and the oxygen evolution reaction 
(OER) on an electrodeposited Mn oxide. 
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Scanning tunneling microscopy (STM) has been utilized as a sufficient surface topographic tool in the 
past decades. Additionally, it was reported that the tunneling current which depends on several factors 
(tip-sample distance, surface electronic structure, tunneling medium, etc.) can locally reveal events 
undergoing on the surface or at the interface, especially for heterogeneous catalytic reactions1,2. The 
catalytic activity of a heterogeneous catalyst is determined by the electronic structure of specific surface 
sites with optimal adsorption properties for the corresponding reaction intermediates. It is one of the key 
factors of fundamental understanding and design of heterogeneous catalyst materials. The “coordination-
activity plots” by means of theoretical calculations predict the geometric structure of optimal active sites3. 
Currently, there are no direct instrumental methods capable of locating the catalytic active sites on the 
sub-nanometer scale under reaction conditions. 

Here we demonstrate that during 
given reactions electrochemical 
STM can capture non-uniformly 
distributed ‘unexpected’ tunneling 
current disturbances while 
scanning over the electrode 
surfaces, which indicates the 
location of optimal active sites4. 
The disturbances are expected to 
be originated by the catalytic 
reactions that take place at the 
active sites, where the relatively 
stronger disturbances should 
appear consequently. Hydrogen 
evolution and oxygen reduction 
reactions at various catalyst 
electrodes in contact with aqueous 
electrolytes, involved in the future 
energy provision, are chosen as the model systems. 

The methodology was applied to other catalytic systems involved in energy provision schemes. Systems 
where the activity contributions of different surface sites are not clear, namely oxygen reduction and 
hydrogen evolution reactions on Pt single crystals in alkaline media5, and non-metal water-splitting 
catalysts, transition metal dichalcogenides6, were investigated. 
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a, b, A scheme explaining the concept. Under reaction 
condition, the tip scans over a non-active site, a, versus an 
active site, b, the tunneling barrier changes over time. In this 
scenario, increased tunneling-current noise is likely to appear 
when the tip is over the active site. c, STM line scans obtained 
over a Pt(111) surface for hydrogen evolution reaction ON and 
OFF in 0.1 M HClO4. Adapted from ref. 4. 
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So far electrocatalytic process in aqueous solution have been extensively studied as a function of the 
temperature in the range 0 and 99 qC but very little is known about electrocatalytic processes at 
temperatures below the freezing point.  In electrochemistry at low temperatures, the reactions associated 
with water splitting might be suppressed due to the formation of ice-like structure at the interface, while 
the stabilization of other reaction species can be stabilized resulting in changes to the kinetics of the 
reactions studied.1-3  In addition, decreasing the temperature of water to subfreezing temperatures would 
significantly increase the solubility of some gases in water thus affecting the reaction rate of the 
electrochemical reactions. 

Gas hydrates or clathrates are a crystalline solid formed of water and gas. Clathrates looks and acts much 
like ice, but it contains large amounts of gas trapped within a crystal structure of water. Gas hydrates such 
as hydrates of hydrocarbons, sulfur dioxide (SO2) and carbon dioxide (CO2) have been reported but they 
are only used for academic purposes with just a very few examples which have reached technical 
application. However, given the recent important discovery of large reserves of gas hydrates on Earth and 
on other planets such as Mars, its exploitation, as an energy source is now extremely attractive. 

We will show the electrochemical behavior of hydrogen adsorption and desorption on Pt single crystal 
electrodes, as well as the oxide formation and reduction of Pt in aqueous brines at subfreezing 
temperatures. We will also show the effect of the temperature in the hydrogen absorption and oxidation 
on Pd electrodes in a range of temperatures between 20 and -20℃. Finally, we will report the first 
electrochemical results of the electrochemical reduction of carbon dioxide and the oxidation of methane 
in aqueous brines at subfreezing temperatures down to -40°C.  The systems were evaluated in different 
relevant brines such saturated Mg(ClO4)2 –like those brines observed on Mars-. Our results will be 
explained on the basis of the presence of ice-structure clathrates,4, 5 the changes in the surface tension and 
the changes in the pH of the solution6, 7.   
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In-situ spectroscopy of molecular electronic devices is particularly useful both for structural 
characterization and for examining the effects of electronic interactions between the active molecular 
layer and the conducting contacts. Molecular junctions made by covalently bonding aromatic molecules 
to carbon surfaces via diazonium ion reduction may be probed with optical spectroscopy provided one or 
both contacts is sufficiently transparent to a Raman laser or a UV-Vis absorption spectrometer. UV-Vis 
absorption indicates strong electronic coupling at the molecule/carbon interface, which results in a 
significant red shift. 1,2 Raman spectroscopy of a graphene ribbon formed on a carbon electrode verifies 
the ribbon structure, and UV-Vis also indicates strong coupling. 2 Optical spectroscopy was also used to 
characterize redox-active molecular bilayers with potentially useful applications in memory devices and 
energy storage 3, and also demonstrate photocurrents which depend on layer order and structure. 4  
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The performance of catalytic processes, such as those involved in the synthesis of chemicals or in the 
electrochemical energy conversion and storage in fuel cells and batteries, depends on the way in which 
the desired reactions are favored on the surfaces the catalysts. These are usually composed of expensive 
and scarce pure metals and their alloys. Thus, to maximize the exposed surface for a given load of 
catalyst, metal nanoparticles (NPs) have been widely used in the most advanced catalytic systems. In turn, 
the catalytic performance of metal NPs (activity and selectivity toward the target reaction) depends, in 
general, not only on their size and composition, but also on their shape, determined by the specific nature 
of the crystalline surfaces, steps, terraces and defects that they expose. Thus, numerous efforts have been 
aimed to control not only the size but also the shape of metal NPs produced by colloidal methods of 
synthesis. To achieve the desired control, capping agents have been extensively used in these processes. It 
is generally accepted that those capping agents are preferentially adsorbed on certain surfaces of the 
growing crystals, during the synthesis process, selectively limiting the relative growth rate of each 
specific face, and eventually controlling the final shape of the produced NPs. Therefore, the ability of 
engineering specific capping agents for the synthesis of any desired NP of a specific shape would 
represent a major breakthrough in the area. However, the mechanism it is still poorly understood even for 
the most frequently used capping agents and metals due to inherent research difficulties. Here, supported 
by a strategic combination of electrochemical experiments, spectroscopy and DFT calculations, on well-
defined surfaces, the way in which a capping agent, citrate, determines the shape of colloidal NPs is 
described in detail. On Pt(111) surfaces, the combined results from the several experimental techniques 
and the calculations reveal that the adsorption of citrate is a very favorable process in which the 
maximum citrate coverage upon adlayer completion is 0.2 monolayers (equivalent to 3 1014 molecules 
cm-2). In this adsorption process, the molecule binds to the surface by the carboxylic groups in a bidentate 
configuration. At low coverage values, the species is bounded to the surface by two carboxylic groups. As 
the coverage increases, the probability of binding to the surface by the three carboxylic groups increases. 
For the other two basal planes, the adsorption is less favorable, especially when compared to other anions 
with similar adsorption strength. Additionally, the adsorption takes place only through two carboxylic 
groups, because the adsorption through the three carboxylic groups has strong steric problems. For this 
reason, under the synthesis conditions, citrate has stronger interaction with the Pt(111) surface than on the 
other two basal planes of platinum. The different adsorption behavior on the Pt(111) plane with respect to 
the other two basal surfaces explains why colloidal nanoparticles Pt of tetrahedral and octahedral shape 
are preferentially produced under certain conditions when citrate is used as the capping agent in water. 
The described mechanism for citrate should also operates determining the shape on other pure fcc metals, 
because adsorption properties are very similar, and can inspire the engineering of future capping agents. 
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Coadsorption of octyamine (OA) and alkyl amine with a pyrene ring (PA) enhances the activity of 
oxygen reduction reaction (ORR) on Pt nanoparticles significantly [1].  We extended the study to single 
crystal electrodes of Pt to elucidate a surface structure that enhances the ORR activity by the modification 
of OA/PA.  The ORR activity of Pt(111) is enhanced remarkably by OA/PA: the specific activity jk of the 
ORR on (OA/PA = 9/1)/Pt(111) is 2.5 times as high as that on bare Pt(111) at 0.90 V(RHE) in 0.1 M 
HClO4 [2].  However, OA/PA deactivates the ORR on Pt(100) and Pt(110) [2].   

Bare stepped surfaces of Pt have higher activity for the ORR than bare flat surfaces [3-7]. DFT 
calculation predicts that the step changes water structure on Pt single crystal surface resulting in the 
higher activity of stepped surfaces than flat surfaces [8].  Thus water structure may play a key role in the 
enhancement of the ORR activity by the modification of OA/PA.  We have studied water structure on 
(OA/PA = 9/1)/Pt(111) using in-situ infrared reflection absorption spectroscopy (IRAS). 

 
IRAS spectra were measured in 0.1 M HClO4/D2O.  Reference and sample spectra were collected at 0.1 

and 0.2-1.2 V(RHE), respectively.   The spectra were averaged over 64 scans, and subtracted spectra were 
calculated.    

 
We measured IRAS spectrum at 0.90 V(RHE) on (OA/PA = 9/1)/Pt(111) of which ORR activity is 

enhanced most remarkably by OA/PA, and compered the spectrum with that of bare Pt(111).  A new band 
appeared around 2380 cm-1 on (OA/PA = 9/1)/Pt(111).  This band is assigned to O-D stretching vibration 
of ice-like water (multilayers of hexamer of water molecules) according to the study of surface enhanced 
infrared absorption spectroscopy (SEIRAS) [9] and UHV [10].   The band of the ice-like water was also 
found on (OA/PA = 9/1)/Pt(100) and (OA/PA = 9/1)/Pt(110) on which modification of OA/PA 
deactivated the ORR.  However, the band positions of ice-like water on (OA/PA = 9/1)/Pt(100) and 
(OA/PA = 9/1)/Pt(110) shifted to lower wavenumber than that on (OA/PA = 9/1)/Pt(111).   Lower 
wavenumber of O-D stretching vibration indicates that hydrogen bond of ice-like water is strengthened on 
(OA/PA = 9/1)/Pt(100) and (OA/PA = 9/1)/Pt(110).  Moreover, integrated band intensities of the ice-like 
water on (OA/PA = 9/1)/Pt(100) and (OA/PA = 9/1)/Pt(110) is larger than that on (OA/PA = 9/1)/Pt(111), 
showing that layers of ice-like water on Pt(100) and Pt(110) are thicker than that on Pt(111).  Previous 
study shows that O-H stretching vibration shifts to lower wavenumber with the increase of the cluster size 
of water [11].   Enhancement of the ORR activity of Pt(111) by OA/PA modification can be attributed to 
weaker hydrogen bond in ice-like water with smaller cluster size. 
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The fabrication of promising metal oxides for generating efficient non-enzymatic electrochemical sensors 
is still a challenge, in which the progress in this field has taken place by an observation-driven and trial and 
error approach. In this context, although a transition to a design-driven methodology to produce materials 
with desired features for electrochemical sensors have been reported, systematic investigations on how the 
several parameters that affect their performances (size, shape, composition, among others) are still scarce. 
In this paper, we provide new insights regarding how the exposed facets at the surface of Cu2O crystals 
may affect their electrochemical sensing activities and stabilities. Specifically, we employed Cu2O cubes, 
cuboctahedron, and octahedron for the electrochemical detection of glucose as a model reaction.  By a 
combination of theoretical and experimental design, we unraveled the effect of {111} and {100} surface 
facets over the metal oxides-based electrocatalytic sensing activities and stabilities employing Cu2O 
crystals as a model substrate and glucose as the analyte. We started by theoretically investigating the 
potential energy curves for glucose adsorption at Cu2O {111} and {100} surface facets. We found that the 
glucose adsorption energy was significantly higher for {100} relative to the {111} facets. Then, we 
experimentally observed that their electrocatalytic sensing performances displayed a shape-dependent 
behavior. While the catalytic activities followed the order: cubes > cuboctahedrons > octahedrons, their 
stabilities showed an opposite trend. The higher catalytic activity enabled by {100} facets was explained 
by its stronger interaction with glucose. On the other hand, the higher stability enabled by {111} facet could 
be explained based on its weaker adsorption of O2 relative to the {100} surface. 
We believe the results presented herein offer new insights regarding the various parameters that dictate the 
electrochemical activities for molecular detection, showing that shape plays an important role over the 
optimization of activity and stability and design of new sensor for a variety of applications.   
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The growing awareness of the environmental problems, together with the progressive lack of fossil fuels, 
has led to a deep research on sustainable and renewable energy sources. The water splitting reaction 
driven by solar light has attracted a lot of attention as it allows producing hydrogen in a sustainable 
way[1]. The search of novel materials involved in these reactions, together with the study of their 
mechanism is fundamental to reach higher performances. In addition, the role of the overlayers is still 
controversial and needs to be clarified.  
In the recent years, we have deeply investigated various photoanodes, photocathodes and 
photoarchitectures by means of in situ and operando X-ray Absorption Spectroscopy (XAS)[2,3]. 
Operando XAS proved to be a powerful and versatile technique to study all the structural and electronic 
modifications occurring in a material while simulating the real operating conditions of a process, thus 
obtaining information about the reaction mechanism. This is crucial in electrocatalysis, to highlight the 
changes in oxidation state during the catalytic cycle, and in photoelectrochemistry, to determine the fate 
of the photogenerated carriers (recombination/charge transfer at the interface)4,5.  
In our recent work we investigated the mechanism of the oxygen evolution reaction (OER) catalyzed by 
an electrode of D-Fe2O3/NiOx

6. Operando spectra were acquired at the Ni K-edge in a spectro-
photoelectrochemical cell7 by simultaneously illuminating the sample with X-rays and UV/Vis light, and 
by applying a proper external potential. Both the spectroscopic and the electrochemical results 
demonstrates the presence of a strong coupling between the hematite and the NiOx overlayer. In 
particular, spectra were acquired simultaneously in dark and in light condition, at various applied 
potentials chosen on the basis of the cyclic voltammetry. In all cases, the spectra acquired in dark showed 
no differences compared to the spectrum of the pristine material. In case of illumination, however, strong 
changes in the XANES manifold were observed. 
When the applied potential is still not sufficiently 
oxidizing to promote the OER reaction, we 
detected the oxidation of Ni from Ni(II) to Ni(III), 
caused by the transfer of the photogenerated holes 
from hematite to the overlayer.  
In OER conditions, Ni reaches an oxidation state 
which is intermediate between Ni(III) and Ni(IV). 
This allowed to propose a reaction mechanism, in 
which the hematite acts as an underlayer for 
capturing photons. The formation of Ni(IV) that 
was directly detected demonstrates that NiOx is 
the actual responsible for the OER reaction via a 
turnover involving Ni(III) and Ni(IV). 
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Figure 1: scheme of the oxidation state turnover of 
nickel in D-Fe2O3/NiOx under OER conditions 
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Aqueous interfaces are ubiquitous in nature and technology. Processes at aqueous 
interfaces are paramount to the understanding of the most challenging questions in, e.g., 
atmospheric science, geochemistry, electrochemistry, biology and corrosion [1, 2, 3]. Water 
molecules at the surface are organized differently from water in the bulk. The density, 
dielectric permittivity [4, 5] and dipole moment of interfacial water change from their bulk 
water values to those of the gas over a distance of about a nanometer. Thus, hydrogen and 
hydroxide ions should behave differently at the surface compared to their behavior in the bulk. 
Also, the water surface presents one of the highest surface tension values among all common 
liquids (besides Mercury): 72 mN/m [2]. For water molecules in confined geometries (in a 
biological environment) protons moving through the network do not, have to “drag” a solvent 
shell with them. Rather, the water molecules solvating a hydronium (H3O+) ion can actually 
facilitate proton transport by shuttling it to another molecule, according to the Grotthuss 
mechanism [6]. 

These particularities motivated us to study the electrical behavior of the air-water surface 
and of the glass-water surface. Any object that can be electrically charged exhibits self-
capacitance. Both, the air-water surface and the glass-water surface can be charged. We 
started observing the effect of applying an electric potential to a metal ring electrode at which 
center a falling water droplet formed. The induced charges were measured at a Petri dish 
some centimeters below using a virtual ground connected integrator. In the sequence, we 
applied a squared 10V potential wave to a circular metal electrode on the top of a Petri dish 
with 60 ml of milliQ water, and NaCl aqueous solutions. The induced surface charge was 
measured with the virtual ground integrator. 

We found that: (a) Water droplet surfaces stores electrical charges like metallic spheres 
surfaces. This response is identical to a conducting layer, not reflecting the dielectric insulator 
response. (b) Air-water surface presents self-capacity proportional to the water surface. (c) 
Water-glass surface also presents self-capacitance and after the self-capacitance charging, it 
initiates the double layer charging, with charging time depending on the solution Debye 
length. 
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Cytosine is one of the DNA bases and therefore it is a biological relevant molecule particularly in relation 
to genetic expression and replication. The tautomerism of DNA bases is known to be involved in some 
genetic mismatch replications [1,2], so the study of tautomer equilibria on gold electrodes is of 
fundamental interest because it can offer the possibility to know the effect of electric fields (similar to 
those reached in natural biological membranes) on tautomers stabilities and interactions with the 
complementary base, guanine. On the other hand, the study has potential applications in the preparation 
of biosensors for DNA recognition and detection of the tautomers causing defective replications.  
In this communication the structural facilities provided by the in situ Surface-Enhanced Infrared 
Absorption Spectroscopy in the Attenuated Total Reflection mode (ATR-SEIRAS) are exploited for the 
characterization of cytosine adsorption on gold electrodes in combination with DFT calculations of 
geometries and vibrational properties of the different cytosine tautomers that can exist in solution and in 
the adsorbed state on gold.  
ATR-SEIRAS experiments have been performed on gold thin film electrodes at three pH values (in the 
range from 1 to 11.5) in H2O and D2O solutions, as the pH of the solution is an important variable in the 
acid-base and tautomeric cytosine equilibria. In fact, cytosine is involved in two acid/base equilibria (pKa 
values 4.5 and 12.2) and can present several tautomeric forms (at least 5 tautomers have been identified 
[3]). Parallel voltammetric experiments on Au(111) electrodes were also performed for the identification 
of the different adsorption regions as a function of the applied electric potential. The results show the 
adsorption of the deprotonated cytosine form in a wide potential region, even at pH bellow the first pKa of 
cytosine in solution, as also pointed out in previous studies [4,5], and observed for other DNA bases 
adsorption [6].  
The results are interpreted based on the theoretical DFT spectra of different tautomeric forms of the 
adsorbed cytosine on clusters of 19 gold atoms and are compared with experimental FT-IR and theoretical 
DFT spectra in solution. It is concluded the preponderance of two tautomeric adsorbed forms, a keto-
imino and a keto-amino forms, of the deprotonated cytosine molecule. The relative preponderances of 
these forms depend on the pH of the solution and on the potential applied to the electrode. 
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Scanning electrochemical microscopy (SECM) is a powerful tool for surface investigation. Through a 
microelectrode probe (or array of probes), positioned in close proximity of a surface, it is possible to have 
a map of the electrochemical activity of the surface. However, in the case of a rough surface it is difficult 
to separate the morphological contribution from the electrochemical one. On the other hand, SONAR 
utilizes an acoustic wave to have information on the distance of an object. The further the object is the 
weaker and more delayed is the echo of the sound wave.  
A similar strategy can be used in electrochemistry, where 
an electrical perturbation, produced for example by 
changing the potential of a microelectrode tip, generates 
a concentration wave which travels through the 
electrolyte and rebound on a surface (Figure a). From the 
delay of the return electrical wave it is possible to know 
the distance of the surface under studying. As for the 
SONAR, the frequency of the perturbation determines its 
spatial resolution, with longer-length waves traveling the 
farthest and the shorter one being the most accurate. 
The propagation of the electrical wave occurs by 
diffusion of electro-active species from the 
microelectrode tip which produces a concentration wave. 
As for the acoustic echo generated by an object, which 
depends on the mechanical properties of the object itself, 
like density and hardness, the electrochemical echo 
depends on the electrochemical nature of the surface and 
it can be used to collect more information on the surface 
to study.   
The electrochemical SONAR can work in two ways: by 
applying either a continuous perturbation as in the AC-
SECM or as a short pulse. In the first case (see Figure b) 
there is a particular distance at which the mass transport 
impedance has a local maximum or minimum, depending 
on the kind of substrate. This corresponds to the 
existence of a constructive or destructive interference 
between the perturbation produced at the tip and the echo 
of the surface. This interference corresponds to 
resonance-like interaction between the tip and the 
substrate. Instead, a short pulse resembles more closely 
the SONAR where the time the echo needs to return to 
the probe is used to estimate the distance.  
With little efforts, the electrical perturbation necessary 
for the electrochemical SONAR can be superimposed to 
the normal measurement of the SECM, like in an AC-SECM setup, thus providing extra insight on the 
morphology of the surface under investigation without substantially change all the well-known SECM 
strategy normally employed. 
 
 
 

 

 
 
Figure a): schematic of the concentration 
wave between the SECM tip and the 
substrate. b) position of the concentration 
interference in normalized distance.  

a) 

b) 
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Polyaniline (PAni) spontaneously reduces and oxidizes in acidic medium at open circuit 
potential. It is established that when metallic ions are present in solution, they act as an oxidizing agent to 
polymers, especially those containing nitrogen atoms [1]. Electroless Precipitation consists on the 
sustained reduction of metal ions onto a polymeric matrix of proper electrochemical activity. Since the 
state transitions of PAni (Protonated Emeraldine - Pernigraniline) occur between 300mV and 800mV vs. 
SCE, metal ions undergoing electroless precipitation should have a reduction potential in this potential 
window, limiting this reduction process to noble metals [2]. This spontaneous, selective (to noble metals) 
and sustained reduction of metal ions is of utmost importance in the field of extractive metallurgy [3]. 
Although this process has been known for more than two decades, the structural modifications in the 
polymer undertaking this process at open circuit potential are still unknown and its mechanism is not fully 
understood so far. 

In this work the chemical and electrochemical driven changes in the polymer matrix are 
investigated. For this purpose, the Electroless Precipitation process is fully characterized using silver as 
the model metal ion to undergo the process of spontaneous reduction. The synthesis process and the redox 
conversion of the modified electrodes were evaluated by Electrochemical Quartz Cristal Microbalance 
(EQCM). Furthermore, it was unequivocally determined that the amount of silver held in the PAni film is 
quantitatively obtained by the integration of the silver oxidation peaks resulting from the voltammetric 
response of the modified electrodes. The reuse of the polymeric matrix for multiple extraction runs was 
also evaluated, allowing to monitor the film degradation, assigned to the polymer structural 
modifications. The modified electrodes, after each exposure, were characterized by cyclic voltammetry 
and UV-Vis spectroscopy. It was determined that the modified electrode can extract silver from diluted 
solutions (1 mM) for more than 15 consecutive runs. Additionally, the electroless process was gauged by 
calculating the formal potential necessary to reduce several ions in different pH solutions, which it was 
plotted as a Pourbaix’s type diagram. The ability and selectivity of the polyaniline to drive metal 
spontaneous reduction was also towards four different metals or their mixtures: silver, mercury, gold and 
copper. 
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Understanding the electrochemical behavior of Pt at solid/liquid interface is of significant importance to 
the development of efficient electrochemical devices, such as fuel cells and water electrolyzers. In this 
work, the evolution of the surface morphology of a polycrystalline platinum under potential cycling 
condition was investigated by EC-AFM. After 50 cycles between 0.05-1.8 V in 0.1 M H2SO4, the Pt 
surface is coarsened and nanoparticles of several nanometers appear on the surface. The critical upper and 
lower potential for nanoparticles formation is found to be 1.8 and 0.8 V, respectively. The in situ AFM 
observation coupled with CV reveals the periodic disappearance and reappearance of the nanoparticles, 
based on which, the nanoparticles are attributed to be Pt nanoparticles and a model for the nanoparticles 
formation is proposed. While the formation of a thick oxide layer is the prerequisite, the reduction process 
is found to have a strong influence on Pt nanoparticles formation as well. This investigation provides the 
visualization of Pt surface under electrochemical control in a large potential window, which enables a 
more intuitive understanding of the Pt redox process. 
 
 
 
 



Approaching realistic measurement conditions: battery electrodes and 
electrolytes studied by Ambient Pressure Photoelectron Spectroscopy 

 
Julia Maibacha,b, Ida Källquistc, Kristina Edströma, Håkan Rensmoc, Hans Siegbahnc, Maria Hahlinc 

 
aUppsala University, Department of Chemistry – Ångström Laboratory, Box 538, 75121 Uppsala, Sweden 

bKarlsruhe Institute of Technology, Institute for Applied Materials – Energy Storage Systems, Hermann-
von-Helmholtz-Platz 1, 76344 Eggenstein-Leopoldshafen, Germany 

cUppsala University, Department of Physics and Astronomy, Box 516, 75120 Uppsala, Sweden 
 

julia.maibach@kit.edu 
 

Today, much of our knowledge about surface and interface reactions in rechargeable batteries such as Li-
ion batteries comes from post mortem photoelectron spectroscopy (PES) analyses. For these types of 
measurements, pre-cycled batteries are opened and taken apart within an Ar-filled glovebox. The 
individual electrodes are rinsed and subsequently transferred to the PES instrument to be characterized in 
UHV conditions. By using ambient pressure photoelectron spectroscopy (AP-PES), we now have the 
possibility to obtain more realistic information about the formation of electrode surface layers such as the 
solid electrolyte interphase (SEI) since the experiments can be conducted at elevated pressures and with 
liquids present. We will present results as well as challenges we face in characterizing battery electrodes 
as well as electrolytes with AP-PES. 
 
Our study of the SEI on a pre-cycled silicon composite electrode with the electrolyte (i.e. 1 M LiClO4 in 
PC) present revealed that the SEI composition for the wet electrode is stable within the probing time and 
generally agrees well with traditional UHV studies [1]. Additionally, we took a closer look at the stability 
of a simplified electrolyte (i.e. 1 M LiTFSI in PC) compared to just the solvent (PC) at different ambient 
conditions as well as during radiation exposure. While the presence of the salt makes the liquid droplet 
much more sensitive to the radiation exposure, the evaporation rate of the solvent depends strongly on the 
nature of the gas to achieve the background pressure during the experiment [2]. 
 
Although we have not yet achieved in-situ measurements to follow reactions at the solid liquid interface 
in batteries in real time, these studies are of fundamental value in designing these experiments as they 
clearly show the need to develop new measurement protocols and potential pitfalls in the data evaluation 
when liquid components are present. 
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The overall reaction kinetics of lithium-ion batteries are quite complex as numerous different loss 
processes contribute to the electrochemical performance. Electrochemical impedance spectroscopy is a 
powerful tool for the investigation of such complex electrochemical systems. Nevertheless the 
interpretation of the resulting impedance spectra can be difficult as the contributing time constants 
oftentimes overlap widely. Consequently a straightforward determination of the number of contributing 
loss processes is barely possible. In practical lithium-ion batteries the problem is further complicated as 
the implementation of a reference electrode is oftentimes not possible. 
The method of the distribution of relaxation times (DRT) is a promising approach for the qualitative 
analysis of such spectra. In the figure an impedance spectrum measured at a 9 Ah lithium-ion battery and 
its resulting DRT plot are displayed.  
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Figure 1: impedance spectrum of a lithium-ion cell and the corresponding DRT plot. Therein five different time 
constants (W1-W5) can be distinguished. 
 
Despite the fact that only few features can be observed in the Nyquist-plot a very detailed distribution of 
relaxation times can be derived from the spectrum in which five different time constants are detected.  
In a comprehensive study on stacked large scale lithium-ion batteries the physical origin of these time 
constants found in the DRT plot were clarified by supporting experiments such as measurements at varied 
temperatures, cell potentials and by comparison with spectra measured at cells with a three electrode 
setups [1]. 
Based on these findings the ageing of such lithium-ion batteries was monitored in situ by means of 
impedance spectroscopy. Thereby the main contributions to the cell degradation due to prolonged cycling 
could be monitored. 
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The electrochemical reduction of CO2 to CO in ionic liquids and ionic-liquid / water mixtures has 
received considerable attention due to recent claims of extraordinarily high energy efficiencies. We report 
here a study of CO2 electroreduction on Au in a [EMIM]BF4 / H2O mixture (18% mol / mol) combining 
cyclic voltammetry and surface-enhanced infrared absorption spectroscopy in the attenuated total 
reflection mode (ATR-SEIRAS). The onset of the reduction current in the CV coincides with a decrease 
of the interfacial CO2 concentration, but the appearance of adsorbed CO (COad) is slightly delayed, as CO 
must probably first reach a minimum concentration at the interface. Comparisons with spectra collected in 
the absence of CO2 and in CO-saturated electrolyte reveal that the structure of the double layer at negative 
potentials is different when CO2 is present (probably due to the formation of COad) and allow us to assign 
the main band in the spectra to CO adsorbed linearly on Au (COL), with a smaller band corresponding to 
bridge-bonded CO (COB). The CO bands show a large inhomogeneous broadening and are considerably 
broader than those typically observed in aqueous electrolytes. While both COL and COB can be observed 
in the CO adlayer generated by the electroreduction of CO2, only a single, even broader band, at a 
frequency characteristic of COL is seen in CO-saturated solutions. We attribute this to the lower coverage 
of the adlayer formed upon reduction of CO2, which leads to a lower degree of dipole-dipole coupling. 
Upon reversing the direction of the sweep in the CV, the intensity of the CO bands continues increasing 
for as long as a reduction current flows, but starts decreasing at more positive potentials due to CO 
desorption from the surface. 
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Surface plasmon resonance (SPR)-based biosensors methods are the basis of many standard tools in 
providing highly sensitive and high-quality data on the study of biomolecular interactions, chemical 
detection and immunoassays. Smaller, faster, cheaper and smarter biosensor diagnostic devices for 
molecular analysis are a hot topic in the developing diagnostic technologies which is crucial dependent on 
innovative biosensor-based strategies. Molecular imprinting polymerization is considered to be one of the 
most suitable strategic processes to achieve highly selective polymeric materials with special molecular 
recognition capacity.  
In this work we have followed with surface plasmon resonance optical technique the molecular 
imprinting polymer process for 2 biomarkers (α-amylase and CA-125). The α-amylase is a salivary 
biomarker usually used to monitor chronic psychosocial stress health problems and CA-125 biomarker to 
monitor epithelial ovarian cancer. The several steps involved molecular imprinting process, such as the 
template construction, the removal of the printed molecules from the polymer matrix and the rebinding of 
the template molecules to the polymer were followed using SPR reflectivity measurements. The SPR-
sensor topography was also characterized using AFM microscopy.  
The proposed methodology for the detection of α-amylase allowed a limit of detection (LOD) of 1.05×10-

6 mg/mL using a linear concentration range between 3.6×10-6 and 6 mg/mL. For CA-125 it was estimated 
a LOD 33.9 U/mL (linear concentration 50-1000 U/mL). 
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In recent years, direct ethanol fuel cells (DEFCs) have attracted increasing interest due to a number of 
advantages offered by the fuel, ethanol (EtOH). One of the main challenges in DEFCs is to improve the 
efficiency of the ethanol oxidation reaction (EOR) at the anode side. Pt- based catalysts supported on 
carbon are still ideal catalysts for this purpose. However, corrosion of the carbon support has been 
reported to be the main reason for catalyst nanoparticle degradation [1]. To improve the durability of 
catalysts, innovative supports of titanium oxycarbide (TiOC) powders [2] have been investigated recently. 

For a better understating of the 
oxidation reaction of EtOH, as well 
as of the strongly adsorbed CO 
intermediate, differential electro-
chemical mass spectrometry (DEMS) 
is used in a configuration optimized 
for the analysis of ‘real’ catalyst 
materials [3]. We investigate the 
activity of carbonyl tailored Pt/TiOC 
nanopowder catalysts using cyclic 
voltammetry, and current transients 
recorded at temperatures up to 70°C 
in acidic electrolytes containing 
0.1M EtOH. For a quantitative 
evaluation of the EOR products, 
DEMS is employed. CO oxidation 
and EOR studies are conducted to 

evaluate the CO2 efficiencies of Pt nanoparticles supported on TiOC and on carbon (C) (figure 1). The 
results show that Pt/TiOC is less prone to poisoning and shows a higher Faradaic CO2 conversion 
efficiency than Pt/C which is most likely due to a stronger interaction of TiOC with water and with EtOH, 
when compared to carbon [4,5]. This explanation is based on the fact that a thin TiO2 layer forms at the 
topmost TiOC surface without leading to a decrease of its electronic conductivity [4]. The reaction 
pathway of the EOR at Pt/TiOC can be quantitatively followed and compared to that of Pt/C using DEMS 
in combination with electrochemistry. CO monolayer and bulk oxidation studies are performed to 
investigate this step of the EOR separately for the Pt/TiOC system [5]. According to our DEMS results, the 
activity of Pt/TiOC is improving during the EOR which leads to an earlier onset of the CO oxidation 
reaction when compared to Pt/C.  
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Figure 1. CO oxidation coupled with DEMS on Pt/TiOC. 
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Rising man-made CO2 emissions causing irreversible global warming issues [1], as well as a worldwide 
growing energy demand are challenges that humanity faces nowadays. Hence, it would be desirable to use 
the feedstock of CO2 in the atmosphere for a clean transition into carbon containing fuels. Using 
renewable energy for the electrochemical reduction of CO2 is a promising path to achieve this goal. One 
of the main challenges in this path is the development of electrocatalysts that are capable of reducing CO2 
to hydrocarbons with high efficiencies. So far, mostly monometallic systems have been studied for this 
purpose, and it was shown that in these systems adsorbed CO and CHO occupy the same binding sites 
which then results in scaling of their binding energies [2]. Density functional theory (DFT) calculations 
have shown that transition metal carbides (TMCs) are attractive alternatives, as they might break the 
scaling relations of the adsorption energies of key intermediates [2]. In a recent study, it was reported that 
the electroreduction of CO2 on Mo2C results in the formation of CH4 at low overpotentials. These 
findings were based on gas chromatography measurements and DFT calculations [3]. 
 
Since the use of online techniques for detection of the products during the electrochemical CO2 reduction 
is of high importance, the present study focuses on an operando investigation of CO and CO2 
electroreduction on Mo2C and WC using differential electrochemical mass spectrometry (DEMS). Mo2C 
and WC are used in forms of powders, synthesized via a carbothermal route reported previously [4] and 
thin films, synthesized using physical vapor deposition (PVD) by magnetron sputtering. Surface analysis 
tools such as X-ray photoelectron spectroscopy (XPS) and atomic force microscopy (AFM) are employed 
for the characterization of the synthesized carbide films. The activity of Mo2C and WC towards CO and 
CO2 electroreduction is evaluated using cyclic voltammetry in combination with DEMS, which makes it 
possible to measure the coulombic formation efficiencies for certain important reaction products. This 
enables the understanding of the catalytic behavior and the reaction pathway of the carbides under study.  
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Due to the ever-increasing level of atmospheric carbon dioxide and limited fossil fuel reserves, much 
effort has been devoted to study electrochemical conversion of CO2 into valuable chemicals and fuels. 
The CO2 electroreduction reaction has been studied over the last decades. The potential products for CO2 
reduction are CO, formic acid, methanol, ethanol and hydrocarbons such as methane, ethane, and 
ethylene, and they depend on many factors such as the electrode material, the applied potential, 
temperature, the solvent and the nature and pH of the supporting electrolyte.1 The variety in production 
makes it hard in mechanism understanding. ATR-FTIR spectroscopy is a powerful tool for determining 
adsorbed intermediates. Previous studies on CO2 electroreduction reaction by ATR-FTIRS on Cu or Au 
surfaces were mainly focused on monitoring the adsorbed CO, which was a crucial intermediate toward 
diverse products and can be easily detected due to its strong IR absorption features. 2 Recently, 
bicarbonate anions was also detected and may play a critical role in this reaction.3 However, the 
mechanism of CO2 electroreduction reaction is still unclear. 

In this study, in situ ATR-FTIR spectroscopy was used to detect the intermediates in the CO2 
electroreduction reaction on Cu, Au, Pt and Pd surfaces. The results demonstrate that COL and COB are 
both detected on all surface at -1.2V (vs. SCE). Au and Pd are less active to CO formation, which may 
cause different reduction products. Meanwhile, the peak at ~1510cm-1 was assigned to the adsorbed 
carbonate anions with two oxygen atoms coordinated on the bridge site, which is clear on Au, Cu and Pd 
surfaces.  
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Fig.1 in-situ ATR-FTIR spectra recorded at -1.2V on the metal thin film electrodes in a CO2-saturated 
0.1M NaHCO3, Reference spectrum was taken at 0 V vs. SCE. 200 interferograms were co-added for 
each spectrum.  
 

The study has thrown an insight into understanding the reaction mechanism of CO2 electroreduction 
reaction on noble metal surface. 
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Cathodic corrosion is a process where the working electrode upon negative polarization undergoes 
anisotropic structural transformation1.  Even though the mechanistic understanding of cathodic corrosion 
is still elusive, it is potentially seen as a synthetic route for nanoparticle production due to its simplistic 
and clean methodology2. Corrosion studies using single crystal (well defined surface structure) electrodes 
can further clarify the processes responsible for the anisotropic structural transformation. Interestingly, 
spherical single crystal (M(spherical)) allows one to visualize the structural changes in the various facets 
of entire fcc stereographic triangle and use of M(spherical) electrode is ideal for the structural 
characterization of anisotropic corrosion. Thus, this work focuses on examining the cathodic corrosion at 
M(spherical) electrodes of several noble metals (i.e. Au, Pt, Rh and Ir) by detailed electrochemical and 
structural characterization. The M(spherical) electrodes of different noble metals are subjected to various 
range of negative and positive polarization in a sodium hydroxide solution in-order to understand the 
nature of cathodic corrosion. In addition, electrochemical analysis using cyclic voltammetry (CV) and 
structural analysis using scanning electron microscopy (SEM) were performed on the corroded sample. 
These analyses can lead to the understand of anisotropic nature of corroded sample from electrochemical 
and structural perspective. 
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Figure Caption: Surface roughness development in the (111), (100), (110) facets. (a) An SEM image of 
the Pt(spherical) electrode upon cathodic corrosion in 0.2 M NaOH electrolyte polarized in the range of -
4.00 V to 4.00 V. The Pt(spherical) electrode is superimposed with the fcc stereographic projection with 
the color coded basal surface location ((100)-blue, (110)-green and (111)-red). (b-d) The SEM images of 
the (100) (b), (110) (c), (111) (d) facets with fully developed surface roughness. 
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Adsorption of particles, such as molecules or ions, is an important basis for many everyday phenomena, 
such as corrosion inhibition or chromatographic separation. With regard to electrochemical technology, it 
provides a basis for energy storage in supercapacitors as well as helps to mitigate many important faradic 
processes via the formation of the electrical double layer (edl). However, in many cases, the particles 
themselves adsorb at the surface by chemical bonding interaction, thereby contributing to an effect called 
specific adsorption, which means that the adsorbed species can no longer be considered as part of the 
diffuse phase at a solid│liquid interface. Therefore, as part of the solid interface, they contribute strongly 
to the interfacial properties, such as energy storage, reactivity and interaction with other interfaces. It is of 
interest to look at such systems whereby there are no neutral particles within the liquid phase, such as 
ionic liquids (IL). Composed exclusively of ions, ILs constitute a large variety of liquidous electrolyte 
media that can be specifically tuned for an application in mind. This allows ILs to have a varied range of 
applications, such as electrolytes for energy storage, separation of ionic or organic species and catalyst 
media for organic synthesis. Although the formation of the edl in ILs has been in the scientific focus for 
almost two decades, there is still a lack of understanding with regard to the surface interaction of ions at 
IL│metal interfaces [1]. This is partially due to the difficulty in describing such interactions from a 
modelling perspective, as well as the complexity of the systems in electrochemical experiments [2]. 
To overcome these problems, both classical electrochemical methods (cyclic voltammetry and 
electrochemical impedance spectroscopy) as well as in situ scanning tunneling microscopy (STM) 
methods have been applied to observe the interfacial structuring at IL│Bi(hkl) interfaces. Bi(hkl) 
electrodes have been chosen as the working electrodes due to their variable metallic properties and 
chemically stable structure. Triflate, bistriflimide, mesylate and iodide anions have been chosen for their 
potential ability to specifically adsorb at the surface, which has been shown in aqueous solutions but not 
ILs. These anions have been combined with aliphatic imidazolium cations that are generally thought to 
not specifically adsorb at metallic electrodes. It is shown that iodide ions adsorb at Bi interfaces forming 
densely packed monolayer structures that are stable in a wide range of electrochemical polarization. 
Dynamic cyclic voltammetry and in situ STM measurements reveal that while the Bi(111) single crystal 
plane is highly resistant to surface reconstruction processes, the more metallic Bi(001) and Bi(01ī ) 
planes do indeed reconstruct upon the variation of potential, but that those processes are both highly 
reversible and fast. These reconstruction processes are also shown to depend on the IL anion composition. 
Although full impedance equivalent scheme fitting procedure [3] was carried out in the same region of 
potentials for the iodide containing IL, these surface reconstruction processes were not detected by either 
impedance nor cyclic voltammetry methods. This highlights the need for advanced imaging methods to 
supplement classical electrochemical techniques to fully understand the underlying interfacial processes 
and their contribution to the energy storage at IL│electrode interfaces. 
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Graphical Abstract: Pt(111) is inactive for the hydrogenation of acetone because it cannot adsorb it. The 
phenyl ring of acetophenone forces the carbonyl function into a side-on geometry and activates it for the 
Pt(111)-catalyzed hydrogenation to the corresponding alcohol. 4-Acetylpyridine adsorbs to Pt(111) in an 

upright position. This makes the carbonyl function inaccessible to the catalyst surface and no 
hydrogenation can commence.  

 
We are going to present briefly that acetone is reduced electrochemically at (110) step sites of 

Pt(111) and Pt(100) electrodes to 2-propanol (at stepped Pt(111)) and propane (at stepped Pt(100)). 
However, pristine Pt(111) and Pt(100) electrodes do not adsorb acetone and are, therefore, not able to 
catalyze its hydrogenation. This conclusion is based on Online Electrochemical Mass Spectroscopy 
(OLEMS) and FTIR-data.  

Furthermore, we are going to present the results of DFT calculations that corroborate the 
experimental findings. Whether or not adsorption of acetone takes place depends on the coordination 
number of the adsorption site: At step sites with low coordination numbers acetone adsorption is 
thermodynamically favorable. At (111) and (100) basal planes with large coordination numbers 
adsorption is not possible. Although DFT calculations show that (111) and (100) terraces are intrinsically 
active for acetone reduction, the absence of acetone adsorption renders them inactive. 

In this context we are going to present the electrochemical reduction of acetophenone results in 
the corresponding alcohol at both Pt(110) and Pt(111). Pt(100) can hydrogenate acetophenone to the 
alcohol but is in addition capable of forming  the hydrocarbon. We are going to show this by experiments 
based on OLEMS and HPLC after long-term electrolysis. In light of their inability to reduce acetone, the 
activity of (111) and (100) basal planes for the hydrogenation of acetophenone is remarkable. However, 
due to the interaction of the phenyl ring with the Pt-surface the carbonyl functional group is forced into a 
side-on adsorption geometry. Since Pt(111) and Pt(100) are intrinsically active for acetone reduction (but 
lack acetone adsorption) it is not surprising that activity of Pt(111) and Pt(100) is observed, when the 
carbonyl functional group is forced to adsorb. In the case of acetophenone, the interaction between the 
phenyl ring and the platinum surface causes forced adsorption of the carbonyl group.   

Furthermore, we are going to show that all platinum surfaces are inactive for the hydrogenation 
of 4-Acetylpyridine. SERS spectra obtained at polycrystalline Pt electrodes show that 4-Acetylpyridine 
adsorbs in an upright position to the surfaces. The vibration modes of the carbonyl functional group 
indicate that the interaction with the platinum surface does not weaken the C,O-bond in 4-acetylpyridine. 
Hence, in this adsorption geometry the carbonyl functional group is inaccessible to the surface and 
hydrogenation is inhibited. This is different for acetophenone and acetone where a considerable 
weakening is observed. Opposed to the interaction of the phenyl ring with the platinum surface that 
activates the carbonyl functional group, the interaction of the pyridine ring with the surface inhibits 
hydrogenation (considering that stepped platinum surfaces can reduce acetone but not 4-Acetylpyridine).  
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The increasing demand for energy and alternative catalysts to copper (Cu) for efficient CO2-
electroreduction has sparked interest in transition metal carbides (TMCs). According to theoretical 
calculations,[1] TMCs tend to show lower overpotentials in the conversion of CO2 to hydrocarbons. The 
enhanced catalytic behavior of TMCs, unlike their parent transition metals, is related to their ability of 
breaking the binding energy scaling relations for the corresponding reaction intermediates.[1] It is also 
known that metal carbides with a carbon/metal ratio below one can easily break C-O bonds and are thus 
reactive towards CO2 reduction.[2] Recently, it has been reported that the electrochemical CO2 reduction on 
Mo2C results in less negative onset potentials for CH4 formation than Cu.[3] However, a comprehensive 
understanding of the electrocatalytic properties of Mo2C towards CO2 reduction still needs to be elucidated.  
  
This study consists of the synthesis of Mo2C films using physical vapor deposition (PVD) by magnetron 
sputtering, as well as the direct carburization of polycrystalline Mo substrates through carbothermal 
conversion. For the characterization of the synthesized Mo2C films, surface analysis tools such as X-ray 
photoelectron spectroscopy (XPS), atomic force microscopy (AFM) and Auger electron spectroscopy 
(AES) have been used. Moreover, the optical constants of Mo2C are determined using IR- and UV/VIS-
ellipsometry. For an operando investigation of the CO2 electroreduction, cyclic voltammetry has been 
combined with subtractively normalized interfacial Fourier transform infrared spectroscopy (SNIFTIRS) 
to detect adsorbed reaction intermediates at the electrode surface under CO2 reduction conditions. Since 
CO is an intermediate in the reduction of CO2, electrochemical reduction studies of CO have also been 
carried out for a better understating of the CO2 conversion pathway. 
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Carbon dioxide (CO2) is a well-known atmospheric pollutant, but also one of the most naturally abundant, 
inexpensive and safe C1 resources produced in chemical industry. Therefore, in recent years, the capture, 
storage and conversion of CO2 to environmentally neutral species has attracted a wide interest.[1] Carbon 
monoxide (CO) is a key intermediate in the electrochemical CO2 reduction and Cu is a unique 
monometallic electrocatalyst which is able to produce highly reduced products such as hydrocarbons and 
alcohols from CO2 and CO electrolysis. Such electroreduction processes themselves can alter both the 
electronic and the geometric structure of the active (electro)catalyst surface.[2] Therefore, monitoring of 
electrode surfaces under realistic operando conditions is crucial for a true atomistic understanding of 
interfacial structures and electrochemical activity. In the present work, in situ scanning tunneling 
microscopy (STM) coupled with cyclic voltammetry (CV) and differential electrochemical mass 
spectrometry (DEMS) was used to study the electrochemical and structural behavior of CO on Cu single 
crystals. The role and influence of CO on the different structures of copper, i. e. metallic, its anodic 
oxidation precursor states[3] and its oxides at the different potentials are systematically investigated.  

 
 

Figure 1: Cyclic voltammograms of Cu(111) with and without CO. The inset shows a low resolution STM 
image of the bare, metallic Cu(111) surface in 0.1 M NaOH at -0.9V vs SHE. 
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Proton exchange membrane fuel cells (PEMFC) offer a way to reduce the impact of burning fossil fuels 
on the environment. Replacing internal combustion engines in small vehicles would significantly cut CO2 
and other emissions, unfortunately the large amount of platinum needed for electrocatalysis of the oxygen 
reduction reaction (ORR) on the cathode using current technologies is not sustainable in the long term. 
Recently, a lot of progress has been made on non-precious metal catalysts (NPMC) to replace platinum, 
especially using iron and nitrogen doped carbon catalysts. Here, we present a first study of Fe-N-C 
catalysts based on carbide-derived carbon (CDC) in PEMFCs. CDC can be designed to result different 
pore size distributions (PSD), in the microporous and/or mesoporous domains, which is interesting to 
optimize the number and/or accessibility of active sites in Fe-N-C catalysts. Since some Fe-Nx 
coordination sites, which are one type of active sites for ORR are known to reside in micropores and 
controlled porosity is also very important for mass transfer in fuel cells, CDCs present a way for rational 
design of NPMCs. We compare two sets of Fe-N-C catalysts derived from two different CDCs, one with 
unimodal PSD (most frequent pore size of 8.5 Å, CDC-2) and another one with trimodal PSD with most 
frequent pore size at 7.8 and 30 Å (CDC-1). The pores are functionalized with 1,10-phenanthroline and 
iron(II) acetate via ball-milling, and the catalyst precursors pyrolyzed at 800 ºC in argon. These CDC-
based Fe-N-C catalysts show promising half-wave potential for ORR of 0.81 V vs RHE in 0.5 M H2SO4. 
For a same Fe content of 0.5 wt% in the catalyst precursor, the Fe-N-C catalyst derived from CDC-2 
showed ca. 5 times higher activity at 0.8 V vs. RHE than that derived from CDC-1. The residual presence 
of boron in CDC-1 seems to be the main reason for the lower activity of CDC-1 derived catalysts, leading 
to the preferential formation of iron boride instead of ORR-active FeNxCy moieties. Higher Fe contents 
were investigated for CDC-2, but lead to unmodified activity, which is explained from Mössbauer 
spectroscopy measurements by the increasing formation of ORR-inactive Fe species at high Fe content.  

 
Figure 1: Left: Pore size distributions of the CDCs used in this work. Right: 57Fe Mössbauer spectra for 

catalysts synthesized from (a) CDC-1 and (b) CDC-2. 
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Electrochemical scanning techniques have been used to improve understanding of electrochemical reaction 
mechanisms and kinetics for several decades. Localized electrochemical impedance spectroscopy (LEIS), 
which was introduced in the 1990s, is a powerful technique that combines the advantages of conventional 
electrochemical impedance spectroscopy with those of localized methods [1]. 
So far, LEIS has mainly been used in fields of material science, such as corrosion research [2]. In this study, 
the application of LEIS to lithium ion electrodes is introduced. To achieve this, several adjustments of the 
experimental setup were necessary, such as the introduction of the measurement cell into inert atmosphere 
(cf. fig. 1) and the modification of the aqueous electrolyte system to a non-aqueous one. 
With the adapted LEIS setup, clear impedance spectra could be obtained and interpreted for lithium ion 
electrodes. This gives an opportunity for many new aspects of electrode analysis, such as the influence of 
electrode coating or manufacturing inhomogeneities on the electrode’s localized electrochemical properties 
and charging characteristics. 
By using the method of distribution of relaxation times (DRT) the before generated impedance data can be 
transformed into a highly-resolved representation. Thereby a clear differentiation of single polarization 
processes and their elaborately investigation is feasible [3]. Via controlled system manipulations (e.g. 
charging/discharging, intended contaminations, selective mechanical injuries) local dependencies of SEI 
formation on lithium ion electrodes could be analysed.  
 

              
Fig. 1. Experimental setup used: a) custom-made measurement cell, b) glovebox feedthrough 

 

Keywords: localized electrochemical impedance spectroscopy, lithium ion electrode, 
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Whenever a current is applied to an electrochemical system, its cell potential is characterized by the sum 
of the OCV (potential at equilibrium) and the overpotential ɳ. The magnitude of the overall overpotential 
is determined by three different processes. The resistance overpotential (caused by ohmic resistances e.g. 
due to cell design), surface overpotential (e.g. caused by activation energy at the electrodes) and diffu-
sion/mass transfer overpotential [1].  
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Fig. 1: overpotential depending on the applied current of a lithium-ion cell. 

The diagram shows both linear (near the origin) and nonlinear current-potential relation due to different 
characteristics of the processes mentioned above. The resistance overpotential causes linear current-
potential characteristics. Whereas surface and diffusion/mass transfer processes result in nonlinear cur-
rent-potential relation. In the application of lithium-ion cells the nonlinear overpotentials are the most 
interesting since they are caused by electrochemical processes such as charge transfer processes. First 
studies on lithium-ion cells have shown that the size of the overpotentials responsible for nonlinearity 
depend on the charge state of the lithium-ion cell and on the temperature. In order to distinguish and 
quantify each of these overlaid nonlinear processes, it is necessary to use a specific measurement method.  

By means of a measurement method developed in our working group, the nonlinear properties of lithium-
ion cells can be revealed. Considering the current-voltage relation of lithium-ion cells (Fig. 1), one ap-
proach to achieve nonlinearity is to shift the operating point of lithium-ion cells by applying a sufficiently 
high direct current. For additional analysis of the system in the time domain, an alternating current of low 
amplitude is simultaneously superimposed. The corresponding output signal contains not only the funda-
mental frequency but also higher harmonics. Using Fast Fourier Transformation, the output signal is de-
composed into its discrete frequency coefficients. These harmonics are normalized to the total energy 
spectrum. This result is used to qualify the frequency dependent nonlinear behaviour of lithium-ion cells. 
  
The results of harmonic investigations will be compared with results from conventional EIS (Electro-
chemical Impedance Spectroscopy) and DRT (Distribution of Relaxation Times) studies. The main pur-
pose is to assign signals occurring in the harmonic spectrum to specific nonlinear processes. 
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To build a hydrogen-based society, it is essential to establish a large-scale hydrogen supply system. 
Organic chemical hydrides such as methylcyclohexane (MCH) have been drawing attention as a hydrogen 
carrier because they are liquid at ambient temperature and pressure [1]. Direct electrochemical 
hydrogenation of toluene with water, converting to MCH, is preferable to fix hydrogen from viewpoints 
of effective use of electricity from renewable sources and total energy conversion efficiency.  

In a microemulsion, electrochemical contact with nano aqueous and organic solution phases can be 
simultaneously achieved by controlling hydrophilicity and lipophilicity on an electrode surface [2]. 
Recently, we have, for the first time, demonstrated the direct electrochemical hydrogenation of toluene at 
a Pt black electrode by employing a microemulsion system as its reaction field, instead of a membrane 
electrode assemble (MEA) system [3], and achieved a high Faraday efficiency for the toluene/MCH 
conversion under a galvanostatic condition and in a one-compartment cell [4]. In the present study, we 
examined electrochemical hydrogenation of toluene and xylene isomers at various types of Pt electrodes 
in microemulsion systems for better understanding of its reaction mechanism and finding a clue of 
designing higher performance catalysts for the electrochemical hydrogenation. 

Microemulsion electrolytes were prepared from toluene, 1 M H2SO4 aqueous solution and two 
surfactants. The prepared microemulsions were characterized by small angle X-ray scattering (SAXS) and 
nuclear magnetic resonance (NMR). Electrochemical measurements were performed with an H type cell 
with a Nafion membrane in order to block the influence of counter reactions.  

Fig. 1 shows cyclic voltammograms (CVs) of a Pt-black electrode in 1 M H2SO4 and a toluene-
containing microemulsion, indicated by dashed and red solid lines, respectively. In the H2SO4 solution, 
the Pt electrode exhibited a characteristic reversible 
hydrogen adsorption wave below 400 mV. In contrast, the 
hydrogen adsorption feature completely disappeared in the 
CV for the microemulsion presumably due to an 
adsorption of toluene on the Pt surface. However, 
reduction current was raised below ca. 120 mV and 
steeply increased below 60 mV. This can be explained by 
a partial reduction and desorption of the adsorbed toluene 
molecules and subsequent bulk hydrogenation reaction [5]. 
It should be pointed out that the steep reduction current 
was observed at more positive potential than the hydrogen 
evolution reaction, suggesting a Langmuir-Hinshelwood 
type mechanism for the toluene hydrogenation with 
underpotential deposition hydrogen. In the meeting, we 
will further discuss the reaction mechanism on the basis of 
additional electrochemical measurements and the 
characterization of the microemulsions.  
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The in-situ study of catalyst materials during the electrolysis of water is of vital importance to understand 
the limiting mechanisms occurring in the catalytic reaction. The combination of soft x-ray absorption 
(XAS) and emission (XES) spectroscopies is an established method that can probe the (local) chemical 
and electronic structure of solid, liquid, and gaseous samples (from the perspective of the chosen core 
hole) and give insights into their projected density of states. For electrocatalysts this would provide a 
detailed understanding of their catalytic behavior. 
For this purpose, in the Energy Materials In-Situ Laboratory Berlin (EMIL) at the BESSY II synchrotron 
facility, we are developing an infrastructure that allows XAS, XES, and RIXS (resonant inelastic x-ray 
scattering) studies of electrocatalysts under operating conditions. This setup is based on a 3-electrode 
electrochemistry flow-cell located in an in-situ/operando chamber installed at the second interaction point 
of the HZB’s branch of the EMIL beamline. The modular design of the chamber will ensure an easy 
connection to the newly developed and currently being constructed high-transmission soft x-ray emission 
spectrometer (HiTS) – that also serves the analysis chamber for solid-state samples at the first beamline 
interaction point. This compact spectrometer (approximately only 2 m long) will use a slitless design that 
allows moderate resolving powers of > 1500 while ensuring maximum transmission over a large energy 
range (from approximately 40 - 900 eV in the first diffraction order).  
We present the current status of the instrumentation at EMIL and the first experimental results on our path 
towards the in-situ characterization of real-world electrocatalysts under operating conditions. 
 

 
Figure: The vacuum environment is separated from the examined electrocatalyst in the liquid electrolyte 

by a thin membrane that allows transmission of exciting (h𝜈) and emitted (h𝜈e) photons. The x-ray 
transparent window coated with gold acts simultaneously as working electrode and substrate for the 

electrocatalyst. 
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Surface Enhanced Raman Spectroscopy (SERS) proved to be an ultrasensitive tool for the detection of 
aromatic molecules and biological species including DNA, antibodies and circulating tumor cells. Thanks 
to unique properties of graphene family materials, the range of SERS applications is largely expanded. 
The chemical flexibility of reduced graphene oxide (RGO) enables tunable adsorption of molecules on 
SERS active supports. Another advantage of RGO is the ability of fluorescence quenching, which 
improves quality of Raman spectra. RGO – like graphene contributes also to the SERS enhancement 
factor through the chemical mechanism.  

In this contribution we study electrodeposition of silver nanoparticles (AgNPs) on graphene oxide (GO), 
GO treated with ammonia water (GO/NH3) and electrochemically reduced GO (ERGO). The GO, 
GO/NH3 and ERGO layers were deposited on flat gold plates or electrochemically roughened silver 
surface (Age.r). Rodamine 6G (R6G) was used for testing of the SERS enhancing ability of the obtained 
layers.  

The SERS platform composed of GO/NH3 or ERGO trapped between the electrochemically roughed 
silver and the electrodeposited silver shows best performance in detecting R6G molecules with 
concentration as low as 10-10M. The estimated enhancement factors for Age.r/GO/NH3/AgNPs and 
Age.r/ERGO/AgNPs equal to 3.1x108 and 3.8x108 respectively. The molecules of R6G attain various 
orientation on studied surfaces probably due to various content of the polar oxygen surface groups. 
 
 

    
 
SEM picture of the Age.r/GO/NH3/AgNPs layer.   

200 nm 

Spectrum of R6G adsorbed on the 
Age.r/GO/NH3/AgNPs from the 10-10 M 
solution. 
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Self-assembled monolayers (SAMs) are arrays of molecules that spontaneously arrange themselves into 
crystalline structures on solid or liquid surfaces 1. The high affinity of thiols for gold and their ability to replace 
molecules on the surface (an important cleaning effect) have made this combination the most popular in SAM 
research.1 Surface enhanced Raman spectroscopy (SERS) is an excellent complementary technique for the study 
of SAMs absorbed on electrode surfaces. Discovered in 1974,2 SERS provides Raman signal intensity 
enhancements of up to 108 on roughened or nanostructured surfaces, via both electromagnetic and chemical 
effects.3 

A SAM of 4-sulfanylbenzonitrile (4-SBN) has 
recently been used to investigate electrostatics at 
electrode interfaces. This is due to its ability to report 
the vibrational stark effect – a measure of the strength 
of the electric field.4 However, while the band 
positions of the peaks has been well investigated and 
explained, the intensity of these bands was only briefly 
mentioned. 

Here we have characterised the spectra of three SAMs 
using DFT: 4-SBN, 3-SBN and 2-SBN and by 
comparing the in plane and out of plane vibrations of 
these molecules the change in orientation can be 
studied under electrochemical control. We have 
determined that this change in orientation can be 
attributed to interactions between the charged 
electrode surface and both the nitrile group and ring 
orbitals of the adsorbate in question.  

 

 

 

 

Fig. 1 Experimental SER spectra and calculated DFT spectra of: A) 4-SBN, B) 3-SBN and C) 2-SBN SAMs. 
SER spectra are of SAMs adsorbed on Au SSV substrates held at 0.0 V vs. Pt QRE in a 0.1 M TBATFB electrolyte. 
Each spectra was normalised with respect to the intensity of the largest peak. Starred peaks are those for ethanol 
in the electrolyte solution.  

 

(1)  Newton, L.; Slater, T.; Clark, N.; Vijayaraghavan, A. J. Mater. Chem. C 2013, 1 (3), 376–393. 
(2)  Fleischmann, M.; Hendra, P. J.; McQuillan, A. J. Chem. Phys. Lett. 1974, 26 (2), 163–166. 
(3)  Stiles, P. L.; Dieringer, J. A.; Shah, N. C.; Van Duyne, R. P. Annu. Rev. Anal. Chem. 2008, 1 (1), 601–

626. 
(4)  Schkolnik, G.; Süssmuth, R.; Hildebrandt, P.; Franzen, S. Vibrational Stark Spectroscopy as a Tool for 

Probing Electrostatics at Protein Surfaces and Self Assembled Monolayers, 2012. 
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Room temperature ionic liquids (RTILs) are a class of electrolytes that are based on low melting point 
ionic solids. With significant conductivity levels, low vapor pressures and very large electrochemical 
potential windows, they are attractive electrolytes for numerous applications [1].  
 
Fundamental theoretical understanding of electrolyte solutions have historically relied on models based 
on dilute solutions assuming no interaction among the solute species. This type of understanding, though 
very useful in numerous systems, fails to capture the details of concentrated solutions and further, RTILs. 
Though there are studies in the literature that are aimed at understanding the details of RTILs, they are 
either too detailed or computationally intensive to be employed for transient experiments or too 
oversimplified to capture the behavior. 
 
In this contribution, we will be presenting a straightforward approach that models not only the 
electrostatic interactions between the anions and the cations of the ionic liquid, but also the effects of ion 
pairing. This approach is computationally simple, yet accurately describes the outcome of the 
experiments. This new modeling approach paves the way for understanding the behavior of the 
electrochemical double layer in greater detail under conditions where the assumptions of dilute 
electrolytes fail. We will further present that this model predicts improved time response for RTILs that 
are asymmetric in transport numbers. In that, increased asymmetry helps with faster rearrangement of the 
electrochemical double layer. 
 
This modeling approach will be presented along with in-situ X-Ray Photoelectron Spectroscopy data, 
which provides the potential across the length of the electrolyte in a position and time resolved fashion[2]. 
We will present some recent findings that show that the amount of excess ions amount to 10%. [3] 
Investigations involving mixtures of ionic liquids aid in this investigation, effectively modulating the 
charge carrying constituents of the ionic liquids. 
 

 
 
References: 
1. Freemantle,M (2009) An Introcution to Ionic Liquids, Royal Society of Chemistry, London, UK. 
2. Camci MT; Aydogan P; Ulgut B; Kocabas C; Suzer S; “XPS enables visualization of electrode 
potential screening in an ionic liquid medium with temporal- and lateral-resolution” Phys. Chem. Chem. 
Phys. (2016),18, 28434 
3. Camci, Merve Taner; Ulgut, Burak; Kocabas, Coskun; Suzer, Sefik, Physical Chemistry Letters, 
submitted 
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We have studied the electron charge transfer between Au(111) single crystal and Os(byp)2PyCl redox 
centers covalently attached to 30 nm Au nanoparticles via C6 thiooctic acid deposited on self-assembled 
C16 hexadecanethiol adsorbed on Au(111).(1) 
The rate of electron transfer was measured by a modified Creager (2) method using electrochemical 
impedance spectroscopy over a wide frequency range at different potentials. Several experimental 
techniques such as in situ STM, AFM and XPS were employed to characterize the different molecular 
structures during the construction of the self-assembled redox system. 
The rate of electron transfer for the same system Os(byp)2PyCl immobilized on the C16 SAM and on the 
Au nanoparticles deposited on the C16 SAM have been compared. 
The 30 nm Au nanoparticles enhance the rate of electron transfer for more than 5 orders of magnitude, 
which can be described by a two-step model proposed by Alloongue (3). The two step electron transfer 
process from the Au(111) to the Au nanoparticle is fast, with the rate determining second step from the 
Au nanoparticles to the Os(byp)2PyCl redox center. The electron transfer kinetics from the gold 
nanoparticles to the redox center have been described by a model of Gaussian distribution of rate 
constants due to a distribution of distances and configurations. 
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Ionic liquids (ILs) have attracted keen attention due to its 

applicability to various kinds of electrochemical devices. However, 
we still lack enough knowledge on the interface structure and spatial 
distribution of chemical species during the electrochemical 
processes.  
 We recently developed the electrochemical photoelectron 
spectroscopy (EC-PES) to carry out in-situ XPS and UPS 
measurements under electrochemical condition using 3-electrodes 
type cell (Fig. 1). In this study, we investigated the molecular 
behavior of ILs and its solute near the electrode under cathodic 
applied potential. 
  ~200 mM Ag+ (or Au3+)/BMI-TFSA((1-butyl-3-methylimidazolium 
bis(trifluoromethanesulfonyl) amide) solution were used 
as electrolyte. Fig. 2 shows the mole fraction of Au3+ and 
Ag+ ions plotted against the distance from the edge of the 
working electrode measured at 1h after the potential was 
applied. Under the cathodic potential where the reduction 
of metal ions (Mn+ + ne- => M) occurs under the diffusion-
limited condition, the concentration of metal ions decreased at the edge of electrode, and gradually 
increased at larger distance from the electrode. This indicates that the diffusion layer was formed by the 
reductive reaction of at the electrode. Interestingly, the shape of the diffusion layer was largely different 
from the concave function usually supposed in the case of aqueous solution. In the present case, the 
spatial distribution of concentration was convex and the depletion layer where the concentration of metal 
ions is quite small is formed close to the electrode in a wide region. By a numerical simulation, we 
revealed that the metal ions diffused by the hopping-like mechanism (Figure 1(b)), in which the apparent 
diffusion coefficient increased with increasing of the concentration of 'holes' (vacancies formed between 
IL molecules) acting as hopping sites. We can see that the width of the diffusion layer of Au3+ was much 
larger than that of Ag+, though the data were measured when the same time was passed after the cathodic 
potential was applied. By the 
computer simulation, we found that 
such a difference came from the fact 
that the hopping diffusion of Au ion 
was drastically enhanced comparing 
with that of Ag ion which is 
attributed to the difference in the size 
of ions.  
  We also found that such a 
difference in the diffusion behavior 
strongly affect the shape of the 
electrodeposits. Fast hopping 
diffusion of Au ions enhances the 
dendric growth of electrodeposits. In 
addition, we succeeded in controlling 
the shape of the metal deposits by 
controlling the hole concentration in 
both cases. 
 

Fig. 1 Electrochemical cell and In-situ 
electrochemical photoelectron spectro-
scopy (EC-PES) (a) and a diffusion 
model (b). 
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Surface plasmon promoted reaction (SPPR) is a novel photochemistry on metallic nano materials. Since 
the surface plasmon can be excited by visible light, SPPR is promising towards solar driven artificial 
photosynthesis. Recent reports remarkably show surface plasmon drives chemical reactions under 
ambient condition efficiently and selectively, such as water splitting, epooxidation of ethylene, oxidation 
of aniline, which motivates us to explore the mystery of SPPR. We note SPPR is more or less related with 
redox reaction which can be recorded by electrochemistry. Particularly, the photoejection of electrons on 
metallic electrodes has been revealed by electrochemistry since the middle of 20th century. On this 
context, we develop ultramicro electrochemical surface enhanced Raman spectroscopy (μEC-SERS) by 
applying Raman spectroscopy on an ultramicro electrode (UME) to figure out the role of photoejection of 
electrons in SPPR. Figure 1 schematically demonstrates the configuration of μEC-SERS. The focused 
laser is illuminated on an electrochemically roughened UME which generates surface plasmon. Upon the 
illumination of laser, the photoejection of electrons would be recorded by chronoamperometric i~t curve, 
and the reaction of adsorbate will be simultaneously diagnosed by SERS. The simultaneously recorded 
information from photocurrent and molecules on surface allows us to discuss the SPPR regarding the 
interactions among photon, electron and molecule. 

 
Figure 1 Scheme of ultramicro electrochemical surface enhanced Raman spectroscopy 
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In-situ Raman/SERS studies of molecular adsorption/reaction behaviors at well-defined electrochemical 
interfaces are important for understanding the fundamentals of electrochemical processes.[1,2] Viologen 
and its derivatives as electronmediators have attracted great attention in electron transfer catalysis, solar 
energy conversion systems in artificial photosynthesis and electrochromic displays. Viologen-type 
molecules (N,N′-dialkyl-4,4′-bipyridiniumsalts) are redox-active and the redox-active viologen exists 
in three different oxidation states via two successive one-electron processes at the electrode surface:V2+ 

↔ V•+ and V•+ ↔ V0. In particular, the radical cation V•+which is very stable, has been of primary interest 
due to the peculiarities of its redox-active state. In this work, Raman spectroscopy was combined with an 
electrochemical method (EC-Raman) to study the adsorption and redox transformation of the resonant 
molecule viologen at Au(hkl) single-crystal electrodes. Changes in the molecular structure with potential 
were identified on different single-crystal surfaces, which explained the transformation process of 
viologen fromV2+ state toV•+and then V0Facet-dependent SERS enhancementwas also observed,which 
results from the different imaginary part of the dielectric function on Au(111), Au(100) and Au(110), and 
is supported by the FEM simulations. Furthermore, a nonlinear resonant Raman process has been directly 
observed in our experiments, which is consistent with the simulation results. These findings increase our 
understanding of the electrochemical behavior of molecules in model systems. 
 
[1] Bao-Ying Wen, Xi Jin, Yue Li, Ya-Hao Wang, Chao-Yu Li, Miao-Miao Liang, Rajapandiyan 
Panneerselvam, Qing-Chi Xu*, De-Yin Wu, Zhi-Lin Yang, Jian-Feng Li*, Zhong-Qun Tian. Shell-
isolated nanoparticle-enhanced Raman spectroscopy study of the adsorption behaviour of DNA bases on 
Au(111) electrode surfaces.  Analyst  2016,141, 3731-3736. 
[2] Bao-Ying Wen, Jun Yi,  Ya-Hao Wang, Kanagaraj Madasamy, Hua Zhang , Murugavel Kathiresan, 
Jian-Feng Li*, Zhong-Qun Tian. In-situ monitoring of redox processes of viologen at Au(hkl) single-
crystal electrodes using electrochemical shell-isolated nanoparticle-enhanced Raman spectroscopy. 
Electrochem Commun. 2016,72, 131–134. 
 



In-situ XAS Study on Atomically Dispersed Pt under Potential Control 
 

Haoliang Huang, Andrea E. Russell 
Chemistry, University of Southampton, Southampton, SO17 1BJ, UK 

hh4n15@soton.ac.uk 
 

Atomically dispersed Pt, where individual Pt atoms are anchored on a supporting material, has attracted 
much attraction in material science and electrochemistry, because of its 100% atomic efficiency. Reports 
of the use of such single atom catalysts as electrocatalysts are contradictory. Sun et al.1 reported a 
significant improvement for methanol oxidation on a single-atom Pt/graphene, whilst  Kamiya et al.2 and 
Jing et al.3 reported that isolated Pt atoms or small Pt clusters showed no response to methanol. To clarify 
the electrocatalytic properties of atomically dispersed Pt, in-situ XAS spectroscopy under potential 
control was used to study how the oxidation state and atomic structure of isolated Pt change with applied 
potentials.  

In this work, Pt atoms were atomically dispersed on a SnO2-graphene with a Pt loading of 7 wt%. 
Features associated with isolated Pt atoms are observed in the XAS spectra, e.g. the lack of Pt-Pt 
neighbours in the EXAFS data. Corresponding electrochemical data suggest that electrocatalysis on the 
isolated Pt atoms is distinct from that on bulk Pt or typical nanoparticle (2 and 5 nm diameter) Pt/C. No 
significant features are observed for in H2 absorption and desorption, Pt oxide formation and reduction, 
and CO absorption, but similar responses are found for H2 evolution and formic acid oxidation. The in-
situ XANES spectra in Figure 1 suggest the dispersed Pt atoms remain oxidized compared to bulk Pt 
under all the applied potentials, and the oxidation state increases nearly linearly with the potentials. In 
addition, the EXAFS spectra (data not shown) suggest Pt-O scattering path dominates under all the 
applied potentials.  

 

 
Figure 1  XAS spectra of atomically dispersed Pt at Pt L3-edge under potential control in 1 M HClO4, along with the 
magnified spectra in XANES region (the bottom left inset), the first derivatives of the edge (the bottom right inset), 

and the in-situ electrochemical cell used in B18, Diamond Light Source, UK (the top inset). The applied potentials are 

versus a K2SO4-saturated Hg|HgSO4 electrode.  
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Scanning ion conductance microscopy (SICM) is a scanning probe microscopy (SPM) technique, first 
introduced in 1989 by Hansma.1 As the technique has developed, it has become apparent that SICM can be 
extended beyond simple topographical mapping towards “multifunctional” imaging.2-3 Herein, we 
introduce a new scanning protocol for SICM that enables controlled delivery of charged mediators through 
the nanopipette probe to a defined and spatially resolved position, driven by the ionic flow via pulsing the 
nanopipette bias at each pixel during a scan. When redox mediators in the nanopipette are delivered to an 
electrode surface, which is held at a fixed potential to drive the reaction, during the delivery pulse, a 
subsequent local change in the solution composition (ionic conductivity) occurs, which is then reflected in 
the ionic current response, as the electrochemical reaction at the surface usually produces species that 
possess a different charge, and/or mobility, compared to the initial species delivered. Additionally, the 
substrate current can be concurrently measured as a means of monitoring the electron transfer at the 
interface. Figure 1 presents an example of this new SICM scanning protocol. This methodology allows for 
dynamic imaging of electrochemical reactivity on the part of a substrate surface of interest, with the 
correlated surface topography information simultaneously obtained, through carefully controlling the 
electrode potentials used and monitoring the ionic and/or substrate current present. This SICM methodology 
is versatile, with promising applications from materials characterization to cell biology. 

Compared to other SPM techniques, there are several advantages of this new SICM technique protocol. 
Being able to map the topography and reactivity simultaneously, allows for structure-function correlations 
to be made without any need for additional analytical techniques. The simple probe design and low cost of 
tip fabrication (a few seconds to be pulled with a laser puller, with no need for additional laborious 
operations) is particularly advantageous and utilizing the ionic current through an open channel as a means 
of monitoring electrochemical reactions makes the technique less likely to suffer from contamination 
effects, in contrast to using metal or carbon nanoelectrodes. Finally, as SICM is mainly used for probing 
interfaces that are bathed in an electrolyte solution, this protocol could be extended to living cells for the 
study of dynamic biological processes. 

 
Figure 1. Simultaneously obtained (a) topography, (b) substrate current (Isub), and (c) normalized ionic 
current (Itip) maps of two regions of a 7 μm diameter carbon fiber ultramicroelectrode. As an example, 
Ru(NH3)6

3+ was the redox mediator used in this experiment, which was delivered out of the nanopipette 
when the nanopipette at the near substrate surface and then in the bulk at each pixel. The substrate electrode 
was held at -0.4 V during the whole scanning for driving the reduction of Ru(NH3)6

3+. The spatially resolved 
Isub image was produced from the change of the absolute value of the surface Isub-t curve at each pixel. The 
normalized tip current map is illustrated by taking the average of the last few points of surface Itip-t curve 
and bulk Itip-t curve at each pixel. 
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In this communication, we report our recent progresses in the development of in-situ spectroscopic 
methods including the nonlinear vibration spectroscopy of sum frequency generation (EC-SFG), the 
nuclear magnet resonance (EC-NMR), the on-line electrochemical mass spectroscopy (OEMS), the X-
Ray diffraction (EC-XRD), and the transmission electron microscopy (EC-TEM). Different 
electrochemical reactions were investigated by applying these in-situ spectroscopies, such as fuel cell 
reactions, lithium ion battery processes, CO2 reduction and electrocatalytic oxidation of small organic fuel 
molecules. The application of the developed in-situ spectroscopies allowed to understand deeply the 
reaction mechanism at molecule level and the micro-structure evolution of electrocatalyst/electrode under 
operando conditions. After a brief description of the development of different in-situ spectroscopies, their 
applications will be illuminated by studies of the in operando monitoring of direct ethanol fuel cells by 
OEMS and the reaction mechanism as well as selectivity of glycerol oxidation on Pt/C, PtRu/C and 
PtRh/C catalysts with a combined EC-NMR and in-situ FTIR spectroscopy. 
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Spin-polarized electrons are injected into a GaN/AlGaN device exploiting the electrochemical redox 

process of benzoquinone 1. Chiral induced spin selectivity (CISS) effect allowed for obtaining the suitably 

spin polarization. Spin injection into the shallow two-dimensional electron gas (2DEG) present at the 

GaN/AlGaN interface was monitored by a microwave signal, the electrochemical cell was placed within 

an EPR spectrometer chamber, showing a coherent spin lifetime that exceeds 10 milliseconds at room 

temperature. The microwave resonance intensity depends on the current of the injected electrons, on the 

length of the chiral molecules (polyalanine chemiadsorbed on the GaN surface), and on the existence of 

2DEG.  The figure below shows a cartoon representation of the laboratory set-up for the EPR/microwave 

time resolved experiment. 
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The oxidation of small organic molecules has been studied extensively, since they are possible candidates 
for successful application in energy conversion systems, including fuel cells and electrochemical reform. 
Especially formic acid stands in focus due to its model character for other oxidation reactions like 
methanol and formaldehyde, where it occurs as intermediate.  Despite recent progress in understanding 
the oxidation mechanism and related processes,1–3 fuel cells still struggle with durability and cost-efficient 
catalysts. Further insight might allow significant improvements, which are required to enhance the 
performance of fuel cells. Recently, we studied the pH dependent evolution of pattern formation during 
formic acid oxidation and reported potential oscillations not only in acidic media, but also in alkaline pH 
range.4 Yet the responsible mechanism remained unclear and we investigated the underlying surface 
processes by in situ ATR-SEIRAS (surface-enhanced infrared absorption spectroscopy in attenuated total 
reflection mode) the potential time series of formic acid oxidation on Pt. 

 
Figure1: Potential time series of 0.3 M K2SO4 + 0.4 M HCOOH and band intensities simultaneously 

recorded of the SEIRA spectra as indicated. a) pH 1.02, 0.35 mA cm-2 and b) pH 12.96, 0.64 mA cm-2. 
 

Figure 1 displays the derived potential oscillations at pH 1.02 and 12.96 along with the corresponding 
band intensities. Meanwhile the signals of linear adsorbed CO and bridge-bonded formate oscillate out of 
phase according to the potential in acidic media and follow the well-known interaction of adsorbed 
carbon monoxide and surface oxides via Langmuir-Hinshelwood mechanism,5 the behaviour in alkaline 
solutions is the contrary and related to changes in the reflectance of the Pt film in absence of adsorbed CO 
(COad) and formate. Consequently the oxide coverage can alter in the absence of COad due to interactions 
with other species as well. Possible candidates might be weakly adsorbed formate and/or produced 
protons from the oxidation reaction. 
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The research in the field of intercalation reactions kinetics is of primary importance for the 
practical areas of electrochemical energy storage and energy conversion. Transition metal 
hexacyanoferrates (Prussian blue analogues) are convenient model systems for the study of the 
intercalation kinetics. The crystal structure of Prussian blue analogues allows for the reversible 
incorporation of a large number of mono- and polyvalent cations, such as Li+, Na+, K+, Cs+, NH4

+, Ag+, 
Zn2+, Mg2+, Al3+ [1]. These unique properties of the systems under study allow for the elucidation of the 
influence of cation radius and charge on the mechanism of the intercalation reaction. 

In this study, we explore the kinetic patterns of Li+, Na+, K+ and Rb+ intercalation into 
AyFe[Fe(CN)6]∙xH2O materials with different cationic and hydration compositions and different 
morphologies. Charge transfer kinetics in aqueous and propylene carbonate solutions of lithium, sodium, 
potassium and rubidium salts are investigated. Cyclic voltammetry, potentiostatic intermittent titration 
technique, electrochemical impedance spectroscopy and electrochemical quartz crystal microbalance 
measurements are used to determine the key kinetic parameters and the peculiarities of the 
(de)intercalation reaction mechanism [2, 3]. The results obtained allow us to consider the effects of cation 
radius, ionic solvation and Prussian blue structure on the intercalation rate and to elucidate the nature of 
the (de)intercalation reaction limiting step. 
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The electrochemical methanol oxidation reaction (MOR) has received great attention because of its 
importance in the development of fuel cells.  Recently, bimetallic Au-Pt catalyst systems were developed 
as efficient MOR electrocatalysts. In this work, we investigated the methanol dehydrogenation reaction 
(MDHR, CH3OH → CO + 2H2) at Au@Pt core-shell surfaces using in situ SERS techniques.  The CO 
intermediates adsorbed on Pt surfaces produced by the MDHR play an important role during 
electrochemical MOR.  The CO formation by MDHR on Au@Pt surfaces was examined as a function of 
the coverage and thickness of Pt layers on Au.  The effect of electrode potential applied on Au@Pt 
surfaces on the MDHR behaviors was also investigated.  The SERS results regarding MDHR behaviors 
on different Pt layers on Au surfaces rationalized the different evaluation of electrochemical MOR 
activities between Au@Pt and Pt/C catalysts depending on the contact time of the electrodes with 
methanol and scan rates.  The present work provides insight into the evaluation of electrocatalytic activity 
of bimetallic core-shell catalysts from the mechanistic perspective.   
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In the last decades, dye-sensitized solar cells (DSSCs) gained attention as valid alternative to 
common green energy sources. This inexpensive solar-to-electrical energy conversion technology 
involves a redox shuttle as regenerator of the photo-oxidized dye adsorbed on the photoanode. A relevant 
aspect in the dye regeneration efficiency is the advantageous match between the HOMO/LUMO dye 
system and the reduction potential of the shuttle, which results in more positive open circuit potential Voc.  

The contribution of this work is the evaluation of structure-property relationship in DSSCs by 
means scanning electrochemical microscopy (SECM) [1-3] and other electrochemical techniques [4]. For 
these investigations, photoanodes made of semiconductors with different recombination resistance, which 
include nanostructured ZnO and TiO2, are sensitized with all-organic dyes, for instance DN216 and D358. 
A collection of redox couples such as cobalt complexes [Co(bpy-pz)2]3+/2+, [Co(bpy)3]3+/2+ [5], I-/I3

- [6] 
and others are tested for the regeneration of the photo-oxidized dye and as shuttles for SECM.  

Loss processes in DSSCs are evaluated on the optimized selection of components. The hindrance 
of mass transport of the bulky mediator in the mesoporous network plays a relevant role in the dye 
regeneration efficiency. The dependence of diffusion on the porosity and thickness of sensitized film is 
investigated for different redox shuttles. Thin ZnO samples of < 1 µm and TiO2 substrates with large 
pores show higher heterogeneous rate constant for the dye regeneration compared to thicker photoanodes 
(> 3 µm) or samples with smaller pores (radius < 10 nm). Additives such as Li+ and tert-butylpyridine 
adsorb on the semiconductors and modify the surface charge, shift the conduction band edge of the metal 
oxide to more negative values. This affects the electron recombination from the conductive band of the 
semiconductor to the oxidized form of the mediator differently for ZnO and TiO2.  

The rate constants of light induced-electrochemical processes that compete within each other at 
the interface between the sensitized photoanode and the electrolyte are evaluated under steady-state 
condition and by modulating light intensity and the applied potential at the SECM probe and at the 
semiconductor. The correlation of the kinetic trends with the structural features determined by SECM 
provides new insight in structure function relationships and can be transferred to a wide variety of 
material combinations for the enhancement of the DSSC device efficiency. 
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Surface charge plays key role at interfaces, where it determines numerous processes and equilibria, from 
colloids stability to electrochemical reactions, materials properties and interactions between living 
systems and their environment. In electrolyte solutions, those charges contribute to the existence of a 
double-layer at the sample-electrolyte interface, with counter-ions accumulating to compensate the 
charges at the interface. Capability to probe the double–layer properties opens the access to local surface 
charge magnitudes. Herein, we present an elegant scanning probe technique approach based on 
microchanneled cantilevers (known as FluidFM) to image simultaneously surface charge distributions and 
local topography at interfaces with high data collection rates, approaching a thousand of pixels per 
second. 
 
FluidFM [1,2] is a recently developed force-controlled nanopipette, resulting from the combination of an 
atomic force microscope (AFM) cantilever with microfluidics: a hollow cantilever connects the probe 
aperture to an external liquid reservoir, allowing the probe to act as both a force sensor and a nanopipette. 
By integrating an electrode into the reservoir and utilizing another electrode in the solution bulk, FluidFM 
can turn into a scanning ion conductance probe [3,4] capable to record local ionic currents. Recently, 
glass nanopipettes have been shown to become more than just tools for local topography: they are also 
powerful in resolving various functional properties including surface charge [5–7]. In this work, we 
exploit the force control of the FluidFM to image the topography of the sample while simultaneously 
recording the variations of the local probe current. Such spatial information of the current leads to direct 
mapping of the surface charge distribution of the sample via the phenomenon of surface-induced ion 
rectification [6,8]. We also demonstrate that this approach can be used in electrolyte environments with 
unusually low ionic strength, facilitating higher sensitivity in surface charge mapping. 
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Temperature is a fundamental quantity in nature that determines both the thermodynamic state of matter 
and the kinetics of processes. Control and measurement of temperature in localized environments is a 
challenging task, which is at the same time in high demand for both fundamental understanding of 
thermal and chemical properties as well as for practical applications. 
Herein, a quantitative approach for electrochemical mapping of local temperature distributions at the 
nanoscale is presented. This technique utilizes nanopipette probes employed in a configuration typical for 
scanning ion conductance microscopy (SICM),[1] where a sharp nanopipette tip (with opening 
dimensions down to a couple of tens of nm) is scanned above the specimen surface at a constant distance 
(Figure 1). Since the local conductivity of electrolyte is the function of diffusivity of species, the 
magnitude of the ion current through the pipette orifice becomes the measure of local temperature, while 
other current components (especially, in AC configuration)[2] are used for precise vertical positioning. 
This enables simultaneous recording of topographical and local thermal properties with high spatial 
resolution and sub-degree sensitivity. In combination with numerical modelling this thermometry 
technique provides a new quantitative tool for functional imaging at the nanoscale. 
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Figure 1. Schematic representation of the nanopipette thermometry concept (left) and the results of the 
numerical simulation (right), showing probe approach curves to the center of the region with elevated 
temperature (bulk T=25qC). 
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Metal-electrolyte interfaces are of great importance for electrochemical devices, in which many 
processes occur. Due to the level of complexity, experiment alone is difficult to reveal the 
microscopic structures and properties of interfaces. Ab initio modelling, on the other hand, can 
offer a complementary tool to help gain atomic level understanding of interfaces.  
We aim at investigating the properties of transition metal-electrolyte interfaces with density 
functional theory based molecular dynamics (DFTMD) simulations. Firstly, based on the 
recently developed DFTMD standard hydrogen electrode (SHE) 1, we’ve proposed a new 
computationally efficient scheme for determining the electrode potential of the metal-electrolyte 
interfaces on the SHE scale.2 The reliability of this new scheme has been verified by estimating 
the potential of zero charge (PZC) for several metal surfaces, namely Pt(111), Au(111), Pd(111) 
and Ag(111). We’ve also found that there is an apparent charge transfer between the surface 
water molecules and the metal electrode, which is the dominant factor for the energy difference 
between the PZC of a metal surface and its work function. 
We then constructed an electric double layer by bringing in counter ions into the Helmholtz 
layer. The model is shown below. The estimated double layer capacitance of Au(111) from our 
calculations is ~30 µF/cm2, which is close to the experimental value of 20 µF/cm2. As for 
Pt(111), we found its double layer capacitance was maximized around PZC, corresponding to 
the experimental phenomena.3  
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The class of conducting polymers (CP’s) has gained vast importance and provided wide range of 
applications which mainly involves the field of electrochromism, energy materials, and electronics1,2. It is 
necessary to study them thoroughly in order to understand their role and working principles. In situ 
spectroelectrochemistry (in situ SEC) combines the spectroscopic technique simultaneously during 
electrochemical measurements to probe into the electrochemical reactions at molecular level. At a 
specific potential the electrochemical reactions happen at or near to the surface of an electrode involving 
addition or removal of electrons (change in oxidation state of species), formation of the radical species 
and active complexes, formations and conversion of polarons/bipolarons, paramagnetic/diamagnetic 
species, thin layer depositions at the surface of electrode. These are accompanied with the following 
processes; excitations or transitions in the electronic or vibrational energy levels, electronic spin states 
formation, mass deposition, bond braking and new bond formation, and the change in 
resistance/conductance at the electrode surface. In situ characterization of CP’s  are made to interrogate 
and trace the process of polymerization, chemical changes caused during the doping-dedoping processes 
and long term cycling (degradation studies), interaction of CP’s with dopant ions, study of electro 
generated complexes, and short lived species (intermediates)3,4. It provides understanding of experimental 
parameters that effects and controls the final properties of CP’s for the specific applications. 

 In this work, we produced highly (electrically) conducting PEDOT thin films (3208 S/cm) by 
utilizing an extremely efficient atmospheric pressure vapor phase polymerization (VPP) method with 
controlled substrate temperature. In situ ATR-FTIR (Fig. 1 a) and UV-VIS measurements (Fig. 1 b) were 
performed during electrochemical charging/discharging of the films. Doping induced IR active vibrations 
(IRAV) appeared during the anodic scan and gradually vanished during cathodic scanning. The shift in IR 
bands, doping induced IRAV bands, conformational change in the polymer and conductivity are 
correlated in this study. The formation of polaronic states, their reversibility and isobestic point during 
CV was determined by in situ UV-VIS measurements. 

 

Figure 1 a) In situ FTIR-ATR difference spectra (wrt -0.9 V as a reference during anodic scan) and b) in 
situ UV-VIS spectra of a VPP PEDOT film in 0.1 M TBATOS-acetonitrile recorded during p-doping in 
the range – 0.9 V to - 0.8 V at 2 mV/s scan rate. 

Reference: 1. M. Eslamian, Nano-Micro Lett. (2017) 9:3 2. T. M. Swager, Macromolecules 2017, 50, 
4867−4886 3. P. Damlin et al., J. Electroanalytical Chemistry 570 (2004) 113-122. 4. C. Kvarnström et 
al., J. of Molecular structure 521 (2000) 271-277 
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Hierarchical 3D nanostructure enables high performance for many applications. Recently, 3D-carbon 
nanotubes/carbon nanofibers nanostructure has received many attentions due to large specific surface and 
other desirable characters [1]. The aggregation of CNTs, high-cost of manufacturing and other challenges 
are facing the preparation of hybrid 3D CNTs/CNFs nanofibers. Herein, a genius idea has applied, which 
is growth CNTs on electrospun CNFs, using low-cost reagents and efficient production process. Most of 
the literature confirmed that the grown CNTs on the electrospun CNFs nanomaterials have enhanced the 
surface area and high electron density, which explained the high performance of in various fields [2, 3]. 
The direct growth of CNTs on the electrospun CNFs completes via one-step process, Solution from metal 
catalyst/PAN was electrospun, the 3D CNTs/CNFs final product was obtained after CVD process under N 
and C2H2 atmosphere, acetylene molecules were supplied by the thermal decomposition of PVP mat placed 
inside the CVD reaction chamber. The sample Ni-CNTs/CNFs nanomaterial showed large surface area of 
530 m2/g higher than Ni/CNFs nanomaterial of 375 m2/g. The hierarchical 3D structure was confirmed by 
SEM and TEM images, with a diameter of the electrospun CNFs and grown CNTs about 150 and 20 nm, 
respectively. The hybrid structure and full carbonization were confirmed XRD and Raman spectrums. This 
work verified that the electrospinning technology as a facility to synthesis complex carbon nanomaterials 
with high production ratio after adjusting of the operation parameters. Source of carbon molecules and 
production conditions directly effect on the of grown CNTs morphologies. This material showed a 
comparable gas sensing properties with high response and rapid response-recovery times at low temperature 
vs Ni/CNFs nanomaterials, electrospun CNFs, and commercial CNTs. Inspiration for future works; growth 
carbon nanostructure is encouraging method to grow different shapes of carbon nanostructure. The hybrid 
3D CNTs/CNFs nanomaterials have obviously emerged to become a new carbon structure with promising 
future to apply in more new applications.  

 
 
 
 
 
 
 
 
 

Illustration diagram of the synthesising process 
(electrospinning following CVD) and 
nanostructure of 3D grown CNTs on 

electrospun CNFs. 
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In this study, we investigated interfaces between bismuth, carbon or gold surface and 1-ethyl-3-methyl 
imidazolium tetrafluoroborate ionic liquid. We run DFT and MD calculations with and without periodic 
boundary conditions for one to six ionic pairs per model. 
   We related the potential drop (Δφ), surface charge (σ), and field strength (F) of the electrical double 
layer (EDL) to the interfacial dipole (µ). The dipole perpendicular to the surface plane can be directly 
obtained in both quantum (DFT) and classical (MD, MC) modeling. Using the dipole simplifies the 
analysis of computational results. In this work, we divided µ into three components representing distinct 
regions of the EDL. We focused on these three regions in separate sub-studies. 
   First, the adsorption of BF4

− anions from EMImBF4 on the charged Au(111) surface was studied using 
DFT and MD methods.1 We show that both methods give similar results for the monolayer Au(111)–BF4

− 
model, once a surface change plane position is adjusted in the MD simulations. This adjustment 
introduces a correction of the surface dipole to the so-called ionic dipole. As expected, the calculated 
“Helmholtz” capacitance is potential independent. In the MD simulations of the multilayer Au(111)–
EMImBF4  model interface, µ is significantly reduced due to the ionic layers above the innermost layer. 
The latter represents a solvent dipole, i.e., a contribution from the EDL ions except for those counter-ions 
that compensate the surface charge. For the multilayer EDL model, the capacitance is dependent on the 
potential, in-line with the experimental results.2 Both solvent and surface dipoles are crucial components 
of the total interfacial dipole as well as of the potential drop. 
   Second, the adsorption of various ionic pairs at circumcoronene (C54H18) surface was studied using DFT 
method.3 We paid much attention to the adsorption of halide anions because of its importance for both 
fundamental understandings and practical utilization of carbon–electrolyte interfaces with partial charge 
transfer step.4 At the neutral surface, the circumcoronene–ionic pair interaction leads only to a minimal 
change in the circumcoronene atomic charge values. Differently, at the charged surface, for halide anions, 
the interaction becomes much stronger than for the physically adsorbed anions due to the 
circumcoronene–halide anion covalent bonding. The covalent bonding significantly reduces the 
interfacial dipole value as well as the potential drop at electrode–electrolyte interface, thus leading to the 
capacitance increase at the interface. 
   Third, we compared the primary behavior of EMImBF4 ionic 
associates adsorbed at Au(111), Bi(111), and C54H18 surfaces 
using DFT method. The computations show that the anions and 
cations interchange upon applying an electric field, thus 
changing the magnitude of the solvent dipole. While at negative 
surface charge densities the magnitude of ion, surface and 
solvent dipoles are similar to each other, at positive surface 
charges, the magnitude of solvent layer dipole decreases. Thus, 
it plays an important role in determining the shape of the 
capacitance. As shown in the figure, the calculated integral 
capacitance increases with the increase of surface charge density 
as well as electrode potential above the potential of zero charge.  
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A major driving force for the development of electrochemical storage technology with high energy 
density is the electrification of the mobility sector. High expectations rest on the development of beyond 
Li-Ion battery systems [1]. Especially, lithium-sulfur batteries (Li/S) are believed to be a promising 
candidate already in the near future. Despite the increasing efforts to realize a large-scale 
commercialization several fundamental properties of Li/S batteries are still a matter of intensive research. 
Recently, several groups investigated the influence of surface properties at the positive electrode, like the 
affinity towards polysulfides or surface roughness, on the morphology and spatial distribution of solid 
charge and discharge products [2]–[4]. The results indicate that a spatial control of the formation of solid 
Li2S is able to improve battery performance, however, additional design guidelines are needed to 
optimize this approach. Simulations on the continuum scale give the opportunity to interpret the 
measurements, improve our understanding of relevant processes, and allow for an optimization of 
interface, electrode and, cell designs. 
In our contribution we will present simulation results of a detailed model describing the nucleation, 
growth, and dissolution of the solid end-products S8 and Li2S in Li/S batteries. In our calculations we 
simulate the dynamic evolution of the corresponding particle size distributions at various positions in the 
cell and take into account their effect on transport properties and active surface areas. The model is 
integrated in our framework for the simulation of metal-sulfur (Me/S) batteries which handles the reaction 
and transport of dissolved sulfur species on cell level [5]. This multiscale approach allows us to track the 
concentration and volume fraction of sulfur species during cycling and additionally gives the opportunity 
for a systematic study of the polysulfide shuttle. The simulated evolution of solid volume fractions and 
particle size distributions are in good qualitative agreement with data of X-ray in-operando measurements 
recently published in the literature [6] and correlate the morphological properties of the electrode to the 
electrochemical characteristics. In a next step the model will be used to investigate the influence of 
additional positive electrode materials with different specific surface area and/or affinity towards sulfur 
species in order to assess their impact on battery performance. 
This approach provides mechanistic insights on the operation of Li/S batteries and will contribute to the 
understanding and, therefore, improvement of next-generation batteries. 
 
[1] P. G. Bruce, S. A. Freunberger, L. J. Hardwick, and J.-M. Tarascon, “Li–O2 and Li–S batteries 

with high energy storage,” Nat. Mater., vol. 11, no. 2, pp. 172–172, 2011. 
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[3] F. Y. Fan and Y.-M. Chiang, “Electrodeposition Kinetics in Li-S Batteries: Effects of Low 

Electrolyte/Sulfur Ratios and Deposition Surface Composition,” J. Electrochem. Soc., vol. 164, 
no. 4, pp. A917–A922, 2017. 
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The schemes for the Eirrev, CE, EC and CEC mechanisms can be written as, 
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where fk  and bk  are the heterogeneous rate constants of the reduction and oxidation processes, 
respectively, and 1k , 2k , 3k  and 4k  are the rate constants of the chemical reactions [1,2]. 
 
 

In this communication, it is demonstrated the total equivalence between the boundary value 
problems (bvp) in voltammetric techniques at macrointerfaces of the mechanisms shown in Scheme (I), 
namely, the Eirrev mechanism for any electrode kinetics and the CE, EC and CEC schemes assuming a 
Nernstian behaviour for the charge transfer reaction and that the coupled chemical reactions are not slow 
[3-5]. This has enabled us to derive a very general theoretical framework for such electrochemical 
situations pointing out that the following formally-identical bvp with only one differential equation 
applies in all cases: 
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where 1c  is the concentration of oxidised species, 1(0, )c t  is the time-dependent electrode surface 
concentration and 1 eq(0)c  is the surface concentration under total equilibrium (electrochemical and 
chemical) conditions. , A and B take specific expressions for each mechanism.  

 
 

 The unique bvp of the Eirrev, CE, EC and CEC mechanisms holds in any voltammetric technique 
and regardless of whether the diffusion coefficients of the oxidized and reduced species are equal or not. 
The resolution via appropriate analytical or numerical mathematical methods allows for the study of the 
current-potential-time response of all the above mechanisms at once, with a single mathematical 
expression or computer code. This contrasts with ‘brute force’ strategies where the original problem, 
which includes as many variables as participating species, is solved separately for each particular reaction 
mechanism. 

As an example, an exact analytical solution for the application of a constant potential pulse at a 
macroelectrode is derived and a simple numerical finite-difference approach on the basis of the common 
bvp is employed to simulate very efficiently the cyclic voltammetry of the four mechanisms . 
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Polymer electrolyte fuel cells (PEFC) are already a highly developed technology that is envisaged for a 
plethora of applications. Since the power density of fuel cells is low compared to other energy sources 
like supercapacitors or batteries, in several applications it is beneficial to hybridize the fuel cell with a 
high-power energy source. This energy source buffers short-term energy peaks, which reduces the 
necessary size and weight of the fuel cell. Additionally, it reduces dynamic load cycles, which can 
dramatically increase fuel cell degradation [Urchaga 2015]. This can lead to an increase in longevity, 
safety and costs.There are several ways to combine a 
fuel cell system (energy source) with a storage 
device (power source). Direct coupling offers 
several advantages: ease of implementation and 
energy self-management, direct protection against 
rapid power variation, increased dynamics of the 
whole system and higher electrical efficiency due to 
the elimination of power converters. 
The main idea in this project is to take the direct 
coupling hybridization one step further by 
integrating the supercapacitor into the fuel cell. This 
eliminates passive materials like housing, current 
collectors and electrical connectors. This integration 
reduces the weight of the overall system 
dramatically, which is especially advantageous in 
lightweight applications like aviation. 
The proposed way of achieving such an integrated 
supercap-fuel cell hybrid is functionalizing the gas 
diffusion layer of the fuel cell into active 
supercapacitor material, as depicted in Fig. 1. This 
can be achieved by tuning the surface wettability of 
the carbon and introducing polymer electrolyte. Self-
organization studies in fuel cell catalyst materials 
have shown that with sufficiently hydrophilic 
catalyst agglomerates, the polymer electrolyte forms 
a surrounding layer with its active head groups 
pointing towards the carbon, while a layer of 
hydrophobic ionomer backbone is formed on the 
outside [Malek 2011]. This leads to a proton-rich 
water film around the agglomerates, while keeping 
the secondary pores between the agglomerates 
hydrophobic and water-free. If a similar structure can be achieved around the carbon fibres of the GDL 
material, an electrochemical double layer forms on the surface of the GDL. This double layer capacity 
could be further enlarged enlarged by roughening or introducing high surface area carbon nanoparticles.  
The possibilities and feasibility of such a direct supercap-FC hybrid are explored using a 1D model 
including transport of protons and reactant gases as well as the electrochemical reactions. Dynamic 
analyses investigate the performance gain from the additional supercap. The integrated hybrid is 
compared to a direct hybrid with external supercap. The differences arising due to the direct coupling of 
charge and electron fluxes are discussed mechanistically. Finally, conclusions for practical application are 
derived.  
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Figure 1:Concept of Supercap-Fuel Cell Hybrid 
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Electrochemistry is an old branch of science, and the renewed interest is largely due to its important 

relevance to the contemporary challenges on energy and environment. This offers a good opportunity for 
theoretical development of this interesting and challenging field. In this talk, I will present our recent work of 
development of a first principles method, combining density functional theory based molecular dynamics 
(DFTMD) and free energy perturbation theory, for computation of free energies of electron/proton transfer in 
aqueous solution, and the application to electrochemical interfaces. In particular, I will present a computational 
standard hydrogen electrode (cSHE) method to align all computed energy levels across electrochemical 
interfaces to a common reference so that they can be directly compared against electrochemical experiment. I 
will also talk about our recent extension of this cSHE and its application to calculation of potentials of zero 
charge of metal electrodes. Detailed structural and electronic analyses reveal that specific adsorption of water on 
metal surfaces lead to charge redistribution, significantly shifting the interface potentials.  
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The transport phenomena in polymer-electrolyte fuel cells is perhaps some of the most complex for 
any electrochemical device as it contains multiphase, multicomponent interactions wherein the 
materials properties are highly dependent on local conditions (e.g., temperature, pressure, gas 
concentration, etc.). There is a need to understand and optimize the various means for products and 
reactants, whether gas, liquid, or ions to get to and away from the reaction sites. In this talk, we will 
explore these interactions and how modeling can be used to elucidate the controlling phenomena 
and suggest ways in which to optimize performance and durability. Specific topics discussed 
include modeling the gas-transport related losses that occur with low-Pt loadings in proton-
exchange-membrane fuel cells (PEMFCs);1,2 durability and degradation concerns due to synergistic 
effects related to pinholes and crossover in PEMFCs; and water-management issues in hydroxide-
exchange-membrane fuel cells, where water and thermal management are much more complex.3 
Time permitting, our recent work on multiscale modeling including microkinetics4 and ionomers5 
will be introduced.    
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 The Li-O2 battery is considered as one of the most prominent candidates for beyond Li-ion 
technologies, and significant scientific attention has been paid to study and develop such a system. 
Several positive electrode structures and electrolytes have been investigated to achieve higher discharge 
capacities. Modeling techniques have been and are still being developed to aid this quest. The majority of 
the existing cell level models to study Li-O2 batteries are continuum 1D or 1D+1D approaches. This type 
of models proved to be useful to simulate discharge and charge profiles fast.  1D continuum models use 
mean field approaches to reduce the amount of computational resources required. They use average 
properties such as the tortuosity parameter for pore configurations and a uniform porosity in the positive 
electrode.  
 In this presentation, we will show that a 3D pore network model can provide more insights about 
the cell design under study. We have recently demonstrated that a model with explicit description of pore 
interconnectivity can provide insights about the emergence of dispersion in galvanostatic discharge 
capacities in highly anisotropic Li-O2 systems.1 The model is then used to shed light on conflicting 
experimental results reported in the literature where the discharge capacity was said to be function of the 
positive electrode average properties such as its 
active surface area, its porosity and its average pore 
size.  In this study, we investigate the reasons behind 
these observed trends and the type of parameters that 
can change these correlations. The figure below 
shows calculated discharge capacities for 4 in-silico 
structures with average pore sizes of 40 nm, 60 nm, 
80nm and 100nm. Three different Li2O2 growth 
mechanisms are considered: formation of only thin 
film (black curve), only solution phase growth 
mechanism or large Li2O2 particles (blue curve) and 
a mixed growth (red curve). Porosities are same for 
all of these structures (0.7), because of that a 
structure with small average pores has large active 
surface area. When there is only thin film formation, 
the discharge capacity is correlated with the surface area. On the contrary, when we consider only 
solution phase Li2O2 growth mechanism, the discharge capacity is directly correlated with the pore radius. 
For an intermediate particle growth mechanism, we observe a transition between these two trends. As the 
growth mechanism depends on the operating conditions, this study suggests a possible interpretation of 
the conflicting results reported. Our model, combined with some experimental studies, thus allows us to 
shed some light on the interplay between positive electrode mesostructure, type of Li2O2 formation, 
transport and discharge capacity in Li-O2 batteries. We will also compare the pore network model with 
relevant continuum models and highlight the up and down sides.   
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Porous electrodes or active layers are used in many electrochemical devices to increase the surface area 
or storage capacity. Newman and Tobias formulated a widely used mathematical model [1] assuming 
Tafel kinetics. Due to its implicit formulation it requires a numerical solver. In this presentation we derive 
an accurate approximation to the electrode voltage that due to its explicit form is amenable to analytical 
optimization: 
 

Δ𝑉 = 𝑏 ln ( 𝐽
ℇ𝐽∗

) + 𝐽𝐿
𝜎 + 𝜅 (1) 

  
Thin reaction-zones can arise near the electrode edges due to the finite effective electronic 𝜎 and ionic 
conductivity 𝜅. The electrode effectiveness factor ℇ(𝐽, 𝜎, 𝜅) describes what fraction of the electrode is 
effectively used. A low value gives rise to the well-known Tafel slope doubling illustrated in the below 
figure.  
 
Eq. (1) is used to derive an expression for the optimal electrode thickness – giving the highest energy 
efficiency or power density. Using some commonly-used assumptions, we derive also the optimal 
electrode porosity. The results go a long way in explaining the differences between for example the 
thickness of a PEM fuel cell catalyst layer and a carbon flow battery electrode. 
 
Using a thin reaction-zone model, similar to Ref. [2], we finally derive the optimal electrode thickness for 
a deeply discharged battery – giving either the highest energy efficiency or energy density. All results are 
compared with the case of linear reaction kinetics, providing further insight and increasing the range of 
applicability.  
 

 

 
Figure 1 : Tafel plot showing the transition from a single to a double Tafel slope for an example porous electrode. 
(The electrode voltage Δ𝑉/the Tafel slope 𝑏 vs current density 𝐽/effective superficial exchange current density 𝐽∗) 
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Accurate descriptions of electrolyte mass transfer will help scientists and engineers better understand 
battery performance from a fundamental point of view. According to the concentrated-solution theory 
proposed by Newman and Tobias [1], as modified by Monroe and Liu [2], six transport and 
thermodynamic properties are required to fully describe the mass transfer and kinematics within a binary 
electrolytic solution at fixed temperature and pressure: partial molar volumes of salt and solvent, ionic 
conductivity, transference number, thermodynamic diffusion coefficient, and thermodynamic factor.  
 

In this talk, we will present our work to perform a complete characterization of transport and 
thermodynamic properties for lithium hexafluorophosphate  (LiPF6) in propylene carbonate (PC) solvent 
over a concentration range of 0-2 M, practical for today’s lithium-ion-battery electrolytes. Partial molar 
volumes of solute and solvent are calculated from a density/molarity correlation, which is established 
very precisely by performing densitometry as a function of salt mass fraction. Ionic conductivity is 
quantified with AC conductometry. A customized Hittorf cell is designed, from which data can be 
gathered to measure transference numbers. The thermodynamic factor is measured via a customized 
concentration cell. A potentiometric restricted-diffusion method is applied to a polarization cell to 
measure Fickian diffusivity, which can be converted a thermodynamic salt diffusion coefficient using 
data from all the other measurements. 
 

Figure 1 (a) presents density of LiPF6 in PC with respect to molarity at three different temperatures (20 °C, 
25 °C, and 30 °C). A linear fit captures the density/molarity correlation, suggesting partial molar volumes 
for solute and solvent are constant with respect to concentration. Ionic conductivity with respect to 
composition is reported in terms of equivalent conductance (molar conductivity). Equivalent conductance 
can be fit with respect to molarity via Onsager–Fuoss theory [3], as shown in figure 1 (b). The Hittorf 
method gives a transference number of 0.318 for 1 M LiPF6 in PC. Concentration-cell data, shown in 
figure 1 (c), can be fit with a modified Onsager–Fuoss equation of the form  
 , (1) 
where U is the open-circuit potential and y is the total ion fraction. Under the assumption that the 
transference number is constant with respect to composition, Equation 1 yields a thermodynamic factor of 
2.26 for 1 M LiPF6 in PC. Typical restricted-diffusion data is presented in figure 1 (d). A value of 
2.38x10–10 m2/s for Fickian diffusivity is found for 1 M LiPF6 in PC; the thermodynamic diffusivity is 
therefore 1.05x10–10 m2/s. 
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Figure 1. (a) Density vs. molarity at 20 °C, 25 °C, and 30 °C; (b) Equivalent conductance vs. molarity at 20 °C, 25 
°C, and 30 °C; (c) Concentration cell data with 1 M LiPF6 in PC as reference solution; (d) Restricted-diffusion 
data for 1 M LiPF6 in PC (pulse current: 2.55 A/m2, pulse duration: 20 hours, cell length: 0.005 m).  
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In this talk I will give an overview on the modelling procedure of porous insertion electrodes with 
homogenisation techniques, overcoming three spatial scales arising in electrochemistry: the porous 
media scale L1, the micro scale L2, and the double layer scale L3. Basis for this approach is a 
sophisticated modelling framework for electrochemical systems on the basis of non-equilibrium 
thermodynamics [1-4]. Some key aspects of this model framework are (i) thermodynamically 
consistent boundary conditions taking into account charge transfer reactions and capacitive effects at 
the electrode-electrolyte interface [5-7], (ii) the dependence of the conductivity and the transference 
number on the (local) ion concentration, (iii) predictivity and validation of the thermodynamic factor, 
(iv) accounting for incomplete electrolyte dissociation [8], and (v) self-consistent incorporation of the 
open circuit potential for various electrode materials. The homogenisation of this model framework for 
a porous medium allows then the determination of the porosity, tortuosity, and interfacial area based on 
a real micro-structure model, as well as the derivation of homogenised equations for this porous 
electrochemical system [9]. Numerical simulations of charge/discharge cycles show the validity of this 
approach, and potential extensions regarding ageing effects are finally discussed.  
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Nanostructuring oxides, such as TiO2, e.g., by the formation of nanotubes (NTs) with large surface area is 
an efficient way to improve the photocatalytic performance of anatase TiO2. TiO2 (001) NTs are 
promising candidates for hydrogen production via photocatalytic water splitting, as their visible-light-
driven photocatalytic response can be tuned by N and S dopant atoms. As water is necessarily present in 
operando, it is essential to simulate not only the pure material but also the interface with at least a film of 
water molecules, together with its molecular and chemical dynamics. Using a 2D slab representation of 
the nanotube which takes into account the strain and partial curvature of the NT, we employ ab initio 
molecular dynamics simulations to study the adsorption of thin films of water (1ML and 2ML) on anatase 
TiO2 (001) nanotubes. Strain effects are one factor in determining the extent to which adsorption of water 
occurs molecularly or dissociatively. The effect of anion doping on adsorption and surface chemistry is 
investigated by substituting O atoms by N and S impurities on the NT slab surface. While an S dopant 
weakens the interaction of the surface with water, which adsorbs molecularly, an N impurity renders the 
surface more reactive to water with a surface-assisted proton transfer taking place in the water film, and 
the formation of an OH- group and a NH2

+ cation on the surface. In the presentation, we will discuss 
structural and electronic properties influencing possible applications in photoelectrochemical reactions. 
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Lithium-ion battery (LIB) technology, although very successful in the field of smartphones, tablets, etc., 
still faces problems entering the field of transport and energy storage of renewable energy. Battery 
performance and lifetime are a bottleneck for electric vehicles as well as stationary electric energy storage 
systems to penetrate the market.  
 
Electrochemical battery models are one of the engineering tools that can be used to enhance the battery 
performance and to develop a reliable diagnostic tool for the evaluation of the battery state-of-health 
(SoH). 
In our group, we develop physics-based battery models to those purposes [1, 2]. In the work presented 
here, we focus on the aspect of reliable prediction of the battery SoH. Due to aging, battery materials can 
be subject of several degradation scenarios. To be able to formulate the correct set of equations to 
describe the aging phenomena, they need to be studied first experimentally and reliable input parameters 
for the model need to be determined. For that study, we used the in-house developed Odd Random Phase 
Electrochemical Impedance Spectroscopy (ORP-EIS) [3]. 
 
Electrodes were harvested from commercial batteries with LiNi0.80Co0.15Al0.05O2 (NCA) cathodes. They 
are considered a competitive candidate for new generation batteries. We set up an experimental procedure 
allowing us to study in a systematic way different state-of-health conditions. The cells were aged by a 
battery tester (PEC - SBT 0550) and cycled at 1C rate, in a 10% - 90% state-of-charge (SoC) window and 
at temperatures of 25 °C or 45 °C. The ORP-EIS analysis was done in two-electrode symmetric cells. A 
typical set of data is shown in the figure below for the material in the beginning-of-live (BoL) condition. 
Different cell potentials correspond to different SoC values. 
 

 
The quantitative analysis of the impedance was carried out by equivalent electrical circuit (EEC) 
modeling. The charge transfer resistance, related to the exchange current density of the 
lithiation/delithiation process, proved to be a reliable quantitative measure for the SoH of the cathode 
material. 
 
[1] Smekens, J., Paulsen, J., Yang, W., Omar, N., Deconinck, J., Hubin, A.; Van Mierlo, J., A Modified 
Multiphysics model for Lithium-Ion batteries with a LixNi1/3Mn1/3Co1/3O2 electrode, Electrochim. Acta  
174 (2015) 615–624 
[2] Smekens J., Gopalakrishnan R., Van den Steen N., Omar N., Hegazy O., Hubin A., Van Mierlo J., 
Influence of Electrode Density on the Performance of Li-Ion Batteries: Experimental and Simulation 
Results, Energies 9 (2016) 104 
[3] Van Ingelgem Y., Tourwé E., Blajiev O., Pintelon R., Hubin A., Advantages of odd random phase 
multisine electrochemical impedance measurements, Electroanalysis 21 (6) (2009) 730-739 
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The interfacial charge and local electric fields in the electrochemical double layer can strongly 
influence the reactions at electrified interfaces.  Capturing these electrostatic effects requires careful 
modeling of the double layer, but full ab initio atomistic modeling is computationally expensive and 
frequently computationally infeasible.  We balance the balance accuracy and cost by using continuum 
modeling for the electrolyte, with ab initio DFT for the surface and adsorbates.  We develop and 
benchmark continuum models of the electrochemical double-layer, and implement the most promising 
models as continuum solvation models for ab initio calculations, available in our open-source and freely 
accessible software package, JDFTx.  Here, I will describe our progress towards the development of a 
continuum solvation model that both has an MAE (mean absolute error) of solvation free energy below 2 
kcal/mol (using a large molecular and ionic benchmark dataset), and also captures the correct features and 
magnitude of the capacitance of Ag(100).   

Interfacial charge and fields, which are complex, potential-dependent functions of the electrolyte 
and surface, have proven difficult to accurately model.  We have recently demonstrated1 that the solvation 
models currently implemented in density functional theory (DFT) codes such as VASP perform poorly 
for computational electrocatalysis and cannot simultaneously correctly predict solvation energies of metal 
surfaces, ions, and molecules.  We have found that parameterization of the solvation models can improve 
their accuracy in predicting the total charge with potential, but that the capacitance of these models is still 
fundamentally incorrect.  

To better identify the properties of the solvation model needed to capture the capacitance 
features observed experimentally, we have developed a numerical toy model for the metal and 
electrolyte2.  We have used this model to identify the necessary features of a continuum model that 
quantitatively correctly captures the double layer capacitance of an aqueous electrified metal surface.  
With this framework, we have demonstrated that none of the existing models simultaneously contain all 
of the necessary features, explaining their failure in capturing the capacitance correctly.  We have now 
built a model which captures the correct features of the capacitance, but still has numerical challenges that 
must be addressed before we reach full success.   

 
1. R. Sundararaman and K. Schwarz.  Evaluating continuum solvation models for the electrode-

electrolyte interface: Challenges and strategies for improvement.  J. Chem. Phys. 146, 08411 
(2017) 

2. arxiv.org/abs/1801.07705 
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Diagnosing the state of electrochemical cells and the underlying processes is 
challenging as usually besides current and voltage signals, no other measurement 
signals are available. Thus, dynamic electrochemical methods, such as electrochemical 
impedance spectroscopy (EIS) and chronoamperometry are state of the art in 
electrochemistry. EIS is especially widely used, as the analysis in the frequency domain 
allows a better separation of processes in the cells; however, the technique is based on 
linear system analysis and thus disregards the usually highly nonlinear nature of 
electrochemical reactions. This disregarded information however may be crucial for 
identifying and distinguishing proper reaction and degradation mechanisms. Nonlinear 
frequency response analysis (NFRA) allows to analyse the complete information and 
has been used before e.g. for methanol oxidation in fuel cells [1].  
Whereas EIS is a standard tool for characterising Li ion batteries, the limited insight via 
EIS can be significantly extended by applying NFRA [2,3]. This contribution will 
introduce typical experimental NFRA spectra of various Li ion batteries including the 
single higher harmonics. [2] We show the unambiguous attribution of characteristic 
features of the spectra to processes in the cell using physical models  (see Fig.) and the 
sensitivity of the single higher frequency responses to changes in model parameters. 
The potential of the method for monitoring and discriminating between aging processes 
in the cell is demonstrated at the example of cycling-aged vs. Li plated cells: While in 
both cases the 
recorded EIS look  
qualitatively simi-
lar, NFRA  shows 
distinct qualitative 
differences  in the 
single harmonic  
responses. In sum-
mary, NFRA is 
demonstrated to be 
a highly potent 
method not only for 
analysing 
electrochemical 
reaction kinetics, 
but also for analysing the state of electrochemical cells, such as Li ion batteries. 
Reference : 
[1] Q. Mao, U. Krewer, Electrochem. Commun. 12, pp. 1517, 2010. 
[2] N. Harting, N. Wolff, U. Krewer, Electrochim. Acta, 248, pp. 133, 2017 
[3] N. Wolff, N. Harting, M. Heinrich, F. Röder, U. Krewer, Electrochim. Acta, 260, pp. 614, 
2
0
1
8

Fig.: Experimental (left) and model-based (right) nonlinear 
frequency response analysis of Li-Ion Battery vs. EIS [3] 
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Mathematical battery models, such as the pseudo-two-dimensional (P2D) Doyle-Newman Model, have 
proven their feasibility to simulate the battery performance and to gain understanding of the cell's 
intrinsic processes [1]. To investigate new materials and the impact of electrochemically inactive solid  
additives [2], those models have to be adjusted and enhanced, to be able to analyze the effect of such 
materials  and especially additives on the battery performance.   
An important objective of mathematical battery modeling is their application for design optimization, 
such as identification of the role and optimal amount of active material, conducting additive and binder 
[3], as well as the optimal compression rate during the calendering step [4]. This will allow to reduce 
development costs compared to extensive experimental studies. However, as also shown with this work, 
the classical Doyle-Newman model faces its limitations regarding the prediction of new electrode designs 
as the crucial influence of conducting additives and binder are not considered sufficiently.  
To overcome the limitation of the classical models, in this work, a three-dimensional micro structure 
model, considering the electron and ion pathways in more detail, is coupled to the P2D model. The voxel-
based irregular micro-structures are based on a Monte Carlo growth algorithm from randomly distributed 
initial points. Effective electric and ionic conductivity are determined by transforming the voxel-based 
structure into a knot-based resistor network. In addition, the electrochemically active surface area is 
determined. The estimated effective parameters are passed to the macroscopic P2D model, which is used 
to simulate the discharge performance.  
The results of the coupled model show a transition from an electrically limited state at low active material 
volume fraction to a kinetically limiting state at high volume fractions due to a reduced active surface 
area. Between both states, there is a distinct optimal point. The optimal point, as identified by the 
simulations  based on the coupled model, is in good agreement with conducted experiments of NMC vs. 
graphite cells at different compression rates. In contrast, the classical model lacks of predicting this 
optimum. 
The successful identification of the experimentally observed optimum proves the feasibility of the 
presented model approach. The model is applicable to predict the properties and the performance of the 
cell. This enables a design optimization without an extensive experimental studies, which will reduce 
costs and experimental efforts in the development of next-generation batteries.   
 

a) b)  

Fig. 1: a) Illustration of the simulated micro structures containing active material (red), the matrix of 
conducting additive and binder (green) and electrolyte (blue) b) Validation of the battery model for the 
reference cell 
 
References:  
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Microscale electroosmotic flows occur in many interesting applications, including pore scale 
processes in fuel cell membranes and sensing with nanopores.  The talk summarize recent 
developments in modeling and numerical discretization approaches for coupled fluid flow and 
ion transport in a self-consistent electric field.  Ingredients of the method are 
 

• Pressure-robust, pointwise divergence free finite element discretization of the Stokes 
equations describing the barycentric velocity of the ionic mixture [1,2] 

• Generalization of the Nernst-Planck equations for ion transport to the case of finite ion 
sizes and solvation effects [3] 

• Thermodynamically consistent, maximum principle observing finite volume method for 
ion transport including competition for finite available volume [4,5] 

• Coupling approach between fluid flow and mass transport together with a fixed point 
iteration to solve the combined system [6] 
 

The talk introduces the models and the discretization approach.  It provides recent results of 
numerical simulations of elecroosmotic flows nanopores confirming the validity and the 
advantages of the discretization approach.  A number of open problems and challenging 
directions will be described. 
 

1. A.Linke.  On the role of the Helmholtz decomposition in mixed methods for 
incompressible flows and a new variational crime.  Computer methods in applied 
mechanics and engineering, 268:782--800, 2014. 

2. V. John, A.  Linke, Ch. Merdon, M. Neilan, and Leo G. Rebholz.  On the divergence 
constraint in mixed finite element methods for incompressible flows.  SIAM Review, 
2017, Vol.  59, No.  3, pp. 492-544 

3. W. Dreyer.  C. Guhlke, and R. Müller.  Overcoming the shortcomings of the Nernst–
Planck model.  Physical Chemistry Chemical Physics 2013 15(19), 7075-7086 

4. J.Fuhrmann. Comparison and numerical treatment of generalised Nernst-Planck models.  
Comp. Phys.  Comm., 196 166-178, 2015. 

5. J.Fuhrmann.  A numerical strategy for Nernst–Planck systems with solvation effect. 
Fuel cells, 16(6):704-714, 2016. 

6. Ch.  Merdon, J.Fuhrmann, A.Linke, F.Neumann, T.Streckenbach, H.Baltruschat, and 
M.Khodayari. Inverse modeling of thin layer flow cells for detection of solubility, 
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Molecular theory of solvation for nanostructures in both aqueous and non-aqueous solution, a.k.a. three-
dimensional reference interaction site model (3D-RISM) with Kovalenko-Hirata (KH) closure relation1-4  
has been systematically developed and applied to a variety of compounds, supramolecules, and 
biomolecules in a number of solvents, mixtures, electrolyte and non-electrolyte solutions.3-11 Based on the 
first principles of statistical mechanics, 3D-RISM-KH predicts solvation structure and thermodynamics of 
nanochemical and biomolecular systems, including their analytical long-range asymptotics. It yields high 
accuracy, efficiency, and applicability by multiscale coupling of methods at different space and time 
scales to provide fundamental understanding and prediction for nanomaterials and biomolecules.  
 
This method was coupled with quantum chemistry,3-8 molecular dynamics,9-11 and dissipative particle 
dynamics,12 including examples of helical rosette nanotubes with tunable stability and hierarchy,9 water 
promoted supramolecular chirality inversion,10 formation and stability of self-assembling supramolecular 
structures of organic rosette nanotubes with ordered shells of inner and outer water,11 and accurate and 
efficient dissipative particle dynamics of polymer chains with coarse-grained effective pair potential 
obtained from DRISM-KH theory.12 
 
3D-RISM-KH molecular solvation was also coupled with Multi-Time-Step Molecular Dynamics and 
Generalized Solvation Force Extrapolation (MTS-MD/3D-RISM-KH/GSFE), providing quasidynamics 
description of biomolecules.13 Validation included folding of miniprotein in solution from fully extended 
to equilibrated state in 60 ns, which yielded acceleration by two orders of magnitude time scale as 
compared to 4-9 µs protein folding in experiment.13  
 
Recent developments and applications of 3D-RISM-KH consisted in multiscale coupling of quantum 
chemistry, molecular solvation theory, molecular dynamics, and dissipative particle dynamics.4,14,15 
Multiscale methods framework yields dramatically improved accuracy, efficiency, and applicability by 
coupling models & methods on different scales and providing fundamental understanding and predictions. 
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Using the electrode potential to control reaction kinetics and thermodynamics forms the very core of all 
electrochemical systems. To provide a satisfactory atomistic model, a proper description of the 
electrochemical interface needs to include the electrode, electrolyte, and their interface as a function of 
the electrode potential.  The inherent complexity of the electrochemical interface presents a yet unsolved 
challenge for atomistic simulations. 
 
For thermodynamics the most elegant approach is to perform the simulations in a grand canonical (GC) 
ensemble where both the electronic and ionic chemical potentials can be fixed as done in experiments; by 
controlling these variables we can extract atomic-level information about the electrocatalytic and charge 
transfer reactions at the electrode interface. I will present a general grand canonical density functional 
theory (GC-DFT) framework to model the electrochemical interface1. The new theoretical approach for is 
able to treat the thermodynamics of the interface, including the solvent, ionic double layer and explicit 
electrode potential.  
 
The developed GC-DFT framework is also extended to treat electrocatalytic charge transfer kinetics. I 
have extended2 the Marcus theory of electron transfer kinetics to the GC-ensemble and the parameters are 
extracted using constrained3 GC-DFT. This allows the treatment of both adiabatic and nonadiabatic 
reactions as well as outer-sphere reactions as a function of the electrode potential at solid-liquid 
interfaces.  The work extends the scope of electrocatalytic reactions amenable to an atomistic 
computational description. While the standard toolbox of DFT and transition state can access adiabatic 
inner-sphere simultaneous proton-coupled electron transfer reaction, the new approach allows treatment 
of pure (outer-sphere) electron transfer, decoupled proton-electron transfer and nonadiabatic effects. 
 
The new models enable the of study atomistic details of a wide array of reaction mechanisms and 
environment effects. In my presentation I will introduce theory behind GC-DFT and its use to describe 
thermodynamics and kinetics of electrocatalytic reactions.  Implementation of grand GC-DFT, 
constrained DFT to parametrize GC-Marcus theory and a solvation model in the GPAW code are briefly 
discussed. The newly developed methods are applied to i) charge transfer in lithium-sulfur batteries where 
the nonadiabatic are shown to be important4, ii) describing the ionic double layer at electrodes1, and iii) 
electron transfer kinetics in oxygen reduction reaction in alkaline conditions2. 
 
 

1) M. Melander and K. Honkala, in preparation, 2018 
2) M. Melander and K. Honkala, in preparation, 2018 
3) M. Melander, E.Ö. Jónsson, J.J. Mortensen, T. Vegge, J.M. García-Lastra, J. Chem. Theory 

Comput., 2016, 12, 5367 
4) H. Park, N. Kumar, M. Melander, T. Vegge, J.M. García-Lastra, D.J. Siegel, Chem. Mater., 

2018, 30, 915 
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Process of bromate (BrO3-) reduction from aqueous strongly acidic medium at microelectrodes under 
steady-state conditions has been analyzed theoretically [1] and experimentally [2].  
Since BrO3- anion is non-electroactive within the potential range under consideration its transformation 
is based on the electroreduction of Br2 which is present in bulk solution in small (even tracer) amounts 
while the Br2 reduction product, Br-, reacts irreversibly in acidic conditions with BrO3-, with regeneration 
of Br2, thus forming a redox mediator cycle. We have shown that this process possesses autocatalytic 
features, which may under certain conditions lead to considerable accumulation of the redox-couple 
components, Br2 and Br-, near the electrode surface. As a result, the bromate transformation by the 
catalytic cycle becomes so rapid that the rate of the whole process is controlled by the bromate transport 
from the bulk solution to the kinetic layer near the electrode surface, i.e. to a very high BrO3- diffusion 
limited current. For realization of such an autocatalytic passage of the process the radius of the 
microelectrode has to exceed a critical value which depends on the solution composition. This 
peculiarity of the system leads to the anomalous dependence of the maximal current of the bromate 
reaction on the electrode size (Fig.1a) [1]. Namely, if the electrode radius is under its critical value 
(segments 1 and 2) the current is very small since it is determined by the discharge of Br2 species from 
the bulk solution, with no significant transformation of BrO3-. On the contrary, for larger electrodes 
(segments 3 to 5) the autocatalytic EC" mechanism becomes efficient and the passing current can exceed 
the bromate diffusion limited one (segment 5), i.e. it is a very strong one.  
These predictions for the bromate reduction in the presence of a very small amount of bromine have been 
verified voltammetrically at disk microelectrodes of various radii [2]. In conformity with theoretical 
predictions the intensity of the average current density depends on the electrode size in a non-
monotonous manner, passing through a maximum for a certain radius. This behavior is a direct 
consequence of the autocatalytic character of this process. The experimentally observed dependence of 
the maximal current density, jmax, on the disc radius, r0 (Fig. 1b) [2], for electrodes of larger sizes 
approaches predictions for the strong current limit, which exceeds the diffusion-limited current density 
for BrO3- ion while jmax diminishes drastically for smaller electrode radius. 

 
Fig. 1. Dependence of the maximal current density, jmax, of a microelectrode on its radius: (a) theoretical 
predictions; (b) experimental data for 0.2М NaBrO3 + 4М H2SO4 (points) vs. theoretical line. 
The study was supported financially by the Russian Ministry of Education and Research (grant 
14.607.21.0143, UIN RFMEFI60716X0143). 
References: 
1. M. A. Vorotyntsev, A. E. Antipov. Electrochim. Acta, 2017, 258, 544-553.  
2. D. V. Konev, A. E. Antipov, M. M. Petrov, M. A. Shamraeva, M. A. Vorotyntsev. Electrochem. 
Comm., 2018, 86, 76-79. 



Specific Metal-Metal Oxide Interactions in Efficient Electroreduction 
of Carbon Dioxide in Acid Medium 

 
Iwona A. Rutkowska, Pawel J. Kulesza 

Faculty of Chemistry, University of Warsaw,  
Pasteura 1, PL-02-093 Warsaw, Poland 

ilinek@chem.uw.edu.pl 
 

Of particular interest to the preparation of advanced catalytic materials is efficient 
utilization of carbon nanostructures and noble metal nanoparticles, their stabilization and 
intentional activation, as well as organization into two-dimensional arrays, ultra-thin films or 
three-dimensional networks  (e.g. through sequential attraction) on electrode surfaces. They can 
form nanosized materials with well-defined composition, structure and thickness that exhibit 
desirable electrocatalytic properties (e.g. toward reduction of CO2). We explore here the ability 
of polynuclear inorganic metal oxo systems to stabilize and derivatize metal and carbon 
nanostructures. Here certain nanostructured metal oxides of zirconium, titanium, zinc or tungsten 
have been demonstrated to influence supported metal centers in ways other than simple 
dispersion over electrode area. Evidence is presented that the support can modify activity 
(presumably electronic nature) of catalytic metal nanoparticles (e.g. Cu, Ag, Au, Pd, Pt or Ru)  
thus affecting their chemisorptive and catalytic properties. Metal oxide nanospecies can generate 
–OH groups at low potentials that induce proton mobility at the photo(electro)chemical interface.  

Our research interests concern development of systems for the electrocatalytic reduction 
of carbon dioxide in acid media. For example, nanosized Cu or Au naoparticles immobilized 
within ultra-thin films of tungsten oxide or zirconia have been considered. Selectivity of the 
catalytic systems largely depends on the activing adsorptive (CO2) phenomena and the affinity of 
catalytic centers to the adsorbed carbon monoxide intermediates leading to their protonation or 
hydrogenation.  Reduction of carbon dioxide begins now at less negative potentials and is 
accompanied by significant enhancement of the CO2-reduction current densities relative to the 
competitive hydrogen evolution 
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The GIC (graphite intercalation compounds) of lithium is the key material for the lithium ion 
battery(LIB).  In the real application the thin films formed at the interface between graphite and organic 
solvents may be the rate-determining process for the overall electrochemical reaction. However, the 
reaction rate for the elementary reaction process such as de-solvation(solvation) at the interface, diffusion 
in graphite layer have not been understood  experimentally, but some information has been obtained by 
the first-principles calculation.[1] The van der Waals(vdW) interaction between the graphene layer in the 
GIC may determine the structures and energetics of graphite and GIC, however, the vdW interaction 
could not handle in first-principles calculation before 10 years ago because the vdW interaction comes 
from dynamic properties of the dipole fluctuation.   In 2004 Dion et al. proposed the approximated 
method that include the vdW interaction in the density functional framework and some people have 
shown that their method works! In this study we have used the vdW-DF2 functional[2] in the VASP 
code[3] for vdW DFT calculation and compare the results without vdW contribution.  

 The energetics and structure of graphite and LiC6 are in good agreement with the results by Wang et 
al.[4] The have shown that energetics and structures for Li, K, Na GIC are in good agreement with the 
experimental results. In our study the energy barriers of the diffusion for lithium ion in LIC6 and LiC12 
GIC have been calculated. The energy barrier for LiC6 in the parallel direction of the grapheme plane is 
0.3 eV per Li ion without vdW interaction, which is in good agreement with out previous calculation[1]. 
In the vdW-DF2 calculation the energy barrier is increased up to 0.8 eV, the origin of which may be the 
attractive character of the vdW interaction between the Li and C.  If we expand the C-C interplane 
distance up to 1 nm which corresponds to the distance between the GIC that contains the solvated 
intercalants, we have found that the calculated energy barrier in plane direction can be neglected.  

For LiC12 the energy barrier in the parallel direction of the grapheme plane is 0.5 eV per Li ion with 
vdW interaction, but is increased 1 eV for non-vdW DFT calculation. This change is not the same as that 
for LiC6.  This may be due to the stress relaxation effect at the barrier top, but the physical origin is not 
still clear. The decrease of the barrier for the great C-C interplane GIC is the almost the same as the LiC6 
GIC.  

 We have also calculated the charge effects on the total energy and the barrier. By the background 
uniform charge (jellium) method[5] the number of electrons in the unit cell can be controlled. This is the 
kind of information that give the charge-discharge properties of the LIB through the energy, chemical 
potential (1st derivative), and chemical hardness(2nd derivative) of electron. The chemical potential for 
electron for LiC12 and LiC6 is almost same but the chemical hardness of LiC6 is greater than that of LiC12. 
The dependence of the charged state on the barrier is the same trend for LiC12 and LiC6, and the barrier is 
greater for the positive charged state than that of negative charged states but the barrier difference is lees 
than  0.2 eV.  The dependences of the  interlayer distance between the graphene are the same for positive 
and negative states. 
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A broad variety of materials, ranging from composites and heat transfer nano-fluids to 

electrochemical energy storage electrodes, widely employ cylindrical particles of various aspect ratios, 
such as carbon nanotubes1. These particles are generally excellent conductors of heat and electricity, and 
when dispersed in a continuous medium influence dramatically the transport properties of the 
heterogeneous material. One example of such materials is the emerging use of flowable electrodes in 
electrochemical systems which store energy or desalinate water2,3. In such systems, conductive particles 
are suspended in an electrically insulating yet ionically conductive electrolyte, and the entire suspension 
is pumped through a charging or discharging cell. Electrons transport through the percolating network 
formed by the solid particles, in order to capacitively charge the solid particles or allow for local 
electrochemical reactions at solid-liquid interfaces. Though promising, the system is still suffering from a 
low electron transport and other by-effects such as a rocketing suspension viscosity with increasing solid 
particle loading. Therefore, a comprehensive analytical theory is needed in order to optimize the structure 
and content of such electrodes. 

The most widely-used theory is based on the scaling hypothesis, which is only appropriate for 
small deviations from the onset of percolation1, whereas flowable electrodes operate at up to hundred 
times higher particle concentrations. Many significant numerical and analytical works focus on the 
determining the percolation threshold, leaving the regime relevant for flowable electrodes largely 
unexplored. In an effort to develop analytical theories based on network microstructure rather than the 
scaling hypothesis, we here present an analytical probabilistic model for a network of randomly 
positioned, soft-core, cylindrical particles with finite aspect ratio, valid at a broad range of particle 
concentrations: below and above the percolation threshold. We focus on contacts between particles and 
derive the contact number distribution for all particles and the contact number distribution for the 
particles in the percolation network. We verify that our analytical theory agrees well with available 
numerical results on percolation threshold. The theory predicts a scaling parameter, in that networks with 
identical values will exhibit similar macroscopic behavior. Further, we link the found percolation network 
topology to the macroscopic electric conductivity of a flowable electrode. Hence, our model can serve as 
the foundation for analytical composition-structure-property relationships for heterogeneous materials 
with conducting cylindrical particles. 

Predicted fraction of particles which are 
single and in the percolation network as a 
function of a product of particle aspect ratio, 
s, and total particle volume fraction, ψ . 

Predicted particle volume fraction at the 
percolation threshold as a function of particle 
aspect ratio, s. The numerical data used for 
comparison are taken from Ref.4. 
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Electrochemical CO2 and CO reduction holds the promise to be a cornerstone for sustainable production 
of fuels and chemicals. However, it is indeed a complex reaction which tend to give multiple very 
different products [1] and consequently the product selectivity is a more complex property to understand 
[2]. Further, the unique copper catalyst, as the only metal catalyst, show a high value multiple-carbon 
product distribution to be both facet and electrolyte depend [3, 4].  

In this talk I will discuss: (1) How we can ignore reaction pathways and solely approach the problem by 
grouping metals due to their product selectivity, which can be used in the search for new catalyst for a 
desired product [5]. (2) How explicit ab initio molecular dynamics simulations of the electrochemical 
interface can be used to understand how key CO reduction reaction intermediates are stabilized in 
solution of different electrolytes, and for different pH. (3) How results from such analysis provide insight 
into the electrochemical interface structure, revealing the electrochemical limitations and offer a direct 
comparison to experiments.  
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Recently, a new concept of electrolytes was proposed, in which the ionic species are dissolved in large 
amounts inside the solvent [1]. Suo et al. showed that such concentrated electrolytes could involve 
inorganic cations by using Li[(CF3SO2)2N] (LiTFSI). Inspired by this concept, a series of other Li salts 
and solvents were developed [2-4], opening the way for not only lithium ion batteries but also for 
electrochemical double-layer capacitors.  

    In our work, to better understand the microscopic picture of concentrated electrolyte containing 
LiTFSI-H2O mixture, a large set of physico-chemical properties of mixtures with LiTFSI molalities(m) 
ranging from 0.3 to 20 mol/kg are investigated by both experimental measurements and classical 
molecular dynamics simulations at room temperature. A large increase of electrochemical stability 
window (ESW) is found and the electrical conductivity still remains at a high value even at 20m. The 
water molecules have a very long residence time in the lithium solvation shells at large LiTFSI 
concentrations, so that such liquids may be considered as a new class of ionic liquids with metallic 
hydrates (e.g. Li(H2O)n

+) cations. However, they are allowed to shuttle from cation to cation through two 
different jump mechanisms, an associative one in which solvent-separated cation pairs form and a 
dissociative one in which a water molecule becomes free during a very short time. The first consequence 
of these exchanges is that water molecules diffuse both when they are in the solvation shell of the cation 
and when they jump from one solvation shell to another. In terms of the application of water-in-salt inside 
energy storage devices, the main consequence is that the water molecules are much less available, which 
prevents them from reacting at the electrode. In addition, our results show that the lowest reactivity of 
water molecules may arise from the large energy which is required for them to escape the strong Li + ion 
solvation shell. We can therefore conclude that in the future, the development of new water-in-salts 
should therefore target systems which allow such a slow exchange of water molecules between the 
cations while still retaining the good diffusivity and relatively low viscosity. 
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Lithium-sulfur batteries have an outstanding theoretical specific energy, but their development is 
hampered by their very complicated reaction mechanism, in which a variety of polysulfide species are 
formed in the pathway of the reduction of sulfur to lithium sulfide. Major improvements in performance 
have been achieved by tuning the electrolyte properties, which has been ascribed to differences in 
polysulfide solubility/speciation. Consequently, in order to develop a rational method for electrolyte 
optimization, we have recently developed a reliable analytical method to determine the solubility and 
speciation of polysulfide species [1].  
The solubility is quantified via the determination of the total sulfur content in the polysulfide solutions, 
via chemical oxidation to sulfate and precipitation as BaSO4. The average oxidation state of sulfur in the 
polysulfide solutions (related to the average chain length, Li2Sn, of polysulfides) is obtained with a redox 
titration. Then, the results of the characterization of the solubilities of polysulfides in a given solvent (in 
our work, 1 M LiTFSI in dioxolane), can be plotted in a phase diagram, as shown in the figure below. The 
phase diagram can be used to predict discharge profiles of the batteries under equilibrium conditions 
(slow discharge rate, without complications of the polysulfide shuttle effect), showing that for batteries 
built with a very small amount of electrolyte (curve C in the figure below), most of the discharge will take 
place in the 3-phase region where sulfur, lithium sulfide and saturated polysulfide solutions coexist, and 
where the voltage of the battery will be constant.  
These analytical tools allow to make predictions of the electrochemical behavior under equilibrium 
conditions, but in order to understand the kinetics of polysulfide formation and to elucidate the reaction 
mechanism, additional methods are required. For that goal, we have recently developed reliable 
electrochemical sensors that can be used to determine the concentration of species up to the micromolar 
range [2], and in this work we will show their application for the quantification of polysulfide species as 
formed in-situ in lithium-sulfur batteries, and the results will be discussed using the phase diagram. 
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With increasing penetration of renewables into the energy system, the number of periods where 

the power generation exceeds the demand rises. One promising possibility to put this surplus electricity to 
use is the generation of valuable gases (Power to Gas), which can either be reconverted into electricity in 
a fuel cell or serve as primary product for the chemical industry. Solid oxide electrolysis cells (SOECs) 
are capable to efficiently produce syngas from water and carbon dioxide. 

A macroscopic model for SOECs has been developed and implemented into the numerical 
framework NEOPARD-X1. It is employed to simulate a commercial electrolyte supported cell in 
electrolysis mode under various operating conditions (e.g. temperatures, gas compositions,…). The model 
allows transient, non-isothermal cell-level simulations in 2D or 3D and incorporates comprehensive 
models for bulk material properties and porous structures. The oxygen evolution reaction is described 
using global Butler-Volmer kinetics while at the fuel electrode a detailed, thermodynamically consistent 
elementary kinetic model accounting for surface- and charge transfer reactions is employed. 

A valuable tool for model validation, beyond polarization curve simulations, is the simulation of 
electrochemical impedance spectra (EIS). Based on the potential step method2 the model is able to 
quickly simulate EIS over a large frequency range, which allows the detailed analysis of processes 
governing the cell performance. 

With the help of this physical model, the influence of mixed electronic ionic conducting (MIEC) 
materials on the cell performance and the impedance spectra is investigated. Further, the catalytic activity 
of gadolinium-doped ceria (CGO) is investigated. Experimental EIS data are interpreted and critical 
processes in the cell are identified. 

 

 
Figure 1: Nyquist plot of the imaginary part of impedance data at open circuit voltage (OCV), 50%H2, 
50%H2O, 1123.15K, 105 Pa. Black symbols: experimental data, green curve: reaction kinetics only on 

Ni(CGO), blue curve: fast oxygen evolution reaction (OER) kinetics, red curve: with additional catalytic 
activity of the CGO contacting layers. 
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Understanding the underlying physicochemical mechanism of charge transfer in organic solid state device 
is of help to address the design of novel molecules with improved performances for opto-electronic 
applications. Elementary charge transfer processes, which frequently occur in electronic devices, are: i) 
photo-induced charge transfer; ii) hole transfer; iii) electron transfer; iv) charge recombination.  
Several theoretical approaches has been employed to determine rate constants of charge transfer processes 
and, through their analysis, structure-property relationships of the involved molecules have been 
identify.[1]  Charge transfer could be treated as a radiationless transition between two electronic states 
and  rate constant can be efficiently estimated by the Fermi Golden rule (FGR). 
FGR expression employs Kubo’s generating function approach based on the evaluation of the rates 
starting from the Franck-Condon weighted density of states, obtained by highly reliable electronic 
computations of equilibrium geometries and vibrational frequencies, of the involved species.  
Herein, transport mechanism of charge carrier mobility in thin films of organic small molecules has been 
investigated, employing hole hopping rates computed by FGR expression.[2] The simulations are based 
on the resolution of the chemical master equation, taking into account different energy of involved sites 
and possible trap states. Charge carrier mobility has been predicted with this methodology and compared 
with available  experimental data. 
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Recently, solid electrolytes (SEs) have experienced a growing interest as potential future components of 
safe next-generation high voltage batteries. One key challenge of all-solid-state battery (ASSB) cells is 
the high interfacial resistance. Reasons for the large charge transfer resistances are still subject to 
scientific discussion. To advance ASSB design, fundamental knowledge of the underlying interfacial 
processes is essential.  
In this contribution, we investigate the processes in ASSB cells by continuum modelling and numerical 
simulations. The physical model extends the rigorously derived transport model for SEs [1] to ASSBs and 
further includes the concentration dependence of the dielectric SE properties. The framework describes 
space charge layer (SCL) formation and self-consistent charge transport in the SE by Poisson’s equation 
coupled to a cation continuity equation with a generalized molar cation flux.  Particular attention is driven 
to the connection between measured material parameters and material parameters entering the equation 
system. Furthermore, the electric SCLs in the electrodes are approximated giving rise to effective 
interfaces and respective conditions coupling the electrodes to the SE. The charge transfer process at the 
electrified electrode-SE interface given by a defect reaction mechanism is modelled via a Butler-Volmer 
like approach. Based on this hybrid-approach computational results are presented and compared to 
experiments.  
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Since the 60–70s there have been debates on the temperature dependence of the electrical double layer 
(EDL) differential capacitance (C) in concentrated electrolytes, such as molten salts and ionic liquids. The 
recent wave of interest towards the electrochemical applications of ionic liquids provoked a series of new 
experimental and computational studies. Remarkable progress has been achieved in the understanding of 
the capacitance vs. potential dependence. Current research focus shifts to the capacitance vs. temperature 
dependence in ionic liquids.1  
   In this study, we run molecular dynamics simulations of the EDL at variable temperatures. We used one 
coarse-grained and an atomistic 1-ethyl-3-methylimidazolium tetrafluoroborate model. The simulations 
show that the competition between the anion–cation and counter-ion–electrode interactions along with the 
packing of ions results 1) in a capacitance peak, and 2) in a stagnation of the EDL layering. First, at the 
capacitance peak potential, the capacitance decreases with increasing the temperature. Second, heating 
causes smearing of the EDL layering and delays the stagnation of the EDL layering on the potential scale 
(as indicated by circles in the Figure below). 
   The multilayer EDL represents a parallel plate capacitor, where the surface charge plane situates at z = 0 
and the mass-center of the ionic charge density at zion. Within the proposed ionic bilayer model, zion is 
given by the positions of the first (l) and the second (l + δ) ion layers. The EDL potential drop is 
expressed using the surface charge (σ) and the charge excess (λ) as U = (lσ − δλ)/(ε∞ε0). We assumed that 
l and δ are potential- and temperature-independent. Under this assumuption, the capacitance peak 
corresponds to the maximal dλ/dσ and that the stagnation happens at dλ/dσ = 0. At the stagnation 
potential, the capacitance is almost temperature-independent (C ≈ ε∞ε0/l). The simulations of both coarse-
grained and atomistic models confirm these predictions. 
   The simulations results are in remarkable agreement with the recent experimental data from Ref. 2. 
We call upon more detailed experimental studies of capacitance vs. temperature dependence to verify the 
applicability of the proposed ionic bilayer model. 

 
Figure. Differential capacitance (C) as a function of the potential drop (U) for six different temperatures 
ranging from 250 K to 500 K. The PZC equals −0.05 V and is almost temperature-independent. The inset 
shows the geometry of the simulation cell in xy-plane. For the simulated coarse-grained model, ε∞ε0/l = 6 
µF/cm2. 
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The direct oxidation of methane to methanol is a dream reaction that could have a huge impact on the 
society if it could be catalyzed selectively. This reaction changes the gas into a liquid conserving 6/7 of 
the energy of methane, thus the energy will be enormously condensed. Much of the methane, which is 
now wasted, could thereby be utilized. The electrochemical oxidation of methane to methanol at remote 
oil fields where methane is flared is the ultimate solution to harness this valuable energy resource. In this 
study we identify a fundamental surface catalytic limitation of this process in terms of a compromise 
between selectivity and activity, as oxygen evolution is a competing reaction. By investigating two 
classes of materials, rutile oxides and two-dimensional transition metal nitrides and carbides (MXenes), 
we find a linear relationship between the energy needed to activate methane and oxygen binding energies 
on the surface. Based on a simple kinetic model we can conclude that in order to obtain sufficient activity 
oxygen has to bind weakly to the surface but there is an upper limit to retain selectivity. Few potentially 
interesting candidates are found but this relatively simple description enables future large scale screening 
studies for more optimal candidates.  

 

  

 
 

Figure 1: Schematic figure of an electrochemical fuel cell 
converting CH4 and O2 into CH3OH and H2O  

 

Figure 2: Reaction pathway calculated using the CI-NEB 
method on RhO2 for methane oxidation.  
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In the last few decades the obtaining of an easy, rapid and low-cost test device to detect the presence of a 
substance in a sample has explored and raised a lot interest in scientific and medical communities. In the 
recent years, various new diagnostic tools based on paper has been developed, more commonly known as 
PADs (Paper-based Analytical Devices)1. These kind of devices take advantage of particular features of 
paper such as porosity and capillarity to perform microfluidic functions without the need of dedicated 
instrumentation. The most common detection method used in this type of platforms is colorimetry. 
However, there are different disadvantages related to this detection method, being the most relevant one 
the limited sensitivity offered by instrument-free observation2. In this respect, electrochemical detection 
has also been explored in PADs. The use of electrochemical techniques is interesting due to its sensitivity, 
selectivity and signal quantification. In this kind of devices, paper is used as a porous matrix that allows 
to hold and confined the liquid to be analyzed. However, the effect of the paper matrix on the 
electrochemical response of an electrode has been scarcely explored up to date. 
 
In this work, we study the electrochemical response of two common electroactive species such as 
hydroquinone (HQ) and ferricyanide (K4[Fe(CN)6]) in different papers by using screen-printed electrodes 
(Fig. 1). The methods chosen in this study were cyclic 
voltammetry (CV) and electrochemical impedance 
spectroscopy (EIS). The materials under study are medical 
grade papers cellulose (CF3 from Whatman) and glass fiber 
(Standard 14 from GE). 
 
Results show different electrochemical behavior between 
papers and chemical compounds. In the case of ferricyanide, 
no significant effect was observed seen in the charge transfer 
resistance (Rct) or the intensity of the peak in Cyclic 
voltammetry, whereas HQ showed a variation both in Rct and 
in the peak potential of cyclic voltammetry when measured in 
the different paper matrixes.   
 
The work identifies the importance of characterizing the paper 
matrixes where the PADs are to be fabricated and provides a 
guideline to choose the right paper-chemical compound combination in each case.  
 
1. Multilayer Paper-Based Device for Colorimetric and Electrochemical Quantification of Metals. 
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3.  Electrochemical Detection for Paper-Based Microfluidics. Wijitar Dungchai, Orawon Chailapakul, and 
Charles S. Henry. Analytical Chemistry 2009 81 (14), 5821-5826 
 

 
 

Fig. 1: Scheme of screen-printed 
electrode-paper combination used in 

this work 
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Pt- and Pd-based surfaces are highly active catalysts for the electrocatalytic oxidation of formic acid.1 
Based on the idea of the reversible catalyst, the electroreduction of CO2 to formic acid should also be 
possible on the same catalysts. However, CO2 reduces to CO on Pt, poisoning its surface, and although Pd 
resists CO poisoning more than Pt, it is not an alternative because it is more difficult to prepare and clean 
compared to Pt. A good alternative for a catalyst for CO2 reduction and formic acid oxidation is the 
combination of Pd monolayer on Pt. In 1996, Baldauf and Kolb investigated this alternative by epitaxially 
growing Pd overlayers on Pt(hkl) resulting in high activity towards formic acid oxidation and showing 
clear resistance towards CO poisoning.2 It is important to note that there is evidence that this combination 
can achieve an almost reversible reduction of CO2 and formic acid oxidation on electrodeposited Pd on 
polycrystalline Pt electrodes.3 Unfortunately, the reversibility of that catalyst was eventually limited by 
CO poisoning and by the simultaneous H2 evolution.3 However, well-defined Pd-based catalysts, such as 
Pd films on Au(hkl) and Pt(hkl) and PdML/Pt100,  have shown good resistance to CO poisoning.2,4 In this 
work, we combined experiments with DFT calculations of PdML/Pt(111) and PdML/Pt(100) surfaces to 
understand the details of the surface chemistry and eventually understand: (i) the nature of the high 
activity of Pd-based systems for formic acid oxidation and formic acid production from CO2 and (ii) the 
reason why Pd-based systems are ostensibly more resistant for CO poisoning than Pt.  
 
 
 
References: 
 
1. Yu, X. & Pickup, P. G. Screening of PdM and PtM catalysts in a multi-anode direct formic acid 
fuel cell. J. Appl. Electrochem. 41, 589–597 (2011). 
2. Baldauf, M. & Kolb, D. M. Formic Acid Oxidation on Ultrathin Pd Films on Au(hkl) and Pt(hkl) 
Electrodes. J. Phys. Chem. 100, 11375–11381 (1996). 
3. Kortlever, R., Balemans, C., Kwon, Y. & Koper, M. T. M. Electrochemical CO2 reduction to 
formic acid on a Pd-based formic acid oxidation catalyst. Catal. Today 244, 58–62 (2015). 
4. Chen, X. & Koper, M. T. M. Mass-transport-limited oxidation of formic acid on a PdMLPt(100) 
electrode in perchloric acid. Electrochem. Commun. 82, 155–158 (2017). 
 
 



DFT study on CO2 Reduction on Boron-doped Diamond Electrode 
 

Yoshitaka Tateyama,1,2 Maofeng Dou,1,2 Shota Iizuka,1,2 Yasuaki Einaga2,3 
1Center for Green Research on Energy and Environmental Materials (GREEN), National Institute of 

Materials Science (NIMS),1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan 
2ACCEL, Japan Science and Technology Agency (JST), 3-14-1 Hiyoshi, Yokohama 223-8522, Japan 
3Department of Chemistry, Keio University, 3-14-1 Hiyoshi, Kohoku-ku Yokohama 223-8522, Japan  

TATEYAMA.Yoshitaka@nims.go.jp 
 

Boron-doped diamond (BDD) has attracted much attention due to its unique properties, like wide-
potential window, low background current, high stability, and high selectivities, compared to the other 
electrodes. Recently, Nakata et al. demonstrated that electrochemical CO2 reduction generates more 
carbon hydrates instead of CO on the BDD electrode.1 In this work, we examined the mechanisms of this 
CO2 reduction on BDD with typical (111) interfaces with H- and OH-terminations, by means of density 
functional theory (DFT) calculations. The structures of considered products, like CO, HCOOH, and 
HCHO, as well as several radical species, like COOH*, HCOO* and CHO*, at the interfaces of water and 
BDD were investigated using DFT-based molecular dynamics. The pair radial distribution functions show 
that both possible products and radical species weakly interact with BDD interfaces. To further explore 
reaction paths, the reaction enthalpies were evaluated using computational hydrogen electrode approach.2 
We found that hydrogenation of CO2 into HCOO* is energetically favorable than protonation of CO2* 
into COOH* on both (111)H and (111)OH surfaces (Figure 1). Moreover,  'H of HCOOH is lower than 
that of CO on both (111)H ('H = 0.05 and 0.76 eV for HCOOH* and CO*, respectively) and (111)OH 
('H = 0.11 and 0.76 eV for HCOOH and CO, respectively) surfaces, which indicates formation of 
HCOOH* is energetically favorable than formation CO. In addition, further reduction of HCOOH* into 
HCHO* requires passing the radical special CHO* with high 'H (1.84 and 1.79 eV on (111)H and 
(111)OH surfaces, respectively). The mechanism of formation of HCOOH was further studied from in 
combination of the analysis of the electronic states. 
 

 
 

Figure 1. Enthalpies of electrochemical CO2 reduction on BDD(111)H and BDD(111)OH surfaces 
calculated by means of the computational hydrogen electrode approach.   
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Protein film voltammetry (PFV) is a method used for the mechanistic studies of metalloenzymes1. This 
technique consists in immobilizing a redox enzyme at an electrode in a configuration where the electron 
transfer is direct (Figure 1-A). During the catalytic reaction, the enzyme consumes its substrate at the 
electrode, so to avoid depletion, electrochemists have used Rotating disk electrode (RDE). The electrode 
rotates to bring a fresh supply of solution to the surface of the electrode where the enzyme is immobilized. 
We have used RDE successfully to avoid depletion of substrate in the studies of number of enzymes. 
However, we realized that this was not the example for CO dehydrogenase (CODH). CODH catalyzes the 
reversible oxidation of carbon monoxide into carbon dioxide through its NiFe4S4 active site2, according to 
the following reaction: CO + H2O ↔ CO2 + 2 H+. CODH is so fast that, even using RDEs at the highest 
rotation rate possible, the transport of chemical species toward the enzyme (CODH) is still insufficient to 
avoid depletion; this blurs the enzymatic response and prevents the mechanistic studies3.  

 
Figure 1: A) Schematic representation of PFV, where the enzyme CO dehydrogenase is immobilized at the 
surface of the working electrode, in a direct electrode transfer, and B) Picture of the new electrochemical 
cell 
 
We cannot overcome the problem with RDE, since we are already at the maximum rate. Hence, we need to 
change completely the set-up and design a new electrochemical cell. For that, we used computational fluid 
dynamics simulations to explore diverse geometries to look for a suitable one. We need a new geometry 
with faster transport, but we also need uniform transport (uniformly accessible electrode4) to avoid greatly 
complicating the quantitative studies. Based on our numerical simulations, we designed a new cell in which 
the transport is uniformed and is 3 times faster than the RDE. We have built a prototype (Figure 1-B), we 
characterize its transport properties, and we found an excellent agreement between the numerical and 
experimental results. 
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Modern Lithium-ion batteries based on intercalation chemistry hold more than twice as much energy by 
weight and are ten times cheaper than the first commercial versions sold by Sony. But today they are near 
its limits. Metal anodes for ‘beyond Li-Ion’ batteries, such as Lithium-sulfur or Lithium-air, promise 
higher energy density and lower cost. However, the formation of dendrites is a major security risk and 
prevented a commercialization of the technology in large scales. 
Magnesium in term can be directly used as anode material due to its dendrite-free deposition and thus 
increases the safety as well as energy density. Two electrons are stored per Mg atom which compensates 
the generally lower discharge potential of magnesium-based cell chemistries. In recent years magnesium-
sulfur batteries are discussed as an attractive next-generation energy storage system and provides a high 
capacity of 3832 mAh/cm3 and 2230 mAh/g with an energy density of over 3200 Wh/l [1]. Such an 
energy density is beyond that of lithium-sulfur batteries and is, therefore, very promising for automotive 
and stationary applications. Furthermore, magnesium and sulfur are both naturally abundant, low in price 
and non-toxic.  
However, magnesium-sulfur batteries are in a very early stage of research and development. The system 
suffers from similar problems like the early Li-S batteries which are a low coulombic efficiency and cycle 
life, mainly associated with the well-known polysulfide shuttle. Moreover, the reactions at both the 
positive and negative electrode are not yet fully understood but similar sulfur reduction mechanisms are 
generally assumed [2].  
In order to harvest the conceptual similarities between lithium and magnesium sulfur batteries we 
formulate a common framework for metal sulfur batteries. In a multiscale approach we describe the 
processes in sulfur host materials (e.g. meso/mricoporous carbons) and on cell level (1+1D). The 
transport of dissolved species is modeled by the Nernst-Planck equation and sulfur red/ox kinetics are 
described by a reduced mechanism which is able to reproduce the key experimental results for Me-S 
batteries [3]. Therefore, the model is able to capture the kinetics of sulfur redistribution in the cell during 
cycling driven by the polysulfide shuttle. By taking into account side reactions at the negative electrode 
we are able to describe the experimentally observed decrease in coulombic efficiency and capacity. 
In our presentation we focus on the investigation of common properties of Li-S and Mg-S batteries, and 
more importantly key differences between the two. The simulation results will be compared to in-house 
experimental data measured on sulfur/carbon composite electrodes, such as galvanostatic cycling data. 
For these experiments the Mg-S and Li-S cells under investigation are identical with respect to 
dimensions, cathode material and electrolyte solvent. The insights gained from these are used to focus the 
simulations on aspects specific for Mg-S batteries. In close collaboration with the experimental groups at 
DLR and HIU we aim at guiding new developments of the Mg-S system. 
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Carbon dioxide (CO2) is a major contributor to climate change due to its increasing concentration in the 
atmosphere and its global warming potential. To maintain the atmospheric concentration of CO2 under 
400 ppm and avoid a temperature increase of more than 2°C above the average of pre-industrial levels, 
annual CO2 emissions until 2050 should be limited to around 20-30 Gt CO2 [1]. This could be achieved by 
its direct capture from flue gases, reducing fossil fuels consumption and developing large-scale alternative 
energy sources. The high costs of implementing and operating carbon capture systems could be offset by 
the development of technologies capable of transforming CO2 into value-added products.  

Hori and coworkers [2] first showed that the electrochemical reduction of CO2 (CO2RR) yields a wide 
variety of carbon-based compounds. Recently, this process has emerged as a possible solution to decrease 
CO2 emissions and close the biogeochemical carbon cycle, if the energy used to drive the reaction is 
renewable. Although numerous experimental works have studied CO2RR, the complexity of the underlying 
physicochemical phenomena, make it desirable to develop or implement theoretical models capable of 
accurately predicting the catalytic activity of novel materials in a fast manner [3].  

Herein, we present the results of a mechanistic study of the CO2RR reaction using DFT calculations to 
determine the reaction pathways on five different Cu surfaces. We employed the computational hydrogen 
electrode (CHE) model [4] to examine the adsorption energies of all the intermediates involved in the 
reaction mechanism of CO2 toward one-carbon (C1) species, particularly CH4. The hydrogenation of *CO 
was found to be the potential-limiting step for all the studied surfaces. Two possible intermediate species 
are formed in this step: *CHO or *COH. Both pathways result in CH4 production, although the *COH is 
predominant on high-coordination surfaces (cn = 9 and 8), and the *CHO pathway is preferred on low-
coordination surfaces (cn ≤ 7).  
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Lithium-Ion batteries currently perform better than most other battery systems due to their 
outstanding energy and power density. At high current densities the transport of Li-ions in the 
electrolyte is crucial for the battery performance. To reduce transport limitations, the 
optimization of electrode designs is important. The impedance of the porous electrode is 
commonly investigated as a characteristic performance indicator. However, the performance of 
the electrode is often affected by local structural inhomogeneities due to compression in the 
calendering process or an unfavorable binder and/or carbon black distribution. For example, 
harsh drying conditions were found to cause binder migration to the electrode surface and 
consequently reduce the rate capability [1]. In this contribution we apply 3D microstructure-
resolved simulations [2] to Li-ion battery positive electrodes, which allows us to study in detail 
the effect of local structural inhomogeneities on the electrode performance. 
NMC electrodes with different thickness and density were prepared and characterized 
electrochemically by galvanostatic cycling and electrochemical impedance spectroscopy. 
Impedance spectra were recorded on symmetrical cells [3] which are especially advantageous 
for the characterization of electrode transport properties. Reconstructions of the electrodes were 
created with the help of synchrotron tomography and a 3D stochastic microstructure generator 
[4]. The resulting microstructures are then input to microstructure-resolved electrochemical 
simulations. Impedance spectra of the symmetrical cells and half-cells with Li counter electrode 
were simulated with a potential step and current relaxation technique [5]. With the help of our 
simulations we are able to extract the contribution of the carbon black and binder network to the 
electrochemical performance of these cathodes. Additionally, different drying conditions are 
mimicked through different models for the spatial distribution of binder and carbon black. 
Through these variations the effect on the electrode impedance and cell performance is 
investigated.  
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In graphite, lithium intercalates between graphene planes by forming structures where filled layers 
alternate with empty ones. Stage “n” corresponds to a filled layer every “n” layers. Intercalation into 
graphite thus proceeds through a sequence of different stages from a dilute stage, where no internal 
structure can be observed, to stage 4, 3, 2 and finally stage 1. If this representation is adequate from a 
thermodynamic perspective, it is insufficient from a kinetic point of view to explain the staging 
transitions, especially between even and odd stages, since the diffusion of lithium through the graphene 
planes is not possible. Daumas and Herold [1] introduced a domain model, where lithium intercalates 
occupy all the layers as islands, but locally maintaining the staging, to explain the staging dynamic of 
these compounds.  
 
The relevance of this domain structuration has been recently validated using ab-initio and kinetic Monte-
Carlo simulations for the transition between stages 3 and 2 [2]. More recently, staging dynamic in 
graphite between the dilute stage, stage 2 and stage 1 has been reported using a Cahn-Hilliard based 
model adapted to multi-layered materials [3,4]. In the present work, we report an extended Cahn-Hilliard 
model which allows to simulate graphite staging dynamic including the complex transition between stage 
3 and stage 2. To that end, a 6 layer system has been considered. Our free energy model includes intra-
layer free energies for each layer, and inter-layer interactions. For the intra-layer free energy, a lattice gas 
model is considered to allow phase separation within the layer. Regarding the inter-layer interactions, a 
repulsive term is considered between adjacent layers and an original next-nearest neighbor term has been 
developed to capture stage 2 / stage 3 staging dynamic for both intercalation and de-intercalation. 
 
 

 
 
Figure 1: Simulation of lithium intercalation in a 25µm graphite particle. Lithium concentration in the 6 
layers of the considered model at four successive times during lithiation. Visualization of the associated 
stages (dilute: orange, stage 3: green, stage 2: red and stage 1: yellow).    
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In polymer electrolyte fuel cells (PEFC), noble metals are often used as catalysts. Platinum is especially 
used as a catalyst because of its high activity. However, since platinum is expensive, research is still 
being carried out to replace it with a non-platinum catalyst. One of the features of the PEFC is that its 
cathode is in a highly acidic and oxidizing environment. In the past decades, non-platinum catalysts with 
high catalytic activity and high durability under the PEFC operating environments have been sought to 
reduce costs of the PEFC. 
 As a non-platinum catalyst, metal calcogenides, such as Ru-based and Co-based sulfides, have been used 
for photocatalysis and redox reaction. It has also been reported that the calcogenides have activity as a 
catalyst for PEFC.(1) However, it is generally known that the durability of sulfides is so low that it is 
difficult to use them practically. As a method of improving catalyst durability, it was previously found 
that the addition of Mo in a RuS catalyst helps to prevent the dissolution of RuS, and the catalyst can then 
exhibit good catalytic behavior.(2) We have an idea that if the durability of cobalt sulfide can be improved 
by adding other particular metals, it will be able to be used as a non-platinum catalyst in PEFC. 

In this research, we conducted first principle calculations and experimental measurements. By using the 
first principle calculation method, we calculated the energy changes (ΔE) associated with the extraction 
of S element from the surface of Co1-xMxS2 that is obtained by substituting M for some of the Co in CoS2  
(Here M is any of Cr, Mo, W, or other similar metals, and x is some value between 0 and 1). Furthermore, 
we experimentally synthesized the Co1-xMxS2 compounds and measured their durability. Table 1 shows 
the degradation ratio of the synthesized Co1-xMxS2 catalysts after the degradation tests. A very good 
correlation between the calculated 'E and the measured degradation ratio was found. This good 
correlation indicates that element types which can improve the durability of cobalt sulfide can be 
predicted from the first principle calculation.  

In our presentation, we will introduce the correlation between the substitutional element position and the 
position of extracting S atom in detail. 
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Table 1 
 Measured holding potential ratio and calculated 'E of Co1-xMxS2  
 

Substitution element Degradation ratio (%) ΔE (eV) 
Cr 68 0.12 
Mo 64 0.08 
W 48 -0.08 

Unsubstituted 48 0.00 
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The present work seeks to increase the energy storage efficiency of vanadium redox flow batteries 
(VRFBs). First principle based electronic structure calculations were performed to understand the 
hydration structure and partial charge distribution of all four vanadium oxidation states in the bulk 
water.  
The poor electrochemical activity of the graphite electrode is one of the limitation of the energy 
storage efficiency of VRFBs and to enhance it, we considered the N-doped graphite and 
functionalized graphite with hydroxyl groups as electrodes. Density functional theory (DFT) 
calculations were performed to investigate the reactivity of two edge surfaces of modified graphite 
electrodes; zigzag and armchair toward the V2+/V3+ redox species. The results suggest that the 
presence of oxygen and nitrogen based moieties at the electrode edges provide the more active 
sites for adsorption of the V2+/V3+ redox species and demonstrate the significant enhancement of 
electron transfer kinetics on electrode / electrolyte interface. We perform some calculations with 
an added electron to the models of graphite electrode, in order to simulate the reducing 
environment, and this is another factor to improve the redox kinetic. Figure 1a represents the 
lowest unoccupied molecular orbital (LUMO) and Figure 1b the highest occupied molecular 
orbital (HOMO) for model of N-doped graphite functionalized with hydroxyl group. The results 
suggest that the LUMO orbital is an antibonding orbital of the aromatic system while the HOMO 
orbital is an orbital largely of the d system of vanadium. Thus, the further electron is localized on 
the metal atom as expected. 
                             
                                     1a                                                                                      1b 

Figure 1.a) LUMO b) HOMO for model of N-doped graphite functionalized with hydroxyl group. 
 
The theoretical results have been experimentally validated by means of Cyclic Voltammetry and 
Hydrodynamic Voltammetry with Rotating Disk Electrode modified with carbon black and 
graphene oxide having different density of oxygen- and nitrogen-containing surface groups [1, 2]. 
The results obtained allowed achieving insights on the beneficial effect of oxygen and nitrogen 
electrode functionalities on the electron-transfer kinetics of the V2+/V3+ redox couple. 
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Recently, a new concept of electrolytes was proposed, in which the ionic species are dissolved in large 
amounts inside the solvent [1]. Suo et al. showed that such concentrated electrolytes could involve 
inorganic cations by using Li[(CF3SO2)2N] (LiTFSI). Inspired by this concept, a series of other Li salts 
and solvents were developed [2-4], opening the way for not only lithium ion batteries but also for 
electrochemical double-layer capacitors.  

    In our work, to better understand the microscopic picture of concentrated electrolyte containing 
LiTFSI-H2O mixture, a large set of physico-chemical properties of mixtures with LiTFSI molalities(m) 
ranging from 0.3 to 20 mol/kg are investigated by both experimental measurements and classical 
molecular dynamics simulations at room temperature. A large increase of electrochemical stability 
window (ESW) is found and the electrical conductivity still remains at a high value even at 20m. The 
water molecules have a very long residence time in the lithium solvation shells at large LiTFSI 
concentrations, so that such liquids may be considered as a new class of ionic liquids with metallic 
hydrates (e.g. Li(H2O)n

+) cations. However, they are allowed to shuttle from cation to cation through two 
different jump mechanisms, an associative one in which solvent-separated cation pairs form and a 
dissociative one in which a water molecule becomes free during a very short time. The first consequence 
of these exchanges is that water molecules diffuse both when they are in the solvation shell of the cation 
and when they jump from one solvation shell to another. In terms of the application of water-in-salt inside 
energy storage devices, the main consequence is that the water molecules are much less available, which 
prevents them from reacting at the electrode. In addition, our results show that the lowest reactivity of 
water molecules may arise from the large energy which is required for them to escape the strong Li + ion 
solvation shell. We can therefore conclude that in the future, the development of new water-in-salts 
should therefore target systems which allow such a slow exchange of water molecules between the 
cations while still retaining the good diffusivity and relatively low viscosity. 
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Although porous carbons are widely used as electrode materials in supercapacitors, probing their local  
properties, as a fundamental step to improve energy storage performances, remains a persisting challenge. 
In fact, the complexity and multi-scale nature of these materials makes it difficult to understand the 
electrode/electrolyte interface, region at which energy storage processes occur within supercapacitors. In 
this context, we focus on the development of a lattice simulation model [1] to investigate the structural 
and dynamical properties of these materials. This model allows us to consider systems with large 
dimensions which may not be accessible using different levels of theory, such as molecular dynamics 
simulations or density functional theory. The use of this simulation method also aims at linking 
electrochemical microscopic and macroscopic quantities, allowing a more direct comparison with 
experimental data. Indeed, our model uses free energy profiles, calculated within the classical molecular 
dynamics framework, to deduce quantities such as adsorbed ions concentrations, molecular diffusion 
coefficients and capacitance. Furthermore, the study presented in this work compares several porous 
carbon systems where the impact of the applied potential difference is investigated. The influence of 
porosity and spatial distribution of pores on diffusion coefficients is also reported. 
 
 
 

 
Figure 1: In-pore ion and solvent molecule populations for a porous carbon electrode at different applied 
potential differences ranging from -2.0 V to +2.0 V. (Left) Pores of different sizes are distributed 
randomly over the lattice. (Right) Anion (cation) adsorption is dominant for positive (negative) charging. 
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The adsorption of a diatomic oxygen (O2) molecule and atomic oxygen was modelled computationally on 
an alkaline earth (AE)-graphene monolayer using ab-initio density functional theory (DFT) calculations. 
Alkaline-earth doped graphene was found be a solid phase frustrated Lewis pair (s-FLP) (1,2) because the 
main mode of interaction between the dopant atom and the graphene substrate is the transfer of two 
electrons. This transfer creates localized electron-deficient (Lewis-acidic) and electron-rich (Lewis-basic) 
sites on the material. which act as active sites for adsorption. FLPs have been previously examined for 
hydrogen catalysis (3) and CO2 redutction (4). However, exploration of these materials for oxygen 
adsorption and oxygen reduction/oxidation reactions (ORR/OER) and the use of the FLP as a paradigm in 
the study of catalysis for ORR/OER is still an emergent field. Electronic and magnetic interactions in the 
adsorbate-adsorbent complex were also investigated to elucidate the nature of interaction and determine 
possible pathways toward ORR/OER and to determine the feasibility of using FLP as a perspective for 
ORR/OER catalysis.  
 

 
 
 
 
 
 
 
 
 
 
 
- 

Figure 1. Charge difference plot of O2 on Mg-graphene showing electron-deficient (cyan) sites between 
the two O molecules, indicative of bond weakening. Isosurface level = 0.0013 e-/au3 . Electron-deficient 
sites (+ charge) are in cyan while electron-rich sites (- charge) are in yellow.  
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KISSA©, the software developed in our group, provides a general framework to analyze and rationalize 
1D- and 2D-electrochemical problems of any complexity within a user-friendly environment. Results are 
obtained without any intervention of user into numerical part except for defining the sought reaction 
mechanism using classical chemical formulations and initial values of the initial concertation, expected 
and equilibrium rate constants, diffusion coefficients, etc. [1].  
 
The accuracy of the numerical solution is guaranteed in KISSA© through performing calculations using 
non-uniform time grids and adaptive space grids. The latter one was constructed on the basis of specific 
kinetic criteria (rather than on a gradient-based one as in other programs). This offers a built-in automatic 
high dynamic resolution at moving acute reaction fronts which are readily detected and tracked by the 
program. 
  
The efficiency of this strategy was proven by addressing such sophisticated problems as i) simulation of 
reaction mechanisms leading to the emission of electrochemiluminescence (ECL) [2, 3] and ii) solution of 
electrocatalytic problems involving the reactive dynamic adsorption steps [4-6], etc. 
 
We will demonstrate the advantages and benefits of KISSA© new version through simulation of complex 
electrochemical problems whose solutions exploit the new features of our software. 
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Electrochemical interfaces used for sensing, (electro)catalysis and energy storage are usually 
nanostructured to expose particular surface “active” sites, but probing the intrinsic activity of these sites is 
often beyond current experimental capability. In this work,1,2 we explore how a simple meniscus imaging 
probe, based on an easily-fabricated, single-channeled nanopipet (inner diameter ≤ 30 nm) can be 
deployed in the scanning electrochemical cell microscopy (SECCM)3 platform as a fast, versatile and 
robust method for the direct, synchronous electrochemical/topographical imaging of electrocatalytic 
materials at the nanoscale. In SECCM, electrochemical measurements (e.g., voltammetry) are performed 
in the confined area defined by a meniscus cell created between the nanopipet probe and substrate (e.g., 
electrocatalyst) surface. Using this approach with the aforementioned 30 nm probes, topographical and 
voltammetric data are acquired synchronously at a spatial resolution of at least 50 nm to construct maps 
that resolve particular surface features on the sub-10 nm scale (e.g., few layers of MoS2, a promising 
earth-abundant hydrogen evolution reaction catalyst, see Figure 1a) and create electrochemical activity 
movies composed of hundreds of potential-resolved images in a matter of minutes. Furthermore, sub-
nanoentity reactivity mapping is demonstrated on glassy carbon (GC) supported catalytic nanomaterials, 
which exhibit spatially-dependent, “non-uniform” (e.g., Au nanoparticles, AuNPs, see Figure 1b)1 or 
spatially-independent, “uniform” (e.g., {111}-oriented two-dimensional Au nanocrystals, AuNCs, see 
Figure 1c)2 catalytic activity at the sub-single entity level. The work herein provides a roadmap for future 
studies in electrochemical science, in which the activity of nanostructured materials can be viewed as 
quantitative movies, readily obtained, to reveal active sites directly and unambiguously. 

 
Figure 1. (i) Topographical and (ii) electrochemical activity maps obtained on (a) bulk MoS2 
(molybdenite), (b) GC supported AuNPs and (c) GC supported AuNCs. z-height and activity scales are 
indicated in (c). All xy scale bars indicate 300 nm. 
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In single nanoparticle electrochemical studies, optical microscopies have recently provided insightful and 
operando visualization complementary to the electrochemical signals.1,2 In this work, a new 
interferometric microscopy, named Backside Absorbing Layer Microscopy, BALM,3,4 based on 
antireflective thin metal electrode layer, is introduced and coupled to electrochemistry to characterize the 
heterogeneity of electrochemical processes at the single NP level. The potentiality of this new microscopy 
is used to monitor the electrochemical growth of individual silver NPs, with promising real time and in 
situ sizing performance down to 10 nm in diameter.5 This challenges the current opto-electrochemical 
methods (by 2 orders of magnitude in NP volume) and even those relying on nano-impact detection. In 
particular it allows visualizing along a wide dynamic range size-dependent electrochemistry from single 
Ag NP electrodeposition and stripping. Such size-dependent oxidation/reduction allows explaining the 
electrochemical Ostwald ripening of adsorbed NPs: the easier dissolution of smaller NPs to the detriment 
of the largest ones is indeed directly visualized and quantified by BALM. 
 

      
Figure 1. (left) Cyclic voltammetry inferred from BALM for the electrodeposition and striping of a single 
20nm diameter Ag NP, in 0.1mM AgNO3 + 0.1 M NaNO3, v= 0.1 V/s. (right) Same location BALM and 
SEM images of electrodeposited Ag NPs along with the schematic representation of the electrochemical 

Ostwald ripening.  
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The analysis of single molecules through their controlled manipulation is a powerful approach to 
interrogate characteristic properties of the molecules which are often obscured using traditional ensemble 
averaging techniques. Self-assembled DNA nanostructures, and in particular DNA origamis, have the 
potential to be used as scaffolds and carriers for high-sensitivity biomolecular sensing owing to their 
structural tunability and predictability. However, this requires the ability to detect and analyse small 
changes in such structures at the single molecule level.  
 
Here, we employ tailored nanopipettes with sub-100nm apertures as a tool to detect, deliver and analyse 
single DNA origami molecules. We demonstrate that the characteristic blockade current, dwell time and 
the current blockade peak structure resulting from simple DNA origami translocating through the 
nanopore under an applied potential can be used to distinguish structural variations between DNA 
nanostructures.  
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Nanoparticles (NPs) have received much attention owing to their high catalytic activity related to their 
high surface area to volume ratio. Similarly, ionic liquids (ILs) have emerged as a strong support medium 
for NP synthesis and subsequent reactions. Indeed, small (>10nm in diameter)1 and highly monodisperse 
NPs can be reproducibly prepared in ILs often by reduction of a metal salt (e.g. KAuCl4) with a strong 
reducing agent (e.g. LiBH4 or LiAlH4). Meanwhile, LiBH4 is a strong candidate for hydrogen storage2 
due to its high wt% of H2, ~18 wt %. LiBH4 is typically left in the IL solution after NP synthesis and is 
thought to make the ‘electrosterically’3 stabilized NPs resistant against any O2 exposure. 
We recently observed the formation of LiBH4 nanocrystals (NCs) within 2 quaternized phosphonium ILs: 
trihexyltetradecylphosphonium bis(trifluoromethylsulfonyl)imide (P66614NTf2) and tetraoctylphosphonium 
bromide (P8888Br) during Au NP synthesis in the presence of excess LiBH4. In order to investigate this 
further, we tested the reactivity of the LiBH4 NCs through single entity stochastic impacts4,5 at the 
water|P66614NTf2 (or w|IL, see Figure 1A and B) micro-interface. By employing a w|IL interface, one can 
directly assess the chemical reactivity/interaction of the LiBH4 NCs with water and the evolution of H2, 
which is not possible at a solid ultramicroelectrode interface. Furthermore, ILs behave as an excellent 
support medium for LiBH4, while the formation of NCs allows for ready access to the stored H2 – crucial 
for future energy storage devices or in direct borohydride fuel cells. The electrochemical impact results 
were compared to the sampling of headspace gases in IL/LiBH4-NC and IL/LiBH4-NC/Au-NP mixtures 
exposed to H2O, where the amount of H2 produced was quantified via gas chromatography. Interestingly, 
P8888Br has a solid plastic-crystal phase at room temperature; where in, the NCs are ‘frozen’ in place 
(Figure 1C). This offers advantages in storage stability whilst the NCs can be accessed with a relatively 
small increase in temperature (m.p. ~53°C). 
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Nanoscale materials have been in the focus of extended research interest for more than twenty years. The 
potential of electrochemistry to characterize nanoparticles in terms of, their physical properties as well as 
their chemical reactivity, however, has not yet been explored much. Thanks to the ease of sample 
preparation, the relatively high speed and low cost of nano-electrochemistry, render it a promising 
complement to the well-established nanoparticle characterization methods, like TEM or SEM. The 
number of particles analysed, ranges from single entities to ensembles comprising myriads of 
nanoparticles, depending on the applied technique. 
Herein, the beneficial use of ensemble studies to characterize the quality and shell thickness of core/shell 
nanoparticles is presented. Also, the ability of this electrochemical approach to distinguish between alloy/ 
and core/shell and alloy particles will be demonstrated. To get size information, however, single entity 
characterization is needed. A convenient method to do this, is via transformative nano-impact analysis. 
[1] This approach relies on the Brownian motion-based sporadic impact of dispersed nanoparticles at a 
potentiostated electrode to electrochemically transformt one particle at a time. The charge transferred 
during this conversion can be used, for instance, to size the particle and to determine its composition.  
Measuring the electrocatalytic activity, which is one of the most frequently used electrochemical nano-
ensemble studies, may also be achieved at the single entity level. First examples showing the catalytic 
response of individual nano entities have been reported. [2,3] Nevertheless, extending this methodology 
to enable a general and rigorous assessment of catalysts, remains a major challenge to be tackled in the 
future research on single entity electrochemistry. 
 

 
Figure 1. Schematic representation of (a) nanoparticle ensemble studies of core/shell 

nanoparticles and (b) single nano-impact studies.   
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Active materials employed in metal-ion batteries are based on the intercalation process, during which 
ions are inserted (and deinserted) within (from) their crystal lattice while electrons are exchanged. Due to 
their usually poor electronic conductivity, insertion materials are routinely employed and analysed using 
composite electrodes made of a mixture of the active material together with conductive additive and 
polymeric binder, which have an influence on the electrochemical response of the composite electrode1.  
In order to decrease the overall weight of the electrodes and the electronic and ionic resistance of the 
active materials, research within the energy storage field has focused lately on the use of nanomaterials2. 
Although very challenging, it is therefore of great importance to understand the intrinsic behaviour of 
such materials at the nanoscale without the influence of additives and binders, and how the 
electrochemical response of the active components changes from the ensemble level to the nanoparticle 
level.  

For this reasons the electrode-particle collision method (often referred to as “nanoimpacts”) has been 
applied for the first time by our group to the study of the intrinsic kinetics of active materials for metal-
ion batteries3, 4. This method consists of suspending electroactive particles in solution which may, by 
virtue of their Brownian motion, collide with a biased microelectrode (Figure 1), resulting in stochastic 

spikes in the background 
current5. 
The magnitude of the 
charge, duration and 
frequency of a nume-
rically relevant number of 
single collision events, 
leads to direct infor-
mation on the reactions 
occurring at the nano-
scale5, 6.  
Using this method, 
different electroactive 
materials were investi-
gated revealing striking 
differences for diverse 
cation insertion kinetics 
(e.g. Li+, K+) at the 
nanoscale compared to 
the ensemble level, and 

leading in some cases to the determination of the rate determining step of the insertion process.  
In this way, an alternative and complementary route to the investigation of the electrochemical 

response of such materials without the influence of binders and conductive additives is provided, opening 
up new possibilities for the engineering of nanoscale materials and the optimisation of their working 
conditions.  
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Figure 1: Schematic representation of the electrochemical response upon metal-
ion insertion of a) a paste electrode and b) a single colliding particle  
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Capturing real-time electron transfer, enzyme activity, molecular dynamics, and biochemical messengers 
in living cells is essential for understanding the signaling pathways and cellular communications.1-2 
However, there is no generalizable method for characterizing a broad range of redox-active species in a 
single living cell at the resolution of cellular compartments.3 Here, we addressed this need by introducing 
a new class of asymmetric nanopore electrodes (ANEs) for the real-time monitoring of NADH in a living 
cell. The ANE with a diameter down to 90 nm was fabricate by coating the interior of asymmetric nanopore 
with gold layer. Owing to the advantages of the bipolar interface at both ends of gold layer inside the 
asymmetric nanopore, the redox target can be easily determined via hydrogen-bubble-induced current 
amplification within a confined nanopore.4 Therefore, the unmeasurable current response of nicotinamide 
adenine nucleotide (NADH) could be amplified with a clearly pulse-like current signal by at least 3 orders 
of magnitude, allowing the real time monitoring of NADH level inside a living cell. Furthermore, the ANE 
also achieves the in vivo probing of the effect of an anticancer drug (Taxol) on a single living cell.5 We 
believe that this integrated wireless asymmetric nanopore electrode provides promising building blocks for 
the future imaging of electron transfer dynamics in live cells. 
 

 
 
Figure 1. Illustration of an asymmetric nanopore electrode (ANE) for probing redox-active species. The 
applied bias potential (Ebias) drives the potential difference at the two terminals of the Au-coated asymmetric 
nanopore. Reduction occurs at the cathode, while oxidation occurs at the anode of the ANE. As the 
intracellular redox specie (e.g., NADH) diffuses into the cis tip of the ANE through the tip opening, the 
ANE acquires a faradaic current response at the interface of the Au layer through a distinguishable transient 
ionic current response pattern with a high current and high temporal resolution. 
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Analytical Sensors plays a crucial role in today’s highly demanding exploration and 

development of new detection strategies. Whether it be medicine, biochemistry, bioengineering, or 
analytical chemistry the goals are essentially the same: 1) improve sensitivity, and 2) maximize 
throughput. In order to address these key challenges, the analytical community has borrowed technologies 
and design philosophies which has been used by the semiconductor industry over the past 20 years. By 
doing so, key technological advances have been made which include the miniaturization of sensors and 
signal processing components which allows for the efficient detection of nanoscale object. One can 
imagine that by decreasing the dimensions of a sensor to a scale similar to that of a nanoscale object, the 
ultimate in sensitivity can potentially be achieved – the detection of single molecules. This talk highlights 
novel strategies for performing single molecule and single cell screening. 

 
Much of the functionality of multi-cellular systems arises from the spatial organization and 

dynamic behaviors, both within and between cells. Current single-cell genomics methods only provide a 
transcriptional “snapshot” of individual cells. Enabling the dynamic analysis and perturbation of living 
cells would generate a step-change in the single-cell analysis. To address this challenge, we report on the 
development of minimally invasive nanotweezers that can be spatially controlled to extract and 
manipulate sample from living cells with single-molecule precision. Aside from trapping single 
molecules, we show that it is possible to extract nucleic acids from living cells including the nucleus and 
cytoplasm for gene expression analysis without affecting cell viability. 
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Understanding and monitoring the fundamental chemical or biological process at nanometer dimension 
have attracted much attention.1 Nanopore with a confined space shows the potential for controlling the 
atoms, charges, ions and molecules in ways not possible with bulk system, which would offer the 
opportunity for exploring a variety of dynamic processes in a confined space at single molecule level.2 By 
confined a single molecule or an electrochemical reaction within the nanopore, it is possible to convert 
the dynamics of single molecules or electron transfer process into the ionic signatures or optical 
patterns,3-4 which could significantly enhanced the temporal and spatial resolution for single molecule 
detection. To further enhance the accuracy of current signature interpretation, the sub-wavelength light 
could be confined in nanopore to achieve the simultaneous electro- and optical recording5, which provide 
the mutual complementation for the behavior of the single analytes. Recently, we have developed a novel 
nanopore electrode based on the confined glass nanopore, which allowed for high sensitive and selective 
detection of NADH as low as 1 pM.6 Moreover, take advantages of the small diameter of glass nanopore, 
it is accessible for monitoring the NADH level inside a living cell. 
 

 
 
Figure 1. Electrochemically confined effects for the nanopore sensing mechanisms. By incorporating the 
metal layer inside nanopore, the polarized surface confines the redox processes inside nanopore by the 
virtue of bipolar electrochemistry. This mechanism generates the enhanced ionic current signal for 
revealing Faraday processes of the single analyte. Incorporating with metal nanostructure, the sub-
wavelength light could be confined inside nanopore to achieve the simultaneous electro- and optical 
recording as driven through a single molecule. 
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The field of electrochemical surface imaging continues to push the boundaries in spatial resolution, with 
new generations of nano-electrodes and nano-pipettes capable of resolving events in the 100 nm length 
scale [1]. At the atomic scale, state-of-the-art video-rate scanning tunneling microscopy can resolve the 
deposition of individual Bi atoms in real time [2]. However, the strong interaction between conventional 
scanning probe techniques and electrode surfaces often leads to perturbations of the local environment 
(shielding effects) which can affect electrochemical kinetics, e.g. nucleation and growth rates. A key 
physical parameter that remains significantly challenging to probe is the local structure of the solvent or 
hydration layers at electrode surfaces. In this contribution, we will show that complex events such as the 
birth and growth of metal nuclei can be resolved in space and time by tracking local perturbations of 
hydration shells employing lateral molecular force microscopy (LMFM) [3,4]. 
  
Following a brief introduction to the unique measuring mode underpinning LMFM, the complex 
landscape of electrochemical Cu nucleation at In-doped SnO2 will be described in dilute electrolytes [4].  
As nucleation events are triggered, the hydration layers around individual nuclei move into a detectable 
range of the vertically oriented probes used in LMFM. Although current transient responses are rather 
featureless in this regime, shear force maps uncover a highly dynamic landscape prior to the formation of 
a stable nucleus. Finally, if time allows, the potential of this approach to mapping hydration layers at 
complex electrode surfaces will be briefly discussed. 
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Bioelectronics moves towards designing nanoscale electronic platforms that allow in vivo 
determinations. Such devices require interfacing a complex biomolecular moiety as the active sensing 
unit to an electronic platform for signal transduction. Inevitably, a true systematic design goes through a 
bottom-up understanding of the structurally related electrical signatures of such hybrid biomolecular 
circuits, which will ultimately lead us to tailor its electrical properties and exploit them as high 
performance bioelectronic devices with a wide variety of applications in organic electronics, sensing, 
biomanufacturing, etc. 

Single-molecule contacts made of a molecule covalently bridged to two electrode terminals have 
been shown to be experimentally realizable under biologically 
relevant conditions [1]. In this vein, Scanning Probe Microscopies 
offer outstanding opportunities thanks to their high spatial 
resolution (at the single biomolecule level), electrochemical 
control, and exploitation of local forces (electric, magnetic, 
mechanical) to gather critical information of the targeted 
biomolecular entity. With this approach, a large variety of 
synthetic molecular systems has been already explored bringing a 
more robust understanding of the critical parameters required to 
build and measure charge transport through single-molecule 
devices [2-4]. Single-molecule junctions with complex bio-molecular systems are less explored although 
their feasibility have been already demonstrated on simple biological motifs such as DNA, peptides and 
now model redox proteins [5]. 

In this contribution, we will present our latest efforts to understand and control charge transport 
in biomolecular architectures using single-molecule junctions. The first part will consist on a quick survey 
on how we build electrical connections with individual molecules between two macroscopic metal 
electrodes under near physiological conditions [6]. Next, the main core of results will begin with our 
detailed charge transport studies in structural molecular motifs which are involved in biological electron 
transfer. Our primary targets are redox prosthetic groups such as porphyrin-like structures as well as 
alpha-helical peptide sequences, being both prosthetic groups found in the vast majority of redox proteins 
[7,8]. The presentation will move on to the next level where the feasibility to study transport in a single-
protein junctions will be demonstrated on a simple redox protein model such as a bacterial blue Cu-
Azurin, and the successful combination of protein bioengineering procedures together with single-protein 
electrical approaches as a method to understand electron transfer pathways in a nanoscale hybrid 
biomolecular device [9]. 
This contribution will conclude by showing novel applications of single-molecule junctions that might 
help in the understanding of complex biomolecular functions such as enzymatic catalysis. In particular, 
the concept of electrostatic catalysis of a well-known coupling reaction is demonstrated in a single-
molecule junction [10]. 
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1. The fabrication of carbon nanoelectrodes by pyrolysis of a carbon precursor within a quartz nano-
pipette is leading to functional, however, non-predictable and irreproducible carbon nanoelectrodes. In 
order to obtain carbon nanoelectrodes with reproducible properties, an automatized set-up was 
developed which allows to control the most important parameters and the conditions of nanoelectrode 
formation were studied with rigorous TEM analysis. 

2. We propose a new method for the determination of intrinsic catalytic properties of nanoparticle (NP) 
based electrocatalysts by means of potential-assisted NP immobilization at an etched carbon nanoelec-
trode. Low surface coverages are accessible which prevent interference between neighboring NPs. 
The amount of NPs and with this the variation in the electrochemical surface area (ECSA) requires 
normalization since higher mass loadings have the same effect as an enhanced intrinsic activity on the 
kinetically limited current in the LSV. Hence, normalization by the mass transport limited steady state 
current after subtraction of the background current of the unmodified electrode is performed. The 
normalized current correlates with the relevant electrochemically active surface area of NPs and has 
the further advantage of being dependent on in situ changes such as loss of NPs. 

3. The oxygen reduction reaction, the catalyst passivation and re-activation is investigated in alkaline 
solution in dependence of the particle size of a Ag particle located on the surface of a carbon 
nanoelectrode. Moreover, by using Θ-shaped double-barrel capillaries, oxygen can be delivered 
through one barrel while the reaction takes place at the nearby Ag nanoparticle in contact with the 
electrolyte solution. The method allows studying interfacial charge and mass transfer processes as 
well as catalyst deactivation and reactivation at the critical three-phase boundary. This particle-on-the 
stick strategy is furthermore applied for the evaluation of single carbonized MOF-crystals at carbon 
nanoelectrodes with respect to their catalytic oxygen reduction and oxygen evolution activity. 
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The FluidFM is a force-controlled nanopipette, combining AFM technology and nanofluidics [1, 2]. A 
microchannel is incorporated directly in a hollow AFM cantilever ending in an aperture at the apex of the 
AFM tip for local dispensing of soluble molecules in air and in liquid, while retaining the inherent 
imaging capabilities and force feedback of an AFM system (in optical beam deflection mode). 
The focus will mainly set on the development of the force-controlled patch clamp [3] as well as of the 
force-controlled scanning ion conductance microscopy [4]. An electrode was positioned in the AFM 
fluidic circuit connected to a second electrode in the bath. In collaboration with Prof. Abriel (University 
of Bern, CH), we showed the feasibility of simultaneous recording of membrane current and force 
development during contraction of isolated cardiomyocytes. Force feedback allowed for a stable contact 
between AFM tip and cell membrane enabling serial patch clamping and injection without apparent cell 
damage. On the other hand, we could simultaneously measure the ionic current and the cantilever bending 
quantitatively comparing the SICM and AFM contact points on the approach curves as well as estimating 
where the probe in SICM mode touches the sample during scanning.  
Finally, the results about injection [5] and extraction [6] in collaboration with Prof. Vorholt (ETH Zurich) 
will be reviewed. Taking advantage of the quantitative nature of the injection, defined numbers of 
functional plasmid DNA were delivered directly into the cell nucleus, resulting in the subsequent transient 
expression of an encoded GFP. On the other hand, we proved the integrity of proteins and transcripts by 
HRTEM, minute enzyme assays and qPCR from cytoplasmic and nucleoplasmic extracts.  
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The field of single-molecule electronics has gone through a tremendous renaissance in the last few years. 
It has transformed from a fundamental characterisation tool 1-2 to a new approach to study chemical 
reactivity and to fabricate single-molecule devices. This presentation will focus on our approach of 
joining or splitting single-molecules using a concoction of chemistry and single-molecule scanning probe 
approaches.3-7We demonstrate accurate monitoring of the effect of external stimuli such as light, electric 
field and electric current on chemical transformations at the single-molecule level. This work offers 
fundamental insights into understanding bond-forming and bond-breaking in chemical reactions that was 
previously not possible in bulk synthesis and can potentially lead to new approaches in synthetic 
chemistry.  
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Mitochondria are major cell organelles since they are the main source of ATP owing to the oxidative 
phosphorylation pathway. They also play an important role into several other metabolic pathways (Krebs 
cycle, lipid synthesis…) and when defective, they are involved into severe pathologies (myopathies, 
neurological diseases, cancers...). Consequently, new methodological approaches[1, 2] are required in order 
to decipher the complex mitochondrial bioenergetics and to provide efficient tools for diagnosis. 
 
In this context, we have developed microsystems, namely ElecWell platforms, which combine 
electrochemical[1] and optical[2] sensing abilities. These are based on the integration of platinum ring 
nanoelectrodes (RNE, surface: 10-15 µm2) into SiO2-based microwell arrays (well radius: 3 to 4.5 µm, 
depth: 5 µm, individual volume < 1 pL), as shown on figure 1. Similarly to ultramicroelectrodes, RNE 
exhibit high current density, fast response time, reduced charging current and high signal-to-noise ratio. 
These electrochemical devices were characterized by cyclic voltammetry using single well or array 
configurations, and optimised according to COMSOL™ simulations.[3] In addition, the glass substrate of 
the microsystems allows the observation by microscopy of the content and reactivity within each well.  
Then, a suspension of isolated mitochondria (from yeast cells or rodent cardiac cells) was deposited on 
the ElecWell array and lead to sediment within wells. We monitored by fluorescence the presence of 
individual mitochondria inside the wells (Fig. 1b) owing to their NADH content and variations[2]. 
Simultaneously, we monitored by cyclic voltammetry the variations of their oxygen consumption[3] rate in 
response to specific activators and inhibitors of respiratory chain activity (ethanol, ADP, antimycin A). 
The resolution offered by the ElecWell platform is nearly a few thousands of mitochondria (Fig. 1c), 
corresponding to the mitochondrial content of a single cell. 
 
a) 

 
  

b) 

 

c) 

 

Figure 1. a) Integration of a platinum ring nanoelectrode into a SiO2-based microwell (radius: 3 µm) 
within the array (106 wells); b) Monitoring by fluorescence (NADH content) of isolated mitochondria 
deposited within wells. c) Detection by cyclic voltammetry (reduction current sampling) of the oxygen 
variations during mitochondrial activation (EtOH/ADP) and inhibition (Antimycin A).  
 
 
References : 
[1] Ben-Amor S. et al., Electrochimica Acta, 2014, 126, 171; Suraniti E. et al., Angewandte Chemie, 
2014, 126, 6773  
[2] Vajrala VS et al, Analytical & Bioanalytical Chemistry, 2014, 406, 931; Vajrala VS et al, Integrative 
Biology, 2016, 8, 836. 
[3] Sekli Belaidi, F. et al., Sensors Actuators B-Chemical, 2016, 232, 345; Vajrala VS et al, submitted, 
2018, xx 



Interactions Between Single Cells and 2D Organic Films Studied by 
Scanning Electrochemical Microscopy 

 
Luca Bartolini,a Cristiano Albonetti,c PierGiuseppe Pelicci,b Francesco Paolucci,a and Stefania Rapinoa 

Dipartimento di Chimica “Giacomo Ciamician”, Università degli Studi di Bologna, 
Via Selmi 2, 40126-Bologna, Italy  

b Istituto Europeo di Oncologia IEO, Via Adamello 16, 20139-Milan, Italy 
c Istituto per lo Studio dei Materiali Nanostrutturati ISMN CNR di Bologna, 

 Via P.Gobetti 101, 40129-Bologna, Italy 
E-mail: luca.bartolini9@unibo.it 

 
 
 
The morphology of cells is highly influenced by the surface where they adhere and changes accordingly 
[1]. Surfaces with micrometric and nanometric patterns affect the cell morphology, as well as surfaces 
with peculiar chemical functionalities [2]. With the aim of investigating how chemical functionalities 
affect cell shape, mono-molecular layers of small organic molecules (precisely Pentacene, α-
Sexithiophene and PDI8-CN2) were deposited on SiOx substrates by means of Organic Molecular Beam 
Epitaxy (OMBE). Through the partial annealing method, SiOx substrates were fully covered with a mono-
molecular layer, as confirmed by Atomic Force Microscopy measurements (surface coverage of about 
98%). 
The prepared samples are characterized by a definite chemistry at the surface as well as a controlled 
morphology, as all these monolayers are characterized by an extremely low roughness. In such way it was 
possible to discriminate only the contributions referable to the different molecules adsorbed on the 
surface.  
Epithelial cells were cultivated on such samples and the shape of each cell was investigated by optical and 
fluorescence microscope and by Scanning Electrochemical Microscopy (SECM).  
SECM provides highly resolved information on the 3-dimensional cell shapes. We introduced a new 
parameter to describe the SECM images that can be useful to classify cells since it provides a quantitative 
description of the cell shape at the single cell level. 
 
 
 
 

 
 
Figure 1: a) SECM image of cells on Pentacene; b) single cell profile and c) 3D image. 
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Figure 1. (A) Schematic of possible electrochemical reactions occurring at a tunneling electrode made with a metal 
nanoparticle/alkane-thiol/metallic electrode junction.  

 

A tunneling electrode (Fig. 1A) consists of a metallic electrode (e.g. Pt disk microelectrode, grey rectangle) covered 
by a dielectric layer (e.g. SAM of alkane thiol, green rods) and a conducting layer (e.g. metal nanoparticles, noted 
NP, orange sphere). According to recent theory electrochemical transfer may occur normally on the NP while it is 
blocked at the surface of the insulating layer.1 With a proper adjustment of the thickness of the dielectric layer and 
the particle size, the tunneling exchange current with the particle can be indeed several orders of magnitude greater 
than the tunneling exchange current with molecules at the surface of the dielectric. In such a situation the tunneling 
electrode behaves like a bare metal electrode.2 3  This concept was exploited by the groups of A. Bard and S. Chen to 
produce spherical Pt and flat carbon nanoelectrodes, respectively. These electrodes are produced by depositing 
stochastically individual Pt nanoparticles or graphene sheets on passivated electrodes.4,5  

In the present communication we attempt to test the latest theories on tunneling nanoelectrodes 6 by 
studying the electrochemical response of a “model” electrode composed of individual NPs stochastically deposited 
on a blocked microelectrode. Relevant parameters like the size of the NP and the surface density of NP are explored.  
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Measuring electrochemical transient responses with a very low current (<10 nA) and short duration 
(<10 ms) in nano-impact experiments is challenging in terms of an experimental setup and instrumental 
limit.[1] While electrochemists mainly focus on improving signal to noise ratio (SNR) by using a strong 
low-pass filtering system,[2,3] it can cost severely in measurement accuracy. This work demonstrates a 
safe-zone for nano-impact measurements using a generated current impulse to represent typical nano-
impact signals with pulse duration from 125 μs to 8 ms. The impulse responses of an 8-pole Bessel low-
pass filter with cutoff frequencies from 50 Hz to 20 kHz were recorded. In comparison with widely 
available potentiostats including Metrohm Autolab PGSTAT128N, Biologic EC-LAB and Palmsens 
Palmsens4, it was found that while the charge is generally conserved after the filtering system, peak 
height and peak duration can heavily be affected, causing inaccuracies in the steady-state current and 
contact duration measurement. Supported by a destructive nano-impact experiment of silver nanoparticles 
in chloride solution, we show the significant effect on real measurement data. As an outcome of this work 
it is highly recommended that scientists perform a filtering test of their used electrochemical setup when 
running nano-impact measurements, with expected contact time of less than 10 ms. 
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Diffusion coefficients of species in solution are important parameters, since diffusion is often the rate-
limiting factor for reactions in condensed phase. It also governs the rate of drug release in medical 
treatments. For decades, electrochemical measurements of diffusion coefficient (D) of redox-active species 
have been conducted by performing chronoamperometry and calculating D from the steady-state current at 
a micro electrode [1].  A major limitation of this measurement strategy is that the redox potential of the 
species of interest may not exceed the solvent potential window.  
To overcome this limitation, we present a new methodology of diffusion coefficient determination by 
exploiting the reaction between the redox species of interested and an indicator nanoparticle (NP) using 
nano-electrochemistry. There, the NPs are suspended in solution of the redox species of known 
concentration. Upon their Brownian motion-driven collision with the potentiated electrode, the indicator 
NPs undergo electrochemical transformation, which is monitored by the resulting current spikes in a 
chronoamperogram [2]. The Faradaic charge of these NP-induced current spikes carry information of the 
of the NP transformation and has been used for NP sizing in several cases [2]. Here we bring the 
methodology further by using a low-noise and high-bandwidth setup with little filtering, thus revealing the 
actual current spike shape and duration. These were presented to contain kinetic information of the NP 
transformation reaction [3] when low overpotential is applied. 
At high overpotential, the duration of the indicator NP being transformed is limited by the diffusion of the 
redox species to the NP surface. Here, time-resolved chronoamperometry is used to determine the diffusion 
coefficient of Cl-, with the full transformation of silver nanoparticles (AgNPs) into sparingly soluble AgCl 
as the indicator reaction [Fig. 1 (a)]. At high overpotential and known concentration of Cl-, fast diffusion 
of Cl- would result in fast AgNP transformation, which can be observed as shorter current spike duration 
[Fig. 1 (b)]. Using this method, we present the variation of diffusion coefficient of Cl- with varying 
temperature and addition of viscosity-changing co-solvents to manipulate the viscosity of the electrolyte. 
It is thus proven that single NP transformation analysis enables the determination of diffusion coefficients 
of anions can be determined in various solutions and at different temperatures without the limitation of 
solvent potential window, as simply the indicator NP has to react with the species of interest within the 
potential window. The selection thus, can be made from a large variety of available nanomaterials. 

 

Reference 
1) G. Denuault, M. V. Mirkin and A. J. Bard, J. Electroanal. Chem., 1991, 308, 27-38 
2) Zhou, Y.-G., Rees, N. V. and R.G. Compton, Angew. Chem. Int. Ed., 2011, 50, 4219–4221.  
3) E. N. Saw, M. Kratz, K. Tschulik, Nano Res., 2017, 10(11), 3680-3689.  

Fig. 1 (a) Oxidative nano-impact of AgNP onto a W.E. with anodic potential at high overpotential, in 
which the oxidation of the whole NP is limited by the diffusion of the Cl- to the AgNP. (b and c) 
Narrowing (lowering of peak duration) of the impact current peaks is seen when the viscosity of the 
solution decreases.   
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Nanoparticle (NP) preparation for their use as catalysts has been a vastly progressing field of research for 
decades. The stability and size dispersion of the product particles, however, oftentimes do not meet the 
desired dimensions.[1] Template-assisted NP synthesis is part of the avant-garde that is especially promising 
in narrowing size distribution. By using carefully selected molds, a precursor has only limited space to be 
grown into. Micelles serve as such templates herein for HAuCl4 loading. In terms of maximum capacity, 
their cavity is very homogeneously sized and hence well-suited for the synthesis of gold nanoparticles 
(Au NPs) of narrow size distribution. By electrochemical reduction at an electrode, this electrode can be 
uniformly decorated with Au NPs and transferred to different solvents. Chemical reducing agents are 
avoided and additional contamination is eliminated using electrochemical methods instead of previously 
investigated wet-chemical procedures.[2] 
 
Instead of reducing multiple micelle-reactors at once, single entities are deposited here one by one using 
transformative nano-impact analysis (TIA). TIA describes the reaction of particles or micelles that react at 
the electrode individually.[3] The current response of each single event is measured with high precision, 
giving insight into the stochastic nature of their properties and inherent features of their transformation.[4] 
In the present work, the size of each individually formed Au NP is monitored by TIA during its 
electrodeposition on the electrode. 
 
Herein, we pioneer the novel concept of constructive impact experiments, for which gold serves as a model 
system. The HAuCl4-filled micelles were reduced to decorate the electrode with Au NPs. Individual current 
responses yielded the size histogram, which was compared to plasma-treated micellar reactors. The 
decorated electrode was used in electrocatalysis to highlight the useful application of the constructive 
impact approach in electrocatalysis. 
 

 
 
References: 
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Over the last 30 years, there has been a great deal of interest in nanobubbles which, contrary to classical 
laws, appear to be stable in solution for several days. Suggested evidence of bulk nanobubbles has been 
reported with techniques such as dynamic light scattering and NMR, but there is still no consensus on 
whether they really exist and how they could be so stable [1]. However, the wide range of important 
applications proposed for nanobubbles, such as tumour treatment and advanced membrane cleaning, 
make it an important field. Therefore, additional characterisation and detection techniques are required to 
study nanobubbles in more detail. Here, we discuss the application of conical glass nanopores in the 
detection of bulk nanobubbles by Coulter counting. We also show a procedure for preparing micropores 
and nanopores, which involves the electrochemical etching of microwires and the sealing of the 
subsequent tips in glass to routinely make electrodes with diameters as low as 100 nm. This is a modified 
procedure based on previously reported methods [2]. During the course of this work, the characteristics of 
the nanoelectrodes are examined using cyclic voltammetry. The electrodes are then chemically etched in 
order to prepare the micropores and nanopores. These structures are used to demonstrate an alternative 
‘differential’ method of recording particle translocations and are characterized by Coulter counting of 
polystyrene particles [3]. Translocations of transient nanobubbles, generated in electrolytes by ultrasound, 
are then also recorded using the nanopores. We believe that the use of nanopores as Coulter counters 
provides a unique method of detecting and characterising bulk nanobubbles which, combined with other 
techniques, could give an insight into their stability and properties. In addition, we anticipate that the 
methods of fabricating nanoelectrodes and nanopores detailed here will aid future nanoelectrochemistry 
research. 
 

 
Figure 1: (A) Cyclic voltammograms (5 mV s-1) of a 25 µm Ø microelectrode (RED) and a ~100 nm 
Ø nanoelectrode (BLUE) in degassed 5 mM Ru(NH3)6Cl3 + 100 mM K2SO4 (pH 3.5). (B) Current 
transient in 100 mM KCl showing the translocation of nanobubbles, generated by ultrasound, 
through a ~800 nm Ø conical nanopore.  
 
 

[1] M. Alheshibri, J. Qian, M. Jehannin and V. S. J. Craig, Langmuir, 2016, 32, 11086–11100. 
[2] B. Zhang, J. Galusha, P. G. Shiozawa, G. Wang, A. J. Bergren, R. M. Jones, R. J. White, E. N. 

Ervin, C. C. Cauley and H. S. White, Anal. Chem., 2007, 79, 4778–4787. 
[3] W. J. Lan, D. a. Holden, B. Zhang and H. S. White, Anal. Chem., 2011, 83, 3840–3847. 
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 Recently, an amperometric method has been introduced for the detection of the single emulsion 
droplets in solutions, and for the study of ion transfer processes accompanying the collision and fusion of 
the emulsion droplets with a polarized interface between two immiscible electrolyte solutions (ITIES) [1]. 
The current-time response measured at a defined applied electric potential difference was characterized 
by the spike-like transients, which reflected the charge and lipophilicity of the ionic contents of the 
droplets. A comparison with the dynamic light scattering (DLS) measurements showed that each spike is 
associated with a single sub-picoliter droplet collision [1]. The approach appears to be similar to that 
developed earlier for the study of the emulsion droplet collisions with the surface of a solid electrode [2].  
 In the present study we demonstrate that the measurements of the open circuit potential (OCP) 
transients at a sessile aqueous electrolyte drop (typical area 8.2 mm2) in contact with a 1,2-dichloroethane 
(DCE) electrolyte solution (Fig. 1) can be also used to detect the collisions of a single DCE-in-water 
emulsion droplet with ITIES in the electrolytic cell [3]: 
 
Ag’│AgCl│5 mM BACl (w’)│5 mM BATB (o)│0.1 M LiCl + o/w emulsion droplets (w)│AgCl│Ag
   
where BA+ and TB- represent bis(triphenylphosphoranylidene)ammonium cation and tetrakis[3,5-

bis(trifluoromethyl)phenyl]borate anion, respective-
ly, and the o/w emulsion droplets carry 0.35 M 
tetradodecylammonium chloride (TDDACl) like in 
the amperometric study [1]. The OCP response is 
characterized by a series of the potential spikes, cf. 
Fig. 2 showing a fragment of the record, initiated by 
a negative potential step followed by a slower 
relaxation of the potential to its original value. 
These spikes resemble the potential response of a 
reversible electrode after the injection of a charge 
Q: 
 K(t) = K(0) exp(t/WD) erfc[(t/WD)1/2]        (1) 
 
where K(t) is the overpotential, K(0) = (-Q/Cd), Cd is 
the interfacial capacitance and WD is the diffusion 
time constant. The negative sign corresponds to the 

injection of the negative charge from the emulsion droplet to the aqueous side of the w/DCE interface. By 
using the experimental value of Cd = 0.87 PF at 0.16 V, the experimental values of K(0) yielded the 
charge Q, and subsequently the values of the emulsion droplet diameter d=2(3Q/4SFc)1/3, where c = 0.35 
mol L-1 is the TDDACl concentration inside the droplet, and the droplet size distribution (Fig. 3). The 
latter was found to be comparable with distributions obtained from the amperometric measurements of 
the same system. These results are supported by the DLS measurements and the microscope droplet 
image processing. Observed potential or current spikes appear to be associated with the single collisions 
of the emulsion droplets with the ITIES followed by the fast droplet ionic charge injection into the 
electric double layer at the ITIES possibly involving the transfer of Cl- across the droplet/aqueous phase 
interface, and by the double layer relaxation. 
 
[1] E. Laborda, A. Molina, V. F. Espín, F. Martínez-Ortiz, J. G. de la Torre, R.G. Compton, Angew. 
Chem. Int. Ed. 56 (2017) 782-785. 
[2] B-K. Kim, A. Boika, J. Kim, J. E. Dick, A.J. Bard, J. Am.  Chem. Soc. 136 (2014) 4849-4852.   
[3] A. Trojánek, V. Mareček, Z. Samec, Electrochem. Commun. 86 (2018) 113-116. 
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An electrochemical method has been developed that makes it possible to monitor the dynamics of the 
TAACl partition process at the interface between two immiscible electrolyte solutions. This process 
involves the co-extraction of water molecules with the hydrated chloride ions and the formation of water 
clusters in the organic solvent phase. The ability to monitor the process from the very beginning of 
interface formation allowed us to obtain important kinetic data. 
A two-electrode cell (Fig. 1) comprising a liquid/liquid interface supported at the tip of an L-shaped glass 
capillary with an orifice diameter of 1.5mm was used throughout: 

Ag/AgCl/10 mM TAACl(w)//10 mM TAATPB(o)/10 mM TAACl(w )/AgCl/Ag    (1) 

where TAA is tetrabutylammonium (TBA) or tetrapentylammonium (TPeA). A small air bubble was left 
in the capillary tip (Fig. 1) to prevent contact between the phases before the first OCP measurement. The 
electrolytes in the Re 1 were mutually equilibrated before OCP measurement.  
The cell potential difference can be written as 

E = (RT/F) ln cw
TAA+/co

TAA+        (2) 

where cw
TAA+ and co

TAA+ represent the concentrations of TAA+ on the aqueous and the organic side of the 
interface, respectively.  

Initial OCP(t) records for both 
compositions of the cell are shown 
in Fig. 2. The interfacial potential 
is converted to concentration (2) 
of of cw

TAA+, keeping co
TAA+ 

constant. The significant 
difference in the shapes of curves 
in Fig. 2 demonstrates the effect of 
induced potential on chloride 
concentration in the organic phase. 
The  slow  concentration  increase  

        Fig. 1       Fig. 2                 of TBA+ after its initial drop to a9 
mM indicates that the chloride transfer (accompanied by TBA+) to the organic phase is rather slow and 
can be compensated by diffusion of TBACl from the bulk of the aqueous phase. Quite different is the 
OCP record in the presence of 10 mM TPeA+. After the initial concentration drop to ~9.2 mM, the 
concentration continues to decrease and in 600 s reaches 6.2 mM of TPeACl on the aqueous side of the 
interface. This clearly demonstrates enhancement of the TPeACl transport to the organic phase, which 
cannot be compensated by its diffusion from the bulk of the aqueous phase. It is clear that the amount of 
TAACl transported from the aqueous phase to the organic phase is higher than the value corresponding to 
the partition of TAACl between water and 1,2-DCE (PTBACl = 4.706x10-5, PTPeACl = 8,83x10-3). The 
enhancement of TAACl transport to the organic phase points to the presence of a follow-up reaction 
which reduces its concentration in the organic phase and enables the additional transport of TAACl from 
the aqueous phase. The follow-up reaction is evidently controlled by the chloride ion concentration in the 
organic phase. It can be assumed that the process responsible for this behavior is re-organization of water 
molecules present and co-extracted by the chloride ions into the organic phase, which results in the 
formation of water clusters containing TAACl in the organic phase. The rate of this process is influenced 
by the interfacial potential and the initial content of water in the organic phase (not shown here). At a 
later stage, this process could lead to the formation of a water-in-oil emulsion.  

V. Mareček, Electrochem. Commun. 88 (2018) 58–60. 
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In Parkinson’s disease the protein α-synuclein aggregates to form amyloid fibrils in the cytoplasm of 
neurons. How the aggregation of α-synuclein in cytoplasm causes neuronal cell death is poorly 
understood. Most of the α-synuclein cellular toxicity studies have been limited to the addition of 
exogenous aggregates to the outside of the cells which does not reflect the toxicity caused by intracellular 
cytoplasmic aggregation of α-synuclein. 
Nanopipettes are small quartz needles with a sub-100nm tip that can be sued as a tool for single molecule 
analysis and delivery (Ivanov et al., 2015). Nanopipettes can also be integrated within a scanning ion-
conductance microscopy to enable the delivery of individual exogenous molecules directly into the 
cytoplasm or nucleus of a single living cell. The α-synuclein aggregates passing through the nanometer-
size nanopipette opening cause a temporary blockage of the ion current whose duration and magnitude 
depend on the size and charge of the aggregate. We use these signals to quantify and simultaneously 
analyze the nature of the aggregates while being delivered to the cytoplasm of a single cell. 
Our goal is to deliver defined numbers of structurally characterised α-synuclein aggregates into the 
cytoplasm of single cells (Figure 1). We will then study the aggregates’ effect on cell function to better 
understand which type of aggregates are toxic to cells and how many aggregates are required to kill a cell. 
This information will allow to further our understanding of the pathology of Parkinson’s disease in a 
single cell environment. 
 

 
Figure 1. Abstract summary of this project. Structurally defined α-synuclein fibrillar aggregates (fibrils) 
or prefibrillar aggregates (oligomers) will be used for injection via nanopipette. 
 
 
IVANOV, A. P., ACTIS, P., JONSSON, P., KLENERMAN, D., KORCHEV, Y. & EDEL, J. B. 2015. On-demand 

delivery of single DNA molecules using nanopipets. ACS Nano, 9, 3587-95. 
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Lithium electrolytes that link high ionic conductivities with high lithium transference number are rare, 
and believed to be essential for functional high power batteries. One effective way to prepare such 
materials is by chemical tailoring of the anion in liquid glyme-based electrolytes.1,2 The other effective 
way is to engage an interfacial effect on an oxide surface in order to demobilize the anion in liquid/solid 
electrolytes.3,4 Lithium transport experiments, as well as the influence of oxide surface area, lithium salt 
concentration, and temperature on their outcome will be discussed in details.5,6 Remarks towards possible 
critical steps in the direction of stable lithium metal electrodes through lithium passivation will be made.7 
Furthermore, significance of interfacial effects in other ionic devices, such as dye-sensitized solar cells, 
will be touched upon.8 

Rather than just facilitating high performance materials, liquid/solid electrolytes are a fruitful 
playground for fundamental understanding of the electrical double layers forming between battery 
electrodes and electrolytes. A model system (lithium triflate/triglyme on muscovite mica) is a starting 
point for tackling the issue of complex ion-ion correlations by an combination of Zeta potential, infrared 
spectroscopy and surface force apparatus measurements.9 Remarkably, in the 0.2 – 1 M salt concentration 
range, the observed Debye lengths are around 8 nm, indicating a high degree of association as a new 
feature of salt-containing electrolytes. 

 
 

[1] Popovic, Pfaffenhuber, Melchior, Maier, Electrochem. Comm., 2015, 60, 195.  
[2] Popovic, Höfler, Melchior, Münchinger, List, Maier, in preparation  
[3] Pfaffenhuber, Göbel, Popovic, Maier, Phys. Chem. Chem. Phys., 2013, 15(42), 18318. 
[4] Pfaffenhuber, Hoffman, Fröba, Popovic, Maier, J. Mater. Chem. A, 2013, 1(40), 12560. 
[5] Popovic, Hasegawa, Moudrakovski, Maier, J. Mater. Chem. A, 2016, 4(19), 7134. 
[6] Nojabaee, Popovic, Maier, in preparation 
[7] Bella, Popovic, Lamberti, Tresso, Gerbaldi, Maier, ACS App. Mater. Interf., 2017, 9(43), 37797. 
[8] Nojabaee, Müller, Starke, Fenk, Weis, Popovic, Maier, in preparation 
[9] Nojabaee, Cheng, Valtiner, Popovic, Maier, J. Phys. Chem. Lett., 2018, 9, 577. 
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Heat is an ubiquitous waste, and electrochemistry offers a non-mechanical route to capture some of this waste 
energy. One method is to convert a thermal gradient into an electrical current using the thermogalvanic effect. The 
temperature dependence of standard electrode potentials is well known, and therefore electrodes at dissimilar 
temperatures in the same redox active electrolyte will have a potential difference across them (sometimes referred 
to as the ‘Seebeck coefficient’). If both oxidised and reduced states are present, this difference in free energy can 
therefore generate power, due to both a potential difference and a resulting flow of current.  
 
The effectiveness of this electrochemical conversion of the temperature gradient into electrical power is driven by 
the entropy difference between the reduced and oxidised species, which is localised at the electrode interface. 
Typically the most significant factor dictating this is the charge or valence of the redox species; more highly 
charged species exert a stronger effect upon the surrounding solvent, and therefore redox processes result in 
greater (dis)order. As a result, [Fe(CN6)]4-|[Fe(CN6)]3- is the ‘state of the art’ electrolyte used in the majority of 
thermogalvanic studies.[1] 
 
We will therefore summarise our recent investigations into combing aqueous redox couples electrically in-series 
and in-parallel, as a route to boost the potential [1]. We have also moved from water to highly coordinating glyme 
solvents, to boost (de)solvation dynamics and thus the temperature effect upon the potential difference [2]. In 
particular, this presentation will focus upon our achievements in charge additivity [3], in an effort to move beyond 
the limitations of simple metal complexes. Figure 1 (below) highlights how tethering a fixed negative charge to 
the ferrocene|ferrocenium redox couple can completely invert or reverse the entropic direction. Conversely, 
tethering a fixed positive charge to the ferrocene|ferrocenium results in charge additivity, and boosts electrical 
power output 6-fold relative to unmodified ferrocene|ferrocenium; this is due to a major entropic boost which 
overcomes kinetic slowing of the electron transfer. This is attributed to the relatively large size of the ionic liquid 
anion and cations making them ‘blind’ to the discrete nature of the ionic charges. This is now being further 
explored in aqueous media.  

 

Figure 1: Scheme highlighting how the thermodynamic (entropic) outcomes of redox processes in ionic liquids 
can be reversed, negated or increased by the covalent tethering of fixed charges adjacent to a redox centre 

 
References 
[1] M Al Maimani, J.J. Black, L. Aldous, “Achieving pseudo-‘n-type p-type’ in-series and parallel liquid 
thermoelectrics using all-iron thermoelectrochemical cells with opposite Seebeck coefficients” Electrochem. 
Comm., 72, 181-185 (2016). 
[2] J. J. Black, T. Murphy, R. Atkin, A. Dolan, L. Aldous “The thermoelectrochemistry of lithium–glyme solvate 
ionic liquids: towards waste heat harvesting” Phys. Chem. Chem. Phys., 18, 20768-20777 (2016). 
[3] L. Aldous, J.J. Black, M.C. Elias, B. Gélinas, D. Rochefort “Enhancing thermoelectrochemical properties by 
tethering ferrocene to the anion or cation of ionic liquids: altered thermodynamics and solubility” Phys. Chem. 
Chem. Phys., 19, 24255-24263 (2017). 
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ILs (Ionic Liquids) have been widely investigated as alternative media to enable unprecedented chemical 
and electrochemical processes. However, ILs dynamic viscosity usually ranges between 10 and 100 cp, a 
fact that dramatically affects the mass transport rate at the solid-liquid interface and hampers the 
exploitation in high-throughput processes. 

To understand the profound implication of this, we propose the use of the RDE (Rotating Disk 
Electrode) to probe convection phenomena. Indeed, RDE provides well defined mass transport conditions 
in the convection (diffusion-advection) regimes, allowing the derivation of boundary layers’ extension 
with the use of simple models (Levich’s equation). The description of the time evolution of the boundary 
layers requires a different approach, as no analytical expression to describe the linear scan voltammetry 
profile under non-stationary conditions is currently available. This difficulty can be done by the 
discretization of the convection problem, something that we have approached with the finite element 
methods implemented in COMSOL Multiphysics.  

Both experiments and simulations in ILs have been carried out using an exemplar IL, BMImBF4 
(1-Butyl-3-methylimidazolium tetrafluoroborate), as electrolyte. The selected electroactive compound 
was ferrocene, a choice that has been operated because the diffusion of ferrocene in ILs has already been 
reported in the literiture with well assessed data that we have used for our finite elements modelling. For 
comparison, we have also measured and simulated an analogous system in a water-based electrolyte. In 
this case ferrocyanide has been considered in place of ferrocene, for the limited solubility of the latter. 

From our investigation, we have concluded that the high viscosity of ILs hinders the complete 
development of the convection-controlled flux and, consequently, the mass transport regime is 
prevalently under diffusion control in a wide range of scan rates and potential. On this ground, we 
conclude that it is much more difficult to reach fast mass transport at the electrochemical interface in ILs 
as compared to water base electrolyte even if vigorous convection is applied and that this is a 
consequence of the extent of the extent of the convection boundary layer. This is an extremely important 
aspect in applications e.g. electrodeposition where to compete with the state of the art water based 
technologies high mass transport rates must be achieved. 
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Next generation lithium ion batteries (LIB) require a high specific capacity and energy density, which can 
be achieved by employing high voltage cathode materials, basically, lithiated transition metal oxides with 
a spinel structure >1@, offering cell voltages up to 4.5 V and above. Such high voltages, however, can 
exceed the electrochemical stability window of the battery components, especially of organic electrolytes 
>2@. For detecting gaseous/volatile electrolyte decomposition products via mass spectrometry, a head-
space approach is commonly used in battery research, termed as Online Electrochemical Mass Spectro-
metry (OLEMS) [3-5], instead of the porous membrane inlet applied in Differential Electrochemical Mass 
Spectrometry (DEMS) [6]. The latter is hardly applicable for the typical LIB electrolytes because of their 
specific properties, such as high volatility and permeability through the porous membrane. Therefore, it is 
limited to only few electrolyte alternatives, such as DMSO or tetraglyme [7]. Recently, it was 
demonstrated that these limitations in employing membrane inlet DEMS for LIB studies can be overcome 
by sandwiching a cathode material coated porous aluminum current collector, a porous Teflon membrane 
and a non-porous FEP film >8@.  

In the present work we pursue a “classical” DEMS approach, but employing a non-porous fluoropolymer 
membrane interface of limited permeability, which allows to study a standard lithium ion battery 
electrolyte (1 M LiPF6 in 1:1 mixture of EC and DMC) in a glove box environment. A thin Al sub-layer is 
sputtered onto the membrane to improve the electric conductivity, which is then coated with an active 
layer of a lithiated manganese-nickel oxide (LMNO) as realistic high voltage cathode material >9@. 
Potentiodynamic (2 mV/s) DEMS measurements showed potential dependent variations at the mass 
signals m/z = 2, 22, 28, 32 and 44. Based on the similarity of the ion current profiles for masses 44 and 22 
(doubly ionized CO2) and ca. two orders of magnitude difference in their intensity, these signals are 
assigned to CO2 formation, which starts with oxidation of Ni(III) to Ni(IV) and continues until the latter 
is reduced back to Ni(III). The m/z = 28 mass signal, which is of similar intensity as that for CO2, but 
with a different potential dependence, shows an earlier onset, followed by a further increase upon 
oxidation of Ni(III) to Ni(IV), is assigned to formation of CO rather than of ethane, based on its 
fragmentation pattern. H2 formation starts with oxidation of Ni(III) to Ni(IV) and decreases upon Ni(IV) 
reduction. Finally, potential step DEMS experiments provide additional time resolved information on the 
formation of gaseous species, which is hardly accessible by OLEMS. 

[1]. E.M. Erickson, F. Schipper, T.R. Penki, J.-Y.Shin, C. Erk, F. Chesneau, B. Markovsky, D. Aurbach.  
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[2]. J. Kasnatscheew, B. Streipert, S. Röser, R. Wagner, I. Cekic Laskovic, M. Winter. Phys. Chem.  
       Chem. Phys. 19 (2017) 16078. 
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Room temperature ionic liquids, as a class of compounds, can mix with each other easily to achieve 
desired properties, and are also used as ‘universal solvents’ [1]. The behavior of the electrode/ionic-liquid 
interface is essentially important when ionic liquids are used for non-aqueous electrochemical 
applications. A comprehensive description of the double layer within an ionic liquid is, thus, of great 
significance for the support of novel ionic-liquid-solvent designs. Via a Poisson–Fermi theory that 
incorporates a novel constitutive law for the ionic liquid, Kornyshev and colleagues have rationalized 
interesting features observed in ionic-liquid double layers, including experimentally observed ‘camel’ and 
‘bell’ shapes of capacitance vs. voltage [2] and overscreening [3]. This presentation will take the prior 
theory forward by accounting for dissipative phenomena (i.e., conduction within the ionic liquids) and 
also arrive at the prior results in a novel way, by accounting for mechanical effects in space-charge 
regions. Our theory allows study of experimental Bode and Nyquist plots, as well as interfacial 
capacitance data. 
 
The model accounts for the bulk compressibility of ionic liquids, which yields a similar double-layer 
structure to that described by Kornyshev when both coulomb forces and mechanical body forces are 
significant. Recently, Newman’s concentrated-solution theory was generalized in a thermodynamically 
consistent way to study the coupling of electrical, mechanical, and electrochemical processes [4]. The 
generalized framework couples thermodynamic pressure with the Lorentz forces associated with space 
charging through a detailed microscopic momentum balance. Onsager–Stefan–Maxwell multicomponent-
diffusion theory, based in the theory of irreversible thermodynamics, provides constitutive laws for 
charge transport that rigorously account for dissipation. This generalized framework can be applied to 
model electrode/ionic liquid double layers. 
 
We will report on double-layer structures within binary ionic liquids when subjected to both stationary 
and dynamic potential biases. In the stationary scenarios, we will demonstrate consistency with 
Kornyshev’s theory, while also exploring mechanical effects that arise from compressibility i.e., how 
different molar volumes and bulk moduli of ions impact double layer structure and observed interfacial 
capacitance. In dynamic scenarios, the impedance of ionic liquid double layer will be predicted – the first 
detailed theoretical analysis of this type. Novel mechanical responses that arise during impedance 
spectroscopy experiments, such as acoustic waves, will be investigated. 
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3. M. Z. Bazant, B. D. Storey, and A. A. Kornyshev, Phys. Rev. Lett. 106, 046102 (2011). 
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The improvement of energy storage systems would be a milestone in the advancement and promotion of 
several technologies associated with a low carbon-emission. The design & development of new 
energy/charge storage Ionic Liquids (IL)-based devices requires a deep understanding of the mechanisms 
governing the formation of the electric double layer (EDL) between electrodes and ILs electrolytes. Ionic-
liquid mixtures become an interesting strategy to fine-tune the composition-dependence of IL properties, 
opening up new advances for particular practical applications. 
Recent results showed that the use of ionic liquids with ions of different sizes could lead to an increase in 
the charge accumulated at a specific potential (optimal composition range for the ILs mixtures that 
maximizes the differential capacitance). Formulation of ionic liquids mixtures at charged surfaces with a 
common cation and varying the molar fraction of anions different in size and geometry seems to favor the 
accumulation of smaller counterions on the electrode adjacent layer with simultaneous displacement of 
the bigger counterparts. The charge accumulation mechanism proposed may also lead to the coions 
exclusion from the electrode surface [1]. 
Work is in progress to develop and optimize procedures to hyphenate electrochemistry and nonlinear 
optics to probe the air/liquid and solid/liquid interface to deeper understand the microscopic structure of 
ILs mixtures based interfaces. 
 
 
 
[1] R. Costa, I. Voroshylova, N. Cordeiro, C. Pereira, A. Silva, Enhancement of differential double layer 
capacitance and charge accumulation by tuning the composition of ionic liquids mixtures, Electrochimica 
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Since their discovery, ionic liquids (ILs) have attracted a wide interest for their potential use as medium 
for many chemical processes such as extraction, catalysis, organic synthesis and electrochemistry , just to 
name a few. Regarding the latter the use as electrolytes of ILs characterized by very large electrochemical 
window allowed the electrodeposition of cations that are impossible to reduce in aqueous solution such as 
Al, Si, Hf, Nb etc. In particular, from chloroaluminated ILs resulted relatively simple the deposition of 
Aluminium from his chloride salt. Despite the discovery of this process in the nineties, nowadays 
aluminium electrodeposition from Chloroaluminate ILs still maintains a number of open issues both on 
the side of fundamental science and technological aspects. The present research, part of the “SCAIL-Up” 
European Project, aims to both shed some light on the aluminium electrodeposition process as concerns 
the effect of deposition parameters, and to define the best deposition parameters for the process scaling 
up. Thick Al-coatings (20 µm) were deposited on brass substrate combining the most relevant operating 
parameters; i.e.temperature and agitation [1]. The samples obtained in different conditions were 
characterized by means of scanning electron microscopy (SEM) and x-ray powder diffraction (XRD) to 
assess their morphology and texture. Roughness measures were also performed to assess the best 
deposition conditions to achieve smooth and homogeneous deposits that constitute the target for industrial 
applications. These experimental studies were theoretically supported and validated by means of 
COMSOL simulations. Finally, a newly designed Rotating Hull Cylinder Cell (RHC), suitable for 
application in aggressive environments was tested to study the deposit growth rate at different current 
densities. 
 
 
[1] E. Berretti, A. Giaccherini, S. M. Martinuzzi, M. Innocenti, T.J.S. Schubert,F. M. Stiemke and S. 

Caporali, Aluminium Electrodeposition from Ionic Liquid: Effect of Deposition Temperature 
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Electrical double layer structure, zero charge potential [1] and adsorption of ions at metal electrodes from 
non-aqueous electrolytes [2-4] are important topics inevitable for future development of different 
electrochemical devices, including Li- and Na- ion batteries [5-9], high energy/ power density 
supercapacitors [9-12] and hybrid capacitors, electrosynthesis reactors as well as electrodeposition 
devises. Comparison of adsorption data of halide ions from non-aqueous solutions  with the data for room 
temperature ionic liquids (RTIL) indicates that there are some similarities and the adsorption 
characteristics depend more on the anion studied than on the solvent or even absence of solvent. 
 
Systematic analysis of RTILs and their mixtures ((C2H5)3CH3NBF4, (C2H5)3CH3NB(CN)4, etc.) with 
various non-aqueous solvents and their mixtures (acetonitrile, propylene-carbonate, J-butyrolactone, 
ethylene carbonate, methyl-ethyl-carbonate, etc.) indicates, that the role of solvent characteristics (relative 
dielectric permittivity, vertical dipole moment, etc.) is moderate. 
 
Systematic analysis of the electrical double layer structure and adsorption data for various polycrystalline 
and single crystal electrodes obtained by electrochemical impedance, Fourier transform infra-red 
spectroscopy, cyclic voltammetry  and computation chemistry methods will be given. Comparison with 
the data for porous carbon electrodes (including micro-mesoporous carbon with hierarchical structure) 
will be given. Some general correlations will be discussed. 
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Room temperature ionic liquids (RTILs) are promising electrolyte materials for electrochemical 
applications such as batteries, capacitors, and plating processes due to their high thermal and 
electrochemical stabilities. RTIL/electrode interfaces, where electrochemical reactions occur, play crucial 
roles in such applications, and hence molecular level description of the interface is necessary. Recently, 
our experimental studies using surface-enhanced infrared absorption spectroscopy (SEIRAS) that can 
selectively probe solid/liquid interfaces revealed the hysteretic potential dependence of the cation-anion 
exchange at the first ionic layer on the electrode, indicating that the first ionic layer is so rigid that a 
certain overpotential is required to change the adsorbed ions [1]. Therefore, the rigid first ionic layer 
might inhibit redox species from adsorption onto the electrode surface which is the initial step of 
electrochemical reactions; however, no direct experimental evidence of inhabitation of reactions has been 
reported. To uncover the correlation between electrochemical reactions and interfacial structures, we 
measured electrochemical current and SEIRA spectra simultaneously during the potential scan. Direct in-
situ observation of the interfacial structure under reaction conditions revealed that Co electrodeposition 
and cation-anion exchange at the first ionic layer initiated at an identical potential. 

SEIRA spectra taken for a polycrystalline Au electrode in neat [C3mpy][TFSA] (Fig.1) during potential 
scans showed hysteretic potential dependence in analogy with the previous results on imidazolium-type 
RTILs [1]. This indicates the requirement of a certain overpotential for exchanging [C3mpy] cation and 
[TFSA] anion in the first ionic layer. Then we measured SEIRA spectra for a Au electrode in 
[C3mpy][TFSA] containing 0.1 M Co(TFSA)2. CV indicated the onset potential of Co electrodeposition at 
-0.8 V vs Pt. Simultaneously observed SEIRA spectra revealed that the anion-cation exchange also start at 
the same potential, as shown in potential-dependent intensities of SEIRA signals for the cation and anion 
in Fig. 1. It is suggested that the anionic first layer prevent Co2+ from adsorption on the electrode and thus 
electrodeposition did not start, and partial mixing of the first ionic layer triggered the adsorption and 
reduction of Co2+. This is the first direct observation of the correlation between electrochemical reactions 
and potential-dependent interfacial restructuring of RTILs. 

[1] K. Motobayashi et al., J. Phys. Chem. Lett. 4 (2013) 3110; Electrochem. Commun. 65 (2016) 14; J. 
Electroanal. Chem. 800 (2017) 126. 

 

Fig. 1. SEIRA band intensities of cation Q(CH) and anion Q(CF), and 
simultaneously recorded CV for an Au electrode in [C3mpy][TFSA] 
containing 0.1 M Co(TFSA)2. Scan rate is 2 mV/s. 
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In order to understand the manifold reactions taking place at the electrode/electrolyte interface, 
development and application of analytical tools probing this interface in situ in an electrochemical cell are 
of outmost importance. Although, X-ray Photoelectron Spectroscopy (XPS) is widely accepted to be a 
powerful tool to quantitatively study electrochemically induced changes of electrode surfaces, it can 
usually not be applied in situ as common electrolytes evaporate into the ultrahigh vacuum (UHV). 
Therefore, the so-called electrode emersion technique was established, which can be described as a quasi 
in situ analysis of the electrode/electrolyte interface [1]. 
 
Unlike common electrolytes, ionic liquids (IL) provide the unique opportunity to overcome this issue as 
these electrolytes are UHV compatible, thus allowing for XPS measurements of liquid/UHV interfaces 
without need of complex differential pumping systems commonly used in near ambient pressure XPS 
(NAXPS) systems. Consequently, IL allow for the unique opportunity performing in situ EC XPS 
investigations in the UHV chamber of a spectrometer. 
 
In this contribution quasi in situ [2] and in situ [3] electrochemical XPS setups using ionic liquid 
electrolytes are presented. Opportunities and limits of both approaches with respect to investigations of 
interfacial behavior, stability windows, and interpretation of XPS data are discussed. 
 
Origins of shifts in binding energy of core level spectra that may occur due to 
 

(i) electrochemical ion intercalation into highly oriented pyrolytic graphite (HOPG) [2],  
(ii) in situ EC XPS measurements under potential control [3],  
(iii) X-ray or flood gun induced charging [4, 5] and  
(iv) the potential drop at different IL/support interfaces in half-cells 
 

are summarized and elucidated. 
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Polymer electrolyte fuel cells (PEFC) with an operation temperature of ~120 °C have many advantages 
compared to low temperature PEFCs concerning the system design: (i) a simplified water management 
(no humidification of feed gasses), (ii) a more compact cooling system, (iii) recovery of high-grade waste 
heat and (iv) a higher tolerance against impurities (CO). Currently, there are no suitable polymer electro-
lytes for this “intermediate” operating temperature range. The proton conductivity of NAFION is based 
on the presence of liquid water. Phosphoric acid (H3PO4) doped polybenzimidazole (PBI) has a good pro-
ton conductivity also without the presence of bulk liquid water but only above 150 °C. Moreover, the pre-
sence of H3PO4 causes a slow cathodic oxygen reduction reaction (ORR) kinetics, due to a specific ad-
sorption of H3PO4 species on active sites of the Pt catalyst. Thus, there is a need for new non-aqueous 
proton conducting polymer electrolytes for temperatures of about 120 °C. 

Ionic liquids (IL) are well-known as non-aqueous and non-volatile solvents. Proton conducting ionic 
liquids (PIL) with acidic cations are promising candidates for the use as non-aqueous electrolytes at ope-
ration temperatures above 100 °C. The uptake of an (protic) electrolyte by a PBI-type polymer depends 
on its acidity. The basic groups of the polymer are protonated by forming a “polymer salt”. The increased 
osmotic pressure induces the further uptake of electrolyte molecules [1]. Thus, a suitable PIL should have 
an acidity sufficient to protonate PBI, sufficient protonic conductivity and only a negligible effect on the 
ORR. In this contribution a study on the ionic conductivity and the molecular interaction with PBI of a 
new type of highly acidic PILs with sulfoethylammonium cations is presented.  

  
2-Sulfoethylammonium [2-SeA][TfO] and 2-Sulfoethylmethylammonum triflate [2-SeMA][TfO] exhibit 
~3 times higher ORR current densities on Pt compared to the value measured for H3PO4 (each with 5 wt% 
water) [2]. The conductivity of [2-SeMA][TfO] depends highly on the concentration of residual water 
(left figure). This suggests a vehicular mechanism for the proton transport via the [2-SeMA]+ cations with 
an activation energy Ea of ~ 40 kJ mol‒1. In presence of water the much more mobile H3O+ cations will be 
formed (protolytic equilibrium, KA ~ 0.23).  

There is a (slow) uptake of [2-SeMA][TfO] by m-PBI by swelling in the neat PIL (D ≈ 4.4 ∙ 10‒11 cm s−1, 
80 °C). A doping degree of ~120% per repeating unit is reached (right figure). The swelling process has 
been monitored by Raman spectroscopy, proving the protonation of PBI chains. In a [2-SeMA][TfO] 
doped PBI membrane the vehicular proton transport is more restricted due to the network of PBI polymer 
chains, leading to an Ea of ~97 kJ mol‒1. To reach higher doping degrees, a more open polymer network 
and thus higher proton conductivities solution casting methods has to be used to introduce the PIL into the 
polymer.  
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Electrolytes are critical components in realizing the theoretical capacity of electrodes and determining 
safety specifications of batteries. The electrolytes generally contain flammable carbonate solvents to 
dissociate lithium salts, and this lowers thermal stabilities of batteries. Ionic liquids (ILs) have been used 
as alternative electrolytes due to their high thermal stabilities. Among a wide variety of organic ions, 
bis(fluorosulfonyl)imide ([FSI]) anions have recently received vast interests due to their innate tendency 
to highly dissociate. This anion also has been revealed to form suitable solid electrolyte interface (SEI) on 
lithium metal. In this study, we designed novel FSI-based ILs, namely N-ethoxyethyl-N-
methylpiperidinium bis(fluorosulfonyl)imide ([P1,2O2][FSI]) and N-ethoxyethyl-N-methylmorpholinium 
bis(fluorosulfonyl)imide ([M1,2O2][FSI]). Their physical and electrochemical properties as electrolytes 
were evaluated, and these values were compared before and after the addition of lithium salts. 
 Liquid properties   Ionic conductivity, one of the most important property for the electrolytes, is 
known to be suppressed below the melting points of electrolytes. Therefore, FSI anions were combined 
with the cations which contain ether oxygens to suppress their crystallization. Throughout a differential 
scanning calorimetry, the mixtures such as [P1,2O2][FSI]-LiFSI and [M1,2O2][FSI]-LiFSI, mixing ratio of 
which was 9:1 (mol/mol), were confirmed to possess glass transition at -88.8 and -71.4 oC and not to 
exhibit second order transitions. From ionic conductivity measurements, these mixtures were found to 
possess the conductivity higher than 10-3 S cm-1 in a temperature range between 20 and 90 oC. 
 Interfacial stabilities on electrode surfaces   From a linear sweep voltammetry toward anodic 
sides, these mixtures were found to be stable up to 4.7 V. Throughout a cyclic voltammetry (CV) in 
cathodic sides, current drifts were observed from 1.5 V and 0.5V, which was attributed to SEI formations 
and lithium intercalations, respectively. The former reaction was completely suppressed during successive 
cyclization, while the latter one was sustainable. This suggests that the SEI, formed during the 1st scan, 
protected the electrolytes from further decompositions in continuous scans. To analyze the 
electrochemical properties of the SEI, the Li | Li cells containing these electrolytes were assembled, and 
their impedance spectroscopy was recorded with a duration of storage. The interfacial resistivities of the 
cell containing pure [P1,2O2][FSI] and [M1,2O2][FSI] converged at 200 and 400 Ω cm2. These values 
increased twofold with the addition of LiFSI. Due to the lower interfacial resistances of [P1,2O2][FSI]-
based electrolytes, smaller overpotential was observed when the symmetrical cells were cycled.  

Performances in lithium metal half-cells   A half-cell, composed of [P1,2O2][FSI]-LiFSI and 
LiFePO4, was then assembled and cycled at C/10 (Figure 1a). The cell retained the high capacity, which 
reaches the nominal capacity of LiFePO4 (150 mAh g-1) with Coulombic efficiencies higher than 99 % 
from 3rd to 50th cycles. Also, a flat voltage profile essentially arose from LiFePO4 was preserved during 
the course of cyclization. To understand this excellent performance, the cells assembled in the same 
manner were analyzed by means of CV at different scan rates (Figure 1b). A diffusion coefficient (D) was 
calculated by using Randles–Sevcik equation. A cell containing LP30 (1M LiPF6 in ethylene carbonate / 
dimethyl carbonate) was also analyzed as a control. The D were found to be 1.4×10-7 and 9.6×10-8 cm2 s-1 
for [P1,2O2][FSI]-LiFSI and LP30. As a consequent of a high D of the IL-based electrolytes, sufficient 
lithium stripping-plating was realized, and thus LiFePO4 exerted its intrinsic high performance. 

 
Figure 1. (a) Cycling performances of the Li | [P1,2O2][FSI]-LiFSI | LiFePO4 cell at C/10 (1C is equivalents to 0.847 

mAh), and (b) peak current density versus square root of scan rate during CV at different scan rates. 
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The adsorption/desorption of iodide ions on the Au (111) single crystal plane in propylene carbonate has 
been investigated by cyclic voltammetry, AC-voltammetry and electrochemical impedance spectroscopy 
in various aprotic solvent, e.g. propylene carbonate, DMSO and diglyme. Two broad reversible peaks are 
present in the cyclic voltammetry and AC voltammetry due to the adsorption/desorption of iodide at the 
electrode surface; they are broader than in the corresponding aqueous electrolyte.  
 
The capacity of these pseudo-capacitive peaks is confirmed by impedance spectroscopy. The adsorption 
capacitance of iodide in (TBA+, Li+, Na+ and K+) increases in the order   TBA+< Li+ < Na+ < K+   
depending on solvated cationic size. It can be assumed that the solvated cationic radius is in the order: K+ 

– PC ˂ Na+ – PC ˂ Li+ – PC ˂ TBA+ – PC , and TBA+ ions have the largest solvated sphere radius because 
of the TBA+ – PC ᵟ- strong interactions caused by the large surface charge density. The rate of adsorption 
of iodide in different electrolytes of the same cation decreases in the order PF6

- > ClO4
- and this attributed 

to surface charge density and ion pair formation. Similar results will be demonstrated for other solvents. 
 
The residual water content also has a large influence on the adsorption rate: the higher this is, the faster is 
the adsorption. This is in accordance with the observation that in aqueous electrolytes the adsorption rate 
is often at the limit of detectability1.  
 
Additional measurements with other ions will be shown as well as mesurements with IR spectroscopy. 
 
 
 
 
 
 
 
 
1. Langkau, T.; Baltruschat, H., The rate of anion and hydrogen adsorption on Pt(111) and 
Rh(111). Electrochimica Acta 1998, 44, 909-918. 
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There have been many fundamental studies on the interfacial structure and orientation of water molecules 
in the electrochemical double layer, which is of high importance in understanding key fundamental and 
mechanistic reaction processes like CO2 electroreduction in aqueous solvents. However, there is currently 
an increased study of these reactions in other mediums like organic solvents and ionic liquids, therefore 
having more insight of the interfacial structure in these solvents is also necessary. 
This research studies the interfacial structure and orientation of acetonitrile in the electrochemical double 
layer using different supporting electrolytes. With electrochemical measurements, it is observed that the 
negative electrochemical limit is cation dependent with lithium having the most negative potential limit 
[Li+>Na+>TEA+>TBA+]. The Au-acetonitrile interface was monitored simultaneously with ATR-
SEIRAS, with increasing negative potentials within the capacitive region, the acetonitrile-solvated cation 
approaches the interface with the CN bond oriented towards the electrode. As the solvated cations 
continue to approach the interface, free acetonitrile molecules are expelled. The acetonitrile molecule 
associated with the cation is then trapped between the electrode and the cation, causing it to experience an 
electric field which is evident by the red shift of the CN bond of the acetonitrile molecule as shown in 
Figure 1. In the case of Li+, the complete expulsion of the acetonitrile from the solvation shell is observed 
accompanied with lithium deposition and acetonitrile decomposition observed at higher negative 
potentials, where significant faradaic current is recorded. While scanning back positive, the opposite 
effect is seen, and a blue shift is observed making the process completely reversible as shown in figure 1 
and hence not an electrochemical reaction. We also used the N-C bond of the ammonium cations as a 
probe to monitor the cation approaching and leaving the interface. A shift was not observed with this 
band, because of its distance from the electrode, however it is potential dependent and its approach in and 
out of the interface with corresponding negative and positive potentials is clearly seen. The stark tuning 
effect (blue/red shift) of the CN bond of the acetonitrile molecules associated with the cations also 
increases with cation size from Li+>Na+>TEA+>TBA+. 
 

 
Figure 1: [left] Potential-dependent ATR-SEIRAS obtained spectra of the interface between a thin film 
Au electrode on silicon and 0.1 M LiClO4 in acetonitrile between 0.0 V and -2.0 V vs Ag/Ag+ and vice 
versa obtained using a spectrum at 0.5 V as a background. [Right] A plot showing the variation of the 
stark tuning effect of the CN bond of the solvating acetonitrile molecule with 0.1M LiClO4, NaClO4, 
TEABF4 and TBAPF6 on a Au electrode. 



DFT-MD studies on processes at interfaces of organic electrolyte, SEI 
film and graphite anode 

 
Yoshitaka Tateyama1,2,3, Keitaro Sodeyama2,3,4 

1Center for Green Research on Energy and Environmental Materials (GREEN), National Institute of 
Materials Science (NIMS),1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan 

2Research and Services Division of Materials Data and Integrated System (MaDIS), NIMS, Japan 
3Elements Strategy Initiative for Catalysts & Batteries, Kyoto University, 1-30 Goryo-Ohara, Nishikyo-

ku, Kyoto 615-8245, Japan 
4PRESTO, Japan Science and Technology Agency, 4-1-8 Honcho, Kawaguchi, Saitama 333-0012, Japan 

TATEYAMA.Yoshitaka@nims.go.jp 
 
  Secondary batteries usually utilize non-aqueous organic electrolytes because of the larger 
electrochemical windows than water. However, the electrochemical decomposition happens when the 
electrolyte is touched to the electrodes. To keep the safety of battery, solid electrolyte interphase (SEI) 
films formed at the electrolyte-electrode interfaces with the decomposed products are indispensable. 
However, in-situ (operando) measurements on the interface processes still have several difficulties. Thus, 
the atomic-scale investigations by theoretical computations with reasonable accuracy are still demanded.  
  In this paper, we introduce our recent computational works on the possible formation mechanism of 
organic SEI film between graphite anode and ethylene carbonate (EC) electrolyte and Li+ ion transport 
between graphite anode and Li2CO3 SEI film. Most of the calculations were DFT-MD samplings at room 
temperature with PBE exchange correlation functional. Note that we carried out multiple runs with 
different initial configurations to obtain reasonably stable structures.  
  For the former, using the decomposed products of EC and vinylene carbonate (VC), we examined the 
aggregation, the adhesion to the model graphite anode and the electronics state to account for the 
experimental observation of the VC additive effect on the SEI character. We then found that both EC- and 
VC-originated SEI films have similar properties, and that a “near-shore aggregation mechanism”, not 
conventional surface deposition mechanism, is more appropriate to explain the observation.1 Besides, we 
clarified that some Li+ ions play glue roles binding some organic components. In the study on the mixture 
of the organic components and LiF, we also demonstrated that F- ion in LiF can play a glue role as well.2 
  For the transport study, we investigated the interfaces between Li-intercalated graphite anode and 
amorphous Li2CO3, a model inorganic SEI film.3 Effect of the termination groups of the graphite edges is 
also examined. The Li-intercalated graphite was set to the dilute stage 1. The edge carbons were 
terminated by the -H only (reduced surface model) or by -H:-COOH:-OH = 4:2:4 (oxidized surface 
model). Li+ and CO3

2- were located on the graphite surface randomly. In order to investigate the Li+ ion 
migration at the interface, Blue-Moon ensemble technique was applied to the Li+ ion position.  
  Regarding the equilibrium structures, it is shown that the oxidized surface termination is more close to 
the Li2CO3 SEI film than the H-terminated reduced surface. The large stabilization of the oxidized surface 
is attributed to strong interaction between the surface terminations and the carbonates. For the Li+ ion 
transport, Li+ ion is found to drag the counterpart CO3

2- moiety to around the graphite edge and then 
releases it to move into the anode, in the H-terminated case. On the other hand, the oxidized surface 
shows correlation between the inserted Li+ ion and the nearest Oxygen in the termination group (COOH 
or OH) instead of the CO3

2- moiety. 
Therefore, Oxygen in the termination 
is likely to support the Li+ ion 
insertion. However, the free energy 
profiles in these two cases do not look 
so different. In the presentation, we 
will discuss possible mechanisms of 
these computational observations with 
the detailed analysis. 
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[1] K. Ushirogata, Y. Tateyama et al., J. Electrochem. Soc. 162, A2670-2678 (2015). 
[2] Y. Okuno, Y. Tateyama et al., Phys. Chem. Chem. Phys. 18, 8643-8653 (2016). 
[3] T. Baba, Y. Tateyama et al., in preparation. 

 
Fig. 1: Snapshots of DFT-MD samplings of interfaces of (a) 
graphite – organic SEI film – EC solvent and (b) graphite – 
amorphous Li2CO3 SEI film.   
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Environmental sustainability of the chemical industry may be achieved by adoption of electrochemical 
synthesis processes. Optimal development of such process requires detailed understanding of the 
chemical pathways and mechanisms involved. A combination of theory and experiments can enable the 
rational design and development of selective catalysts for the electrosynthesis of high-value chemicals.  

Dimethyl carbonate (DMC) is an industrially relevant and environmentally benign chemical reagent and 
solvent. Currently, it is industrially produced by energy intensive and hazardous methods. 
Electrochemical synthesis would enable the sustainable, efficient and decentralised production of DMC 
[1]. Copper was investigated for electrocatalytic activity towards DMC formation in a non-aqueous, 
methanol electrolyte solution [2]. Based on results of theoretical analysis of transition metal catalysts for 
methanol adsorption energy, it was shown that copper should oxidase methanol at a lower potential than 
both Au and Pd [3] which are known electrocatalysts for the reaction. By performing electrolysis and 
spectroelectrochemistry experiments, it was found that indeed copper catalyses the carbonylation of 
methanol to dimethyl carbonate. However, it was discovered that the mechanism is more complex than 
previously thought. Copper is first oxidised to Cu(I) in the applied potential range of 0.0 – 0.5 VSCE and in 
the presence of CO, becomes copper carbonyl, [CuCO]+ (Fig. 1B). This carbonyl species leads to the 
formation of dimethyl carbonate. The formation of the carbonyl is highly efficient, whereas, the chemical 
step post electrolysis suffers from low efficiency and a slow reaction time (Fig. 1A). Optimisation of the 
chemical step or stabilisation of the electrode may lead to a viable method of DMC production.  

 
Fig 1. (A) Concentration of dimethyl carbonate in the reaction solution since the day of electrolysis, 

30 minutes at 0.1 V. (B) Spectroelectrochemistry thin-film setup. Electrolyte 0.1 M NaClO4 in 
CH3OH, CO saturated, copper disk working electrode. 
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Ionic liquids, mainly imidazolium cation-based ionic liquids, have received increased attention in recent 
years in the field of electrochemistry due to their properties of a wide electrochemical window, low vapor 
pressure, and moderate solubility. This has stimulated study to understand the structure of electrode/ionic 
liquids interfaces, where electron transfer reactions occur.[1, 2]  Both theoretical and experimental studies 
show that ionic liquids can form layering structures near the electrode surface.[3, 4] However, a 
fundamental understanding of the correlation between ion structure and layering structure at electrode/IL 
interfaces is still lacking. In this work, we comparatively investigate the structures of Au(111)/ ionic 
liquid interfaces in three ionic liquids with different cation alkyl chain length by employing AFM force 
curve measurements. 
 
For three imidazolium-based ionic liquids RMITFSA 
(R=Ethyl, Butyl, and Octyl), cation alkyl chain 
length influences the number of the layering structure 
at interfaces. The number of the layering structure 
decreases as the alkyl chain length increases. 
Potential dependency of rupture force of the first 
layer of Au(111)/RMITFSA interfaces is shown in 
Figure 1. The tendency of F-E curves in three ILs is 
similar though force values are related to the alkyl 
chain length. At potentials around PZC, cations and 
anions arrange loosely, which lowers the stability of 
the layering structure. While at the potentials 
negative or positive to PZC the electrode surface is 
charged, ions interact strongly with electrode surface 
which increases the stability of layering structure. 
However, more surface charge can weaken the 
stability of the layering structure because of the lattice 
saturation of ions. 
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Figure 1. Potential dependency of rupture 
force of the first layer of 
Au(111)/RMITFSA interfaces (R=Ethyl, 
Butyl, and Octyl ). 
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Lithium-oxygen (Li-O2) battery is attracting lots of research attention as one of the promising power 
sources for electrical vehicles (EVs) in near future. However, many serious problems, such as high 
charging overpotential and low reversibility, significantly hinder its practical application.1 In the present 
study, mechanisms for the oxygen reduction and evolution reactions (ORR/OER), which are main 
cathode reactions in the Li-O2 battery, have been systematically investigated on gold and carbon 
electrodes in nonaqueous electrolyte solutions (DMSO and DME) by electrochemistry in combination 
with in situ UV-Vis spectroscopy, infrared reflection spectroscopy, surface-enhanced Raman 
spectroscopy (SERS) and atomic force microscope (AFM).2-5 Furthermore, the roles of a redox mediator, 
tetrathialfulvane (TTF), on the ORR/OER were also evaluated.4 The present results are useful to 
understand the cathode reaction mechanism and develop cathode materials for the Li-O2 battery. 

It was found that O2 is efficiently reduced to LiO2 on a gold electrode in a DMSO-based electrolyte 
solution. Only a small part of the LiO2 can be further electrochemically reduced to Li2O2 and deposited on 
the gold electrode surface while most of them diffuse to bulk solution.2-4 The yield for Li2O2 on the gold 
electrode was much lower than that for LiO2 in the bulk solution at the end of ORR.2 The potential during 
a galvanostatic ORR is close to that of the equilibrium potential of O2/Li2O2 redox couple. The potential 
quickly increased in the subsequent OER, showing that the oxidative decompositions of the ORR 
products need very high overpotential (~4.5V vs. Li/Li+) during the OER. The SERS signals for Li2O2 
fully disappeared around 3.7V in the OER process while in situ AFM observations showed the Li2O2 
species were still on the electrode surface if the potential was lower than 4.5V.5 On the contrary, the ORR 
deposits could be fully decomposed at a potential as low as 3.6 V when TTF was included in the solution 
as confirmed by different observations including in situ AFM (Figure 1).4,5 Based on these observation 
results, we propose that the oxidation decomposition of the Li2O2 deposits during the OER process first 
occurs at its interface with the electrode substrate, while that of the remaining particles takes place at a 
much higher overpotential (Figure 1).5 

 
On the other hand, it was found that the Li2O2 became the major product on a porous carbon electrode 

and the yield for LiO2 significantly decreased with many by-products, different from that observed on a 
gold electrode.3 This is attributed to the large surface area of porous carbon electrode surface with many 
three-phase interface structures.2,3 

Detailed results and discussion will be given in the presentation. 
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Electrode-electrolyte interfaces play a crucial role for the performance and degradation of Li-ion 
batteries. The high stability of Li-ion batteries relies on the formation of suitable interface (SEI) layers, 
which block detrimental side reactions but allow easy Li-ion transfer. SEI formation on cathodes and 
coupled electrolyte decomposition involve different types of processes such as catalytic surface 
interaction, electron transfer and chemical decomposition. For a deeper understanding of SEI formation 
and a more efficient prevention of detrimental electrolyte oxidation, the electronic structure of the 
electrode, the chemical interactions of solvent molecules with the electrode surface, as well as the 
electrochemical double layer properties have to be investigated. However, due to their buried nature and 
high reactivity towards ambient atmosphere, the analysis of electrode-electrolyte interfaces in typical Li-
ion batteries is a challenge. An additional issue is the high compositional complexity of composite 
electrodes and their surface layers, which impairs the identification of the different phases and renders the 
deduction of reaction mechanisms difficult. 
In our approach [1], we use model experiments such as molecular adsorption coupled to analysis by 
photoelectron spectroscopy and related techniques in order to follow interface formation and to identify 
possible reaction schemes. In this contribution, we present fundamental insights on the processes at 
cathode-electrolyte interfaces in Li-ion batteries with a focus on solvent decomposition [2][3], including 
the evolution of electronic structure of electrode surfaces, SEI formation and formation of the 
electrochemical interface.  
Our investigations on LiCoO2 model electrodes indicate how solvent reactions are coupled to catalytic 
surface activity and that outer sphere solvent oxidation is comparably unlikely as demonstrated by high 
valence band – HOMO offsets. Upon contact to the fully lithiated electrodes, the solvent is reduced and 
inorganic Li-compounds are formed, leading to passivation of the electrode surface. For fully lithiated 
electrodes in contact to pure solvent, we observe electrostatic potential drops < 1V which we attribute to 
the formation of the electrochemical interface due to mobile Li-ions. Our investigations confirm that 
electrode surface reduction occurs only in LiPF6 – electrolyte and not in pure solvent, which can be 
attributed to the formation of surface degradation (corrosion) layers to the presence of hydrofluoric acid 
(HF). The results on model electrodes support the analysis of LCO composite electrodes cycled in 
commercial cells, where the corrosion layer consists of cobalt oxy-hydroxides and is covered by a two 
layer system consisting of an inorganic layer and an organic top layer.  
In conclusion, our studies provide insights that support a more rational design of electrode-electrolyte 
interfaces in Li-ion batteries. The results highlight the relevance of solvent reduction and catalytic 
processes for solvent decomposition at liquid electrolyte based cathodes, as well as of chemical reactions 
for cathode surface degradation. To obtain stable interfaces, contact of solvent and aggressive electrolyte 
species has to be eliminated.  
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    Ionic liquids (ILs) are promising electrolytes for electrochemical devices such as secondary battery, 
capacitor, electric double layer (EDL)-FET, due to their high chemical stability with negligible 
vaporization.  However, it is known that diffusion of solutes in IL sometimes does not follow the Stokes-
Einstein relation, where the diffusion is inversely proportional to the viscosity [1].  The Mg2+ ion, which 
is a candidate for the secondary battery source instead of Li+, was recently found to be deviated from the 
relation.    

The negligibly low vapor pressure of ILs at room temperature enables their analysis using various 
surface science techniques such as X-ray photoelectron spectroscopy (XPS) which essentially demand 
high vacuum conditions.  Negligible vapor pressure also enables the electrochemical measurements 
themselves to be conducted under high vacuum. Thus, XPS, as an elemental analysis method, can 
potentially combine nicely with the electrochemical processes of ILs.   

In this presentation, we will discuss the diffusion behavior of Mg2+ ions in an IL (BMIM-TFSI) in the 
vicinity to the Au(111) electrode analyzed by combination of angel-resolved XPS (AR-XPS) for thin IL 
film and electrochemical XPS(EC-XPS) [1] for the response to the electrode potential change.  The 
results of molecular dynamics (MD) calculation will also be shown to support the mobility of Mg2+ ion in 
the IL at the interface particular at IL/vacuum interface, which is analyzed by XPS [2]. 

In this IL thin film analysis, Mg2+-contained IL and pristine 
IL was sequentially deposited on Au(111) and the diffusion 
behavior of Mg2+ to the vacuum side interface was evaluated 
by AR-XPS as a function of the electrode temperature. 

In the EC-XPS experiment, the Mg2+-contained IL / 
Au(111) electrode interface was analyzed at thin IL area as a 
function of the solution thickness and the electrode potential 
in the three-electrodes cell.  It was clearly demonstrated that 
concentration of Mg2+ was reversibly changed according to 
the electrode potential, which accompanied the change of 
cation and anion ratio of the IL.   

Diffusion behavior of  Mg2+ will be discussed from these 
XPS results and MD calculation result. 
 
References 
[1] K. Fukui, Y. Yokota, A. Imanishi, Chem. Rec. 14, 964 (2014). 
[2] Y. Yokota, H. Miyamoto, A. Imanishi, K. Inagaki, Y. Morikawa, K. Fukui, Phys. Chem. Chem. Phys. 

20, 6668 (2017). 
 

Fig. 1  Photo of EC-XPS  [1]. 
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All solid-state batteries are one of promising candidates for the next generation power sources 

due to their unique properties. Since sulfide based electrolytes are easily deformed by a cold press, there 
has been many studies reporting successful demonstration of cell fabrications in addition to high ionic 
conductivity of the solid electrolytes. However, applicability of lithium metal anode is somewhat 
misunderstood, because 1) indium is frequently used for a counter electrode, and was not lithium metal, 
and 2) lithium thio-phosphates is believed to be unstable, especially at the lithium potential.  

In this paper, we would like to present cell performances of our lithium metal secondary cells. 
By the use of lithium metal anode, high energy density is expected. However, the most important benefit 
is their high coulombic efficiency (Figure 1). Since there is not obvious SEI formation observed, the 
electrolyte loss is minimized in the charge/discharge cycle, and no excess reserve capacity of lithium is 
required. Furthermore, in case of graphite anode, the SEI formation related to the side reaction is not 
clearly observed at the first discharge profile, and the initial charge/discharge efficiency of 96% is 
consistently observed. We have verified applicability of sulfide based electrolyte for both rocking chair 
type and lithium metal secondary cells [1-3]. If we consider the future prospect of post lithium ion 
batteries, the direction should be toward i) high potential, and ii) high capacity. In case of achieving i) an 
organic electrolyte will reach the potential limit by oxidation of themselves. Thus the electrolyte must be 
replaced by an inorganic electrolyte. To achieve the second target, we may need to use lithium metal. In 
both cases, we must develop solid-state secondary batteries based on inorganic materials. We will address 
the challenges and possibilities in these prospects based on our experimental results in this presentation.  

 

Figure 1. verification of long cycle ability for a pelletized cell: Li/LPSX/NCA (13mmφ) 
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Metal–air batteries employing non-aqueous electrolytes have recently received much interest due to their 
theoretically high specific energies and the higher abundance of the electrode materials as compared to 
conventional lithium-ion batteries [1-3]. While the utilization of non-aqueous electrolytes enables 
lightweight metals as anode materials, which are usually prone to oxidation in aqueous environments due 
to their low redox potentials, it challenges our understanding of the underlying reaction mechanisms. 
Especially the oxygen reduction reaction (ORR) and evolution reaction (OER) in non-aqueous solvents 
differs significantly from the ORR/OER in aqueous solutions insofar that the final product is usually the 
peroxide or superoxide, depending on the conducting salt as well as the solvent [3-6]. While for the alkali 
cations a rather monotonous relationship between the charge density of the cation and the tendency to foster 
the peroxide formation was observed (with highly charged cations alleviating peroxide formation) [7], the 
picture becomes more complex when using cations from the alkaline earth metals, where the (average) 
number of electrons transferred per oxygen molecule increases in the order. 
z(Ca2+)<z(Sr2+)<z(Ba2+)~z(Mg2+) on platinum and glassy carbon, while on gold electrodes only peroxide 
formation is observed [8]. This work aims at further elucidating pronounced effect of the cation of the 
conducting salt and the electrocatalyst on the kinetics as well as the reversibility of the ORR. For that 
purpose, the ORR/OER in the presence of different monovalent and divalent conducting salts has been 
investigated by means of differential electrochemical mass spectrometry (DEMS) as well as rotating ring-
disc electrode (RRDE). Employing a generator-detector arrangement in a DEMS set-up [9], we were able 
to directly identify soluble intermediates of the reduction as well as oxidation of oxygen. Interestingly, we 
found the rather reversible formation of the corresponding peroxides for the higher homologues of the alkali 
metals (K+ and higher) on gold electrodes, which can readily be oxidized to yield the superoxide again as 
shown by DEMS. Furthermore, the role of water, being a ubiquitous contamination in non-aqueous 
solvents, has been elucidated yielding further insights into the mechanism of ORR and OER.  
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In this talk we discuss electrolytes and interfaces for Mg and Zn ion batteries.  The development of Mg 
batteries is strongly dependent on the development and understanding of the electrolyte component, 
which are often composed of highly reactive Grignard reagents and exhibit low Coulombic efficiencies 
and low anodic stabilities. The magnesium aluminum chloride complex (MACC) electrolyte is a 
promising system that is composed of stable chloride salts and exhibits nearly 100% Coulombic 
efficiencies with high anodic stability. Interestingly, efficient Mg electrodeposition and stripping behavior 
is not observed in the electrolyte as-prepared, instead, the MACC must be conditioned before Mg 
deposition and stripping is supported. In this talk, a combination of characterization techniques will be 
discussed including Raman spectroscopy, surface enhanced Raman spectroscopy, 27Al NMR, 35Cl NMR, 
and pair distribution function analysis to determine the complexation of the Mg complexes in the active 
electrolyte. Relative changes in speciation between the as-prepared and conditioned electrolyte provide 
vital insights into the speciation necessary to achieve efficient Mg electrodeposition and stripping 
behavior.  We also discuss the nature of active species at the Mg surface and contrast the mechanism of 
Mg electrodeposition with that of Zn and Cu.  Cathode materials for Zn ion batteries will also be reported. 
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In order to develop high voltage electrochemical double layer capacitors (EDLCs) the introduction of novel 
electrolytes is required [1]. As a matter of fact, the state-of-the-art electrolytes, which consist of mixtures 
of ammonium salt and organic solvent such as acetonitrile (ACN) and propylene carbonate (PC), cannot be 
utilized for the realization of stable devices operating above 3V [1-3]. Against this background, in the past 
years several alternative electrolytes have been proposed, based on alternative organic solvent, ionic liquids 
and mixtures of them [1-3]. So far, the impact of these electrolytes on the behavior of high voltage EDLCs 
has been investigated considering mainly the active materials. Only few studies have been dedicated to the 
impact on these electrolytes on the inactive component, e.g. binder and current collectors. Nevertheless, to 
gain a comprehensive understanding of the degradation processes occurring in high voltage EDLCs, the 
interplay between electrolyte and inactive components needs to be carefully considered. 
Aluminum is the material of choice for the EDLC`s current collectors: it is light, easy to process, relatively 
inexpensive and has a good electrical conductivity. However, Al as a base metal is thermodynamically not 
stable at the high potentials reached in high voltage supercapacitors. Hence, the surface of the Al has to be 
passivated by reaction with electrolyte components to prevent its dissolution.  
In this paper we report about the impact of novel electrolytes for EDLC based on neat ionic liquids, mixtures 
of ionic liquids and PC, and alternative solvent such as 3-cyanopropionic acid methyl ester (CPAME) on 
the Al anodic dissolution [4,5]. The results of these studies clearly indicated that the understanding and the 
suppression of the anodic dissolution processes taking place on the Al surface is of crucial importance for 
the realization of stable high voltage EDLCs based on alternative electrolytes [4,5]. Furthermore, we also 
show that the use of alternative solvents, e.g. CPAME, improves the ability to suppress such detrimental 
processes compared to conventional ACN [5] (Fig. 1). 

 
 
Figure 1. Comparison of the variation of efficiency, resistance, capacitance and impedance spectra of 
EDLCs containing alternative and innovative electrolytes (all with Et4NBF4) during float tests carried out 
at 3.1 V at RT 
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Room temperature ionic liquids (RTILs) consist of usually large and asymmetrical organic cations paired 
with inorganic or organic anions. Due to intramolecular screening of charge and the large size of ions the 
crystallization of RTILs is hindered, resulting in a melting point below T = 100 °C. RTILs find 
application in electrochemical devices, e.g. supercapacitators, fuel cells or solar cells.[1] Charging 
/discharging and electron transfer processes occur at the RTIL|electrode interface and require our 
understanding of the electrical double layer (EDL). However, the EDL of RTILs is not fully understood 
yet.[2] The EDL is commonly discussed in terms of capacitance/potential (C/E) curves. Due to the 
convolution of different intermolecular interactions, such as dispersion forces and electrostatic forces 
originating from the structure, existing theories for the EDL of aqueous electrolytes or molten salts cannot 
be applied. 
 
Various experiments aiming at studies of the EDL of RTILs indicate the formation of a lamellar structure 
consisting of one to several layers, composed of either counter- or co-ions, at the electrode interface.[3] 
The large diversity of measured C/E-curves indicates that the EDL of RTIL is complex and needs both, 
experimental and theoretical investigations. Some features of the C/E-curves are interpreted as 
orientational changes of adsorbed ions on an electrode surface.[4] However, the direct experimental proof 
is missing.  
 
Studies of RTIL|electrode interfaces are difficult, because the same kind of species have to be 
distinguished between the bulk phase and compact or diffuse layers of the EDL. In this work, a 
monolayer of the RTIL 1-methyl-3-octadecylimidazolium chloride is initially formed on an aqueous 
subphase. Using the Langmuir-Blodgett (LB) -technique this monolayer is transferred onto an Au(111) 
electrode surface. In order to measure the C/E-curves of the RTIL-LB-film, alternating current 
voltammetry is used. Upon going to negative potentials, C/E-curves reveal an increase in the capacitance, 
which is proposed to arise from a supramolecular phase transition within the film. Vibrational 
spectroscopy allows the analysis of the composition, structure and its changes in molecular film at 
interfaces. Polarization modulation infrared reflection absorption spectroscopy (PM IRRAS) technique 
provides a unique opportunity to probe in situ structural changes in molecules adsorbed on an electrode 
surface. This technique makes it possible to examine the behavior of the RTIL-LB-films in solution under 
potential control. Due to the metal surface selection rule, information about the orientation of the probed 
molecules as a function of the applied potential is elucidated. Orientational changes are correlated with 
the C/E-curve. 
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Ionic liquids (ILs) are promising materials for electrochemical devices.  To maximize the 
performance of such devices, studies on the interfacial structure, its dynamics, and the kinetics of 
electrode reactions at electrochemical IL interfaces are of crucial importance.  In the present study, the 
electrode reactions at the IL|Au interface have been studied using electrochemical surface plasmon 
resonance (ESPR).  ESPR can sensitively probe the change in the refractive index near the IL|Au 
interface against the perturbation of the electrode potential.  Transient curves of the SPR angle against the 
change in the electrode potential show IL-specific features both in the cases with or without redox species 
in ILs.   

In the case without redox species in ILs, SPR angle shift during the electrode potential 
perturbation reflects the change in the structure in the electrical double layer. The transient curves of the 
SPR angle during multi-potential steps at the IL|Au interface show extraordinarily slow relaxation, on the 
order of minutes, and asymmetry of the relaxation time to the potential step direction [1]. This specific 
slow dynamics is likely to result from ionic multilayers [2], a well-ordered structure, spontaneously 
formed in the electrical double layer of ILs.   

Electrode reactions at the IL|Au interface can also be sensitively probed using ESPR when the 
ILs contain redox species such as ferrocene [3].  When we scan the electrode potential, sigmoid curves of 
the SPR angle are observed, which is superimposed on the hysteretic SPR angle response due to the slow 
relaxation of the electrical double layer.  For simple electrode reactions where reduced and oxidized 
species are dissolved and not adsorbed on the surface, like the present ferrocene case, the sigmoid curves 
of the SPR angle is proportional to semi-integrated current.  In other words, the sigmoid curves reflect the 
change in the surface concentration of ferrocene and ferrocenium during the potential scan.  A model 
analysis revealed that the height of the sigmoidal curves reflects the ratio of the diffusion coefficients of 
ferrocene and ferrocenium. Their diffusivities are significantly different from each other for some cases in 
ILs [4], which results from nano-heterogeneity of ILs segregated to polar and non-polar nano-domains 
[5]. 

More complicated electrode reactions have been studied using ESPR, which involve the etching 
of the electrode surface or the deposition of redox-active species.  We will introduce I−/I3

− electrode 
reaction on the IL|Au interface, where Au is etched and re-deposited during the two-step electrode 
reaction of I−/I3

− [6], and underpotential deposition of metal on the IL|Au interface.  For both the cases, 
ESPR can sensitively probe the roughness change during the electrode reactions.  
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The use of electrochemical attenuated total reflection surface enhanced infrared spectroscopy 
(ATR-SEIRAS), for a direct detection of the intermediates and reaction products formed during 
the oxygen reduction process is presented [1, 2]. Compared to conventional infrared 
spectroscopy techniques, ATR-SEIRAS is particularly attractive for its strong sensitivity and 
selectivity to the interfacial region. Here we report on the detection of metastable, solvated, and 
surface adsorbed alkali metal–oxygen (M–O2) discharge species [2]. Oxygen–oxygen stretching 
bands (νO–O) of superoxide species formed during Li-O2 and Na–O2 battery discharge have been 
challenging to observe by conventional infrared (IR) techniques, and because of this, there has 
been limited use of IR techniques for in situ monitoring of the discharge products at the cathode 
in metal-O2 cells in general. In situ IR spectroscopy studies, together with a coupled-cluster 
method including perturbative triple excitations [CCSD(T)] calculations, establishes that certain 
M–O and O–O stretching bands (νM–O and νO–O) of metal superoxide and peroxide molecular 
species are IR active, although these vibrational modes are silent or suppressed in their 
crystalline forms. An in situ IR spectroscopy based approach to distinguish between “solution 
mediated” and “surface confined” discharge pathways in non-aqueous M–O2 batteries will be 
presented. 
 
 

 
 
Figure 1. Attenuated total reflection surface enhanced infrared spectroscopy of oxygen reduction in 0.1M 
LiOTf, dimethyl sulfoxide. Potential dependent bands are assigned to the formation and oxidation of LiO2 
(Xo-o 1127 cm-1) and Li2O2 (XLi-O 826 cm-1). 
 
[1] J.P. Vivek, N. Berry, G .Papageorgiou, R. Nichols, L.J. Hardwick, J. Amer. Chem. Soc. 138 (2016) 
3745 
[2] J.P. Vivek, N.G. Berry, J. Zou, R. J. Nichols, L. J. Hardwick, J. Phys. Chem. C, 121 (2017) 19657 



Oxygen reduction at Pt{hkl} electrodes in a alkali metal ion containing 
aprotic solvent 

Gary A. Attard1*, Laurence J. Hardwick2, Jian-Feng Li3,Thomas A. Galloway2 and Jin Chao Dong3 
 

1 The Oliver Lodge Laboratory, Department of Physics, University of Liverpool, UK 
2 Department of Chemistry, Stephenson Institute for Renewable Energy, University of Liverpool, UK 

3State Key Laboratory of Physical Chemistry and Solid Surfaces, University of Xiamen, China  
E-mail: attard@liverpool.ac.uk 

 
To examine the part played by surface structure in non-aqueous metal-oxygen electrochemistry a method 
of preparing clean, well-defined Pt{hkl} electrodes for adsorption studies in aprotic solvents is described. 
The oxygen reduction reaction (ORR) in MClO4 (M = Li+, Na+, K+) containing dimethyl sulfoxide 
(DMSO) as the electrolyte highlights the structural sensitivity of the ORR under these conditions. Using 
cyclic voltammetric and in situ spectroscopic characterisation methods (surface-enhanced Raman 
spectroscopy (SERS) and shell-isolated nanoparticles for enhanced Raman spectroscopy (SHINERS)) the 
various stages of oxygen reduction as a function of i) potential, ii) metal ion concentration and iii) sweep 
rate are investigated. For sodium ions, in particular, it is found that on Pt{111} and Pt{110}-(1x1) 
terraces, reversible and sharp electrosorption/desorption peaks are observed which we ascribe to a long 
lived surface sodium peroxide intermediate formed at potentials negative of the initial sodium superoxide 
surface phase (Figure 1). In contrast, on Pt{100} and polycrystalline platinum electrodes, this sodium 
peroxide species appears to be unstable and dissolves into the bulk electrolyte. On all surfaces studied, the 
initial reduction pathway corresponds to the formation of a surface sodium superoxide phase. In the 
absence of sodium ions, superoxide formation takes place exclusively followed by superoxide formation 
into the bulk of the electrolyte with no evidence of peroxide formation [1]. 
 

 
Figure 1. (a) Cyclic voltammetry of platinum single crystal facets Pt{111}, Pt{110}, Pt{100} and 
polycrystalline platinum in 0.1 M NaClO4, DMSO (O2 saturated). (insert) Magnification of the reduction 
curve demonstrates that surface structure influences the overpotential for the onset of reduction. (b) 
Potential window opening on Pt{111} showing the association between the two surface redox states at 
2.20 and 2.01 V. Sweep rate 50 mV/s. 
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Electrochemical deposition is one of the most popular methods to elaborate thin films due to its simplicity, 
the opportunity to work generally at ambient temperature, the uniform and controllable deposition rate, the 
ability to coat large surfaces in almost any shape and geometry, the low cost, and the possibility to form 
multilayers, alloys and composite  [1–3]. Electrodeposition, traditionally, occurs in aqueous media, and 
thus mainly suffers from hydrogen evolution. This side reaction decreases the coating deposition rate and 
diminishes its properties due to entrapment of hydrogen bubbles [4]. Moreover, there are lots of limitations 
about deposition of alloys and composites from aqueous bathes; i) electrodeposition of some metals such 
as Au and Mn  is not possible in aqueous solutions because reduction of water is the main reaction [5,6], 
ii) Sn is limited to the use of additives in high concentration to avoid dendrites and formation of insoluble 
complexes [7], iii) refractory metals (Mo and W) often need complicated systems [8], iiii)composite films 
face the problem of particles agglomeration [9]. The mentioned problems regarding the aqueous solutions 
are irrelevant if the electrodeposition procedure happens in organic solvents. Dimethyl Sulfoxide (DMSO) 
is an organic solvent that has lower electron pair acceptability and higher viscosity than water and recently 
is used to coat thin films [6]. Therefore, DMSO was used as electrolyte to elaborate classical Ni-P films (as 
an important engineering alloy), as ternary alloys (Ni-Ag-P, Ni-Sn-P, Ni-Mo-P, and Ni-Mn-P) and Ni-P 
composites with TiO2, Carbon nanotubes (CNTs), Cu nanoparticles and polymerized Allyl Phenyl Ether. 
The samples were characterized by SEM coupled with EDS analysis for surface morphology and chemical 
composition; by XRD experiments for structural determination, and finally using potentiodynamic 
polarization and electrochemical impedance spectroscopy tests for corrosion resistance evaluation.  
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Short laser pulses have been applied to determine the potential of maximum entropy of double layer 
formation in Me(hkl)|aqueous electrolyte interfaces (Me=Au or Pt). The measurement of the voltage/time 
transients under coulostatic conditions in aqueous electrolytes supplies information about water 
orientation at different applied potentials. It is considered that water dipoles are oriented by the magnitude 
and sign of the metal charge, being more disordered around the potential of zero charge [1]. More 
precisely, the technique can be used to estimate the change of entropy of the double layer formation at 
different potentials. 
 
The laser heating experiment can be successfully extended to ionic liquid electrolytes. In this case, 
negative potential transients are obtained at the lower end of the potential window, suggesting the 
accumulation of cations closer to the electrode. The magnitude of the negative transients decreases with 
increasing applied potential as the fraction of interfacial cations decreases. Eventually, the transient 
vanishes to zero at a particular potential, the potential of maximum entropy (pme). Further increase of the 
potential results in positive transients, suggesting that the fraction of anions near the metal is now higher. 
The experiments performed with Au(hkl)|[Emmim][Tf2N] interfaces showed that the relative order of the 
location of the zero potential transients agreed with the Gouy-Chapman pzc values of these electrodes in 
aqueous solutions, i.e. Au(111) > Au(100) > Au(110) [2] and also with the respective work functions. 
Other ILs have been studied after careful purification (Figure 1A) and the measured pme values are 
reasonably close for the same Au(111) electrode. The experiments have been extended to Pt(hkl) 
electrodes. In addition, new generation Deep Eutectic Solvents are being examined (Figure 1B) from a 
fundamental point of view.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 1. (A) Au(111)|[Bmmim][Tf2N] (solid line) and Au(111)|[Emim][Tf2N] (dashed line). The pme 
positions are marked with arrows. B) Au(111)|(1choline chloride: 2urea). 50 mV/s. 
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Niobium is a promising candidate for surface finishing due to its high thermal, chemical and mechanical 
stability. It can protect other metals in extremely corrosive environmental conditions, improving the 
longevity of construction components. 
 
Niobium has a very negative redox potential, making deposition from aqueous media rather difficult. 
Using ionic liquids (ILs), which have better electrochemical stability (electrochemical window of up to  
5 – 6 V), it is possible to deposit Nb electrochemically. 
 
Usually metal halides (e.g. NbF5 or NbCl5) were used as the metal source for Nb electrodeposition. The 
reduction mechanism of such halides is rather complex due to the transfer of 5 electrons with probably 2 
or 3 individual electron transfer steps. 
 
In order to obtain coherent layers with good adhesion, which offer a high resistance to wear and 
corrosion, many challenges still need to be managed. 
 
Various parameters, such as the type of IL, precursors and their concentration, temperature, additives and 
pretreatment of the substrates, play a crucial role. In addition the dissolution and complexing behavior of 
the metal salt in the IL must be also considered, because it effects the species to be reduced and therefore 
the electrode/electrolyte interface. 
 
This paper will discuss the challenges and their causes in the Nb deposition process. The aim is a deeper 
understanding of the reduction mechanism. Therefore, several in-situ techniques, such as 
cyclovoltammetry, electrochemical quartz crystal microbalance (EQCM) and rotating ring disk electrode 
(RRDE) have been used to investigate the reduction mechanism of Nb metal halides. Furthermore 
spectroscopical methods (IR, Raman) give insight about the complexing behavior and the influence of 
additives (Figure 1). 
 

 
Figure 1: IR-Spectra of different NbF5 [Pyrr14][NTf2] electrolytes: 

______ pure [Pyrr14][NTf2], ______ 0.1 M NbF5 [Pyrr14][NTf2], ______ 0.25 M NbF5 [Pyrr14][NTf2],  
______ 0.25 M NbF5 + 0.25 M LiF [Pyrr14][NTf2], ______ 0.25 M NbF5 + 0.1% H2O [Pyrr14][NTf2],  
______ 0.5 M NbF5 [Pyrr14][NTf2], ______ 1 M NbF5 [Pyrr14][NTf2] 
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A proven strategy to increase the energy density of lithium batteries is to use lithium metal as the 
anode because of its high theoretical specific capacity (3860 mAh/g) and its low reduction potential (-
3.04 vs NHE). The use of lithium metal is however limited by the instability of several organic solvents at 
such reducing low potential and by the uncontrolled deposition of lithium during the reduction leading to 
dendrite formation. Currently, the only practical application where the latter instability problem has been 
controlled is the Li metal–dry polymer battery, in which the dendrite evolution remains constrained by the 
stiff polymer in comparison to liquid. Many strategies have been proposed to avoid/suppress this 
undesirable effect and allow the use of Li metal anodes with liquid electrolytes.[1] One of them is to rely 
on the formation of an artificial solid electrolyte interphase (SEI)[2] that will add mechanical strength and 
homogenise the lithium plating. Fluorinated solvents are often considered as cosolvents or additives to aid 
the electrolyte form a stable SEI.[3]  

In this presentation, we will describe work aimed at forming an artificial SEI through the use of 
a spontaneous chemical reaction between a neat fluorinated solvent (Fluoroethylene carbonate (FEC))[4]  
and the lithium metal.[5] Once formed by simply contacting Li with FEC, this layer is shown to prevent 
electrolyte degradation, thereby allowing the use of electrolyes based on unconventional solvents (i.e., 
acetonitrile (ACN)) for lithium metal batteries. Solvents such as ACN provide better ionic transport than 
carbonates but decompose readily on unprotected Li in the absence of a SEI, thereby precluding their 
utilisation in Li metal batteries. 

We will show the electrochemical performance of lithium-symmetrical cells at different current 
densities that demonstrate the stability of 1 M LiPF6 in ACN against metal lithium pretreated with the 
FEC. In the absence of the ex-situ formed layer, acetonitrile decomposes rapidly, causing the cell to fail. 
The composition and morphology of this artificial SEI was studied by X-ray Photoelectron Spectroscopy, 
Electrochemical Atomic Force Microscopy and Scanning Electron Microscopy. These analyses revealed a 
layer that covers the lithium metal with a high proportion of organic content and the significant presence 
of LiF. Finally, the applicability of the approach is shown by evaluating the electrochemical performance 
and stability of a full cell comprising LiFePO4 as the cathode and the lithium-metal treated with FEC as 
the anode with 1 M LiPF6 in acetonitrile. 
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The electrochemical behavior of Cu2+ in ethylene glycol-choline chloride-water mixture was 
characterized by cyclic voltammetry and chronoamperometry techniques. Molecular Dynamic 
calculation (MD) was conducted to simulate the Cu2+ in this mixture to understand the effect of 
water in the electrochemical properties of this ion in this medium. Before the water addition, choline 
chloride and ethylene glycol were mixed at 80 °C and at 1:2 molar ration. The electrochemical 
experiments were carried out at 25°C with the water content varying from 0 up to 10% (v/v). Pt 
disc (ϕ = 1.8 mm) was the working electrode, Pt spiral was the auxiliary electrode and Ag(s)/AgCl(s), 
immersed in chloride-ethylene glycol mixture in 1:2 molar ratio, was the pseudo-reference 
electrode. All MD calculations were performed using the GROMACS 5.0.7 software package. The 
cyclic voltammetry and chronopotentiometry techniques showed that the peak potentials for both 
Cu2+/Cu+ and Cu+/Cu redox couples shifted towards more positive potentials and that Cu2+ diffusion 
coefficient (𝐷𝐶𝑢2+) increased with water in the mixture, respectively. These data are shown in Fig. 
1 and Fig. 2. Fig. 2 shows that the calculated 𝐷𝐶𝑢2+ values followed the same tendency of the 
experimental 𝐷𝐶𝑢2+  values in function of the water content, indicating that the OPLSS-AA force 
field, used in the MD simulation, described qualitatively the diffusion coefficient behaviour of the 
investigated systems. The MD results indicated that the water molecules replace the ethylene glycol 
molecules that are coordinated with Cu2+ ions and that interaction between Cu2+ and Cl- ions was 
not affected by the water. Finally, the addition of water electrocatalyses the electrodeposition of Cu 
on Pt surface from ethylene glycol - choline chloride plating solution. 
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Fig. 1: (a) Cyclic voltammogram obtained for Cu2+ 
(0.05 mol L-1 CuCl2) ion on Pt electrode, at 10 mV 
s-1 and at 25 °C, in ethylene glycol-choline chloride-
water mixture. (b) plots of cathodic peak potential 
(left axis) and cathodic peak current (right axis) of 
both the Cu2+/Cu+ and Cu+/Cu redox couples 
recorded as a function of added water volume. All 
electrochemical measurements were carried out at 
25 ºC. 

Fig. 2: Qualitative comparison between the 
variation of the experimental and calculated 
𝐷𝐶𝑢2+ values with water content in the 
EG:ChCl mixture containing 0.05 mol L-1 
Cu2+ and obtained at 25 °C 
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Metal deposits are present in many areas of surface treatment. In particular, the silver deposit is of major 
importance in the electronics industry because of its excellent electrical conductivity. It is usually 
obtained by electrochemical deposition from aqueous cyanide baths known to be very toxic. With the aim 
of developing sustainable processes, various alternatives are envisaged. Among them, the use of 
unconventional solvents such as deep eutectic solvents (DESs) is expending as a promising alternative for 
the electrochemical deposition of metals. These are obtained by mixing a quaternary ammonium salt and 
a hydrogen-bond donor, leading to a melting point much lower than the pure components. These eutectics 
are easy to prepare, inexpensive, offer a high electrical conductivity. Owing to their thermal stability and 
wide electrochemical window, these media become more widespread in the field of metal 
electrodeposition, though fundamental studies are relatively scarce.  
 
The electrochemical behaviour of Ag(I) on gold is investigated by cyclic voltammetry at different 
concentrations and temperatures in choline-urea chloride medium (ChCl-U). In addition to the peaks 
associated with overpotential deposition (opd) and its dissolution, additional peaks at more positive 
potentials than the bulk silver deposition are evidenced. These peaks are limited by a surface process and 
are related to an underpotential deposition (upd) of silver on gold [1].  
A particular focus is brought to the influence of thiourea (TU) on the electrochemical behavior of Ag(I). 
Increasing the TU concentration leads to a shift of the cathodic peak towards more negative potentials, 
decreases the diffusion coefficient of Ag(I) and significantly impacts the voltammetric features associated 
with the upd. This behavior is interpreted from both an interfacial and a solution perspectives: the 
coordination sphere of silver is modified by the replacement of chloride by thiourea, while TU strongly 
adsorbs at the electrode surface. Indeed, the addition of TU significantly narrows the accessible potential 
window and markedly decrease the capacitive current. 
In order to improve the understanding of the mechanisms taking place, complementary experiments are 
conducted on gold single crystals. 
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The most common solvent used in the electroplating industry is water due to high availability and high 
solubility of different salts. Palladium electrodeposition in aqueous media requires potentials close to the 
decomposition of water, leading to low faradaic yields and embrittlement of electrodeposited palladium. 
In the search for an alternative medium, the deep eutectic solvents (DESs) have emerged as a potential 
answer. DESs are composed of two or three components forming a eutectic mixture, liquid at low 
temperature, the main driving force being the formation of H-bonds. Owing to their high thermal stability 
and wide electrochemical window, these media become more widespread in the field of metal 
electrodeposition. Our work focuses on the electrodeposition of palladium in deep eutectic solvents. 
   
The electrochemical behaviour of Pd(II) in choline chloride–urea (ChCl-U) is investigated at a 
polycrystalline gold surface. The rise of temperature and/or Pd(II) concentration increases Pd  deposition 
but have overall only minor influences on the electrochemistry of Pd(II). According to this, experiments 
have been performed with a fixed Pd(II) concentration of 10 mmolal at 60 °C. Cyclic voltammograms 
exhibit three cathodic and two anodic signals. The two first cathodic responses are assigned to the 
deposition of Pd and its dissolution is correlated to the anodic peak at + 0.7 V. The last cathodic peak is 
meanwhile linked to the formation of palladium hydride (PdHx). The desorption of the incorporated 
hydrogen is marked by a second anodic peak around 0 V in the backward scan. Anodic linear sweep 
voltammetry allowed us to highlight four distinct regions linked to a upd process, an opd process, 
formation of PdHx and at potentials well below, a passivation process. Deposits formed at different 
potentials were transfered in aqueous sulfuric acid where CO stripping experiments were conducted. 
These confirmed the presence of palladium in the four regions, including that assigned to the upd of Pd on 
gold. 

 
A second DES, made of choline chloride–oxalic acid (ChCl-Ox), is employed for comparison. The Pd(II) 
electrochemistry is significantly different in the two DESs, owing to their differing proton donating 
properties and Pd speciation.  
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Electrochemical conversion of molecules extracted from lignocellulosic biomass, like furfural, allows 
synthetizing new compounds such as biopolymers or biofuels that can be a green source of high-valuable 
products for applications in the chemical industry1. In water, at negative potentials, HER (Hydrogen 
Evolution Reaction) is a competitive reaction affecting the faradaic efficiency of the electroreduction of 
organic compounds. Ionic Liquids (ILs) composed of an organic cation and an organic or inorganic anion 
provide access to a larger electrochemical window than aqueous media by avoiding HER. Furthermore, 
their ability to solubilize lignocellulose could be used to extract and transform the molecules of interest in 
the same medium2. Moreover, due to their intrinsic conductivity, ILs can be used as electrolytic media 
without the addition of a supporting salt.  
 

 
 
 
The electrochemical behavior of furfural was studied by cyclic voltammetry on gold in three ionic liquids 
known for their wide electrochemical window, relative low viscosity and ability to solubilize lignocellulose: 
[BMIm][NTf2], [BMPyrr][NTf2] and [BMIm][DCA]. Dicyanamide anion was chosen in order to 
investigate the influence of the IL anion on the reaction. The results were compared with those obtain in 
the Deep Eutectic Solvent (DES) Choline Chloride – Glycerol. DES are mixtures usually composed by a 
quaternary ammonium salt and a hydrogen-bond donor with a melting point lower than the pure 
components. Most of them have a safe composition and a low cost. 
 
 
 
 
 
 
 
 
 
 
 
 
The reduction of furfural is observed between E = -1,9 V and -2,2 V vs Fc+/Fc depending of the ionic liquid 
tested. In the Choline Chloride – Glycerol DES the reduction of furfural is however superposed to the 
cathodic limit of the DES. No indication of direct oxidation was detected. These results were confirmed 
and completed by FTIR measurements that clearly show the disappearance of the carbonyl group of furfural 
under negative polarization.  

                                                           
1 Martel, F., Estrine, B., Plantier-Royon, R., Hoffmann, N., & Portella, C. (2010). Development of Agriculture Left-

Overs: Fine Organic Chemicals from Wheat Hemicellulose-Derived Pentoses. Top Curr Chem, 294, 79–115. 
2 Farrán, A., Cai, C., Sandoval, M., Xu, Y., Liu, J., Hernáiz, M. J., & Linhardt, R. J. (2015). Green Solvents in 
Carbohydrate Chemistry: From Raw Materials to Fine Chemicals. Chemical Reviews, 115(14), 6811–6853. 
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A series of experiments employing various techniques are conducted to elucidate the phenomena 
occurring during the anodic polarization of a copper electrode in a (nonaqueous) methanolic electrolytic 
solution, containing only lithium perchlorate as supporting electrolyte. Due to the apparent sensitivity of 
the system indicated by limited reproducibility, an additional experimental parameter, namely transport 
phenomena to and from the electrode surface, is controlled using a rotating disk electrode setup. Other 
controlled parameters include solution temperature, presence of dissolved oxygen and external resistance. 
 
Cyclic voltammetry, covering wide anodic and cathodic regions, reveals a complex image including 
copper electrodissolution, formation of surface species, resembling oxides, along with methanol 
electrooxidation [1]. Both surface species and dissolved copper are reduced at cathodic potentials, along 
with naturally dissolved oxygen, the reduction of which results in limiting cathodic current. Repeating the 
experiments in the absence of dissolved oxygen, achieved through nitrogen sparging, results in a quite 
simpler image, involving the active electrodissolution of copper and methanol electrooxidation. No 
detectable surface species are formed in this case, while the cathodic current is attributed solely to the 
reduction of copper ions. 
 
Further investigation of the reactions taking place during anodic polarization is accomplished by 
chronoamperometry at anodic applied potentials, followed by cathodic linear sweep voltammetry to 
observe the reduction of species formed on the electrode surface. The anodic experiments also reveal 
potential ranges where current oscillations are observed. Potential oscillations are also observed during 
galvanostatic experiments in the absence of dissolved oxygen. A characterization of the nonlinear 
phenomena is important, as by taking them into consideration it is possible to identify the most probable 
reaction mechanism; even if several models can reproduce a potential-current curve, few can represent the 
oscillations and even fewer the dynamics upon variation of experimental parameters [2]. 
 
Supplementary techniques used in this study involve both electrochemical, such as electrochemical 
impedance spectroscopy and electrochemical quartz crystal microbalance, as well as optical and 
spectroscopic techniques, such as x-ray diffraction. Based on the findings of the investigation, a 
mechanism for the reactions is proposed and numerical results of the respective model are compared to 
the experimental ones. 

  
Figure. Cu electrode in 0.1 M LiClO4 in MeOH. Left: Cyclic voltammetry at v = 20 mV/s and ω = 300 rpm. Right: Potentiostatic 
oscillations at E = +700 mV and ω = 300 rpm. 
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Air- and water-stable room-temperature ionic liquids (ILs) are an excellent alternative medium for 
electrodeposition of metals, alloys, and semiconductor materials [1]. They offer great opportunities for 
improvement of electrodeposition processes that are inefficient or difficult to realize in aqueous solutions 
or solutions based on organic solvents. Generally, ILs possess good intrinsic ionic conductivity, 
nonvolatility, high thermal stability, and wide electrochemical window. Furthermore, physico-chemical 
properties of ILs can be tuned by combination of different cations and anions. These features caused vast 
interest in studying ILs as deposition electrolytes [2]. However, fundamental understanding of the 
electrodeposition processes in ILs is only at a preliminary stage [3]. Here, we focus on the study of initial 
stages of metallic silver electrodeposition on Pt and Au single crystal surfaces in ILs with dicyanamide 
anion. These ILs exhibit rather low viscosity and provide good solubility of silver salts. For this study we 
employed conventional electrochemical techniques in combination with in situ and ex situ scanning probe 
microscopy (in situ STM and ex situ AFM). The possibility of epitaxial and 2D deposition of silver onto 
single crystal surfaces from ILs is investigated. Furthermore, we also examine stability of gold and 
platinum single crystal surfaces in chosen dicyanamide–containing ILs in the absence of a silver salt. 
 

 
Fig. 1. In situ STM image showing the onset of Ag electrodeposition on Au(111) single crystal surface in 

1-butyl-3-methylimidazolium dicyanamide IL containing 20 mM AgBF4. 
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Iron group metals (Fe, Ni, Co) electrodeposition has been extensively studied from aqueous solutions, 
especially for the great practical interest of such elements and their alloys. However, in some cases, non-
aqueous solvents show advantages over the traditional water-based baths and, for some systems, they may 
represent the only way to successfully carry out the electrodeposition [1, 2]. Nowadays, particular 
attention is given to deep eutectic solvents (DESs) because of their easy preparation procedure and 
working conditions [2, 3]. In this work, we tried to simplify further this kind of solutions by studying the 
electrodeposition of Co from ethylene glycol solvent without the employment of any quaternary 
ammonium salt; it has to be noted that only a few studies on this system are reported in literature [4, 5, 6]. 
Conductivity measurements were performed, a comparison between the organic electrolytes commonly 
employed was displayed. Fundamental electrochemical characterization, consisting of cyclic voltammetry 
(CV) on Platinum substrates and linear sweep voltammetry (LSV) on Copper substrates, were employed. 
Microstructural, morphological and magnetic characterization were performed on metallic deposits, 
obtained by means of potentiostatic electrodeposition. The films obtained were compact and showed a 
high purity; no oxygen was detected by EDS analysis. XRD spectrum showed the material to have the 
typical hexagonal microstructure. Vibrating sample magnetometer (VSM) was used to assess the 
magnetic properties of the film. In addition, commercially available alumina membranes were employed 
for the synthesis of nanowires of enhanced magnetic properties, with respect to the film deposit. Heat 
treatment at 600°C was carried out to promote crystal growth; microstructural and magnetic 
characterization were carried out both before and after heat treatment. Finally, considerations on the 
results obtained are given with respect to deposits from aqueous solutions. 
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With the increasing interest towards organic solutions [1], the development of new plating baths is 
important for the full exploitation of non-aqueous solvents. Nowadays, the most recognized and studied 
systems are deep eutectic solvents (DESs) [2,3]. However, these type of solvents are characterized by a 
high concentration of chlorides, due to the hydrogen bond acceptor employed, i.e. choline chloride. The 
presence of aggressive species (chlorides) in the solution may be in fact a problem for the metal 
electrodes and the surrounding experimental apparatus due to their strong corrosive nature. Moreover, the 
possible incorporation of chlorides in the electrodeposited film has to be considered together with the 
consequent side effects on its properties or stability. In the present work, we propose an organic solution 
based on ethylene glycol alone, without choline chloride [4,5,6]. The electrochemical characterization of 
the solutions was performed by means of cyclic voltammetry (CV) and linear scan voltammetry (LSV). 
Regarding the electrodepositions, both galvanostatic and potentiostatic approaches were investigated. In 
the former, Hull cell study was conducted as a preliminary step for the definition of the best current 
density deposition. Morphology (SEM) and thickness of the film (XRF) were evaluated for different 
deposition parameters, both for Hull cell and standard two-electrodes cell configurations. On the other 
hand, potentiostatic depositions were carried out starting from the knowledge gained in the LSV 
investigations: the films were subjected to the same type of analysis considered for the galvanostatic 
deposition. In both cases, high faradaic efficiencies were reported, higher than 85% in most of the 
experimental conditions. The conductivity of the solution, which is relatively low if compared to similar 
organic systems (0.2 mS/cm at 20°C) is addressed to the nature of the anions considered. For this reason, 
all the analysis and electrodeposition experiments were carried out at 70°C and the employment of a 
supporting electrolyte was considered. The Zn deposits were analyzed by means of X-Ray diffraction, 
showing the hexagonal microstructure typical of zinc. No diffraction peaks belonging to oxides or 
hydroxides were detected. This result was confirmed also by SEM analysis, showing a compact film with 
no traces of oxygen. Finally, polarization tests were carried out to evaluate the corrosion performances. 
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Understanding the interactions between electrolyte and electrode for high-voltage cathode materials is 
crucial for the further development of the next generation high energy density Li-ion (Li+) batteries. 
Despite their enhanced capacity, such cathodes suffer from performance fading during cycling, arising 
mainly from detrimental bulk and surface changes, especially at potentials above 4.5 V vs. Li+/Li [1]. A 
first undesired modification may occur when the active material powder is in contact with air, forming a 
carbonate-rich layer [2]. The evolution of the cathode surface continues upon cycling and further 
reactions are triggered as a function of the applied potential, including decomposition of the carbonates, 
electrolyte oxidation, and dissolution of transition metals (TMs) in the electrolyte. These undesirable 
reactions on the cathode can also affect the surface properties of the counter electrode by the 
diffusion/migration processes of organic-inorganic and TMs species (herein called cross-talk). X-ray 
photoemission electron microscopy (XPEEM) was demonstrated to be a powerful technique to obtain 
local chemical information on the individual particles of the electrode without changing their working 
environment, thanks to its high surface sensitivity and high lateral resolution, allowing the acquisition of 
local X-ray absorption spectra (XAS) on the surface of single particles of commercial-like electrodes [3].  
In this contribution, we present the surface evolution of the LiNi0.8Co0.15Al0.05O2 (NCA) electrode when it 
is cycled vs. Li4Ti5O12 (LTO) to an upper cutoff potential of 4.9 V vs. Li+/Li using LP30 electrolyte 
(LiPF6 salt dissolved in 1:1 ethylene carbonate and dimethyl carbonate). The possible cross-talk between 
cathode and anode of organic/inorganic species and TMs is monitored by analyzing the surface evolution 
of the LTO. The XPEEM measurements show that the surface of the NCA particles exposed to air is 
composed of carbonate and reduced Ni and Co species, and it dissolves at the early stages of cycling (at 
3.8 V vs. Li+/Li). Organic/inorganic species are not detected in the C K-edge XAS spectra acquired at the 
NCA electrode (Fig. 1c) and no migration/diffusion of those species is detected on LTO (not shown here), 
even at high oxidative potential of 4.9 V. The oxidation state of Ni and Co at the NCA surface above 3.8 
V follows the expected bulk redox behavior (Fig. 1b) and is reversible. TMs cross-talk and their 
deposition on the anode are not observed during the first cycle, but they are detected after long cycling, 
preferentially covering the conductive carbon areas of the LTO electrode. Further experiment on 
harvested NCA and LTO electrodes after 100 cycles followed by cycling in half cells vs. metallic lithium 
demonstrates a negligible electrochemical impact of the TMs present on LTO and that the overall cell 
fading is rather related to the surface and/or bulk structure damage of the NCA particles.  
 

(a) (b) (c) 

   
Figure 1: (a) XPEEM elemental contrast image of the pristine NCA electrode at the Ni L-edge (blue, 
NCA particles) and the C K-edge (red, conductive carbon). (b) Evolution of the Ni L-edge and (c) C K-
edge on the NCA particles during the first cycle. 
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Lyotropic Liquid Crystalline (LLC) Mesophases formed by the mixtures of non-ionic surfactants and 
acids show interesting electrochemical behaviour. We have recently demonstrated that an LLC 
Mesophase of sulfuric acid and 10-lauryl ether displays excellent electrochemical activity in terms of the 
acid and stabilizes PbO over PbSO4 which can be commercially utilized both in preparation of 
conventional Lead Acid Batteries (LABs) and as an electrolyte substitute that can battle sulfation, similar 
to the Silica gel LABs. The higher stability of PbO over PbSO4 at pH levels relevant in operation of lead 
acid batteries (around 6M in terms of the aqueous solution) is unexpected as indicated the Pourbaix 
diagram of the system [1].  
Though the enhanced activity towards the formation of the oxide was shown, the underlying mechanism 
which causes this activity remained elusive. We are further studying the effect of mesophase formation 
and the electrochemical activity of the water in the gel phase to elucidate and eventually predict the 
activity of the mesophases. One important concept that should be revised is the concept of pH where the 
conventional pH scale is based entirely on aqueous solutions. Following up on our previous work we 
introduce two electrochemical methods to quantify the pH of these LLC Mesophases based on Cyclic 
Voltammetry (CV). These methods are Pt in acid CV’s and the addition of an external pH sensitive redox 
couple to the LLC’s, namely hydroquinone. Results will be explained by drawing conclusions with 
respect to the aqueous counterparts of these acids. 
Herein, we will establish the distinct electrochemical behavior of the Sulfuric Acid containing LLC in the 
Lead-Acid system and further discuss the implications of pH on the observed activity for variety of acid 
containing LLC Mesophases. Moreover, we will show recent findings regarding Li containing LLC 
Mesophases and their possible applications. 

 
References: 
[1] C.B. Uzundal, F. Mert Balci, B. Ulgut, Ö. Dag, Lyotropic Liquid Crystalline Mesophase of Sulfuric 
Acid–Nonionic Surfactant Stabilizes Lead(II) Oxide in Sulfuric Acid Concentrations Relevant to Lead 
Acid Batteries, ACS Omega. 2 (2017) 3785–3791. doi:10.1021/acsomega.7b00833. 
 
 



Nanotubular Anodic TiO2 Formed in Ethanol-Based Electrolyte  
 

M. Michalska-Domanska1, 2, P. Nyga2, M. Czerwinski2, J. M.C. Mol1 

 

1Delft University of Technology, Department of Materials Science and Engineering, Mekelweg 2, 
2628CD, Delft, , The Netherlands 

2Institute of Optoelectronics, Military University of Technology, Urbanowicza 2, 00-908 Warsaw, Poland 

m.e.michalska-domanska@tudelft.nl , marta.michalska@wat.edu.pl  
 

In this work, anodic titanium oxide (ATO) nanotubes using anodization of titanium foil in an 
ethanol-based electrolyte containing 0.3 M ammonium fluoride and 3.5 vol% water, were fabricated [1]. 
The electrolyte was tested at 40 oC and 20 oC, and at potentials in the range of 30 – 60 V. An unusual 
shape of current curves during anodization was observed. At temperature of 40 oC anodic titanium oxide 
in the form of separated nanotubes with rippled sidewalls, was produced. The internal diameter of 
nanotubes grows linearly from 88 nm for 30 V up to 124 nm for 50V and next drops to 105 nm for 60V. 
The thickness of anodic titanium oxide layer exceeds 1µm and grew linearly with applied potential: from 
1.15 μm for 30 V to 1.33 μm for 60 V. In contrast, after anodization conducted at 20 oC for all applied 
potentials the porous ATO was produced. Moreover, the thickness of anodic titanium oxide layer grew 
linearly but does not exceed 200 nm: form 94 nm for 30 V to 170 nm for 60V. 

 It was found that at higher temperature the presence of NH4F crystals in ethanol-based 
electrolyte solution is beneficial for nanotubular ATO formation. Nanotubes did not form in electrolyte 
without NH4F crystals. In that case the surface of samples had a navy blue color for all applied potential 
values (30 – 60 V), which suggests formation of compact oxide on the top. We believe that the crystals 
provide a constant concentration of fluoride anions in electrolyte and that it is regulated by pKa of NH4F 
in ethanol. The morphology of anodic titanium oxide fabricated at higher temperature can be placed 
between ATO prepared in water-based and organic-based electrolyte.  

 

 
Fig 1. Representative top view images of the ATO morphology for samples fabricated in ethanol-based 
electrolyte at 40 oC and 20 oC and at various potentials – bar corresponds to 1 μm; Cross-sectional view of 
samples prepared at 60V – bar corresponds to 1 μm. 
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Ionic liquids are widely studied in many electrochemical applications owing to their tunable 
physicochemical properties. One of the main advantages is the high electrochemical stability, and ionic 
liquids have been proposed as alternative electrolytes for supercapacitors, solar cells, fuel cells and 
secondary batteries [1]. The electrochemical reactions at the interface reflect the fundamental 
understanding of the interfacial processes governed by double layer formation at ionic liquid│electrode 
interfaces. Thus, studying the electrical double layer (edl) structure in ionic liquids is important to provide 
fundamental understanding of interfacial processes, particularly, the presence of water in ionic liquids can 
have a strong effect on their properties [2]. 
The effects of water on the edl capacitance of ionic liquid 1-ethyl-3-methylimidazolium 
trifluoromethylsulfonate (EMImOTf)│Bi(hkl) interface are studied by cyclic voltammetry, 
electrochemical impedance spectroscopy (EIS) and in situ scanning tunneling microscopy (STM) 
methods. With small additions of water, cyclic voltammetry results exhibit high electrochemical stability 
up to 2.25 V range of ideal polarizability, suggesting that the mixtures could be applied as “water-in-salt” 
electrolytes for electrochemical devices. EIS along with electrical equivalent circuit modelling has been 
applied to analyze the interfacial processes [3]. The fitting data for double layer capacitance (Cdl) has a 
good agreement with the series capacitance (Cs) at 0.2 Hz within less negative polarization range. 
Comparison of neat EMImOTf and its mixtures with different water contents up to 0.1 wt%, significant 
changes in the capacitance processes are detected within less negative polarization range. It suggests that 
water has a much stronger influence on the ionic liquid anion than the cation. The in situ STM results 
show that there are no surface reconstruction processes at Bi(111) surface within the more negative 
polarization range, which emphasizes the influence of water on capacitance change for this system. By 
switching potential scanning direction, Cdl versus potential curves show obvious hysteresis effect with the 
presence of water, especially at less negative polarization range, which indicates that water influences the 
edl formation due to the stronger adsorption of water accompanying OTf anions. Halide ions, namely 
chloride, bromide and iodide have been studied as part of a group of strongly adsorbing anions at Bi(111) 
electrode, since the interfacial adsorption mechanism in ionic liquids is less clear [4]. OTf anions 
combined with aliphatic imidazolium cations are generally thought to specifically adsorb at metallic 
electrodes due to the presence of sulfonyl groups. Comparing the Bi(hkl) planes, the similar distinct 
capacitance peaks occur within the less negative polarization range. It suggests that OTf anions 
specifically adsorb at bismuth single crystal electrodes in the presence of water additive. 
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Li-O2 batteries promise extraordinary high specific energy that makes them interesting for the 
next generation power technologies [1]. Unfortunately, at the moment many obstacles hinder the 
development and practical application of such type of batteries. One of the issues is poor cycle life 
associated with side reactions, which involve the major discharge product lithium peroxide (Li2O2) and/or 
discharge intermediate lithium superoxide (LiO2), electrode materials and electrolytes [2]. As a result of 
side reactions electrode surface is passivated by side products and Coulombic efficiency of the battery 
drops down. Currently many research efforts are focused at studying the chemical stability of electrolyte 
components – both solvents and salts - under Li-O2 battery operation conditions. It was found that most of 
solvents that have ever been used as Li-O2 battery electrolyte’s component – alkylcarbonates, ethers, 
amides, dimethylsulfoxide (DMSO) – are to a different extent unstable and can be oxidized by LiO2 
or/and Li2O2. At the same time, acetonitrile (MeCN) is considered to be among relatively stable 
solvents [3].  

Unfortunately, it is difficult to experimentally trace possible chemical reactions of MeCN in Li-
O2 battery due to its reactivity with metallic lithium and high volatility. For these reasons only few works 
have been devoted to the evaluation of MeCN chemical stability in Li-O2 batteries up to now. The data 
reported earlier using XPS [4] and cycling voltammetry [5] imply that acetonitrile solutions are 
considered to be a good choice for Li-O2 batteries. Nevertheless, the data obtained ex situ XPS often 
includes certain artifacts related to surface contaminations and sample transfer. Direct in situ observations 
of products that can be formed during Li-O2 battery discharge in presence of MeCN are currently missing. 

Here we employ near ambient pressure X-ray photoelectron spectroscopy (NAP XPS) to 
characterize MeCN behavior in Li-O2 battery. We elaborated the electrochemical cell, which contains the 
graphene electrode and Li-conductive solid electrolyte. Solvent vapor was admitted in the gas phase. To 
trace MeCN reactivity towards Li2O2, we discharged the cell in O2 and then the electrode covered by 
Li2O2 MeCN vapor. The discharge was then continued in O2+MeCN mixture to evaluate possible 
reactions of MeCN with short-living discharge reaction intermediate LiO2. 

We demonstrated that in both cases MeCN was oxidized yielding species that are weakly bonded 
to the surface and can be easily desorbed in vacuum. XPS of clean peroxide and superoxide, which were 
synthesized chemically in ultra-high vacuum chamber and further exposed to MeCN vapors, fortunately 
evidences for low oxidation reaction rate.  
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Aluminium is the most abundant metal in the earth’s crust making it the perfect candidate for the negative 
electrode in battery design.1 Aluminium as electrode material is limited to the use in primary batteries 
since it is used in combination with aqueous electrolytes. The aluminium reduction reaction occurs at 
potentials more negative than the hydrogen evolution reaction making the latter the predominating 
reaction in aqueous electrolytes upon battery recharge.2 Consequently, alternative electrolytes are sought 
that enable the deposition of aluminium without having to deal with side reactions, ultimately leading to 
the production of secondary aluminium batteries. Possible alternatives are aprotic ionic liquids and deep 
eutectic solvents that show high thermal stability, low vapor pressures, good electric conductivities and 
are non-flammable.3 These ionic liquids are usually mixtures of AlCl3 and have shown promising results 
regarding reversible aluminium deposition.4,5 AlCl3 is often combined with quaternary ammonium salts, 
but has also shown to form deep eutectic solvents in combination with amides.6 However, there are still 
problems regarding the use of ionic liquids such as dendrite formation during aluminium deposition and 
the instability of ionic liquids against oxygen and moisture. The issue with liquid electrolytes in general is 
electrolyte leakage, often resulting in unwanted exposure to the environment. This can be tackled by 
changing to solid or gel electrolytes.  
Initial results of the characterization of aluminium and aluminium alloys as negative electrode in 
rechargeable batteries will be presented. The transport, deposition and stripping of aluminium in ionic 
liquids and polymer gel electrolytes has been studied by electrochemical impedance spectroscopy and 
cyclic voltammetry (Figure 1). The deposit morphology developed during galvanostatic half-cell cycling 
is characterized by electron microscopy and will be correlated to the composition of the aluminium 
electrode and the electrolyte, as well as to the aluminium surface state and the cycling conditions.  
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Figure 1: Electrochemical impedance spectrum (left) and cyclic voltammograms at different sweep rates (right) of an Al disc 

electrode (A = 0.28 cm²) in AlCl3:acetamide (1.5:1). 
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Magnesium based secondary batteries have been regarded as a viable alternative compared to the immensely 
popular Li-ion systems owing to its high volumetric capacity 1. One of the important evaluation parameters for 
fast charging and discharging metal ion battery is the diffusion coefficient of metal ions in the electrode material. 
Antimony (Sb), tin (Sn) and bismuth (Bi) have been suggested as insertion materials, which could be used as an 
anode material in rechareable Mg batteries because magnesium can form intermetallics with these materials with 
a high energy density 2, 3.   

During Insertion/De-insertion process the magnesium ions diffusion into the bulk material occurs. In this respect, 
knowing the chemical diffusion coefficient of electrode materials is importance. For determining diffusion 
coefficient of Lithium in the solid states, the electrochemical methods Potentiostatic Intermittent Titration 
Technique (PITT) have been applied 4-6. Such diffusion coefficients are apparent values for the corresponding 
composite and only partly reflect the diffusionity in the pure metal. We try to bridge the gap to the corresponding 
diffusion compound in the pure metal by studying the diffusion of Mg in a thin, bulk (massive) layer of Sb by 
using PITT. The apparent diffusion coefficient of Mg into the Sb layers are in the range of 10-13-10-15 cm2 s-1 
depends on the potential. 
 
The Ca2+ mobility in a support material may be greater than that of Mg2+, since Ca2+ has the low charge density. 
On the other hand, the radius of Ca is larger, decreasing the mobility. In this work the suitability of antimony and 
bismuth as anode material for calcium batteries is investigated. The use of such metals as the anode material for 
this battery system is of particular interest because a Ca-M insertion compound can be formed (M = Sb and Bi) 7, 

8. Such insertion materials for Ca2 + can also be compared with those for Mg2+ insertion. 
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Lead-acid batteries (LABs) are used in almost all the 1.3 billion vehicles, in shipping and in building 
back-up power supplies worldwide, accounting for a global industry worth ca. 30 G£ a-1. The widespread 
popularity of LABs drives the need to develop efficient and sustainable recycling solutions. LAB 
recycling is conventionally dominated by pyrometallurgical processes with high energy consumptions and 
toxic lead emissions into the environment. Here, aimed at displacing the pyrometallurgical process, we 
propose a hydrometallurgical process based on electrowinning of lead from deep eutectic solvents1,2, 
based on choline chloride (ChCl) - ethylene glycol (EG): 

Desulfurisation:  PbSO4(s) + Na2CO3(aq) → PbCO3(s) + Na2SO4(aq) 
Dissolution:  PbO(s) + Cl- +EG → [PbO⋅Cl⋅EG]- 
Cathode reactions: [PbO⋅Cl⋅EG]- + Ch+ + 2e- → Pb(s) + [ChCl⋅O⋅EG]2- 

   2H2O + 2e- → H2(g) + 2OH- 

Anode reactions:  [ChCl⋅O⋅EG]2- →0.5O2(g) + ChCl + 2e- 

   H2O → 0.5O2(g) + 2H+ + 2e- 

Such a process for lead recovery allows the direct dissolution of desulfurised lead waste without the need 
of further thermal decomposition of PbCO3 into PbO.  

 
Figure 1. The eutectic mixture composed of 1:2 molar ratio of (a(i)) choline chloride and (a(ii)) ethylene glycol is 
known as Ethaline200. Choroamperometric responses for electrodeposition of Pb from 5×10-3 mol dm-3 (b) PbCl2 and 
(c) PbCO3 in Ethaline200 at a glassy carbon disc electrode at 80 oC is shown in (i). (b(ii)) and (c(ii)) shows a 
comparison between dimensionless experimental current-time transients obtained at various potentials and theoretical 
3-D models from instantaneous and progressive nucleation under diffusion-controlled growth. The comparison shows 
instantaneous and progressive nucleation for PbCl2 and PbCO3, respectively. 
 
Results will be reported for the deposition of lead from Ehaline200 that was characterised 
electrochemically, and the deposition morphology was imaged by SEM. The charge yield, solution 
viscosity and conductivity, as well as lead salt solubility were also measured to develop a microkinetic 
model to predict and control the specific energy consumptions3 of an electrochemical reactor 
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A Deep Eutectic Solvent (DES) is an eutectic mixture formed by a hydrogen bond donor and a hydrogen 
bond acceptor. The interactions between these components lower the melting point of the mixture with 
respect to those of the individual components, leading to a liquid phase at room temperature. DESs are 
easy to prepare and offer several advantages, such as capability to solubilise different organic and 
inorganic species, high biodegradability, low toxicity and low cost. These features make them suitable for 
large-scale production, being effective alternatives to solvents possessing some similar properties, such as 
ionic liquids.  
Among the different types of DESs, the hydrophobic ones have emerged in recent years as promising 
alternatives to toxic and flammable organic solvents. However, only a few examples of such DESs have 
been reported so far. Hydrophobic DESs are based on poorly water-soluble components, such as 
tetraalkylammonium salts, long chain carboxylic acids, menthol and lidocaine. The hydrophobic nature 
has been exploited mostly to extract species from biological materials or aqueous media, e.g., artemisin 
and polyprenyl acetates from Artemisia annua and Ginkgo biloba leaves, synthetic pigments from 
beverages, as well as volatile fatty acids, pesticides, few alkali and transition metal ions, e.g. In3+ and 
Co2+, from aqueous solutions. 
In this communication, a prototypical hydrophobic DES, namely a 1:2 molar mixture of 
tetrabutylammonium chloride and decanoic acid, has been prepared and its relevant physico-chemical 
properties characterised. Although the role of water content is largely underrated for both hydrophobic 
and hydrophilic DESs, we could demonstrate that it induces dramatic changes in DESs’ properties. 
For the first time for hydrophobic DESs, the electrochemical behaviour has been studied. We demonstrate 
here that the addition of small water quantities to DES dramatically improves the resulting solvent 
electrical conductivity, without the addition of any salt. Thanks to this property, DESs constitute 
particularly appealing green systems in electrochemistry, e.g. in sensing as well in electroremediation and 
in electrodeposition. In view of the possibilities in similar applications, we explored the electrochemical 
behaviour of a benchmark redox probe and of Cr(VI) species, extracted from aqueous solution (Figure 1 
and 2). Cr(VI) species have been selected in view of their importance in different industrial processes and 
their impact on the environment.  

 
Figure 1 – Extraction in DES from an aqueous 

solution of Cr(VI) species ions at different 
concentrations: 5 mM (A), 50 mM (B) and 500 

mM (C) in 0.1 phosphate buffer at pH 7. 
 

Figure 2 – Voltammetric responses of a GC electrode in the 
DES containing Cr(VI) at 10 mVs-1 potential scan rate. 
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For a liquid-type dye-sensitized solar cell (DSSC), the leakage and the evaporation of the organic 
solvent lead to poor long-term stability of the cell, which limits its practical applications. For this reason, 
the quasi-solid-state (QSS) electrolytes were introduced to overcome this problem. However, a common 
drawback of the QSS electrolytes is that the iodide species in the solid or quasi-solid medium has lower 
ionic conductivity. Recently, the polymeric ionic liquids have received growing attention as alternatives to 
the organic liquid electrolytes, because the ion liquids provided the favorable channel for ions transportation. 
In addition, with the evolution of nanotechnology, electrospun technique was considered as a simple and 
efficient method to prepare the nano-fibers with uniform morphology. 

In this study, a novel nano-fiber comprising of polymeric ionic liquid, poly(oxyethylene)-imide-
imidazole complex coupled with iodide anions (POEI-II) and polyacrylonitrile (PAN), was prepared by 
the electrospun technique. Fig. 1 shows the chemical structures of PAN and POEI-II. The POEI-II/PAN 
nano-fiber membrane was used in conjunction with a mixture of iodide redox couple to fabricate the spacer-
free QSS-DSSC. Herein, POEI-II can chelate lithium cations (Li+) within the electrolyte to improve the cell 
efficiency (η) of the QSS-DSSC, and the imidazole functional group rendered the high ionic conductivity 
within the QSS electrolyte. In addition, the incorporation of PAN could benefit the ionic transport, and act 
as the supporting material to form the uniform nano-fiber membrane by the electrospun process. The weight 
percentage (%) of PAN within the POEI-II/PAN nano-fibers on the performace of QSS-DSSC was 
investigated. After optimization, the best cell efficiency (η) reached 9.12% by immobilizing 10wt% of 
POEI-II and 5wt% of PAN co-formed into nano-fibers as the electrolyte, which is higher than that of the 
standard electrolyte (8.20%), as seen in Fig. 2. This is because the POEI-II/PAN nano-fiber membrane has 
an excellent ionic conductivity (σ = 20.01 mS cm-1) and good ion transport ability (Dapp = 2.56 x 10-6 cm2 
s-1). The electrochemical properties of the POEI-II/PAN nano-fiber membranes were analyzed by cyclic 
voltammetry (CV) and electrochemical impedance spectroscopy (EIS), which support the results of cell 
performance. The POEI-II/PAN nano-fiber membrane could be a promising electrolyte for the use in QSS-
DSSCs. 
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Fig. 1 The chemical structures of PAN and POEI-II. Fig. 2 Photocurrent density-voltage curves of the 
DSSCs with different weight percentages 
of PAN in the matrix of PAN/POEI-II 
nano-fiber. 
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Introduction 
In low-temperature Al electrodeposition using molten salts and ionic liquids, anhydrous AlCl3 is used as 
an Al source. In this process, anhydrous AlCl3 is required for electrolyte, much energy needs for Al 
electrodeposition. On the other hand, Al salt containing hydrated water such as AlCl3･6(H2O) is produced 
with lower energy. Therefore, if AlCl3･6(H2O) is used as an Al source, it becomes possible to product 
aluminum with lower cost. A problem in usage of hydrated Al salt is coordination of H2O molecular for 
Al ions and the H2O decomposition proceeds easily than Al ion. Therefore, we tried to synthesize a 
hydrated Al salt by solvent exchange method. In this experiment, we propose to use Al(Tf2N)3･6(H2O) as 
soluble salt for organic solvents. The synthesis and thermal characteristics of Al(Tf2N)3･6(H2O), the 
coordination state of Al ions dissolved in organic solvents, and the electrochemical behavior of this 
complex ion were investigated. 
 
Experimental 
AlCl3 ･ 6(H2O) and HTf2N(1,1,1-trifluoro-N-[(trifluoromethyl)sulfonyl]methanesulfonamide)  were 
dissolved in water at a molar ratio of 1 : 3. The solution was heated then HCl and water are evaporated. 
The concentrations of Al, Tf2N and H2O in the synthesized salt were measured by ICP-AES, Raman 
spectroscopic analysis and Karl Fischer titration. TG analysis was conducted for the synthesized salt. The 
synthesized salt was dissolved in AN (acetonitrile) or NMC (N-Methyl-ε-caprolactam) with concentration 
of 0.2 M, and the solutions were analyzed by 27Al-NMR. The voltammogram measurements were 
conducted at 25 OC using platinum wire (W.E.), glassy carbon plate (C.E) and Al wire (R.E) in AN 
solution. 
 
Results 
The synthesized salt contained Al of 3.5 wt%, Tf2N of 84 wt%, and H2O of 12 wt%, therefore it was 
confirmed the salt composition was Al(Tf2N)3･6(H2O). In the TG analysis, the synthesized salt started to 
decompose from 120 oC. The salt easily dissolved into the organic solvents. In the NMR measurement, 
the hydrated water was not shifted in the AN, however, peak shifts were observed in NMC. It was 
suggested that the coordination state of Al ions can be changed by type of organic solvents. In 
voltammogram, cathodic current was observed from 0 V, and the hydrate Al ions may electroreduce in 
AN solution. 
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The high theoretical capacity of ca. 4 Ah/g makes silicon a good candidate as anode material in lithium-
ion-batteries (LIB). An easy and low cost method to produce silicon thin film anodes is the 
electrochemical deposition from non-aqueous electrolytes. However there are various challenges to be 
overcome in order to obtain anodes with high capacity and cycle life. First of all the fundamentals of the 
deposition need to be completely understood and second, it is essential to reduce the high volume 
expansion of silicon during lithiation (> 320 %) [1]. Therefore the aim of this paper is to study the 
mechanism and the kinetics of the SiCl4 reduction and finally to obtain the optimal experimental 
conditions for efficient Si deposition. Our approach to obtain stable Si anodes is to combine analysis of 
the impact of electrolyte composition and nanostructuring techniques. 
Silicon was deposited on copper and nickel, as conventional current collectors in batteries, from an ionic 
liquid, 1-butyl-1-methyl-pyrrolidinium bis (trifluoromethyl) sulfonylimide [BMP][TFSI], and a 

conventional organic electrolyte, 
propylenecarbonate (PC), for 
comparison. 0.5 M SiCl4 served as 
precursor and in the latter case 0.1 M 
tetrabutylammoniumchloride (TBACl) 
was added as supporting electrolyte salt. 
In order to study the effect of the 
reactions taking place at the anode on the 
Si composition the electrodeposition 
experiments were also performed in 
separated half-cells, connected via a salt 
bridge. The salt bridge contains 0.1 M 
TBACl in the corresponding solvent.  
The kinetic of Si deposition is 
investigated by a number of voltammetric 
techniques, including cyclic voltammetry, 
chronoamperometry, rotating ring-disc-
electrode (RRDE) and electrochemical 
quarz crystal microbalance (QCM). 

Further studies include stability tests of the layers in lithium-containig electrolytes.  
Cyclic voltammetry (fig.1) shows that both the substrate and the concentration influence the initial 
processes of SiCl4 reduction. There are several cathodic waves in [BMP][TFSI] that are attributed partial 
silicon reduction (Si4+ to Si2+, C1) and the formation of a dimer (Si2Cl6, C2). The subject of the current 
investigations is the assignment of the peaks in PC to the respective processes in the ionic liquid. 
Furthermore there is no clear peak for the electrodeposition of silicon (C3) on copper in PC based 
electrolyte, while for nickel the potential is shifted to a more negative value. Chronoamperometry 
indicates aging effects of the electrolytes, resulting in lower currents with increasing usage. 
SEM images of Si deposited on copper (inset fig.1, A) show a smooth surface with a few cracks for the 
layers deposited from the ionic liquid and a rough structure with many cracks and voids for PC (fig.1, B) 
based electrolyte. The silicon thin films on nickel deposited in [BMP][TFSI] have uneven morphology 
(fig.1, C). In PC electrolyte, the layers exhibit a smooth surface morphology, rich on round 500 nm sized 
features (fig.1, D). The deposition of silicon-based films was confirmed by energy dispersive X-ray 
analysis (EDX) showing a higher amount of silicon for the films obtained in the ionic liquid. The exact 
composition was determined by depth-profiling X-ray photoelectron spectroscopy (XPS), where transfer 
chamber was used in order to eliminate the rapid oxidation of silicon in contact with air. 
 
[1] B. Gattu, R. Epur, P.M. Shanti, P.H. Jampani, R. Kuruba, M.K. Datta, A. Manivannan, P.M. Kumta, 
Inorganics, 5 (2017) , 27 

Figure 1: Cycvlovoltammogramms of 0.5 M SiCl4 in [BMP][TFSI] and PC 
on copper and nickel, inset: SEM pictures of silicon on copper in 
[BMPTFSI] (A) and PC (B) and on nickel in [BMP][TFSI (C) and PC (D) 
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   Li metal is very attractive anode candidate for next-generation batteries because Li metal has very large 
specific capacity and Li/Li+ potential is the lowest. However, there is also a severe problem when Li 
metal is used as the anode of secondary batteries. Repeating charging (electrodeposition) and discharging 
(electrochemical dissolution) operation induces the irreversible surface morphological change. The 
morphological variation causes low coulombic efficiency, and short-circuit phenomenon will be induced 
in the worst case. In order to utilize Li metal anode for next-generation batteries, it is indispensable to 
control the surface morphological variation during cycles. In this study, the morphological variation of Li 
metal electrode in the electrodeposition is discussed from the viewpoint of Li+ ionic mass transfer rate in 
the vicinity of the electrode. In general, the metal electrodeposition and the morphology of electrodeposits 
are strongly affected by the electrode surface concentration. However, there are only a few researches 
focused on the relationship between the morphological variations of electrodeposited Li metal and the 
ionic mass transfer phenomenon. In this study, digital holographic microscope (DHM) was utilized to 
visualize the Li+ concentration profile during the electrodeposition of Li metal. Our previous researches 
used a holographic interferometry to in-situ measure the surface concentration and concentration 
boundary layer thickness during the electrodeposition of Li metal. The principle of the technique is same, 
but the resolution of DHM was drastically improved. Figure 1 shows the DHM image in solvated ionic 
liquid electrolyte (LiTFSA:tetraglyme(G4) = 1:1). A working electrode was Cu plate, and a counter 
electrode was Li metal. Applied current density was 3.0 mA cm-2. The image was recorded at 100 
seconds. The color variation indicates the Li+ concentration profile near the working electrode, and the 
image shows that very uniform concentration profile was formed in this case (the precursor of Li dendrite 
was not detected.).  Not only Li+ surface concentration but also concentration boundary layer thickness 
are focused to discuss the Li+ ionic mass transfer phenomenon. Especially, solvated ionic liquids are new 
electrolytes for batteries and then it is very important to understand the ionic mass transfer in the solvated 
ionic liquids. We would like to discuss the relationship between the morphological variations of 
electrodeposited Li metal and the developing the concentration profile in solvated ionic liquids systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Digital holographic microscope images in the vicinity of the Li metal electrode. Applied current 
density for electrodeposition of Li metal was 3 mA cm-2. It was recorded at 100 seconds. 
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As a means of addressing global warming, the world is increasingly turning to the use of Li-ion 
batteries in electric vehicles and as storage batteries in the home; therefore, there is a growing need for Li. 
Furthermore, as a fuel for fusion reactors, tritium is produced by the reaction of lithium with neutrons in a 
tritium-breeding material. 

Li is primarily recovered from salt lakes in South America but is also present in seawater. Thus, I 
propose a method for recovering Li from seawater by using innovative dialysis, wherein Li only 
permeates from the negative electrode side to the positive electrode side through a Li ionic 
superconductor functioning as a Li separation membrane (LISM) (Fig.1). Measurements of the Li ion 
concentration at the positive electrode side as a function of dialysis duration showed that the Li recovery 
ratio increased to approximately 7% after 72 h with no applied electric voltage, and an electrical power of 
0.04 V and 0.1 mA was generated. Moreover, other ions in the seawater did not permeate the LISM. With 
both ends of the LISM bound with a negative and positive electrode, hydrated Li ion was transformed to 
Li ion only because Li ion can permeate through the LISM [1].  

Furthermore, tritium needed as a fuel for fusion reactors is produced via neutron capture by lithium-
6 (6Li). However, natural Li contains only about 7.8% 6Li, and enrichment of 6Li up to 90% is required 
for adequate tritium breeding in fusion reactors.  

Therefore, new Li isotope separation technique using a Li ionic rconductor functioning as a LISM 
have been developed. Because the mobility of 6Li ions is higher than that of 7Li ions, 6Li can be enriched 
on the cathode side of a cell. Using Li0.29La0.57TiO3 (LLTO) as the Li ionic superconductor was prepared, 
and the relationship between the 6Li separation coefficient and the electrodialysis time was investigated. 
After electrodialysis, we obtained a maximum of 1.05 for the 6Li isotope separation coefficient. This 
result showed that the 6Li isotope separation coefficient of this method is the same as that of the 
amalgamation process using mercury (1.06). Thus, this method has the potential to be a superior 6Li 
enrichment method to produce 90% enriched tritium breeder for fusion reactors. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
[1] T. Hoshino, Desalination, 359, 59-63 (2015). 
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Over the past several years, the use of ionic liquids (ILs) in a large variety of fields has shown a fast 
growing. Particularly, they have appeared as versatile media for synthesis and deposition of inorganic 
materials1 by different techniques such as solvothermal, ionothermal and electrodeposition. In fact, their 
wide electrochemical window, sufficient electric conductivity, extremely law vapor pressures and good 
thermal stability allowed their use as electrolytes for the electrodeposition of zinc oxide at very high 
temperatures (above 100°C). ILs have particular self-assembling properties and are used as template 
agents. They are an important source of ions which interact with the inorganic solid surface. 
Zinc oxide is presented as a promising material for many technological applications such as photovoltaic 
cells, anti-UV coating, sensors for example, because of its multi-functionality and its rich family of 
(nano)structures2. But, better control of specific properties, especially the surface states, is still necessary 
to improve the ZnO properties. 

With the aim of improving the quality of ZnO nanostructured thin layers, electrochemical mechanisms 
involved in the electrodeposition that we made in some aprotic ILs, based on imidazolium cation and 
TFSI anion, are discussed. The morphology and structural properties of the obtained thin layers are also 
analyzed, emphasizing the differences with respect to those obtained by the electrochemical approaches 
based on aqueous or conventional organic electrolytes. The objective of this study is to correlate the 
physicochemical properties of the ILs used with the nature of the films of ZnO obtained, especially their 
structure and stability towards solvent as water. These films are studied by using electrochemical methods 
(cyclic voltammetry and electrochemical impedance spectroscopy). Their morphology is characterized by 
scanning electron microscopy (SEM), and their structure by Raman spectroscopy.   

 
 
 
1. (a) Azaceta, E.; Marcilla, R.; Mecerreyes, D.; Ungureanu, M.; Dev, A.; Voss, T.; Fantini, S.; 
Grande, H. J.; Cabanero, G.; Tena-Zaera, R. Phys Chem Chem Phys 2011, 13 (29), 13433-40; (b) 
Azaceta, E.; Tuyen, N. T.; Pickup, D. F.; Rogero, C.; Ortega, J. E.; Miguel, O.; Grande, H.-J.; Tena-
Zaera, R. Electrochimica Acta 2013, 96, 261-267 
2. Wang, Z. L. Journal of physics: condensed matter 2004, 16 (25), R829. 
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The oxygen redox reaction (ORR) in Li/O2 batteries with organic electrolytes implicates the lithium 
superoxide (LiO2) formation that evolves to lithium peroxide (Li2O2) through chemical disproportion and 
electrochemical processes [1].  
Because Li2O2 clogs the cathode surface during the discharge causing high recharge overpotential, the 
cycling stability is affected by its amount on the electrode.  
A part from being resistant towards the superoxide (O2·

-) and peroxide (O2
2-) ions, that are formed during 

discharge, the electrolyte in Li/O2 battery should be engineered to promote the Li2O2 solution formation 
mechanism vs. the surface growth. Indeed, the formation in solution of Li2O2 particles that then 
precipitate on the electrode can enable higher discharge capacities than the surface growth mechanism, 
which quickly produces highly passivating film on cathode surface [2]. 
Recently, “solvent-in-salt” (SIS) solutions based on tetraethylene glycol dimethyl ether (TEGDME) and 
lithium bis(trifluoromethanesulfonyl)imide (LiTFSI), featuring salt-to-solvent molar ratio higher than 1, 
have been proposed as key electrolytes for lithium batteries, including Li/O2. 
By a voltammetric study, it has been found that Li2O2 formation mechanism changes from a surface 
process using salt-in-solvent electrolytes (salt/solvent molar ratio lower than 1) to a solution one with SIS. 
Superconcentrated solutions promote the solution formation mechanism of Li2O2 during discharge, which 
can be beneficial for battery cycling stability [3].  
It has been reported that the use of a large variety of analytical techniques combined with the coulometric 
ones in order to address the mechanisms and processes in Li/O2 is fundamental [4].  
Scanning electrochemical microscopy (SECM) has been proven to be a useful technique in the Li-ion and 
Li/O2 battery field [5,6]. Here we highlight the use of this scanning probe technique  as an analytical tool 
to investigate the Li2O2 formation mechanism in salt-in-solvent and SIS electrolytes based on TEGDME 
and LiTFSI. Electron transfer kinetics constants to the glassy carbon (GC) substrate will be discussed as 
indication of Li2O2 passivation grade in the different electrolytes. 
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High temperature polymer electrolyte membrane fuel cells (HT-PEFC) are based on phosphoric acid 
(H3PO4) doped polybenzimidazole (PBI) membranes, operated in a temperature range of 150 – 180 °C. 
However, H3PO4 as electrolyte has a major drawback. The oxygen reduction reaction (ORR) kinetics on 
the cathode side are significantly decreased because of the poisoning effect of phosphate anions and a low 
solubility/slow diffusion coefficient of oxygen in concentrated phosphoric acid.  
 
The use of proton-conducting ionic liquids (PIL) as alternative non-aqueous electrolytes up to 130 °C in 
m-PBI as a host polymer has been studied. In this contribution the ORR kinetics and the double layer 
properties of the Pt/PIL interface of 2-Sulfoethylmethylammonium triflate [2-Sema][TfO] and 2-
Sulfoethylammonium triflate [2-Sea][TfO] as a new type of non-aqueous acidic electrolytes will be 
presented.[1-2] The ORR kinetic current density of the Pt/[2-Sema][TfO] interface is about three times 
higher compared to Pt/H3PO4 (each with 5 wt% H2O).  

                        
Molecular structure of the proton conducting ionic liquids, [2-Sema][TfO] and [Dema][TfO]. 

The double layer properties of the Pt/[2-Sema][TfO] interface are complex, depending on the electrode 
potential, the temperature and the residual water content. Up to four differential double layer capacitances 
and corresponding time constants have been identified.[2] Thus, a better understanding of the influence of 
the physico-chemical properties on the electrochemical processes like ORR, HUPD and Pt oxidation / PtOx 
reduction in system of non-aqueous protic electrolytes and (residual) water is mandatory and the basis to 
optimise the electrode performance in future polymer electrolyte membrane fuel cells using PILs. In this 
work, we compare the electrode kinetics on Pt electrodes in presence of PILs with different cation 
acidities, namely [2-Sema][TfO] and N,N-diethylmethylammoinum triflate [Dema][TfO][3]. The [2-
Sema+] cation is much more acidic (pKa ~ 0 to – 1) than the [Dema+] cation (pKa = 10.55). 
 
[2-Sema][TfO] turned out to be much more hygroscopic than [Dema][TfO]. At 22 °C and ~12 mbar H2O 
a final molar ratio H2O:PIL of 6:1 is reached, compared to a ratio of 1:1 for [Dema][TfO]. These values 
qualitatively correspond to the number of binding sites for forming hydrogen bridges in the [2-Sema] 
cation (2 x N-H + 2 x S=O + 1 x S-OH) compared to the [Dema] cation (1 x N-H). With increasing water 
content, [2-Sema][TfO] and [Dema][TfO] reveal significant differences in cyclic voltammograms (CV). 
In case of [2-Sema][TfO], only a little water content of less than 1 wt% is needed to obtain CVs similar to 
those well-known for diluted aqueous acids, concerning the Pt oxide oxidation / PtOx reduction charge. In 
case of [Dema][TfO], a water content of more than 5 wt% is necessary to achieve the same effect. These 
results suggest that the water content and the structure of the double layers with [2-Sema][TfO] and 
[Dema][TfO] differ significantly. The HUPD kinetics depends on the content of residual water but also on 
the used PIL itself, suggesting an influence of the acidity of the PIL.  
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Metal reduction at the interface of immiscible electrolytes (ITIES) is studied with the Scanning 
Electrochemical Microscope (SECM). Galvani potential difference across the interface is fixed with a 
potential determining ion present in the aqueous and oil phases [1]. The purpose is to investigate the 
stoichiometry and mechanism of the two-phase reductions and their dependence on the interfacial 
potential difference, with the target of metals that cannot be reduced in an aqueous solution.  
 

  
Left: Experimental set-up in the case of Cu2+ reduction. Right: The effect of the electron donor (TCNQ) 
concentration on the approach curves during Cu2+ reduction. Galvani potential is fixed with the 
tetrakis(pentafluorophenyl)borate (TB−) anion. MIBK = Methyl Isobutyl Ketone; TCNQ = tetracyanoquino-
dimethane.. 
 
 
1. E. Nieminen, H. Nikkilä, E. Aikio, L. Murtomäki, Extraction of metals under Galvani potential 
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The recent trend toward the development of environment friendly methods of synthesis leads to an 
increasing interest in DESs (Deep Eutectic Solvents) as media to electrochemical nanostructures 
synthesis. Air and water stable choline chloride and urea has been selected in the present study, the 
eutectic mixture (1:2 molar ratio) is formed due to hydrogen bonding interactions between urea and 
chloride ions. Its viscosity and the relatively low surface tension aid to tailor both nucleation and growth 
processes leading to nanostructures that would not be attainable using aqueous electrolytes. Moreover 
DES often avoids the use of additives, sometimes, species essentials in aqueous medium.  
Applications in different fields as electrocatalysis, devices or carriers require stable deposited substrates 
with the adequate properties and easily accessible surface active sites. With this objective we propose the 
preparation of cobalt deposits in DES. As the electrodeposition of cobalt in aqueous solution is generally 
difficult, cobalt electrodeposition in DES has been studied previously in choline-urea eutectic [1]. But 
limited information is available about the deposition process at the potential range previous to the liquid 
reduction and at conditions at which the surface/volume ratio would be enhanced. 
Although the overall electrochemical window of the DES is around 2.5 V on vitreous carbon, 
voltammetric experiments show its shortening on the freshly cobalt deposited. Reversing the scan at the 
onset of solvent massive reduction, the typical hydrogen oxidation feature was recorded evidencing that 
cobalt presence induces some reduction process that on the bare substrate does not occur and not 
previously considered. This process is very important on electrocatalytic substrata and promotes 
important modifications in the prepared deposits. As the final objective is the implementation of cobalt 
deposits both in electrocatalytic and carrier fields, the interest was focused on different substrates: carbon, 
Au, Si/Cr/Au and Pt, substrates with different electrocatalytic properties. The nature of the substrate was 
relevant both in the electrochemical behavior of the electrodeposition process and in the nature of the 
deposit. The composition, morphology and structure of deposits depend on the electrodeposition 
conditions. In all cases, hydroxylated species formation are favored at the more negative overpotentials. 
The increase of the effective surface was evaluated by means electrochemical probes.  
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Cyclic voltammograms on Pt substrate from 
0.1M CoCl2 in DES at different potential limits  

SEM image of Co deposit on Si/Ti/Au 
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While the design of new materials has been at the heart of the development of electrochemical energy 
storage and conversion devices, with the Li-ion batteries being the most successful example, mastering 
the electrode/electrolyte interface will be the next critical challenge for enhancing the performances of 
such system1. This is particularly true owing to the development of materials working outside of the 
electrochemical stability window of the classical organic electrolytes. Recently, a new class of 
electrolytes has been proposed: the superconcentrated electrolytes2. These electrolytes are characterized 
by a very large concentration of salt dissolved in classical organic electrolytes, up to the supersaturation 
limit. This supersaturation reduces the amount of free solvent molecules and allows for increasing the 
electrochemical stability window of the electrolyte. MoreoverAlike these organic systems, a second class 
of superconcentrated electrolytes based onusing organic lithium salts dissolved in a small amount of 
water and organic lithium salts could bewere proposed recently3.  used to assemble up to 4V batteries. 
The extended stability of these so-called “water-in-salt electrolytes” WISE was proposed to rely on two 
phenomena. First, the content of “free” water was estimated to be very low in these electrolytes, 
preventing water oxidation and reduction. AlsoThen, the growth of a solid electrolyte interphase 
comingoriginating from the reduction products of inorganic anions was reported, allowing for the 
passivation of the negative electrodes4. While the interest application-wise can be easily foreseen, science 
at play must be rationalized. Especially, the presence of anions at a negatively charged interface is poising 
and the nature of the electrochemical interface in these superconcentrated electrolytes remains elusiveThe 
presence of anions at a negatively charged interface. , as suggested by molecular dynamics simulations, 
questions about the nature of the electrochemical interface in these new electrolytes.  Do theythe interface 
behaves as a traditional aqueous electrolytes or an organic electrolytes interface containing traces of 
water,, both of them both of them relying on anforming an electrical double layer, or would they be 
morethe interface be similar to ionic liquids with ion pairs? 
 
 
To further understand elucidate the structure of these new electrochemical interfaces, we studied the 
double layer of water-containing organic electrolytes to understand how water reacts when it is present as 
anfirst decoupled the dual role of water as an “active” molecule and not as a solvent5 by studying the 
electrochemical behavior of organic electrolytes containing traces of water. Water is widely recognized as 
playing a key role in non-aqueous batteries such as Li-ion batteries or Li-O2 batteries. Hence, even when 
present at the level of impurities, it may greatly improve cells performances or on the contrary promotes 
electrolyte degradation1–3.  The lack of understanding for such modifications arises from our limited 
knowledge of water as molecule in organic solvents. Especially, both water environment and reactivity at 
electrochemical interfaces comprehension remain elusive. Recently, to improve Li-ion batteries, the 
battery research community recently proposed a novel class of electrolytes – “Water-in-salt” electrolytes, 
with properties reported to be similar to those of liquid-ionic4,5and make possible to achieve high-voltage 
(>4V) “aqueous” Li-ion batteries. The understanding of how the electric double layer in these “non-
aqueous” solvents impacts water reactivity is challenging. It should provide insightful information to 
design new electrolytes additives preventing side reactions due to water reactivity, or on the contrary 
taking advantage of its reactivity to form solid electrolyte interphases (SEI) that could extend electrolytes 
electrochemical window stability.  
 
To elucidate factors governing water reduction in these “non-aqueous” media, we propose an approach 
based on the modification of the double layer composition Iinspired by the water splitting electrocatalysis 
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community6,7 we studied water reduction on model electrodes (platinum or glassy carbon) in organic 
solvents in presence of several supporting electrolytes salts, to modify interfacial interactions. Combining 
these electrochemical analyses with . By combining the use of spectroscopiesy such as NMR or FTIR 
with and molecular dynamics calculations simulations, we first explored how bulk water properties were 
modified in organic electrolytes in the presence of several supporting electrolytes salts. Combining these 
bulk analyses with electrochemical measurements on flat model electrodes such as platinum or glassy 
carbon electrodes, we demonstrate that the composition of double layer inorganic solvents governs water 
reduction. In particular we exhibit that the presence of on hydrophobic cations such as 
tetrabutylammonium prevents water accumulation at negatively polarized electrolytes and then water 
reduction. On the contrary the use of strongly water solvated cations, such as Li+, promotes water 
transport through the electrolyte to negatively polarized electrode and water reduction.Furthermore, Wwe 
demonstrated thatn water accumulation at the electrode/electrolyte interface is strongly dependent on the 
double layer composition and governs its reduction in organic solvents. These results then conducted 
drove us to investigate the reactivity of water reactivity in “Waterwater-in-salt” electrolytes” for which 
the formation on a solid-electrolyte interphase issued from organic salt degradation was proposed to 
explain the large electrochemical window. Based on spectroscopy analysis, electrochemical 
measurements and the comprehension developed on about the water reactivity in organic media, we try to 
unlock the fundamental understanding ofelucidate the formation mechanism of the this passivation layer 
under reduction in superconcentrated electrolytes. We show that , even if water is present at low content 
in the bulk of the electrolyte, at the electrified interface “free” water molecule can be reduced at the 
electrochemical interface and that products issued from this reduction could promote the degradation of 
organic anions degradation and the growth of a solid electrolyte interphase.  
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Oxygen reduction reaction (ORR) is a key reaction that drives the operation of fuel cells and metal-air 
batteries. ORR is known to have sluggish kinetics, due to its complex multistep character, thus a catalyst 
is strongly required to use ORR for practical applications. Noble metals and alloys are the most active 
catalysts for ORR, however, their high cost forces the search for non-noble materials with comparable 
catalytic activity [1]. 
Carbon doped with light elements (especially N and B) is considered as promising non-noble electrode 
material that exhibits high electrocatalytic activity towards ORR. When dopant substitutes a carbon atom 
in sp2 graphite lattice, active sites with high electron and spin density are generated either on the dopant 
atom itself or on the neighboring carbon atoms [2]. Such electrode materials are usually prepared starting 
from porous graphite oxide, by treating it with dopant precursors at high temperatures [3]. It’s often 
challenging to characterize such samples in terms of doping level, as dopant atoms are normally present 
in various forms, including surface contaminations, thus it’s hard to correlate the catalytic activity with 
the amount of dopant in graphite lattice. From the other hand, employed synthetic routes usually lead to 
the changes in morphology (porosity, specific surface area, a number structural of defects). That hinders 
the possibility to evaluate the electrocatalytic effects coming solely from substitutional doping, thus a lot 
of discrepancies could be found in the literature regarding the measured ORR kinetics on doped carbon 
materials. 
Having been initially introduced for the ORR in aqueous media, doped carbon materials now attract a lot 
of attention as catalysts also for ORR in aprotic electrolytes. A lot of works, both experimental and 
theoretical, shows that doped carbon catalysts provide higher ORR currents and low overpotential for 
such important practical systems as metal-oxygen batteries [4,5]. The main difference between ORR in 
aprotic and non-aqueous media is the relatively stable superoxide intermediate in the former case. It 
implies that the key ORR step in aprotic media is a quasireversible electron transfer to oxygen molecule: 
O2 + e- → O2

-, and the overall rate of ORR will be determined by the rate constant of this reaction [6].  
We use epitaxial graphene as a model carbon electrode with perfect planar morphology and composition 
easily controlled by the XPS and NEXAFS techniques, to evaluate the ORR kinetics in aprotic media on 
graphene with various types of doping. We compared the ORR kinetics on N-, B- and undoped epitaxial 
graphene grown by CVD on Ni(111)/W(110) single crystals, designed for two types of electrochemical 
cells: with hanging disk electrode, and disk electrode mounted in the cell bottom. The graphene structure, 
composition and type of substitution was precisely characterised by LEED, XPS and NEXAFS 
techniques.  
For the evaluation of ORR kinetics, oxygen-saturated 0.1 M solution of tetrabutylammonium perchlorate 
(TBAP) in dimethylsulfoxide (DMSO) was chosen as electrolyte, as DMSO is common solvent for metal-
air batteries due to its relative chemical stability and high solvation ability. To determine the ORR rate 
constant on the graphene electrodes, the Nicholson approach for quasireversible electron transfer 
reactions was utilized [7]. It implies recording cyclic voltammograms of oxygen reduction/oxidation 
process at various potential sweep rates. By comparing the variation of peak-to-peak separation with the 
sweep rate with known tabulated values [7], electron transfer rate constants were determined for doped 
graphene electrodes and compared to undoped one. The stability issues of doped graphene upon ORR are 
also discussed. 
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One of the major research goals in the field of heterogeneous electron transfer (ET) kinetics is the experimental 

verification of the quantum mechanical theory of ET in polar solvents [1]. The pioneering works of M. Weaver have 
allowed to gain insight into the complexity of even the simplest one electron transfer reactions, which kinetics was 
demonstrated to be dictated by both static and dynamic solvent effects as well as by the electrode/reactant orbital 
overlap and reaction layer structure [2]. A vast number of attempts to reach molecular level understanding of solvent 
effect on electrode processes was performed for heterogeneous as well as homogeneous ET for different reactants 
(transition and noble metal complexes with various ligands, metallocene derivatives, etc.). Unfortunately, not only 
model estimates of the rate constants are uncertain, but also the experimental data often exhibits a pronounced scatter 
due to the difficulties in estimating very high rate constants.  

In this work ferrocene/ferrocenium redox couple was selected as a good model system for theoretical consideration 
due to the sphericity of the reactant, insignificant molecular rearrangements in the reactant’s molecule after the ET 
and reversibility of the process. The kinetic data for Fc+/Fc in a series of nonaqueous solvents were frequently used in 
the analysis of solvent dynamic effects on the ET rates. The most popular strategy in this analysis employs the 
construction of the plots of the apparent rate constants vs. the solvent longitudinal relaxation times, with the linearity 
of this plot being generally considered to point to the adiabaticity of the Fc+/Fc reaction and predominant kinetic 
control by the dynamics of solvent relaxation. 

In this work, we were able to construct a semi-quantitative description for the Fc+/Fc redox process in a series of 
molecular and ionic solvents (aprotic solvents, room-temperature ionic liquids and alcohols), based on the combination 
of molecular modeling and continuum-level estimates in the framework of quantum mechanical theory of charge 
transfer [3, 4]. This allowed us to revisit the classical test for the reaction adiabaticity. The common approach was 
shown to be particularly misleading for solvents with a complex dielectric behavior. The molecular-level description 
of the reaction layer structure in both molecular and ionic solvents was also shown to be essential for the diagnostics 
of the ET regime and rate constants estimation. The results obtained illustrate the current level of agreement between 
the predicted and experimental rate constant values. 
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The use of room temperature ionic liquids (RTILs) [1] for electrocatalytic purposes is a promising topic. 
However, there are still some important questions that must be addressed. In particular, there are a 
number of experimental aspects that must be taken into consideration [2]. In this contribution, we first 
present different experimental protocols to purify imidazolium based RTILs. Subsequently, we study the 
water content (measured by Karl-Fisher titration) effect on the electrochemical reduction of CO2 and we 
demonstrate that water content must be controlled not only before, but also during the electrochemical 
test. We present, under well-controlled experimental conditions, results for CO2 electroreduction on Pt 
nanoparticles in [C4mim][BF4], [C4mim][NTf2] and [C4m2im][NTf2], showing only some activity in the 
cases of [C4mim][NTf2] and [C4m2im][NTf2], but negligible activity in [C4mim][BF4], which suggests 
that position 2 at the imidazolium ring is not the key position towards CO2 electrochemical reduction on 
Pt nanoparticles [3].  

 
Figure 1. Cyclic voltammetry of Pt nanoparticles in CO2 saturated [C4mim][NTf2] with different H2O 
contents: (orange plot) less than 4 ppm, (black plot) 190 ppm, (blue plot) 623 ppm and (red plot) 1100 
ppm. Scan rate 50 mV/s. 
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Electrochemical double layer capacitors (EDLCs) are promising electrochemical storage devices for high 
power applications.[1] Commercial EDLCs contain activated carbon coated on Al foil as electrodes, and 
electrolytes based on solutions containing the salt tetraethylammonium tetrafluroroborate (Et4NBF4) and 
solvent such as acetonitrile (ACN) or propylene carbonate (PC). EDLCs can provide high power densities 
(<15 kW kg-1), extraordinary cycle life (>500 000 Cycles) and energy up to 8 Wh kg-1.[2] Since this latter 
value is rather low, many efforts are currently dedicated to improve the energy density of these devices. 
The specific energy of EDLCs is described by the equation E=1/2 CV² (in which C is the capacitance and 
V is the operating voltage of the device). Bearing in mind this equation, it is evident that the realization of 
high voltage devices represents the most convenient strategy to increase the energy of EDLCs.[2] 
Conventional EDLCs can operate at operative voltage up to 3.0 V,[3] though the use of alternative 
conductive salts and or alternative solvents can increase the operative voltage.[1, 2] Among the 
alternative salts proposed so far, those based on the anion bis(trifluoromethanesulfonyl)imide (TFSI) 
attracted great attention as this anion can enable broader electrochemical stability windows compared to 
that of the standard BF4 anion.[4-6] Nevertheless, several studies indicated that TFSI-based salts cause 
the anodic dissolution of the Al current collector and by that limit the stability of EDLCs at high 
voltages.[5, 6] These investigation showed that the solubility of complexes such as Al(TFSI)3 into the 
bulk electrolyte is one of the main influencing factors for the anodic dissolution of Al. Recently, the 
influence of several solvents on this dissolution process has been investigated by our group.[5-7]  
In this study we investigate the use of Al(TFSI)3 as highly concentrated conductive salt in combination 
with the unconventional solvent 3-cyanopropionic acid methyl ester (CPAME) as electrolyte in EDLCs. 
This novel electrolyte was examined on the chemical- physical properties, as well as on the 
electrochemical performance in EDLCs. The results of this studies showed that EDCLS containing this 
electrolyte show extraordinary stability during a float test carried out at high voltage (Fig. 1).  
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Figure 1 Evolution of the efficiency and 
capacitance retention of an EDLC based on 
0.67 M Al(TFSI)3 in CPAME during a 
float test carried out at 3.0 V at RT. 
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Multinuclear transition metal complexes bridged by ligands with extended π-electronic systems such as 
hexaphenyl-5,6,11,12,17,18-hexaaza-tribiscyclopentadienyl titaniumnaphtylene [(Cp2Ti)3HATN(Ph)6] 
show a variety of complicated electronic transitions and electron transfer reactions [1]. Therefore, they 
are intensively investigated as artificial analogues to a number of natural systems capable of converting 
light into chemical energy by translocating charges over large distances or to generate light efficiently [1]. 
While a systematic understanding of the photochemistry and electrochemistry has been atained for 
binuclear complexes [1], much less is known about trinuclear and multinuclear complexes [2].  
 
Trinuclear titanocene(II) complexes include formally three titanocene(II) fragments with two d-electrons, 
i.e. they contain six potential d-electrons. In this study the complex has been characterised by 
electrochemical measurements and absorption spectroscopy. The voltammogramm of 
[(Cp2Ti)3HATN(Ph)6] shows three reduction waves and six oxidation waves.  
 
Solution spectra of [(Cp2Ti)3HATN(Ph)6] and of the electrochemically formed oxidation products show 
electronic transition in the UV, visible and the NIR ranges. The existence of a single occupied molecular 
orbital (SOMO) populated by an electron transferred from one of the Ti(II) centers to the HATN(Ph)6 
ligand gives rise to several characteristic electronic transitions from which the most prominent is the 
intervalence charge transfer (IVCT) transition between the Ti(III) center and the remaining Ti(II) centers. 
Another transition related to the SOMO is the ligand-centered transition from the SOMO to the lowest 
unoccupied molecular orbital (LUMO). When oxidized to [(Cp2Ti)3HATN(Ph)6]+, the SOMO orbital 
becomes the LUMO’. If the complex is oxidized to [(Cp2Ti)3HATN(Ph)6]2+, one electron is extracted 
from the Ti(II). For the reduced form [(Cp2Ti)3HATN(Ph)6]-, the Ti(III) accepted an electron an no IVCT 
can be observed. In further reduction the “SOMO” is fully occupied and becomes the new HOMO'. In the 
last reduction an electron is accepted to the one orbital of the Ti(II) and attaining a mixed valence states 
again. 

Finally, the orbital diagram in the accurate energy scale was constructed from the assignment of the 
transitions, the spectra and the formal potentials obtained from the voltammetric data. From this diagram 
it becomes evident that removal of an electron from the orbitals of the ligand does not change the 
energetic position of the Ti orbitals, whereas removal of an electron from one of the Ti centers affects the 
energy of all orbitals in the complex. 
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Deep Eutectic solvents (DESs) are a new generations of ILs with potential application in the field of 
metal electrodeposition. DES are considered as green and cheap alternative to RTILs and have been 
postulated as candidates to replace RTILs in some metal deposition. Efforts devoted to investigate these 
novel electrolytes are necessary in order to progress in the knowledge of the deposition process in this 
medium, especially the interfacial region Metal|DES. In order to improve the understanding of the DES 
behavior on metallic substrates, model single crystal electrodes are introduced in this study. Single crystal 
electrodes have a distribution of active sites that is perfectly known, allowing to better rationalize the 
electrochemical response than on the polycrystalline surface.  
In the present work, gold single crystals and polycrystalline gold electrodes were employed to investigate 
the interface between Au and a DES based on the eutectic mixture of choline chloride and urea 
(1ChCl:2urea molar ratio). Voltammetric analysis revealed that the electrochemical response of the DES 
in contact with Au(hkl) was surface sensitive, providing voltammetric profiles with characteristic features 
and sharp peaks for both Au(111) and Au(100) surfaces. These features were related to both surface 
reconstruction phenomena and order-disorder transition phase involving the species of the DES.  
After analyzing the interfaces Au(hkl)|DES, copper deposition on Au(hkl) from Cu(II) was investigated. 
In this medium, the stabilization of the Cu(I) by complexation with chloride (5M of Cl- in this DES) leads 
to two well separate steps. After Cu(I) formation, bulk copper deposition was preceded by underpotential 
deposition (UPD) of Cu(I). The UPD of Cu on Au(hkl) in DES was also surface sensitive and showed a 
voltammetric profile similar to the obtained in aqueous solutions with high chloride concentrations. These 
results reveal that Cl- presence in DES has high influence on the overall copper electrodeposition 
mechanism, stabilization of intermediate Cu(I) and Cu UPD on Au(hkl) [1, 2]. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1: Black line) Blank cyclic voltammetry of Au(111)|DES at 50mV/s, red line) Cu UPD on 
Au(111) in DES at 5mV/s 
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In a society in continuous technological developing, new materials with new properties are demanded. 
Related with that, Ionic Liquids have attracted the attention of electrochemical community due to their 
multiple benefits for different applications in Material Science. Among these applications, metal 
electrodeposition has found ILs potential electrolytes to replace traditional aqueous ones. In particular, 
during the last decade, a new generation of ILs called Deep Eutectic Solvents (DESs) have been 
incorporated because they are affordable and environmentally friendly. DESs are usually composed by 
the eutectic mixture between a quaternary ammonium salt and a proton donor neutral molecule. How the 
particular nature of DES influences the metal deposition mechanism is still under discussion [1]. 
The present work devotes to deeply study the availability of a DES composed by Choline chloride and 
urea (1ChCl:2urea molar ratio) for Ni deposition. Glassy carbon and platinum were chosen as substrates 
for comparison. Unlike glassy carbon, platinum electrode is a highly active catalyst for many reactions 
and its mixture with Ni leads to improvements in oxygen reduction. So, the main focus of this work is 
finding the proper conditions that finally allow the deposition of metallic Ni on Pt in DES. Several 
aspects of the deposition mechanism are discussed. Among them, the surface sensitivity of the process is 
considered. For that, a Pt(111) single crystal was included in the analysis to investigate how the specific 
surface orientation influences in the first stages of Ni deposition. Classical electrochemical techniques 
such as cyclic voltammetry and chronoamperometry provided preliminary information of the process. Ex-
situ characterization techniques such as 
XRD, XPS and SEM were employed to 
obtain information about the deposits. The 
voltammetric analysis revealed the 
formation of hydrogenated Ni species on Pt 
(D-Ni), richer in hydrogen by increasing the 
applied overpotential (E-Ni). The formation 
of hydrogenated Ni, less favored on glassy 
carbon, was attributed to the higher activity 
of Pt towards the hydrogen formation 
reaction in DES. Both SEM and AFM show 
that the morphology of Ni deposited in 
DES was made of rounded nanoparticles 
both on glassy carbon and platinum. 
Finally, AFM was used to examine a few 
monolayers of Ni deposited on a Pt(111) 
electrode. Images reveal that, on Pt(111), 
the nickel particles aggregate and form 
triangular clusters, particle pattern induced 
by the orientation of the surface and 
demonstrating the surface sensitivity of Ni 
deposition on Pt in the DES [2].  

Figure 1: AFM image of Ni deposited on Pt(111) at low 
overpotential and CV of 0.1 M Ni deposition on Pt(111) 
overlapped with the Pt(111)|DES blank CV. 

Acknowledgements 
Financial support from MINECO (CTQ2016-76221-P, TEC2017-85059-C3-2-R) is acknowledged. P. 
Sebastián thanks the MECD for the FPU grant. 
References 
[1] E.A. Mernissi Cherigui, K. Sentosun, P. Bouckenooge, H. Vanrompay, S. Bals, H. Terryn, J. Ustarroz, 
J. Phys. Chem. C, 121 (2017) 9337-9347. 
[2] P. Sebastian, M.I. Giannotti, E. Gómez, J.M. Feliu, ACS Appl. Energy Mater DOI: 
10.1021/acsaem.7b00177. 
 

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
-5

-4

-3

-2

-1

0

1

2

 j 
/ m

A
 c

m
-2

E vs Ag|AgCl /V



The feasibility of palladium electrochemical recovery in mixed solvent 
systems using electrodeposition 

 
Haytham E. M. Hussein1, Andrew D. Ray2 and Julie V. Macpherson1 

1Department of Chemistry, University of Warwick, Coventry, CV4 7AL, United Kingdom, 
2Pharmaceutical Development, AstraZeneca, Macclesfield, SK10 2NA, United Kingdom 

j.macpherson@warwick.ac.uk 
 

The aim to produce safe medicines drives international, as well as governmental entities, such as the 
World Health Organization WHO, and the European Medicines Agency to set stringent rules for the 
levels of metal residues (catalysts) in drug products.1 Pd metals are commonly used as catalysts in the 
synthesis of active pharmaceutical ingredients. Thus great attention has been directed towards the 
monitoring and reduction of toxic and heavy metals as well as hazardous substances.2 Just as important is 
the development of effective recovery techniques for these metal residues. Despite the existence of 
several methods such as the use of scavengers, electrodeposition remains a relatively unexplored 
technique to tackle such a challenge.2 In this work we investigate the electrodeposition of palladium (Pd) 
in the form Pd (II) acetate, from pure organic solvent (acetonitrile: MeCN) and mixed water:MeCN 
solutions, by means of cyclic voltammetry, UV-Vis, NMR, field-emission scanning electron microscopy 
(FE-SEM) and energy dispersive X-ray (EDX). In particular, we investigate the effect of changing water 
content on the metal recovery process. We show that in pure MeCN electrodeposition of metallic Pd on 
the electrode surface is not possible, the Pd(II) acetate undergoes reduction-oxidation to form Pd(0) but 
still remains complexed to organic ligands. However, by adding in only small quantities of water, 
electrodeposition is now possible as shown in Figure 1. We show how this clean-up process can be used 
to electrochemically recover Pd, from Pd catalyzed Suzuki and Heck reactions, at the end of the organic 
synthesis process, enriched with a small percentage of water. 

 
 
Figure 1: Study of Pd electrodeposition from a biphasic system. (a) FE-SEM image of the 
electrodeposited Pd at the interface between water and MeCN. (b) FE-SEM image of the structure of Pd 
electrodeposited in the MeCN rich phase. (c) FE-SEM image of the structure of Pd electrodeposited in the 
water rich phase. (d) The corresponding EDS spectrum of Pd from the deposition in the MeCN phase. 
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We summarize the results of electrochemical measurements carried out on inert or close-to-inert metals in 
ionic liquids. These were aimed at the exploration of the metal | ionic liquid interface structure. To this we 
used electrochemical methods: cyclic voltammetry, impedance spectroscopy, potential of zero total 
charge measurements and structure-sensitive techniques, such as in-situ scanning tunneling spectroscopy 
(STM). The studied systems were mostly single crystals of noble metals in imidazolium-based ionic 
liquids. The two main findings are: (a) in the potential window where no Faradaic reactions proceed, the 
interfacial capacitance exhibits a frequency dependence due to double layer rearrangement processes (see 
Fig. 1) and (b) in certain cases ordered anion and cation structures exist at the interface (Fig. 2). 
 

  
Fig. 1. a) Interfacial capacitance spectra of various electrodes in BMIPF6. b): Interfacial capacitance 
spectra of Au(100) in various ionic liquids. All spectra have been measured at 0.1 V vs. Ag/AgCl 
marked frequencies are at 10 Hz, 1 Hz and 0.1 Hz. The spectra are shifted along the ordinate for 
visibility reasons. 
 
a 

 

b 

 
Fig. 2. In-situ STM images of the Au(100) in BMITf2N (a) and in PMPiTf2N (b), respectively, at 
positive and negative of the potential of zero total charge. 
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Abstract 
Many types of sensors for oxygen detection and electrochemical gas sensors are nowadays regarded as 
the most promising sensors because of their superior sensitivity and selectivity [1]. Room temperature 
ionic liquids (RTILs) have been widely utilized in electrochemical fields. Specifically, ionic liquids (ILs) 
as electrolytes augur promising potential for the next generation of advanced and miniaturized 
electrochemical gas sensors. In recent decades, imidazole-based ionic liquids have been the general 
interested electrolytes for oxygen sensing, and single substitution cation ionic liquids have been widely 
used, and have obtained outstanding sensing performance [2, 3]. The double substituent cation ionic 
liquids oxygen sensing was scarcely reported. Therefore, this paper focuses on the ionic liquids oxygen 
sensing devices using [Cnmmim][TFSI] as the electrolyte. [Cnmmim][TFSI] was synthesized through a 
traditional two-step method. First, 1, 2-dimethylimidazole and 1-bromoethane were used to obtain the 
intermediate product, 1-ethyl-2, 3-dimethylimidazolium bromide ([Emmim] [Br]). Subsequently, 1-ethyl-
2, 3-dimethylimidazolium bromide and lithium bistrifluoromethylsulfonate (LiNTf2) were subjected to 
ion-exchange reaction to obtain the final target product 1-ethyl-2, 3-dimethylimidazolium bis-
trifluoromethylsulfonate imine ([Emmim][NTf2]) at room temperature. 1-butyl-2, 3-dimethylimidazolium 
bis-trifluoromethylsulfonate imine ([Bmmim][NTf2]) is obtained through the same routine. 
Electrochemical measurement methods were adopted to detect the oxygen sensing performance of the   
two ionic liquids mentioned above. CV curves gave a good linear relationship of oxygen reduction peak 
current and the oxygen concentrations from 0% to 100% O2, and obtained both of the corresponding R2 
(R2 >0.98), which demonstrated [Cnmmim][TFSI] (n=2,4) a promising material for oxygen sensing. (This 
paper is funded by the International Exchange Program of Harbin Engineering University for Innovation-
oriented Talents Cultivation.) 

 
(a) Photo of ionic liquids used in this article, (b) Structural formula of ionic liquids from (a), (c) Photo of 

assembled oxygen sensing device. 
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Abstract: 

Sm-based rare-earth alloys are widely used in many applications including magnetic and catalysis.[1, 2] 
Traditional methods for the preparation of alloys were thermal reduction, vacuum metallurgy and regional 
melting. However, the molten salt electrolysis was applied in this work. Firstly, electrochemical reactions 
of Sm(III) ions with Ni(II) and Co(II) ions have been studied in a molten salt system using different 
electrochemical methods. Secondly, Sm-based alloys were prepared by electrodeposition. Finally, 
Sm-based alloys were tested for their magnetism. Afterward, all the Sm-M (M=Ni, Co) alloys were 
characterized by X-ray diffraction (XRD), scanning electron microscopy (SEM) with energy dispersive 
spectrometry (EDS), X-ray photoelectron spectroscopy (XPS), high-resolution TEM (HRTEM), vibrating 
sample magnetometer (VSM) and nitrogen adsorption-desorption isotherm. Fig. 1 illustrated the SEM (a), 
SAED (b) and HRTEM (c) images of SmNi5 intermetallic compound. Fig. 1a shows a cross-sectional 
SEM image. The selected-area electron diffraction patterns (Figure. 1b) confirmed that crystal was 
single-crystal characteristics. The selected-area electron diffraction (SAED) pattern can be indexed as a 
hexagonal SmNi5 single crystal, recorded from the [111] zone axis. HRTEM observations along the lattice 
plane (111) are shown in Fig. 1c; insets 1 and 2 show auto correlation and FFTs images taken from part of 
the HRTEM image corresponding to the matrix A.  

 
Fig. 1 SEM image (a), SAED (b) and HRTEM image (c) of SmNi5 intermetallic compound 
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The electrodeposition of metals and alloys from aqueous electrolytes is limited by the narrow 
electrochemical window and hydrogen evolution. To surpass these disadvantages, in recent years ionic 
liquids (ILs) and deep eutectic solvents (DES) are promising alternatives for various electrochemical 
processes, including electrodeposition, due primarily to a large potential window, acceptable ionic 
conductivity, high thermal stability and negligible vapor pressure.1, 2 
DES have been used for the deposition of a range of metal coatings such as Sn3 and its alloys (Sn-Zn, Sn-
Ni, Sn-In, Sn-Cu…) 4, 5, among other metals and its alloys. 
In this work, the research team focused on the nucleation studies of Sn and Sn-Ni for DES ethaline (choline 
chloride – ethylene glycol). Sn electrodeposition from solutions of DES containing Sn and Sn-Ni alloy were 
studied by cyclic voltammetry, chronoamperometry and atomic force microscopy (AFM) analysis on a GC 
electrode at 75 ºC.  
Cyclic voltammograms present well defined peaks for both metals and alloy that can be associated with the 
deposition onto GC surface, showing that this ionic liquid is a good and greener choice for electrodeposition 
of Sn and Sn – Ni alloy. Chronoamperometry and nucleation studies show that Sn electrodeposition on GC 
surface occurs through an instantaneous process with growth controlled by diffusion. The number of active 
sites increases when the potential becomes more cathodic. The surface characterization performed by AFM 
analysis indicated that increasing the electrodeposition time, it is visible an increase in nucleus size. 
 

  
Sn-Ni alloy electrodeposition – AFM 

analysis 
 
Preliminary results regarding the electrodeposition of Sn-Ni alloy nanowires using DES ethaline are also 
discussed. 
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A general and easy-to-apply analytical theory is developed for the study of ion transfer processes at 
two polarizable liquid|liquid interfaces in series (see schematic in Figure 1) [1,2], which can be found in 
sensors [3] and batteries [4,5] based on liquid|liquid electrochemistry. Particular attention is paid to 
develop the theoretical foundations of the so-called double transfer voltammetry [6] where the target ion 
has access to both polarized interfaces as in the case of a hydrophilic ion initially present in two aqueous 
solutions separated by an immiscible organic phase. 

  
Figure 1. (left) Schematic of the electrochemical cell of two-polarizable interface systems where the target ion ( XzX ) 
has access to both interfaces; (right) Experimental cyclic square wave double transfer voltammograms corresponding 
to the transfer of tetraethylammonium (TEA+) between water and 1,2-dichloroethane compensated by anions ( RzR ) 
of different lipophilicity: 

4 4 3BF ClO NO Cl− − − −     

The theory is valid for any voltammetric technique and it is applied to macrointerfaces (linear 
diffusion) and to microholes (highly convergent diffusion), obtaining simple analytical equations for the 
current-potential response. These equations cover a wide variety of possible experimental situations in 
terms of the lipophilicity, concentration and mass transport of the target ( XzX ) and compensating ( RzR ) 
species as well as of the size of the interface. Depending on all these factors, one or two well-separated 
signals are predicted, as shown in Figure 1. The second situation is preferred for the determination of the 
standard Gibbs energy of ion transfer and, for a given species XzX , it can be achieved by increasing the 
hydrophilicity of the compensating ion, by shrinking the liquid|liquid interface and/or by increasing the 
viscosity of the organic phase. The presence of multiple compensating ions will also be considered, which 
can lead to further splitting of the signals depending on the lipophilicity and concentration of RzR ’s; thus, 
for example, from 1 to 4 signals can be recorded in the presence of two compensating ions. 

The theoretical results are verified experimentally by studying, via cyclic and square wave 
voltammetries, the transfer of tetraalkylammonium cations of different lipophilic character from water to 
1,2-dichloroethane or to NPOE-supported liquid membranes, in the presence of compensating anions of 
different lipophilicity. The experimental voltammograms show the transition from one to two signals as 
the lipophilicity of the compensating anion decreases (see Figure 1).  
Acknowledgements: The authors thank the financial support of the Fundación Séneca (19887/GERM/15) and the 
Ministerio de Economía y Competitividad (CTQ-2015-65243-P, CTQ-2015-71955-REDT). 
 

References 
[1] J.M. Olmos, A. Molina, E. Laborda, E. Millán-Barrios, J.A. Ortuño, Anal. Chem. 90 (2018) 2088-2094 
[2] A. Molina, E. Laborda, J.M. Olmos, E. Millán-Barrios, Anal. Chem. 90 (2018) 3402-3408 
[3] J.A. Ortuño, J.M. Olmos, E. Torralba, A. Molina, Sensors Actuators B Chem. 222 (2016) 930–936 
[4] P. Peljo, M. Bichon, H.H. Girault, Chem. Commun. 52 (2016) 9761–9764 
[5] E. Torralba, M. López-Tenés, E. Laborda, A. Molina, Electrochimica Acta, 265 (2018) 638-650 
[6] M. Velický, K.Y. Tam, R.A.W. Dryfe, Anal. Chem. 86 (2013) 435–442 



An Experimental and Computational Study of Dopamine as an 
Electrochemical Probe of the Surface Structure of Carbon Surfaces  

James A. Behan*, Md. Khairul Hoque*, Serban Stamatin*, Tatiana Perovab, Laia Vilella*, Max Garcia-
Melchor* and Paula E. Colavita*  

*School of Chemistry, CRANN and AMBER Research Centre, Trinity College Dublin; bDepartment of 
Electronic and Electrical Engineering, Trinity College Dublin 

College Green, Dublin 2, Ireland 
behanja@tcd.ie 

 
 
Carbon nanomaterials have received much attention in recent years from electrochemists particularly due 
to their applications in the metal-free electrocatalysis of important processes including the ORR. Many 
groups have used heteroatom doping with atoms such as nitrogen, phosphorus and boron to introduce 
specific chemical moieties into a carbon scaffold and attempted to correlate the activity of the resulting 
material to the presence of particular surface sites1, 2. There has been comparably less focus, however, on 
studying the modification of the carbon scaffold itself, even though common doping procedures may 
dramatically affect its composition and organisation.  
 
To this end we prepared carbon model systems based on sputtered amorphous carbon and amorphous 
carbon thin film electrodes doped with nitrogen heteroatoms and characterized them using a combination 
of optical techniques including XPS and Raman spectroscopy. Significant differences in the scaffold 
properties were identified including the degree of graphitization, the size of graphitic clusters and the 
abundance of defects. Dopamine was chosen as an electrochemical probe and its coverage on the different 
model surfaces was determined voltammetrically. Results indicate that the coverage highly correlated to 
the degree of graphitization even in carbon systems which were doped with nitrogen, suggesting that 
dopamine may be useful for probing carbon nanostructure even when heteroatoms are present in graphitic 
systems. Our hypothesis was supported by ex situ characterization of the materials using another surface-
sensitive redox probe, 4-Nitrobenzylamine, as well as DFT studies of dopamine adsorption on graphene 
and N-graphene model surfaces. Results are also discussed in the context of the potential impact in 
electrocatalysis at graphitic carbon surfaces in important reactions for electrochemical energy conversion 
technologies such as the ORR. 
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The reduction of molecular nitrogen is one of the most challenging problems in catalysis. In the process 
N2 is converted to ammonia, one of the most ubiquitous industrial chemicals. It is primarily used in the 
production of artificial fertilisers, which are crucial for supporting a growing global population and 
largely responsible for the population boom in the 20th century. Due to the numerous challenges in 
running this reaction, ammonia is still produced in the highly energy consuming Haber-Bosch process. 
The process requires high temperature and pressure in order to activate the highly inert N2 molecule, 
necessitating production in large, centralised plants. The modest energy efficiency and high demand for 
ammonia result in 1 % of the world’s energy being used for ammonia production. The electrochemical 
production of ammonia is an attractive alternative where electrochemical potential could be used to drive 
the reaction, enabling on-site production using electricity from green energy sources.  
In this work, a critical consideration of the state-of-the-art will be presented and an experimental protocol 
that can address the most common problems in nitrogen reduction benchmarking is suggested. The 
reduction of N2 to ammonia is theoretically predicted to be possible at very negative potentials and it 
competes against the much more facile hydrogen evolution reaction (HER), severely limiting faradaic 
efficiency. Ammonia is usually quantified using the indophenol method, which is capable of detecting it 
at ppb levels. However, ammonia is ubiquitous in the environment and can easily contaminate 
electrochemical setups and samples. Therefore, it is difficult to determine the source of measured 
ammonia with certainty and reliably benchmark low activities. These problems necessitate extreme 
scrutiny for the assessment of electrochemical N2 reduction. The necessity of background measurements 
will be shown along with the need for rigorous quantification of the catalytic activity in terms of turnover 
frequency, yield rate, quantity, and concentration of detected ammonia. Isotope labelled 15N experiments 
are demonstrated to enable the differentiation between ammonia originating from the reduction of N2 gas 
introduced to the system and sources of contamination. The ammonia synthesised can subsequently be 
detected and quantified using NMR or FTIR spectroscopy, providing robust benchmarks. An additional 
concern, which is generally not addressed in the literature, will be discussed - the fact that ammonia and 
easily reducible nitrogen oxides are a common and an experimentally significant impurity in isotope 
labelled 15N nitrogen gas. The developed protocol is then applied to test for the most attractive candidates 
for nitrogen reduction predicted by theory, such as Ru, Rh and Ni, in both aqueous and non-aqueous 
electrolytes. Examples of successful electrochemical nitrogen reduction or lack thereof will be discussed. 
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Figure 1: NMR spectra of samples containing isotope labelled 15NH3  
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Organic Electrochemical Transistors (OECTs) have been proposed as low cost chemical sensors for the 
detection of several analytes thanks to their remarkable features such as signal amplification, the use of an 
easy and cheap readout electronics, low supply voltage (usually < 1 V), low power operation (< 100 μW), 
bio-compatibility,  and, moreover, they can be easily miniaturized and adapted to non-flat and/or flexible 
devices. An OECT is composed by a stripe of conductive polymer that works as a channel and by another 
electrode, usually a metal, that works as a gate. When the device is dipped in an electrolyte solution, the 
current flowing in the channel can be modulated through the gate voltage because it promotes 
electrochemical reactions that change the charge carrier concentration in the polymer and, consequently, 
its conductivity. Chemical sensors based on OECTs are usually obtained by exploiting as gate electrode a 
chemically modified electrode that acts as amperometric transducer. In such a way, the rate of 
electrochemical processes and thus of the gate action depends on the analyte concentration. In our 
previous work, we have demonstrated that the OECT transduction is generated by a variation of 
electrochemical potential of the channel, because the electrical conductivity of a conductive polymer is a 
function of its oxidation level. Consequently, OECTs could be also used as transducers for potentiometric 
sensing.  
This contribution describes a strategy to exploit OECTs in the measurement of potentiometric signals  
with the final aim of obtaining sensors that cannot be fabricated with consolidated technology. In order to 
thoroughly investigate the potentiality of these devices, we fabricate transistors with different 
architectures wherein the channel is made of poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) 
(PEDOT:PSS) and the gate is an Ag/AgCl electrode. Since the Cl- concentration in the electrolyte rules 
the gate potential measured with respect to a reference electrode, it also controls the electrochemical 
potential of the channel and thus its conductivity. The current that flows in the channel linearly depends 
on the logarithm of Cl- concentration as expected from Nernst equation. Since the Ag/AgCl electrode can 
force the channel potential without the action of an external potential, the transistor can also operate when 
the gate and the source are short circuited in order to produce a two terminal device with the features of a 
transistor. The proposed approach is general and we have already fabricated similar devices for the 
detection of Br-, I- and S2-, based on AgBr, AgI and Ag2S gate electrodes, respectively. Moreover, we 
exploited such evidences to  design new composite materials for the production of two terminal devices 
that maintain the amplification of a transistor. These evidences could pave the way to the production of 
both new materials and new sensors based on potentiometric transduction.  

 
 
Figura 1. A and B) Schematic layout of different architectures of OECT to acquire potentiometric signal. 
C) Source-Drain current vs time plot recorded while increasing the concentration of Cl- in the 0.1 M 
KNO3 solution (Vg = 0 V; Vd = 0.05 V). 



 Non-Isobaric Electrochemical Transport Modelling:  
Case Study for Nafion 

 
Priyamvada Goyal, Charles W. Monroe 

Department of Engineering Science, University of Oxford 
Parks Road, Oxford OX1 3PJ 

priyamvada.goyal@eng.ox.ac.uk, charles.monroe@eng.ox.ax.uk 
 
Conventionally, transport models employed in the context of electrochemical devices [1],[2] have been 
developed for liquid electrolytes under isobaric conditions. The assumption of constant pressure starts to 
break down for solid electrolytes, which respond to internal or external stress and strain changes in a 
fundamentally different way. Mechanical effects and their coupling with charge and mass transfer have, 
therefore, become a key area of research [3]. The present work focuses on the Nafion ionomers used in 
polymer electrolyte membrane fuel cells. The tendency of these membranes to swell upon solvent 
sorption in spatially constrained environments, when viewed in conjunction with the delicate water 
balance necessary for optimum operation and the durability requirements from the cell stacks, makes for a 
perfect case-study of non-isobaric transport in electrolytes [4].  
 
 The thermodynamics underlying the transport model for a solid-liquid mixture such as a 
hydrated Nafion membrane was recently revisited by the authors [5]. A solid can store energy in the form 
of elastic work obtained from deformation of the material, in addition to the expected heat work, pV 
mechanical work and electrochemical work. Conservation laws for material, momentum, and energy, as 
well as flux and stress constitutive laws, have been developed using basic principles of irreversible 
thermodynamics to maintain congruency with this modified basis of thermodynamic intensive variables. 
Both steady-state DC response and electrochemical impedance spectroscopy (EIS) have been studied 
within the new framework to gain insight into electrochemical/mechanical coupling within the new 
transport model.  
 

EIS concentrates on the first-order effects and idenitifies the various time-scales, length-scales, 
and the dominant ranges of the modeled physical phenomena. For instance, current-induced pressure 
variations at higher frequencies (~ 1 MHz) manifest as loops on the Nyquist plots, possibly providing an 
explanantion for the high-frequency inductance often observed in the literature and casually attributed to 
the wiring/casing of the cell [6]. A parameter study was further performed to enable smoother mechanical 
property (compressibility, viscosity etc.) extraction from experimental EIS data. Steady-state analysis, on 
the other hand, explores the coupling of more complex effects such as the excluded-volume effect [2], 
pressure dependence of system properties such as partial molar volumes, and diffusion induced by local 
stress gradients. The resulting water-content, strain, and stress profiles under applied conditions ranging 
from low-humidity/freely-swelling to vapour-saturated/fully-constrained membrane states can inform 
better designed water-management schemes, as well as strategies to improve durability.  
 
[1] J. Newman, D. Bennion, and C.W. Tobias, Mass Transfer in Concentrated Binary Electrolytes, 
Berichte der Bunsengesellschaft für physikalische Chemie, 1965, 69(7), pp 608-612 

[2] J. Liu and C.W. Monroe, Solute-Volume Effects in Electrolyte Transport, Electrochimica Acta, 2014, 
135, pp 447-460 

[3] A. Kusoglu and A.Z. Weber, Electrochemical/Mechanical Coupling in Ion-Conducting Soft 
Matter, Journal of Physical Chemistry Letters, 2015, 6(22), pp 4547-4552 

[4] J. Newman and A.Z. Weber, A Theoretical Study of Membrane Constraint in Polymer-Electrolyte 
Fuel Cells, AIChE Journal, 2004, 50(12), pp 3215-3226 

[5] P. Goyal and C.W. Monroe, New Foundations of Newman’s Theory for Solid Electrolytes: 
Thermodynamics and Transient Balances, Journal of the Electrochemical Society, 2017, 164(11), pp 
E3647-E3660 

[6] B.P. Setzler and T.F. Fuller, A Physics-Based Impedance Model of Proton Exchange Membrane Fuel 
Cells Exhibiting Low-Frequency Inductive Loops, Journal of the Electrochemical Society, 2015, 162(6), 
pp F519-F530 



Potentiometric Titration of Ionic Liquid Formation in Aqueous 
Solutions – Preparation of High Purity Ionic Liquids and Beyond 

 
Takashi Kakiuchi1,2, Keiji Nakano1, Yuki Onishi1, Masahiro Yamamoto1 

1. Konan University, Okamoto8-9-1, Kobe 658-8501, Japan 
2. pH Science and Technology Laboratory, Kinomoto 1058, Wakayama 640, Japan 

 
kakiuchi.takashi.55e@st.kyoto-u.ac.jp 

 
A hydrophobic ionic liquid (IL) can be conveniently prepared by mixing two aqueous solutions, each of 

which contains a salt of the IL constituent ionic species and a hydrophilic counterionic species, e.g., B+Cl
 and Li+A, to form a hydrophobic IL, B+A. However, it is usually very difficult to achieve the mixing 
at the exact 1-1 molar ratio of B+Cl and Li+A when mixing the two solutions. Remaining impurities, 
such as Cl can considerably alter the physicochemical properties of the IL thus prepared [1]. One way to 
overcome this problem in preparing the IL is to mix a B+OH solution with HA. In this case, the product, 
H2O, can be easily removed. But, the conversion of B+Cl to B+OH prior to the neutralization is not an 
easy task [2]. Moreover, the exact 1-1 mixing ratio is seldom achieved; no attempt has been made to 
utilize titration curves to determine the equivalence point for IL synthesis by metathesis. Silvester et al. 
potentiometrically followed a metathesis reaction between tetradodecylammonium chloride and potas-
sium tetrakis(4-chlorophenyl)borate in nitrobenzene to determine the equivalence point [3].  

We report a simple method of preparing a high-purity hydrophobic IL, tributyl(2-methoxyethyl)-
phosphonium bis(pentafluoroethanesulfonyl)amide, [TBMOEP+][C2C2N-], from tributyl(2-methoxy-
ethyl)phosphonium chloride, TBMOEPCl, and lithium bis(pentafluoroethanesulfonyl)amide, LiC2C2N, 
by potentiometric titration of an aqueous solution of TBMOEPCl  with an  aqueous solution of LiC2C2N. 
Experimental  The cell employed is represented as  

Ag | AgCl | 1 mmol kg-1 NaCl | gelled ILSB | a mol dm-3 TBMOEPCl | AgCl | Ag 
where gelled ILSB is [TBMOEP+][C2C2N-] membrane gelled with poly(vinylidene fluoride-co-
hexafluoropropylene). ILSB stands for an ionic liquid salt bridge, for which we have been using 
[TBMOEP+][C2C2N-] as a nearly ideal ILSB for aqueous solutions without containing hydrophobic ions 
[4,5]. The aqueous LiC2C2N solution in a burette was added drop-wise to the TBMOEPCl solution. The 
cell voltage, E, was measured with an electrometer. After the titration, the IL precipitated was collected 
and then mixed with 1,2-dichloroethane (DCE). The DCE solution was washed with water repeatedly. 
The DCE was removed with a rotary evaporator and then vacuum drying.   
Theoretical  The cell voltage was expressed in terms of the Nernst-Lewis equations for the two Ag|AgCl 
electrodes, and the Nernst-Luther-Lewis equations for the distribution potentials on both sides of the 
ILSB. The partition of the ionic species into the ionic liquid phase formed by titration was explicitly taken 
into account. The activity coefficients of relevant ionic species were estimated through the mean activity 
coefficients of LiCl and tetrabutylammonium chloride  in their aqueous solutions at 25   ֯ C.  
Results and Discussion  The shapes of potentiometric titration curves recorded at different concentrations 
of TBMOEPCl were well explained by the numerical calculations based on the model described above. 
No trace of Cl- (by cyclic voltammetry with a silver electrode) and of Li+ (ICP-AES) was detected, which 
fact suggests that nearly ideal 1-1 mixing was acomplished.  The value of E at the equivalence point does 
not depend on the phase-boundary potentials at the ILSB, and hence can be utilized to experimentally 
determine the equivalence point, “a priori”. Because of the sharpness of the change in the curvature of the 
titration curves around the equivalence point, the error of a few millivolt in E at the equivalence point 
does not seriously alter the mixing ratio from 1-1. This titration can be conveniently applied to prepare a 
high-purity ILs even without knowing the exact concentrations of the two solutions before mixing. The 
value of E before adding the titrant is determined by the mean activity of TBMOEPCl in the analyte 
prepared.  
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Real-time, non-invasive pH monitoring of biofluids such as human sweat is currently attracting a great 
deal of interest for accessing information from our body. However, such emerging bioelectronic 
application poses several constraints to existing sensing technologies, as configurational versatility and 
ultra-sensitivity stand out as essential requirements. In this scenario, organic electrochemical transistors 
(OECTs) are promising electronic platforms that can interface the biological domain providing intrinsic 
signal amplification[1] and they can be exploited as sensing devices without the need of a freestanding 
reference electrode.  
In this contribution, we show the optimisation of pH responsive materials, able to successfully convert a 
pH chemical signal into an electrical one, which are exploited to modify the gate electrode of the OECT. 
The semiconducting polymer poly(3,4-ethylenedioxythiophene) (PEDOT) was electrochemically doped 
with pH dyes and the PEDOT:dye composites were thoroughly investigated by electrochemical and 
spectroscopic analyses, exhibiting Nernstian response to pH. It was demonstrated that the transduction 
mechanism of the proposed materials originates from the pH-dependent change of the dyes’ electronic 
charge, which in turn affects the doping level of the semiconducting polymer. Therefore, the newly 
synthesised electrochemical transducers were employed as sensing element in an OECT configuration, so 
as to obtain a device with higher performances. The resulting OECT pH sensor can reliably detect pH 
variations in the range 1-9 with super-Nernstian sensitivity. Finally, thanks to the OECT major 
advantages with respect to conventional electrochemical sensors, we assessed the sensor adaptability to a 
plastic substrate, thus making our device compatible with wearable applications. With our flexible sensor, 
we were able to estimate the pH of an artificial sweat sample with a standard deviation equal to 0.06 pH 
units within a medically relevant range. 
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In recent years there have been multitude of studies trying to enhance the 
catalytic activity and stability of Pd-based catalysts for the oxygen reduction 
reaction (ORR). Study of Pd in given context is driven by an urge to reduce 
the amount of Pt used in fuel cell applications [1]. In this work electron-
beam deposited copper layers (0.5–10 nm) on a glassy carbon (GC) 
electrode were galvanically replaced by Pd in a H2PdCl4 solution bath [2]. 
Catalysts were named CuxPd, where x indicates the sacrificial layer 
thickness. Obtained thin Pd layers were characterised physically using X-
ray photoelectron spectroscopy (XPS), scanning electron microscopy 
(SEM) and electrochemically using the rotating disc electrode (RDE) 
method in addition to cyclic voltammetry (CV). Remnant copper was 
detected for 5 and 10 nm but was not on the 1 and 2 nm sacrificial layer 
thicknesses using the energy dispersive X-ray spectroscopy (EDX). No 
copper was detected with the use of XPS and CV on any of the Pd layers. 
SEM studies on the Pd films showed uneven growth of the film with larger 
particles and voids covering the GC surface. SEM image of a 10 nm 
sacrificial layer thickness is provided on Fig. 1a. Obtained films had visibly 
different structure compared to electron-beam evaporation method prepared 
Pd films [3]. RDE was applied in O2 saturated 0.1 M KOH solution for the 
study of the ORR kinetics. On Fig. 1b comparison of different CuxPd 
catalyst voltammetry curves are provided. Difference in diffusion limiting 
current plateaus can be attributed to the lower coverage of GC at the lowest 
sacrificial layer thicknesses.  Sacrificial layer thickness did not influence the 
specific activity of the Pd films for the ORR. Oxygen reduction on the 
obtained films proceeded through 4-electron pathway. For all CuxPd 
catalysts the Tafel analysis showed rate-limiting step to be the transfer of 
the first electron to the O2 molecule, with slope values of -60 mV which is typical to surface oxide covered 
Pd [1]. 
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Figure 1. (a) SEM image of 
10 nm sacrificial layer 
thickness. (b) Comparison 
of RDE voltammetry curves 
for ORR on CuxPd catalysts 
and commercial Pd/C in O2-
saturated 0.1 M KOH ω = 
1900 rpm, v = 10 mV s−1 
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For realizing sustainable world, ubiquitous and high-energy density electrochemical power supply 

with high safety is needed such as batteries, supercapacitors and fuel cells. For the purpose, room-
temperature ionic liquids have been focused and widely investigated during the last two decades. On the 
other hand, Suo et al. and Yamada et al. recently proposed “Water-in salt” and/or “hydrate melt” solutions 
can work as a good electrolyte solution for an aqueous lithium ion secondary battery [1, 2]. In addition, 
specific Li+ conduction was suggested in such hydrate melt. In order to reveal the specific Li+ conduction 
in the hydrate melt, we studied the Li+ local structure and the liquid structure. 
   Fig. 1 (a) shows the Walden plots for aqueous solutions 
of various LiTFSA (bis-(trifluoromethansulfonilamide)) 
concentrations. The Walden plots for the molar ratio of 
1:2.5 solution at low temperature locate upper region of 
the ideal Walden line, suggesting superionic behavior. 
The slope of the Walden plots (inserted values in the 
fig.1 (a)) for the respective solution was smaller with 
increasing LiTFSA concentration, which indicates 
relaxations for the ionic conduction and the viscosity 
differ from each other. Hence, the Arrhenius activation 
energy for the ionic conductivity Ea(V) and the fluidity 
Ea(1/K)were evaluated (Fig.1 (b)). As clearly seen from 
the figure, the Ea(V) became smaller than the Ea(1/K) with 
the increase of the LiTFSA concentration.  

Raman spectra were measured for the LiTFSA 
aqueous solutions to reveal the species of the H2O and 
the TFSA. Raman bands derived from TFSA were 
analyzed to elucidate the Raman scattering coefficients 
for the individual TFSA species and their formation 
distribution functions. Similarly, speciation analysis for 
the water molecules was also carried out. In the 
presentation, the specific Li+ conduction will be discussed 
based on the Li+ local and the liquid structures for the 
highly concentrated LiTFSA aqueous solutions up to 
hydrate melt.   
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 Lithium-sulfur (Li-S) battery is expected as an innovative one because it has a theoretical 
capacity about 10 times greater than that of the present Li-ion battery (LIB). Solvate ionic liquids (SIL) 
are composed of a couple of a solvated cation/anion and its counter ion. [1] One of the typical SIL is the Li 
-Glymes SIL that proposed by Watanabe et al. [2] Li-Glymes SIL is an equimolar mixture of Li salts and 
glymes of an oligoether such as a triglyme, G3 (CH3O-(CH2CH2O)3-CH3)), and shows favorable liquid 
properties like room-temperature ionic liquids; negligible vapor pressure, practically non-inflammability, 
ionic conductivity and chemical/electrochemical stability. The Li-Glymes SIL is expected to apply as 
electrolyte of the Li-S battery because of the low solubility of lithium polysulfide (Li2Sn). Recently, Moon 
et al. found unique Li+ de-solvation behaviors at the interface between the graphite anode and the Li-
Glymes SIL [Li(G3)][TFSA] (TFSA: bis(trifluoromethanesulfonyl)amide), and reported that the SIL can 
be utilized as an electrolyte solution for the Li-ion battery. [3] The de-solvation of Li+ takes place at the 
graphite / [Li(G3)][TFSA] interface at the electrode potential range of 0.3−0 V vs Li. In contrast, the co-
intercalation of G3 and Li+ (intercalation of solvate [Li(G3)]+ cation) into the graphite anode occurred in 
electrolytes solutions containing excess G3 [LiTFSA]x[G3](1-x) (xLiTFSA < 0.5). It is proposed that such 
unique Li+ de-solvation are governed by the free glyme activity in the electrolyte solutions. In addition, as 
the charge-discharge cycle increases, the interface resistance at the cathode increases as the increase of 
G3 concentration. [4] However, these factors is still unknown at a molecular level. Moreover, the activity 
of free solvent in SIL is an important factor clarifying the definition of SIL. In this presentation, 
thermodynamics and speciation analysis of the non-equimolar Li–Glymes SIL are clarified based at a 
molecular level. 
  The complementary linear least squares analysis (CLSA), combined with the respective linear 

least squares method on the Raman scattering factors and the formation distribution functions, was 
established and was applied to Raman bands from G3 appearing at the frequency range of 770 - 900 cm-

1. Figure 1 shows the species distribution functions for the G3 in the [LiTFSA]x[G3](1-x) obtained with 
the CLSA. The concentration of the free G3 in SIL decreased with increasing xLiTFSA and was almost 0 at 
around x = 0.55. The G3 activity in the SIL was determined by means of the vapor pressure 
measurements. The G3 activity in the SIL sharply decreased with the increase of x, and the activity value 
reached around 1/100th of the free G3 mole fraction at the x = 0.5. According to the solvation free 
energy calculations based on the molecular dynamics simulations, the Li+ predominantly contributes to 
the G3 solvation energy in SIL. Hence, the G3 activity in the SIL is 
influenced by the local structure of the Li+. Therefore, the Raman 
band derived from TFSA were also analyzed with the CLSA and it 
was revealed that the solvent shared ion pair (SSIP) appears from the 
dilute LiTFSA region and contact ion pair (CIP) appears and rapidly 
increases over xLiTFSA = 0.4 by the speciation analysis of the Li+ in 
the SIL. Since CIP is generated over about x = 0.4 where the free G3 
activity becomes 0.1 or less due to the interaction with Li. 
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Organolead halide perovskites are an impressive and relatively recent class of light-absorbing materials 
for solar cells and light-emitting devices. It has been reported that exposure of the perovskites materials to 
light has negative impacts on device performance. Also, surface recombination has been reported as a 
major obstacle to the total carrier lifetime in perovskite polycrystalline thin films. Herein, we explored the 
role played by nanosecond pulsed UV laser-irradiation on carrier dynamics in perovskites thin films. 
Steady-state and time-resolved photoluminescence measurements revealed the interplay of disorder and 
heterogeneity on photoexcited carrier dynamics, while in-situ micro Raman and Angle dispersive X-ray 
diffraction showed the mechanisms of crystal phase reconstruction. Exposures to laser light leads to rapid 
crystal phase reconstruction and hence, unexpectedly, extend PL lifetime by fourfold instead of 
promoting degradation. This verifies nanosecond pulsed laser irradiation plays a beneficial role in 
improving in optoelectronic material parameters. Our findings reveal that pulsed laser irradiation is a new 
approach to the reconstruction of microstructure and offers beneficial effects in the manufacture of 
perovskites solar cells. Moreover, this work provides a clear insight towards identifying the physical 
origin behind the disorder, heterogeneity, film reconstruction and nano-structuring as well as their 
correlation with improved PL lifetime. 
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Protic ionic liquids PIL, which have 
dissociable hydrogen atom, are 
expected as a proton conductor for fuel 
cells. Proton conduction mechanism in 
PIL has been investigated so far. 
Proton conduction in solution can be 
classified into the Grotthuss 
mechanism and the Vehicle one. 
According to Angell et al.[1], ionic 
solution whose Walden plots locate 
above the ideal Walden line could have 
a specific proton conduction like the 
Grotthuss mechanism, thus can be 
called as superionic solution. 
   We recently found electrically neutral molecular species an N-methylimidazole C1Im and an acetic acid 
C1COOH predominantly exist in their equimolar mixture, though the mixture has significant electric 
conductivity. [2] In fact, taking the ionic species concentration in the equimolar mixture into 
consideration the plot for the equimolar mixture locates above the ideal Walden line, which suggests 
specific proton conduction could occur in the mixture. Hence, we propose such unique liquids can be 
called as pseudo-protic ionic liquids pPILs. To obtain further insight into the proton conduction 
mechanism in pPIL, we extended our work to an equimolar mixture varying the alkyl chain length and the 
acidty of carboxylic acid. Here, we demonstrated 
Raman and NMR spectroscopic speciation 
analysis of the proton carrier in this system. In 
addition, the hydrogen bonds in pPIL were 
discussed by neutron/X-ray total total scattering 
experiments with the aid of molecular dynamics 
simulation. As is well-known, the pulsed-field 
gradient (PFG) NMR is a powerful tool to reveal 
the proton conduction mechanism in solutions. 
Figure 1 shows the self-diffusion coefficients of 
hydrogen atoms in imidazole (C0Im)-C1COOH 
equimolar mixture. As clearly shown by this 
figure, the specific proton conduction was 
suggested in this equimolar mixture based on the 
fastest diffusion of the OH (or NH) hydrogen 
atom (H1). Hence, in the equimolar mixture, 
specific proton conduction mechanism could 
operates without static acid dissociation. In this 
context, such specific proton conduction without 
static acid dissociation could be called “Super 
Arrhenius proton conduction”. 
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Figure 2 Self-diffusion coefficients for the 
hydrogen atoms of hIm and AcOH in these 

equimolar mixture at 298 K. 

CmCOOH 

N N
CnH2n+1

CnIm 

Figure 1 Illustration of N-alkylimidazole (CnIm) 
and alkylcalboxylic acid (CmCOOH).  
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Nowadays, multiplexing ability is the paramount importance in medical diagnostics as well as 
environmental and agri-food fields, in order to parallel analysis with time and cost reduction. Moreover, 
the possibility of simultaneous multiparameter analysis is also more demanded by society every day. 
 
In the development of electrochemical systems, two different major approaches can be used for getting a 
multiplexed platform. Thus, in this work has been designed and developed two different electrochemical 
platforms based on the two approaches for fast and simple multiplexing analysis. Figure 1 despites the two 
new multiplexing electrochemical platforms. 
 

(A) (B) 

  
Figure 1. Multiplexing platforms by using single-electrode chips (A) or multi-electrode-chips (B). 

 
In the first approach (Figure 1.A), the platform enables the use of up to eight single-chips with up to four 
electrodes per chip. Thus, typically, these chips consist of one or two working electrodes, a reference and 
auxiliary electrode. The platform acts as interface between all the chips and a multi-potentiostat or a 
potentiostat with a multiplexer. The main advantage of this approach is the possibility of combining 
different designs or materials of electrodes, since each chip runs independent experiments but in a 
synchronized way by means of the potentiostat. Moreover, this platform also enables the use of different 
movable add-ons for using the chips in static (drop / batch-cell) or dynamic (flow-cell) conditions. 
 
In the second approach (Figure 1.B), the platform provides a simple and robust interface with a multi-
potentiostat for using multi-electrode chips. Thus, this platform enables the use of chips with up to 48 
electrodes. In this approach is very important the design of the electrode chips adapted to the requirements 
of the application. Therefore, chips containing single-electrode configurations, multi-working electrodes 
sharing reference and auxiliary electrodes, microelectrode arrays or interdigitated array electrodes can be 
easily integrated in an individual chip for using with the interface. In this case, the cost per electrode is 
lower than in the case of the single-electrode chips. However, the combination of different materials o 
designs in the same chips is trickier, since it requires to change the design of all the chip, so, it means, 
higher initial costs for fabrication and testing. This platform is more focused on end-user applications with 
a well-defined multiplexed chip design. 
 
Both platforms have been tested with different electrode chips, multi-potentiostat options and benchmark 
redox compounds in order to validate the advantages and limitations of each approach. 
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Although ion transfer between immiscible liquids has shown great promise for sensing of a large number 
of various analytes [1], its application is sometimes hampered by the difficulty of maintaining a stable 
interface between the two liquids. This would be an especially big problem in the case of moving the 
measurements from the lab into a less controllable environment. Here, we show that using paper as an 
absorbent for the two liquid phases we can create a stable interface that enables fast and easy setup of the 
measurements. This ties into to a general interest in paper based electrochemical devices due to their 
advantages such as low cost, biodegradability, and simplicity of fabrication. 

Fig1. Schematic illustration of a paper-based setup for three-phase electrode ion transfer 
 
In this study we show results of ion transfer across the liquid|liquid interface from the aqueous to the 
organic phase driven by a redox reaction in the organic phase. Using oxidation of decamethylferrocene at 
the three-phase junction between the two phases and the working electrode. We also show that we can 
detect transfer of cations, using reduction of the fullerene C60 to drive the ion transfer, facilitated by the 
presence of an ionophore in the organic phase.  
 
We compare the transfer of ions in the paper-based electrochemical setup with results of the same 
reactions in regular electrochemical cells, with a small organic drop or film deposited onto the surface of 
a glassy carbon electrode.  
 
We also discuss the possibility of performing traditional potential-driven ion transfer between two 
immiscible liquids in a paper-based setup.  
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Arylboronic acids are used extensively in organic chemistry, chemotherapy, saccharide recognition, and 
biochemical sensing. Their reactions with oxidants, especially H2O2, can lead to boronate deprotection 
and the generation of phenols. Based on their reactions with H2O2, arylboronic acids are actively 
employed for fluorescent sensing/imaging of H2O2. In contrast, the reactions of arylboronic acids with 
oxidants have seldom been utilized for electrochemical detections. Some years ago, we reported that the 
selective electrochemical determination of H2O2 based on the reaction of aminophenylboronic acid with 
H2O2 to generate electrochemically easily detectable p-aminophenol [1]. However, the reactions of 
arylboronic acids with endoperoxides and strong oxidants have rarely been studied and been explored for 
the electrochemcial detection of endoperoxide and strong oxidants 
 
Recently, we investigated the reactions of p-aminophenylboronic acid with artemisinin (Figure 1) and 
chloramine-T and their applications for the electrochemical detection of artemisinin [2] and chloramine-T 
[3]. Artemisinin, an endoperoxide, is a weak oxidant and a famous antimalarial drug. Chloramine-T is a 
strong oxidant as well as a biocide and disinfectant. Unexpectedly, the optimum conditions for the 
reaction of p-aminophenylboronic acid with artemisinin and chloramine-T are much different from that 
for the reaction of p-aminophenylboronic acid with H2O2. The reaction product of chloramine-T is also 
much different from the reaction product of artemisinin and H2O2. Additionally, we also studied the 
electrochemical detection of H2O2, uric acid and uricase using p-hydroxyphenylboronic acid, instead of p-
aminophenylboronic acid [4]. These studies demonstrate that arylboronic acids are promising probes for 
selective electrochemical detection of oxidants. 

 
Figure 1. Scheme for artemisinin detection. 
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Liquid-liquid interfaces are emerging as powerful, transparent, defect-free platforms for bottom-up 
fabrication of ordered two-dimensional (2D) and three-dimensional (3D) assemblies of molecular species 
and nanoparticle (NP) arrays.1 The fluidic nature of these interfaces allows them to self-heal, permitting 
the preparation of robust assemblies of remarkable uniformity at room temperature extending over large 
geometric areas (at least cm2) without the use of specialized equipment.1 
 
Certain soft interfaces formed between aqueous and organic electrolyte solutions of low miscibility (e.g., 
trifluorotoluene) are electrochemically active in the sense that it is possible to precisely control the 
Galvani potential difference between the two adjacent liquids (i.e., to “polarise” or electrify the interface), 
and thus drive charge transfer reactions.2 Such interfaces are denoted interfaces between two immiscible 
electrolyte solutions (ITIES). The ITIES can be controllably electrified by application of a potential either 
externally through the use of electrodes immersed in both phases or through a common ion dissolved in 
the organic and aqueous phases. The potential drop spans the interface and is termed the Galvani potential 
difference; it can be manipulated to provide a polarizable potential window as wide as ∼1.0 V. 
 
According to molecular dynamics simulations and experiments, the liquid−liquid interface is molecularly 
sharp but rough, with fluctuation in the pico-second time scale of the thickness of ca. 1 nm for a 
water−1,2-dichloroethane interface.3, 4 If the majority of the potential drop takes place across this thin 1 
nm interface, very strong electric fields can be achieved (ca. 109 V/m) for modest applied Galvani 
potential differences. Crucially, all electrochemical techniques applied at traditional solid electrode-
electrolyte interfaces (voltammetry, impedance, pulse-techniques, etc.) are applicable at polarised soft 
interfaces.1 
 
Porphyrin aggregates find applications in photoelectronics, non-linear optics, optical waveguides, sensors, 
electrocatalysis and light-energy-conversion systems.5 Thus, new scalable methods for their controlled 
self-assembly can have major technological impact. Herein, we present a new approach to prepare 
ordered assemblies of hydrophilic 4-carboxylphenyl-substituted porphyrin aggregates by 
manipulating the very strong electric fields generated locally on the nanoscale at the water-oil interface 
upon varying the applied Galvani potential difference. The “defect-free” nature of the immiscible 
water-oil interface is highlighted with the electrochemical signals recorded during porphyrin self-
assembly strongly reminiscent of those typically observed for under-potential deposition (UPD) of metals 
or molecules at pristine single crystal electrode surfaces. 
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The basic properties of deep eutectic solvents (DES) were investigated using redox active molecules as 
probes with a special focus on the mass transport phenomena, diffusion of charged species and electron 
transfer kinetics in DES that will be discussed in this presentation considering three classical DES: 
Reline, Ethaline and choline-chloride-lactic acid mixture. These properties are fundamental points as 
mass transport is a fundamental parameter for most applications of such unconventional solvents. 
 
Our experiments show that quantitative electrochemical studies could be performed in common DES 
using cyclic voltammetry even when the redox probe is a highly charged molecule like potassium 
ferricyanide.[1] In all considered DES and for considered electrochemical systems, diffusion was found 
as the major mass transport process in agreement with literature results concerning similar DES. 
 
The diffusion coefficients measured by electrochemistry were found in the same range as previously 
reported in previous electrochemistry investigations. If diffusion coefficients are smaller than those 
observed in classical solvents in agreement with a higher viscosity of DES, they remain sufficiently large 
for use of DES in most applications in electrochemistry. 
 
As remarkable results, only small variations of the diffusion coefficients were observed when changing 
the charge of the molecule. Similarly, the heterogeneous charge transfer kinetics are only slightly affected 
by the charge carried on the redox molecule. In this regard, DES share common features with ionic 
liquids but show some significant differences probably because of the presence of non-ionic components 
in the formulation of the DES. In the presentation, results in DES will be discussed in connection with 
electrochemical behaviors reported in ionic liquids. 
 
[1] S. Fryars, E. Limanton, F. Gauffre, L. Paquin, C. Lagrost, P. Hapiot, J. Electronal. Chem. 
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Ir shell-(Ir-Ni) core films, Ir(Ir-Ni), have been prepared via the galvanic replacement [1] of Ni 
electrodeposits on glassy carbon substrates (Ni/GC) whereby the latter were initially treated with an 
Ir(IV) solution and subsequently subjected to electrochemical conditioning to ensure the anodic 
dissolution of un-reacted Ni. Surface voltammetry (showing pure Ir characteristics), sputter-etch XPS 
experiments (confirming surface enrichment in Ir and depletion of Ni) and EDS results (giving a 3.5 
Ir÷Ni atom ratio in the bimetallic material), all point to a thin Ir shell over an Ir-Ni core (Figure 1). The 
Ir(Ir-Ni)/GC electrodes exhibited a significant increase in intrinsic catalytic activity for the hydrogen 
evolution reaction (HER) when compared to bulk Ir electrodes, based on electrochemical impedance 
spectroscopy (EIS) and steady-state current-potential measurements [2]. The effect of the Ni-containing 
core on the H adsorption affinity of the Ir shell is proposed as the origin of this behaviour. Scanning 
Electrochemical Microscopy in the surface interrogation mode (SI-SECM) has been used to probe the 
strength of metal-adsorbed H bonds at Pt and Ir as well as at Pt(Pt-Ni) and Ir(Ir-Ni) electrodes (Figure 2). 
Linear sweep voltammetry at a Pt microelectrode positioned at a very small probe-substrate distance (2.5 
μm) showed remarkable positive feedback in the presence of an oxidizable mediator (TMPD) when a full 
or partial H monolayer was electrochemically pre-formed on Pt and Ir substrates [3]; a positive feedback 
was also observed for Pt(Pt-Ni) and Ir(Ir-Ni) substrates even in the absence of Hads (in this case the 
feedback was attenuated in the presence of Hads). The magnitude and shape of chronoamperometric 
responses at the tip, as well as the corresponding changes in the open circuit potential of the substrate, 
were interpreted by means of H and OH coverage variation with time (a measure of substrate affinity for 
Hads and OHads). 
 

           
 
Figure 1: Formation of Ir(Ir-Ni) structure.  Figure 2: Principle of Hads probing by SI-SECM. 
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Recently, the synthesis of efficient materials for electrocatalysis and photoelectrocatalysis has been the 
focus of intense research for the most different applications. In this context, titanium dioxide-based 
materials deserve to be highlighted because of their properties, such as low cost and nontoxicity, possibility 
of obtaining different morphologies and crystalline phases, and also because of the high energy of its 
valence band. Among the morphologies, TiO2 nanotube arrays (TNT), exhibits excellent stability, large 
internal surface area, and excellent electron percolation pathways for vectorial charge transfer1. These 
properties also make TNT a potential support material for metallic nanoparticles, such as platinum. 
However, the poor conductivity is one of its main drawbacks, along with its high band gap energy, requiring 
UV irradiation to create electron/hole pairs. Semiconductor-electrolyte interfaces present rectifying 
properties, thus, oxidation reactions usually do not occur on n-type semiconductors, such as TiO2, in 
absence of optic excitation2. In this work, we evaluated the potentiality of self-doped TiO2NTs (SD-TNT) 
as a semi-metallic material support2 for decoration with platinum nanoparticles, aiming applications in 
(photo)electrocatalysis. TiO2 nanotubes electrodes (1 cm2) were prepared by electrochemical anodization 
in aqueous solution of 1.0 mol L−1 NaH2PO4/0.3% HF, at 20 V for 2h, and annealed at 450 ºC for 2 h, 
followed by cathodic polarization in phosphate buffer pH 10 in a conventional three electrodes cell under 
−2.5 V vs Ag/AgCl for 5 min. Platinum nanoparticles were deposited by impregnation of Pt2+ ions (1 mol 
L−1 H2PtCl6 aqueous solution, for 2h) followed by electrochemical reduction (cyclic voltammetry, in 0.5 
mol L−1 H2SO4, four cycles from −0.2 V to 1.2 V vs Ag/AgCl at a scan rate of 20 mV s−1). Small 
nanoparticles with 3-5 nm were formed, which were reduced in the top, inside and outside the TiO2 
nanotubes (Fig.1a). Fig. 1b shows the cyclic voltammetry behavior of Pt/SD-TNT electrodes compared to 
SD-TNT, Pt/TNT and TNT electrodes. It is worth to note how the doping activates the TiO2 support for 
anodic reactions, and then the typical Pt voltammogram is obtained. For Pt/TNT it is observed only the 
characteristic adsorption and desorption hydrogen peaks, and Pt is not oxidized in the forward sweep. Cyclic 
voltammograms of Fig. 1c shows that when Pt/SD-TNT is irradiated (curves B and C) an anodic 
photocurrent flows, where current is much higher in the presence of ethanol (curve C), due to 
photoelectrocatalytic ethanol oxidation (in addition to the water oxidation in curve B). Comparing the CVs 
in the presence of ethanol (curves A, C), the anodic current is much higher under irradiation, as there is 
additional ethanol photoelectrocatalytic oxidation by photogenerated holes, while in the dark only 
electrocatalytic ethanol oxidation takes place. These results show that the self-doped TiO2 nanotube 
electrode is a promising platform for nanoparticles deposition aiming (photo)electrocatalytic applications. 
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Figure 1. (a) FEG-SEM image showing top view of Pt/SD-TNT (400k× magnification); (b) Cyclic 
voltammograms in 0.5 mol L−1 H2SO4 at 100 mV s−1; (c) Cyclic voltammograms for Pt/SD-TNT in the 
presence of 0.5 mol L−1 ethanol under irradiation and in the dark. 
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Industrial activities generate effluents containing metallic cations noxious for the environment, humans and 
wild life, motivating intensive research as those cations are considered as micro contaminants according to European 
standards [1]. It is important to detect and separate these cations in order to reduce pollution and also to collect the 
matter due to metals cost and ore depletion. Chalcogenide molybdenum clusters known as Chevrel phases [2] exhibit 
outstanding physical (superconductivity, thermoelectricity) [3] and chemical (cations intercalation, catalysis) [4] 
properties. The vacancies in the Chevrel Phases structure enable reversible redox reactions Mo6X8 + x Mn+ + x ne- Ù 
MxMo6X8 [5] (X= S, Se) that lead to a room temperature ionic mobility exploited for selective recovery of metallic 
cations [6]; to amperometric detection heavy metals [7] and as electrode for magnesium battery [8]. 

Electrochemistry studies have been conducted on Mo6X8 in Cd2+, Ni2+, Co2+ and Zn2+ single-cationic solutions. 
Those cations were chosen so as to recreate effluents resulting from battery recycling. Multi-cationic electrolytes 
(namely Cd2+/Ni2+, Ni2+/Co2+, Cd2+/Co2+, Cd2+/Zn2+, Ni2+/Zn2+, Ni2+/Co2+/Cd2+, Ni2+/Co2+/Zn2+, Ni2+/Cd2+/Zn2+) were 
investigated with the aim to examine if selectivity occurs. Chronoamperometry and Chronopotentiometry were 
performed to obtain the fully intercalated phases. For few cationic solutions, further in-situ experiments were done at 
the ID22 beamline (European Synchrotron Radiation Facility) coupling electrochemistry and high resolution X-ray 
powder diffraction (XPRD). Complementary ex-situ XRPD experiments on CdxMo6S8 end NiyMo6S8 were also carried 
out.  

It has been shown by in-situ experiments that Cd2+ is preferentially intercalated in presence of other cations 
due to its higher mobility in the channels of the host lattice. We also gathered information such as accurate cell 
parameters, intercalation kinetics and relative proportions of phases during the entire electrochemical processes. Ex-
situ experiments performed in capillary at the ESRF allowed to determine a ternary phase never reported in the 
literature for the intercalation of Cd2+ into Mo6S8.  
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The electrochemical behavior of Sn on copper electrodes was studied at different temperatures ranging 
from 283 to 338 K in 1 M sulfuric acid solutions. Copper substrates appear as good candidates to produce 
Sn deposits that could serve, for instance, to develop new materials for anodes in lithium-ion batteries.  
Therefore, to advance in the knowledge of the electrochemical behavior of  Sn(II) ions  on copper 
electrodes, cyclic voltammetry and ring-disc electrode experiments along with potential steps and 
electrochemical impedance spectroscopy measurements were performed. These experiments were 
coupled with SEM analysis of the Sn deposits to characterize the resulting surface morphology. The 
voltammetric runs showed that the electrodeposition of Sn on Cu occurs at both,   underpotential (upd) 
and overpotential (opd) conditions. The first situation was observed in the 0.0 to ca. -0.3 V (SHE) range 
and the second one from ca. -0.3 V downwards, depending on the scan rate and the solution temperature. 
The anodic/cathodic charge imbalance observed in the upd potential region suggests that part of the 
electrodeposited Sn diffuses into the Cu lattice and remains absorbed in the substrate. The appearance of a 
current loop due to the reactivation of the cathodic deposition during the anodic bias after reversing the 
potential scan in the initial descending part of the voltammetric current peak Ic indicates the presence of a 
nucleation and growth process. The corresponding chronoamperograms exhibited the corresponding net 
cathodic current peak within a very narrow potential window. Non-dimensional analysis of the current 
peaks showed a good agreement with a model of a progressive nucleation process under diffusion control. 
On the other hand, current transients obtained in the upd potential region exhibited no current peak 
suggesting that the electrodeposition of Sn  is not related to the formation of nuclei on the Cu surface.  
SEM images showed that the Sn deposit formed under opd conditions involves particles with sizes in the 
100-500 nm range for an electrodeposition time below 10s. Finally, Nyquist plots recorded between 
60kHz and 10 mHz at the open circuit potential showed the presence of  two capacitive time constants. 
Moreover, plots obtained under opd conditions showed, along with the two capacitive time constants, a 
Warburg contribution related to the diffusion of the Sn(II) ions  to the reaction interface.  
 
 

 
 
Left: Voltammograms of a Cu electrode in 1 M H2SO4 + 0.01 M SnSO4 at different scan rates, showing 
the current peaks related to the Sn upd (IIc/IIa) and Sn opd (Ic/Ia) processes. Right: Experimental and 
fitted Bode plot corresponding to the Cu electrode in 1 M H2SO4 + 0.01 M SnSO4  at the open circuit 
potential.  
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Micro/nano-machining (MNM) is becoming the cutting-edge of high-tech manufacturing because of the 
increasing industrial demand for supersmooth surfaces and functional three-dimensional micro/nano-
structures (3D-MNS) in ultra-large scale integrated circuits, microelectromechanical systems, 
miniaturized total analysis systems, precision optics and so on. Taking advantage of no tool wear, no 
surface stress, environmental friendliness, simple operation, and low cost, electrochemical micro/nano-
machining (EC-MNM) has an irreplaceable role in MNM.  However, because the thickness of the 
electrolyte solution between the tool electrode and the workpiece are usually at micro/nano-meter scale, it 
is a challenge to solve the problems of potential distribution and mass transfer in the ultra-thin layer 
electrolyte cell. In this presentation, we will introduce our recent work on the external physical field 
induced electrochemical reactions in which there is no need of 2-electrode or 3-electrode system in the 
conventional electrochemical system. Figure 1 gives an example on the contact electrification induced 
electrochemical reactions and its application in nanoimprint lithography.  
 

 
Fig. 1 (a–c) The schematic of ECNL; (d) the SEM image of a diffractive microlens on a catalyst mold. (e) 
The confocal laser microscopy image of a diffractive microlens fabricated on GaAs. (f) The AFM image 
of (e). (g and h) The cross-sectional profiles of eight-phase levels on a catalyst mold and GaAs outlined 
by the black dotted lines, respectively. 
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Electrochemical hydrogen compression (EHC) is an emerging technology for energy storage. In contrast 
to mechanical compressors, EHC is energy efficient in low-power applications and encompasses the 
simultaneous purification of the gas stream. While the concept of ‘proton pump’ has been known for 
decades, it is only in recent years that the possibility of producing and storing hydrogen at the site of 
power generation, e.g., in solar or wind farms, has become economically attractive. Moreover, this opens 
the possibility of further harnessing of the large amounts hydrogen produced in the chlor-alkali industry, 
which has the largest global share of power consumption of any application of electrochemistry, as well 
as the recovery of hydrogen from reformate gas mixtures. The efficiency of the system depends on the 
selection of a proton exchange membrane fitted with an adequate mechanical support, control of water 
transport, and the minimization of hydrogen crossover. 
 

 
Figure 1. Hydrogen oxidation and reduction take place at each side of the membrane. 

 
 

The development of ECH involves two main aspects: a) the design of a stack similar to those employed in 
PEM fuel cells but able to manage target pressures up to 700 bars; b) the optimization of the functional 
components of the stack, i.e., proton exchange membrane and catalysts for hydrogen oxidation/reduction. 
This work presents recent activities at the University of Southampton aimed to the characterization of 
electrochemical hydrogen pumps. Attention is given to kinetic studies of catalysts, choice of 
commercially available membranes and the study of hydrogen crossover. We aim to continue efforts 
towards the development of electrochemical hydrogen compressors. 
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Quick and accurate determination of the real electroactive surface area of oxide electrodes remains one of 
the most challenging but at the same time important unsolved methodological tasks in the field of 
electroanalysis. For instance, the widely used Brunauer−Emmett−Teller (BET) method unfortunately 
provides no direct connection to it. On the other hand, its assessment through the double layer capacitance 
is complicated and not accurate enough, as the bulk oxide films themselves contribute to the measured 
capacitance, not mentioning the double layer frequency dispersion and other poorly understood factors.  
 
In this work, we show a relatively simple methodology for a 
quick assessment of the electroactive surface area of state-
of-the-art electron conducting oxide and perovskite 
materials. The methodology involves several steps. Initially, 
“calibration” experiments are performed aiming to form the 
thinnest flat oxide films, which exhibit necessary functional 
properties (close to those expected for the bulk material) 
without significant side influence of the substrate. Then, 
AFM measurements are implemented to estimate the surface 
roughness of the resulting samples. Finally, electrochemical 
impedance measurements are done at a small overpotential 
related to the oxygen evolution reaction (OER) aiming to 
extract not the double layer but the capacitance of 
adsorption Ca of the OER intermediates.  
 
The Ca values can then be used to evaluate the electroactive 
surface area of “real-world” high surface area oxide 
electrodes composed of the same material. Other words, 
similar to the hydrogen underpotential deposition or CO 
oxidation in the case of metals, we propose to use the 
oxygen evolution reaction as the probing reaction to 
evaluate the surface area of oxide electrocatalysts. However, 
instead of cyclic voltammetry, electrochemical impedance 
spectroscopy is used as the main probing technique. Due to 
relatively high reproducibility, clear physical meaning and 
exclusive connection to the electroactive area, the 
measurements of Ca can become a viable method in 
numerous electrochemical applications.  
 
In 2016 we used Ni-oxide electrodes as an example to 
illustrate this methodology. Now we expand this to all most 
common state-of-the-art OER catalyst in alkaline 
electrolytes and provide the specific Ca values, facilitating 
everyone to use this relatively easy and quick method for 
surface area determination of their metal oxide materials. 
 
 
 
References: 
 
S. Watzele, A. S. Bandarenka, Electroanalysis 2016, 28, 2394. 
P. Hauenstein1, S. Watzele1, Y. Liang, B. Garlyyev, D. Scieszka, A. S. Bandarenka, in preparation 



A Comparison among Viscosity, Density, Conductivity, and 
Electrochemical Windows of Ionic Liquids containing FSI and Their 

Analogues Containing TFSI 
 

Roberto M. Torresi,1 Nédher Sánchez-Ramírez,1 Birhanu Desalegn Assresahegn,2 Daniel Bélanger2 
 

1Dept. de Química Fundamental, Instituto de Química, Universidade de São Paulo, 
 Av. Prof. Lineu Prestes 748, 05508-000, São Paulo, Brazil 
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Ionic liquid consists of an organic cation and generally an inorganic anion. The properties of liquids can 
be modulated by changing the anion or the cation or both. Two ionic liquids derived from the anion [FSI] 
were synthesized and characterized: (N-n-butyl-N-methylpyrrolidinium bis- (fluorosulfonyl imide), 
[BMPYR][FSI]) and triethyl-n-pentylphosphonium bis(fluorosulfonyl)imide), [P2225][FSI]). We also 
report the comparison with [TFSI] based ionic liquids, namely: (N-n-butyl-N-methylpyrrolidinium 
bis(trifluoromethylsulfonyl)imide), [BMPYR][TFSI]), (N-n-butyl-N-methylpiperidinium bis(trifluoro 
methylsulfonyl)imide), [BMP][TFSI]), triethyl-npentylphosphonium bis(trifluoromethylsulfonyl)imide), 
[P2225][TFSI]) and (triethyl(2-methoxyethyl) phosphonium bis(trifluoromethylsulfonyl imide), 
[P222201][TFSI] (Figure 1).  

 

Figure 1. Schematic diagram of the constituent ions in the ILs studied. 

 
Thermophysical properties, such as viscosity (298.15−373.15 K), density (298.15−373.15 K), 
conductivity (298.15−361.15 K), electrochemical (cutoff density current within 150 μA·cm−2), and 
thermal stability (303.15−973.15 K) were experimentally determined. It was found that [FSI] ILs have a 
50% higher conductivity and at least 19% lower viscosity values. The Walden plot showed higher ionicity 
for [FSI]-based ILs, indicating a larger change in the mobility of the ions for a change in viscosity. In 
spite of [FSI] ILs presented an electrochemical window higher than 4 V; those values were slightly lower 
in comparison with the [TFSI] counterpart. The main disadvantage of [FSI] based IL compared to [TFSI] 
derivatives is their inferior thermal stability. Comparison when lithium salt is added also was done 
because is important for lithium-ion battery applications. 
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A constant phase element (CPE) is an electrical component often used to fit impedance data obtained 
from electrochemical impedance spectroscopy (EIS) since it provides a better fit to the electrical 
characteristic of an electrical double layer than a pure capacitor. In cyclic voltammetry, an electrical 
double layer generates a non-faradaic current which will superimpose on a faradaic current. This is an 
undesirable situation when ones want to evaluate for reaction kinetics or effective surface area since it is 
widely recognized that both currents were coupled. When a non-faradaic current involved, the faradaic 
peak current and potential cannot be conveniently obtained. Some researchers interested in time-domain 
responses of a CPE and models for simulating cyclic voltammograms when both faradaic and non-
faradaic currents were presented were proposed [1,2]. 
 
A challenge related to a CPE is to find a way to extract an effective capacitance, the actual ability to store 
an electric charge, from the CPE parameters. In EIS, Brug et al. [3] proposed a simple model and 
obtained a characteristic capacitance from the CPE parameters which was usually used to represent as an 
effective capacitance of the electrical double layer. However, physical meaning of the characteristic 
capacitance is not yet clear [4]. Allagui et al. [5] obtained the effective capacitance from the CPE 
parameters under linear sweep voltammetry conditions by integrating the Mittag-Leffler function. This 
approach failed to predict the effective capacitance of a CPE since it considered only the area under the 
graph. For instance, when a CPE behaves as a resistance (CPE exponent equals to 0), the relation will still 
predict that the CPE has capacitance as seen in Fig.1a. Thus, it is important to evaluate the effective 
capacitance via cyclic voltammetry since the area inside the cyclic voltammogram directly reflected the 
amount of charge stored in an electrode (see Fig. 1b). 
 
In this study, the exact solution for time-domain responses of a CPE under cyclic voltammetry 
experiments was obtained by directly performing a convolution. The formula for determining the 
effective capacitance was obtained by integrating the exact solution and was validated with the 
experimental data. A good agreement between calculated effective capacitance and experimental data was 
clearly seen as depicted in Fig. 1c.  
 

 
 
Fig. 1 (a) Effects of γ on linear sweep voltammograms, (b) Effects of γ on cyclic voltammograms, and (c) 
Effective capacitance of prepared carbon electrodes in ferri/ferrocyanide solution and sulfuric acid 
obtained from different approaches. 
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Elevated levels of plasma homocysteine (Hcy) are an independent risk factor for cardiovascular disease. 
Herein, we report a chemodosimetric approach for one-step analysis of Hcy levels based on the 
electrochemiluminescence (ECL). A rationally designed cyclometalated iridium(III) complex possessing 
a phenylisoquinoline main ligand underwent a selective ring-formation reaction with Hcy to generate a 
binding adduct, which enabled producing highly luminescent excited states, and yielded strong ECL 
signals on the surface of electrode without any use of enzymes or antibodies. The level of Hcy was 
successfully monitored by the ECL increment with a linear correlation between 0–40 µM in 99.9% 
aqueous media. The approach required neither sample preparation nor bulky instrument, suggesting the 
point-of-care testing of Hcy levels, and is potentially useful for routine, cost-effective, and precautionary 
diagnosis of various cardiovascular diseases. ECL probes for other biologically important analytes and 
environmentally toxic molecules will also be presented. 
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Magnetic nanomaterials have been intensively explored for various technological applications in these 
last years. Fe3O4NPs are one of the most widely used magnetic nanomaterials, which has inherent high 
surface to volume ratio and magnetic property [1]. As well as the pristine form, they can be used as 
different nanocomposites materials including Fe3O4@AuNPs, Fe3O4@PtNPs, and Fe3O4@carbon dots. The 
combination of different nanoscale functionalities is capable of endowing the substrate with enhanced 
properties giving great application potentials in different fields (i.e. catalysis, environmental remediation, 
sensors, etc.) [2][3]. 

In this work a convenient method for the preparation of AuNPs supported on alkyne-
functionalized magnetite nanoparticles (Au/Fe3O4@Yne) was presented. Fe3O4NPs, obtained by co-
precipitation of iron sulphate salts [4] in different alkaline media (i.e. NH3 and NaOH), were modified 
with a propynylcarbamate moiety and then reacted with an aqueous solution of chloroauric acid as the 
only reactant, without any need of additional reducing and/or stabilizing agents as reported in Scheme 1 
[5]. 

 

                       Scheme 1   
 
The samples were characterized by atomic absorption spectroscopy (AAS), infrared spectroscopy (IR-
ATR), thermogravimetry (TGA), electronic transmission microscopy (TEM), X-ray diffraction (XRD) 
and XPS analysis. Magnetization measurements were conducted with a Faraday magnetometer. 
Au/Fe3O4@Yne has been employed as catalyst in the alkynes hydroamination reaction, which is 
considered the most atom efficient process for the formation of a series of nitrogen-containing compound.  
Moreover preliminary results on the electrodeposition of magnetic hybrids based on Au/Fe3O4@Yne and 
polyaniline (PANI) for the application as electrochemical supercapacitors will be presented. 
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1. Introduction 
 In bulk heterojunction organic solar cells using small-molecule electron donors, porphyrin derivatives 
attract attention due to variety of chemical modification, high light-stability and good absorption 
coefficient. We synthesized magnesium porphyrin derivatives which are conjugated with 
diketopyrrolopyrrole (DPP) units as electron-withdrawing groups.  
 
2. Results and discussion 
 Magnesium tetraethynyl porphyrin-DPP 
compounds (2a-d) were obtained by 
Sonogashira coupling reactions. These 
compounds have different aryl units in a trans 
arrangement around the porphyrin core for the 
adjustment of morphological, photochemical 
and electrochemical properties.  
 UV-vis spectra indicated their Q bands were 
red-shifted than Q band in a typical porphyrin, 
which is explained as the S expansion because 
of linking with the DPP and aryl units. Notably, 
the absorption edge of the Q band in 2d having 
dimethyl amino groups as electron donating 
groups reached at 1000 nm. 
 The HOMO and LUMO levels were estimated by the differential pulse voltammetry results. The trend 
of their energy levels corresponded to the results of theoretical calculations.  
 Porphyrins 2a-d were applied to organic solar cells. The best performance was 5.73% using 2b as a 
donor material. The highest VOC value was 0.79 V in 2c owing to the wide energy gap between HOMO 
level of the donor and LUMO level of the acceptor. AFM images revealed that the film surfaces of 
mixtures of 2c or 2d and PC61BM were rough. Their roughness afforded low device performance. 

 
Figure1. UV-vis spectra for 2a (red), 
2b (blue), 2c (green), 2d (purple). 
 
3. Conclusion 
 Novel magnesium tetraethynyl porphyrin-DPP derivatives were synthesized and we invented that the 
aryl substituents which were linked to the porphyrin core by ethynyl bridges could tune chemical 
properties for device application. The best PCE value was 5.73% using 2b and PC61BM. 
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Scheme 1. 

Table 1. Photovoltaic performance of devices under 100 mW 
/ cm2. 

Donor VOC 
[V] 

JSC 
[mA/cm2] FF PCE 

[%] 
RS 

[:・cm2] 
RSh 

[:・cm2] 

2a 0.74 13.27 0.49 4.85 3.02 2.47x102 
2b 0.69 14.80 0.56 5.73 3.33 2.60x102 
2c 0.79 4.61 0.45 1.65 2.95 4.00x102 
2d 0.52 9.19 0.48 2.33 2.20 2.05x102 
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Transition metal oxides have attracted interest in recent years. This interest for Zinc oxide (ZnO) 
materials is because they are easy to synthesize and have been used in different applications such as 
medicine, sensors, and solar energy harvesting applications. ZnO materials also have shown that could be 
used as an alternative for the oxygen reduction reaction. This project will study the effect of doping 
agents in the crystal structure of zinc oxide nanomaterials. ZnO has a band gap of 3.37 eV.  The Diffuse 
Reflectance of the doped materials showed new bands at 3.26-2.30eV, 2.20eV, 2.05eV and 1.90eV, 
which are a result of the interaction of the doping agent. Raman spectroscopy showed more intense, 
broad, and symmetric mode appears at around 472 cm-1 to 700 cm-1. These results indicate the quasi-
longitudinal-optical (LO) phonon mode, where the abundant shallow donor defects are bounds on the Co 
sites.  Our preliminary results have demonstrated that cobalt immersion in the crystal structure of ZnO 
allows the formation of new energy levels that can be used as a catalyst for the ORR (oxygen reduction 
reaction). Our preliminary work demonstrated a reduction peak for this reaction around -410 mV vs. 
Ag/AgCl. This poster will present the complete characterization using X-ray techniques, IR and Raman 
spectroscopy and electrochemistry.  
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Graphite-polyurethane composite electrodes (EGPU) vegetable origin were used in this work for the 

determination of tetracycline antibiotic (TC). These sensors presents satisfactory analytical results 

compared to the conventional electrodes. Between the main characteristics and advantages of these 

electrode material are: facility of preparation and surface regeneration, possibility of incorporation of 

modifiers, low cost and confeccion of electrodes in several geometries. The innovation of this work was 

to add a modifier agent (Molecularly imprinted polymers MIP-TC) to graphite and polyurethane in order 

to increase the sensitivity with the pre-concentration factor as well as to evaluate the selectivity exploring 

the actives sites of molecular recognition generated through selectives cavities in the resulting polymer. 

Analytical curves were obtained for the EGPU-MIP, EGPU-NIP, and unmodified electrodes, using TC 

concentrations from 0.1 to 100 Pmol L-1, at 0.92 V (vs. SCE) with linear regions between 4,0 e 60, 20 e 

100 e 8,0 e 60 µmol L-1, respectively. Interference tests were performed using chlortetracycline (CTC) 

and oxytetracycline (OTC), substances with a relatively large molecular size and chemical structures very 

similar to that of TC, as well as smaller molecules containing functional groups also present in the 

structure of TC, which were chosen based on their biological relevance. Tetracycline was determined in 

the Tetramed® and generic commercial pharmaceutical samples and synthetic urine sample using 

DPAdASV with standard addition method and the 5.0 % MIP electrode. The DPAdASV results were in 

agreement with those obtained using HPLC (within a 95% confidence interval, according to Student's t-

test).  
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Biofuels received considerable attentions in recent decades due to the scarcity of fossil fuels and 
society's great concern around climate change and global warming. The newest member of the class of 
biofuels is synthetic paraffinic kerosene (SPK) or biokerosene, which is defined as a fuel derived from 
alternative sources for consumption in aircraft turbines [1]. Currently, there are three technological routes 
to obtain biokerosene: Fischer-Tropsch (FT) process, hydroprocessing of esters and fatty acids (HEFA) 
and fermentation of sugars to obtain synthetic isoparaffins (SIP) [2].  

The biokerosene produced from the sugar fermentation has as its main contaminant the 
hexahydrofarnesol. The concern with a presence of hexahydrofarnesol at the biokerosene is mainly due to 
its solubility in water and the degradation of fuel system components, since this contaminant can form 
polymeric chains and to sediment in the fuel tanks. Therefore, to ensure the quality of biokerosene, 
analytical methodologies capable of determining the concentration of this contaminant in this biofuel are 
necessary. According to ASTM International Standard D7974, the determination of hexahydrofarnesol in 
biokerosene must be performed by gas chromatography with flame ionization detector (GC-FID). 

Although widely used, gas chromatography has some drawbacks, such as the need for careful 
sample preparation, extended analysis time, and expensive equipment [3]. In contrast, electroanalytical 
methods do not require a large sample preparation, are relatively cheap, require less time to perform of 
the analysis and demonstrate sensitivity and selectivity comparable to chromatographic techniques [3]. 
However, none electroanalytical method for the determination of hexahydrofarnesol was found, not even 
the electrochemical behavior of that molecule was described in the literature. Therefore, in this work, the 
electrooxidation of hexahydrofarnesol was investigated using a glassy carbon electrode in acetonitrile 
solutions with the objective of to enable the developing of future electroanalytical methods for the 
determination of hexahydrofarnesol in biokerosene and other samples.  

The results obtained demonstrated that the oxidation of hexahydrofarnesol on glassy carbon 
electrode occurs irreversibly in 1.95 V vs. Ag/AgCl (3.0 mol L-1). Cyclic voltammetry studies shown that 
the electrooxidation process of that molecule is controlled by diffusion and involves complications of 
adsorption of the product on the surface of the electrode. In addition, the hexahydrofarnesol 
electrooxidation mechanism was diagnosed as being a CrEi mechanism.  

The kinetic and thermodynamic parameters involved in the electrooxidation process of that 
molecule, such as the electron transfer coefficient (α), the number of electrons (n), the diffusion 
coefficient (D0), the heterogeneous rate constant (k0), the activation energy (Ea), the activation enthalpy 
(ΔH#) and the activation entropy (ΔS#) were determined to be 0.53; 1 electron; 2.7x10-8 cm2 s-1;        
1.1x10-4 cm s-1; 19 kJ mol-1; 16 kJ mol-1 and -252 J K-1 mol-1 respectively. 

Good linear relationship was obtained between the peak currents and the hexahydrofarnesol     
(5.0x10-3 to 5.0x10-2 mol L-1) concentrations with a linear correlation coefficient (r) of 0.99952 and a 
detection limit of 9.4x10-4 mol L-1 these results indicate that the glassy carbon electrode can be applied for 
the determination of hexahydrofarnesol in biokerosene and other samples.  
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Free-standing fluid bridge are formed when electric fields of 106 V/m are applied between two capillaries 
separated by a distance of ∼10 mm.1,2 The phenomenon is not restricted to water but can also be observed 
in other liquids3 and it is connected to the dynamics of charged liquids, which are important for capillary 
jets4 in printers. To investigate the mechanisms involved in the floating bridge formation, another polar 
liquid, dimethylsulfoxide (DMSO), a dielectric aprotic liquid. 
We used a scheme previously reported3 to characterize the 
floating bridge phenomenon, including charge injection, 
space charging effects, and the surface bridge resistance 
variation dependence on the applied voltage and bridge span. 
 We demonstrated that the formation of the DMSO 
floating bridge is the result of the transport of ionized 
molecules (like O2) in the liquid. The anode electrode 
potential extracts electrons from these molecules which 
become positively charged and are then repelled from the 
anode. For voltages higher than ∼13 kV, other molecules 
also start to be ionized. Charged particles that go to the liquid 
interface also modify the mechanical properties of the liquid 
arrangement, giving the floating bridge structure its rigidity, 
as measured in our previous work,3 and decreasing the 
interfacial tension from ∼43 mJ/m2 to 29 mJ/m2. The 
charging of the DMSO/air interface by the ionized molecules 
at the high-voltage electrode is then responsible for the liquid floating bridge phenomenon as it is 
observed in the figure, where the surface conductivity of the bridge is plotted as a function of the applied 
voltage. 

The authors are grateful to J. R. Castro for technical assistance and to the funding support of 
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Surface conductivity as a function of 
the bridge length curve (V = 13 kV). 
The inset shows an optical image of 
the water bridge structure formed at 
an applied voltage of 25 kV (E ∼ 
0.4×106 v/m). 



Effect of Turbulence Promoters on the Electrochemical Degradation of 
Bisphenol S in a Filter-Press Flow Reactor 

 
Naihara Wachter*, José M. Aquino, Nerilso Bocchi, Romeu C. Rocha-Filho 

Departamento de Química, Universidade Federal de São Carlos, São Carlos – SP, Brazil 
* naihara_w@hotmail.com 

 
Among the alternative methods for wastewater treatment, electrochemical oxidation can be a reasonable 
option, especially if filter-press flow reactors are used. However, when a sufficiently high current density 
(j > jlim) is applied the reaction rate becomes controlled by mass transfer. One way to minimize this 
limitation is the use of turbulence promoters, which can improve the electrolyte flow and mass transport 
rates [1]. Thus, the aim of this work is to study the effect of the absence and presence of turbulence 
promoters on the electrochemical degradation of bisphenol S (BPS), a relatively new emerging contaminant 
used by industry as an alternative replacement of bisphenol A [2]. For that, the electrochemical degradation 
of 100 mg L–1 BPS solutions was carried out in a filter-press flow reactor with a BDD anode (geometric 
area of 24.2 cm2) – for details on the reactor, see [3]; experiments were performed in the absence and in the 
presence of turbulence promoters (single layer or multiple layers of a fine plastic net), placed in the flow 
channel between the anode and cathode. The electrolysis conditions were: qV = 7.0 L min–1 (the highest 
possible), j = 20 mA cm–2, 0.1 mol L–1 Na2SO4 as supporting electrolyte, no pH control (previous 
experiments showed that it does not affect the BPS removal rate), solution volume of 1 L, and  = 25 °C. 
The BPS electrodegradation performance was assessed through determinations of the concentration of BPS 
and TOC as the 8-hour long electrolyses progressed. As can be seen in Figures 1a and 1b, the removal of 
BPS and TOC increases significantly as the turbulence promoter becomes multiple layered (in Fig. 1b, the 
inset depicts the values of k1st obtained by fitting the data using a pseudo-first order kinetic equation). 
Clearly, the presence of turbulence promoters improves the BPS electrodegradation and mineralization 
performance, leading to greater values of k1st, which increases from (6.33 ± 0.21)   10–5 s–1 in the absence 
of a turbulence promoter to (1.29 ± 0.09)  10–4 s–1 in the presence of the triple-layered turbulence promoter. 
This enhanced performance is due to the improvement of electrolyte flow and mass transport brought on 
by this turbulence promoter, which fully occupies the flow channel of the filter-press reactor. 

        
a) b) 

Figure 1 – Remaining a) BPS and b) TOC fractions vs. electrolysis time for the electrochemical degradation 
of 100 mg L–1 BPS solutions in 0.1 mol L–1 Na2SO4 with a BDD anode, in the absence (■) and presence of 
a turbulence promoter: one (■), two (■), and three (■) layers of a fine plastic net. For electrolysis conditions, 
see above. 
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Carbon dioxide (CO2) is widely produced from combustion of fuels, mainly fossil fuels, and industrial 
activities. Although plants absorb part of the emitted CO2 during the photosynthesis, this gas has 
gradually accumulated in the atmosphere. This increase in the CO2 levels has been associated with 
undesirable climate effects such as global warming, rising sea levels, and more erratic weather patterns. A 
variety of strategies, as switching to renewable energy sources, enhancing the energy efficiency of 
buildings and cars, and capturing carbon from point sources, needs to be pursued to reduce CO2 emissions 
and, thereby, curb the increase in atmospheric CO2 levels. Another promising strategy, considering CO2 
as a carbon source, comprises the development of alternative routes to the fabrication of chemicals based 
on carbon, of large demand in the market, as fuels, in which CO2 may be used as raw material. 
Converting carbon dioxide into fuels would not only limit the emission of carbon dioxide, but also supply 
us with a sustainable carbon feedstock, provided that the conversion is performed using sustainable 
energy and without much additional CO2 production. In this way, the re-usage of the carbon dioxide 
caused by human emissions would enable a sustainable carbon cycle. Heterogeneous catalysis and 
electrocatalysis are promising ways to convert CO2 into fuels. These processes can generate a wide 
variety of products, as methanol, methane, higher hydrocarbons and alcohols, among others. The 
distribution of these products as well as the efficiency of the CO2 conversion was found to be strongly 
dependent on the (i) nature1 and surface structure2 of the catalyst; (ii) catalyst support3 and promoters4 and 
(iii) chemical environment (e.g. gas phase vs. liquid phase)5,6. Therefore, knowledge about the 
“environment gap” is important to the progress of the understanding of the CO2 hydrogenation reaction. 
At gas phase as well as in electrocatalysis, Cu-based materials were widely explored as catalyst for the 
CO2 conversion due to their ability to yield specific products with acceptable efficiencies5,6. In particular, 
concerning the CO2 hydrogenation on Cu-based catalysts, one of the main products at gas phase is 
methanol6, while those at liquid phase are methane and ethylene.5 To further our understanding on the 
“environment gap” associated with the conversion of CO2 on copper, in the present work we compare our 
results of the catalytic hydrogenation of CO2 over Cu materials at gas phase with results from literature on 
the electrochemical reduction process, highlighting the main aspects that influence the formation of 
different reaction products at distinct chemical environments. 
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Carbon nanofibers (CNFs) has attracted significant attention during the past several years, owing to its 
outstanding properties. Various catalysts and methods have been tested to grow CNFs such as vacuum 
CVD, plasma CVD etc. Herein we demonstrate a direct growth of CNFs on polyimide flexible film by a 
simple ambient CVD system at low temperatures. The thickness of the catalyst layer is found to have a 
crucial effect on the growth mechanism, and CNF structure.  
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Methyl parathion (MP) is a pesticide belonging to the group of organophosphates classified as highly 
toxic, and recently this active compound was banned in Brazil [1-2]. The aim of this work is the study of 
the oxidation mechanism of methyl parathion on BDD electrode in aqueous media. Besides, not also 
evaluate the formed products but also as these may be present in the environment through the degradation 
of MP in the environment. The electrochemical measurements were performed using an AUTOLAB 
PGSTAT 128N potentiostat / galvanostat, as an Ag / AgCl reference electrode (KCl 3.0 mol L-1), as an 
auxiliary electrode (platinum wire) and as a working Diamond electrode with Boron, BDD, (8000 ppm). 
A stock solution of MP was prepared in the concentration of 1.0 x 10-3 mol L-1 in acetonitrile and the 
other solutions were obtained from dilutions of this one. The studies were performed using cyclic 
voltammetry and square wave voltammetry (SWV) techniques. Methyl-parathion showed electroactivity 
on the BDD electrode, first cycle presents two peaks, one oxidation peak P2 (0.16 V vs Ag / AgCl), and 
one reduction peak P1 (-0.53 V vs Ag / AgCl) (Figure 1). The peak of reduction P1 presents an 
irreversible process and corresponds to the reduction of the nitro group to hydroxylamine, with the 
transference of four electrons. The peak P2 corresponds to a redox reaction [3], this signal is attributed to 
the transfer of two electrons in the process (pH 2.0 to 8.0), these results are in accordance with the 
literature [2] However, as shown in Figure 1, for pH values higher than 9.0 the electrochemical reduction 
of MP involves an irreversible reaction of one electron, forming the nitro anion radical (NAR), and the 
subsequent reaction with transfer of three electrons (P1’). The formation of the nitro anion radical has 
been reported in the literature in aprotic media, in protic (aqueous) medium it is very difficult to observe 
this formation as here evidenced. In contrast, the boron doped diamond electrode has been an important 
tool for the determination of this radical in protic medium [4]. For the computational analysis, Table 1 
shows the values of energies for the all steps of reactions studied (Gaussian 09, B3LYP/6-31+G(d,p), 
IEFPCM water). The values of ETotal suggest that MP is stable in all pathways of reactions. The structural 
form of the radical NAR is as stable as the MP structure, with similar energy values, corroborating with 
the data obtained from the electrochemistry measurements. 
 

Acknowledgments: The authors are grateful to Fapesp (2014/27189-9, 2015/10314-8, 2017/22976-0 and 2017/21846-6), CNPq 
(406612/2013-7), UNIFESP,UFABC, CEM-UFABC and Capes. 
References: 
[1] AGENCIA DE VIGILÂNCIA SANITÁRIA.  (PARA). Brasília, 2016. 
[2] Pedrosa V.A., Miwa D., Machado S.A.S, Avaca L.A, Electroanalysis. 18, 16 (2006)1590-1597. 
[3] Kumar J., D’Souza S.F, Biosensors and Bioeletronics. 26 (2011) 4289-4293. 
[4]Julião M.S., Almeida E.C., La-Scalea M.A., Ferreira N.G., Compton R., Serrano S.H.P., Electroanalysis, 17,3 (2005),269-274. 
 

 
 Figure 1: Cyclic voltammograms obtained for methyl 
parathion (3.85 x10-5 mol L-1, pH 5.0 in 0.1 mol L-1 BR 
buffer, v = 100 mVs-1). 

Table 1. Energy values of all steps of reactions of Methyl-
Parathion 

Molecule ETOTAL 
(a.u.) 

EHOMO 
(a.u.) 

ELUMO 
(a.u.) 

Charge  
of P (a.u.) 

MP -1481.31 -0.27 -0.11 1.22 
MP 1a Reduced -1407.33 -0.22 -0.03 1.18 
MP Oxized -2 -1406.27 -0.09 -0.008 1.21 
MP Oxized +2 -1406.09 -0.24 -0.12 1.24 
NAR -1481.30 -0.27 -0.12 1.19 
MP Reduced -3 -1407.34 -0.034 0.006 -4.75 
MP Reduced +4 -1406.24 -0.37 -0.31 1.11 
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Introduction  
The electroactive area of an electrode can be determined by cyclic voltammetry, chronoamperometry, and 
chronopotentiometry; it is a relative value since it is calculated from the transferred load, from the 
electrons in a specific electrochemical reaction.  
Efficiencies of redox reactions can be correlated to electroactive areas of electrodes used in advanced 
oxidation processes, where hydroxyl radicals are generated from oxygen reduction on cathode, which are 
generally based on carbon materials. On the other hand, iron electrodes are recently used to promote iron 
source for Fenton reaction. The objective of this research was to analyze the electroactive areas of 
electrodes used for electro-Fenton water treatment. 
 
Methods 
An electrochemical three-electrodes cell was used to determine the electroactive area of different 
electrodes used for advanced oxidation water treatment. A Biologic Potentiostate was used to study 
electrochemical processes, where vitreous carbon, carbon cloth, 10 mm iron mesh, 2 mm iron mesh, and 
0.5 mm iron mesh, were used as work electrodes; while Ag|AgCl as reference electrode and Pt wire as 
counter electrode. Diffusion coefficient was determined under Randless – Sevick equation, and Matsuda 
equation was used to determine electroactive area.  
 
Results and conclusions 
In order to compare geometrical and electroactive areas, results are shown in Table 1. It is possible to 
appreciate diffusion coefficient and electroactive areas are directly proportional to its geometrical 
correspondence area.  
Lower mesh opening, 0.5 mm, did not show higher electroactive area as expected, mainly as the available 
sites for redox reactions. 
 
 Table 1. Geometrical and electroactive areas comparison. 

Electrode Electrolyte Geometrical area 
(cm2) 

Diffusion 
Coefficient (cm2 /s) 

Electroactive 
Area (cm2) pH 

Vitreous 
carbon 

KFe[CN6]4-3- 

[0.005] 0.08 1.41×10-12 7.56 ×10-12 6.3 

Carbon cloth KFe[CN6]4-3- 

[0.005] - 3.00 9.63×10-11 5.78×10-6 6.3 

10 mm  iron 
mesh Na2SO4 [0.05] 7.07 8.20×10-8 0.008 6.2 

2 mm  iron 
mesh Na2SO4 [0.05] 9.05 7.09×10-7 0.333 6.2 

0.5 mm iron 
mesh Na2SO4 [0.05] 2.79 7.79×10-7 0.036 6.2 

 
All these electrodes have been successfully tested in advanced oxidation processes with high degradation 
efficiencies associated with their electroactive areas, these materials are good alternatives since they are 
efficient and low cost materials. 
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A series of new three fac-[Re(CO)3(N,N)L]PF6 (C) complexes, where N,N can be 2,2'-bpy, 4,4'-di-methyl-
2,2'-bpy or 4,4'-di-ethanoathe-2,2'-bpy, and L is an ancillary ligand E-2-((3-amino-pyridin-4-ylimino)-
methyl)-4,6-di-tert-butylphenol. L presents an intramolecular hydrogen bond (IHB). These complexes have 
been recently reported as useful as biomarker for walled cells (yeasts and bacteria), without the need of 
antibodies or cell permeabilization.1 In this work, we studied the electrochemical behavior of the 
corresponding three neutral fac-[Re(CO)3(N,N)Br (P) precursor and the fac-[Re(CO)3(N,N)L]PF6 (C) 
complexes. We observed, under the experimental conditions, two single-electron reduction processes and 
two single-electron oxidations. The scan rate study permitted to differentiate whether these processes were 
controlled by mass-transport (diffusion) or not. Reductions, RedI

(rev) and RedII
(rev), behave similarly for both 

P and C complexes, showing that all the processes were reversible with diffusional control during the first 
reduction, and not diffusional at the second. Their electrochemical reaction mechanism corresponded to an 
electrochemical–electrochemical–chemical pathway (EEC) described elsewhere by Manbeck et al.,2 with 
slight potential differences between P and C complexes. Regarding oxidations, there were bigger 
differences between P and C. In all the tested complexes, the electrochemical reaction mechanism 
corresponded to an electrochemical–chemical–electrochemical pathway3 (ECE) with the following steps: 
(1) first electrochemical one-electron oxidation of rhenium center, ReI→II, followed by a (2) intramolecular 
Re/ligand redox process, ReII→I, with ligand substitution by solvent molecule. and (3) a second 
electrochemical one electron oxidation of rhenium center, ReI→II. The difference between P and C 
complexes is the reversible character and the control mechanism for the reaction rate at the second oxidation 
process. This last is reversible and not-diffusional for the precursors P, OxII

(rev), and irreversible with 
diffusional control for C complexes, OxII

( irr). Therefore, these mechanistic differences produce broader 
differences at the oxidation potentials values between P and C complexes. An important change when 
passing from Br-containing precursor complexes (P), and the L-containing structure in C complexes, is 
that the first rhenium oxidation shifts towards higher potential values (from 1.46 V to 1.88 V vs SCE). 
These results confirm the electron-withdrawing effect of L in the rhenium (I) core. 
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Chlorination is the most widespread treatment for the disinfection of swimming pool and drinking water, 
for the good oxidizing and disinfectant power [1]. For disinfection, several chemical compounds are used 
such as hypochlorite and chlorine dioxide.  
The large application of hypochlorite relies on its cost-effectiveness and easiness of handling and storage, 
however, the reaction between chlorine and the organic substances present in the water, produces harmful 
by-products, such as trihalomethanes [2].  
To overcome this issue, chlorine dioxide is employed in industrial field as well as in water treatment 
thanks to its oxidizing properties, the lower production of by-products, and the applicability in a wide pH 
range [3]. 
Since legal limit is between 3 and 5 ppm in swimming pools for free chlorine (WHO) and the maximum 
residual chlorine dioxide level in drinking water is equal to 0.8 ppm (EPA), it is necessary to monitor free 
chlorine and chlorine dioxide concentration in water to ensure a right disinfection without exceeding the 
exposure legal limits for humans.  
Herein, we demonstrate the possibility to exploit the combined use of carbon black (CB), a raw cost-
effective nanomaterial, and screen-printed electrodes (SPEs) to manufacture low-cost and miniaturized 
amperometric devices to be applied in water field monitoring sector. 
CB is characterized by remarkable electrochemical properties, due to the high surface area and the high 
number of defect sites; in addition it is used as received from the seller without any treatment, greatly 
reducing nanomaterial preparation time and avoiding the use of chemical agents [4]. 
After the working parameter optimization of each sensor (CB amount, applied potential, pH), the 
developed amperometric CB-SPEs-based devices were capable to detect free chlorine in a linear range 
between 0.05 and 200 ppm and chlorine dioxide up to 10 ppm. The limit of detection (LOD) for these 
sensors is equal to 0.01 ppm and 0.03 ppm, respectively. These satisfactory results encouraged us to test 
them in swimming pool real samples, obtaining percentage recoveries equal to (97 ± 10) % for free 
chlorine and (78 ± 8) % for chlorine dioxide sensor.  
These results represent the starting point for the development of in-situ monitoring devices, where the 
portable instrumentation EmStat will be replaced with customized electronic component for delivering an 
embedded device within Tecnosens Spin-off.   
 
[1] G. M. Fair et al., The behavior of chlorine as a water disinfectant, J. Am. Water Works Ass., 40 
(1948)   1051-1061. 
[2] C.J. Volk et al., Implementation of chlorine dioxide disinfection: Effects of the treatment change on 
drinking water quality in a full-scale distribution system, J. Environ. Eng. Sci., 1 (2002) 323-330. 
[3] A. Hinenoya et al., Chlorine Dioxide is a better disinfectant than sodium hypochlorite against multi-
drug resistant Staphylococcus aureus, Pseudomonas aeruginosa, and Acinetobacter baumannii, Jns. J. 
Infect. Dis., 68 (2015) 276-279. 
[4] F. Arduini et al., Carbon Black‐Modified Screen‐Printed Electrodes as Electroanalytical Tools, 
Electroanal., 24 (2012) 743-751. 
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The sea surface microlayer (SML) is a thin film made of biologically produced surfactants at the sea-air 
interface. It is typically referred as the top millimetre of the ocean and it is described as a slick with a gel-
like consistency that remains stable at the sea surface. Its unique composition makes its physical, 
chemical, and optical properties completely different to the underlying sea water [1]. 
The investigation of the SML has been performed using a combination of sampling methods and 
analytical techniques. Each sampling method collects chemical or biological material at different depths, 
and this can compromise the integrity of the SML sample and therefore the reproducibility of the 
measurements [2].  
Here we present an investigation of Cu microelectrode arrays designed to probe the SML in situ. Figure 1 
shows an image of the surface of one of the microelectrode arrays employed in this study. 
The methodology involved using AC impedance to measure the uncompensated resistance of each 
electrode in the array. Then, the conductivity of the media was calculated through mathematical models 
that relate the conductivity of the solution to the geometry of the electrode and the uncompensated 
resistance.  
The performance of the microelectrode arrays at different electrolyte concentrations, temperatures, and 
position with respect to the meniscus of the solution agreed with the theoretical expectations.  
 
 
 
 
 
 

 
Figure 1. Image of the surface of one of Cu microelectrode arrays employed in this study. 

                                                           
[1] Wurl, O. & Holmes, M. The gelatinous nature of the sea-surface microlayer. Mar. Chem. 110, 89–97 
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[2] Wurl, O. & Obbard, J. P. A review of pollutants in the sea-surface microlayer (SML): A unique 
habitat for marine organisms. Mar. Pollut. Bull. 48, 1016–1030 (2004). 
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Introduction 
Periodic phenomena occurring in living organisms, such as leaf colours changes and in pattern formation 
in biological and certain geological systems, are examples of nonlinear behaviour [1]. Oscillations and 
surface patterns can arise in electrochemical reactions [2]. Under potentiostatic conditions the current can 
oscillate and in galvanostatic conditions potential oscillations can occur, displaying simple or complex 
periodic, quasiperiodic or chaotic behaviour. Potentiostatic current and galvanostic potential oscillations 
have been studied during electrodeposition of cadmium from cyanide electrolytes [3], where 
electrochemical impedance experiments reveled a region of negative real impedance in a range of non-
zero frequencies in a branch with a positive slope [4]. This behaviour is characteristic of an 
electrochemical oscillator with hidden negative impedance coupling with a positive slope in the steady-
state current-potential curve, called HNDR oscillators. Galvanostatic potential oscillations have been 
reported during electrodeposition of AgCd alloys similarly as in pure Cd, making this system an 
interesting system to study [3]. 
 
Experimental 
The alloy was deposited from cyanide electrolytes. The electrochemical experiments were performed in a 
100 cm3 three-electrode glass cell at room temperature. The experiments were carried out by means of a 
computerized potentiostat/galvanostat Series G 750 (Gamry Instruments Inc.). 
 
Results 
Potential oscillations were registered during the electrodeposition of the alloy under galvanostatic 
conditions (Fig. 1-(a)). The current-potential curve showed a typical N-shape behaviour, in which a 
limiting current plateau exists. Electrochemical impedance spectroscopy (EIS) experiments revealed a 
region of negative real impedance in a range of non-zero frequencies (Fig. 1-(b)).  

 
Fig. 1. (a) Times series registered during galvanostatic electrodeposition at -15 mA cm-2; (b) Impedance 
spectra at -1.0 V. 
 
Conclusions 
The results suggest the presence of a hidden negative differential resistance under dc conditions. This 
type of dynamical behaviour characterises the HNDR electrochemical oscillators: oscillators that display 
N-shape current-potential curves and a Hidden Negative Differential Resistance (HNDR). At this moment 
no current oscillations have been registered as expected. Conditions at which potentiostatic current 
oscillations can be registered are the next step in the investigation. 
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Rhodizonate (C6O6

-2, RO) belong to the family of cyclic oxocarbon dianions (deltate C3O3
-2, squarate 

C4O4
-2, croconate C5O5

-2), products of deprotonation of their respective acids. This class of compound and 
derivatives has shown interesting and colourful chemistry, due to its degree of aromaticity and molecular 
symmetry analogous to benzene1. Rhodizonate has some applications as lead marker2 (forensic medicine), 
radium determination in freshwater3, stabilizer for nanoparticles and chromophore complex formation4. 
Recent interest in these compounds (e.g. croconic acid) is the use organic ferroelectric materials5 (light, 
flexible, do not require structural ordering and low cost production). A study of the Au-RO and Ag-RO 
interaction could provide additional information on the various mechanisms, intermediates and products 
of the oxidation-reduction reactions of rhodizonate for future applications. This communication presents 
the spectroelectrochemical behavior in acid and neutral solutions of rhodizonate on nanostructured 
electrodes of Au and Ag. These surfaces exhibit a high sensitivity for in situ spectroscopic measurements 
(Infrared, Raman), due to the exaltation of absorption infrared and Raman scattering (SEIRA and SER 
effects)6. The experimental bands obtained in rhodizonate solutions have been analyzed in light of 
theoretical calculations (DFT) of optimized geometries and vibration frequencies of rhodizonate on model 
surfaces of gold and silver. 
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Hydrogen-based energy seems a promising way to power up a wide variety of devices and vehicles. It 
constitutes a cleaner, more efficient and sustainable alternative for fossil fuels. However, the prices for 
the electrolyzers and fuel cells still is a major challenge because their technology is based on noble 
metals. 
Nanoparticles of these precious metals have been arisen as viable approach to reduce the amount of 
employed material (by increasing the surface-to-volume ratio), make them extremely active and selective 
at the same time. More recently, noble metal replacements have been proved to give very good 
electrocatalytic activity and good stability. Among them, iron sulfides1  also offer the advantages of being 
Earth abundant materials and one of the cheapest ones in terms of production. 
Here, we will show the resulting structure and morphology of iron pyrite (FeS2) from a polyol synthesis. 
After a deposition step on a, the electrocatalytic activity towards Hydrogen Evolution Reaction (HER) at 
different pH ranging from 1 to 13 will be determined. Furthermore, the stability of the material at each pH 
will be tested along 24 hours under strong gas evolution conditions. Finally, two different regimes will be 
displayed as a function of pH: a) below 5, we observed a pH-dependent domain while b) above this value, 
the behavior is pH-independent. Although the transition point has been theorized to be intrinsically 
related to the pKa of the material2, there is experimental evidence that indicates the existence of a standard 
or invariant point for a some electroactive materials.3 This value is in agreement with our results. 
The electrocatalysts have been mixed with carbon Vulcan and dropcasted on the glassy carbon, thus 
electrolyzer operating conditions can be simulated. The open circuit potential (OCP) has also been 
determined before each activity/stability experiment. A brief discussion of the HER mechanism on FeS2 
at different pH has been suggested. 
Our results proposed that iron pyrite can be employed as electrocatalysts for HER under strongly acid 
conditions (acid water electrolyzers) as well as high pH conditions (alkaline water electrolyzers) just 
applying similar overpotential. 
 

 
Graphical Abstract: Iron sulfide morphology after the synthesis by polyol method and numerous rinsing 
steps. The inset represents the electrocatalytic activity of the new material towards HER at different pH 

conditions at steady state operating conditions. 
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We currently face an increasing share of renewable energy for electricity generation and the need for 
products and processes with a CO2 neutral balance. Especially electrocatalytic transformations bear a 
high potential to fill a technological gap in the dynamic operation of chemical transformation. 

 

Kolbe Electrolysis as new Technology for Biofuel production 
In this regard, the direct electrocatalytic conversion of bio-derivable compounds into fuels offers a 
great potential. In our presentation the electrochemical decarboxylation and cross-coupling of ethyl 
hydrogen succinate, methyl hydrogen methylsuccinate and methylhexanoic acid with isovaleric acid 
will be introduced as model reactions for the electrogeneration of biofuels. All reactions were 
performed in aqueous solutions or methanol at ambient temperatures, following the principles of 
green chemistry. High conversions 
of the starting materials have been 
obtained with maximum yields 
between 42 and 61% towards the 
desired branched alkane products.  
Contrary to the commonly used 
benchmark Pt electrode for 
decarboxylation with consecutive 
coupling reactions we employed an 
alternative (RuxTi1-x)O2 electrode. 
The cheap and readily synthesized 
electrodes exhibited a notable 
catalytic activity for cross-Kolbe 
electrolysis. Computational 
assessment provided promising 
cetane values of the longer alkanes 
for diesel fuels while the esters and 
shorter alkanes with higher octane 
ratings are interesting gasoline additives. The study clearly shows that the interface of biomass 
valorisation and electrochemistry gains in importance. Especially, this can be emphasized by our 
recent study about the electrolysis of neat fermentation broths of itaconic acid to methylsuccinic 
acid [1]. In conclusion this report presents a promising technique for the electrochemical production 
of tailor-made fuels from bio-derivable acids. 
 
[1] Holzhauser, F. J.; Artz, J.; Palkovits, S.; Kreyenschulte, D.; Buchs, J.; Palkovits, R., 

Electrocatalytic upgrading of itaconic acid to methylsuccinic acid using fermentation broth 
as a substrate solution. Green Chem. 2017, 19 (10), 2390-2397. 
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Scheme 1: Illustration of the different products with the 
compound in the red box showing the couple product of IVA 
with HESA or MMSA. The compounds in the purple boxes are 
the coupled product. 
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 InSb is a semiconductor, which due to high electron mobility (77000 cm2/Vs) and narrow-band 
gap (0.17 eV) is used in gas sensors, infrared detectors and thermoelectric generators. Moreover, this 
material can be effectively modified by the addition of certain atoms, such as: carbon, antimony, 
manganese, cobalt, gallium or tellurium, to induce new properties, for example ferromagnetic response 
for external magnetic field. 
 The real problem, however, is to not loss magnetic properties of dopant during introducing it into 
semiconductor structure. Increasing content of Co atoms in InSb host can lead to non-magnetic 
compounds formation (for example CoSb3). It is necessary to use doping techniques that allow: (i) the 
host stoichiometry to be maintained, (ii) homogenous incorporation of dopant into structure and (iii) 
preservation of both semiconductor and magnetic dopant properties. To address this requirements, we 
designed template-assisted electrochemical synthesis route, which provides us to obtain stoichiometric 
InSb with magnetic dopant clusters in a form of nanowires (15 µm long, 55 nm diameter) from single 
electrolyte.  
 Until now, no studies on electrochemically obtained InSb-Mn or InSb-Co in the form of 
nanowires were conducted. During our research, we found that addition of about 2% at. of manganese 
atoms to the InSb causes ferromagnetic properties, which were not shown by this material in its un-doped 
state. Similarly, introducing a few % at. of Co to the InSb structure leads to generation of nanoinclusions, 
probably on the grain boundaries, and consequently, magnetic response for external magnetic field. An 
example of generation of magnetic properties in non-magnetic indium antimonide by doping nanowires 
with Co atoms together with scanning electron microscope (SEM) image of nanowire array is presented 
in Figure 1.  
 

 
Figure. 1. A - Magnetic hysteresis loops M(H) for InSb nanowires doped with 0.5% wt. Co measured at 
100K (black line) and 300K (green line). Magnetic field applied perpendicular to wire axis. B – SEM image of 
InSb-Co nanowire array after removing the template. 
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Photocatalytic H2 evolution on pristine TiO2 is characterized by low efficiencies due to trapping and 
recombination of charge carriers, and due to a sluggish kinetics of electron transfer. Noble metal 
nanoparticles (mainly Pt, Pd, Au) are typically decorated as cocatalyst on the TiO2 surface to reach 
reasonable photocatalytic yields. However, owing to the high cost of noble metals, alternative metal 
cocatalysts require to be developed [1]. 
 
Here, an approach to fabricate an efficient noble metal-free photocatalytic platform for H2 evolution is 
introduced. The photocatalyst is based on alloyed NiCu cocatalytic nanoparticles decorated at the surface 
of anodic TiO2 nanotube arrays (Fig. a). Such architectures are fabricated by sputter-deposition of 
homogeneous Ni and Cu metal films onto TiO2 nanotubes arrays grown by electrochemical anodization. 
With a subsequent thermal treatment, “dewetting-alloying” [2,3] of Ni and Cu metal films is induced, that 
is, due to surface diffusion, the conformal metal films simultaneously mix with each other and split into 
alloyed NiCu nanoparticles (Fig. b) at the TiO2 nanotube surface [4]. 
 

 
 
Features of the NiCu alloyed nanoparticles that are key for the photocatalytic efficiency, such as their size 
and distribution, and the alloy composition, work function and cocatalytic ability towards H2 generation, 
can be fully controlled by adjusting the initial thickness of the Ni and Cu sputtered films. Dewetted-
alloyed cocatalytic nanoparticles composed of equal Ni and Cu amounts not only are remarkably more 
active than pure Ni or Cu nanoparticles (Fig. c) deposited on TiO2 under identical conditions, but also 
reach H2 generation rates that can be comparable to those achieved by conventional noble metal (Pt) 
decoration on TiO2 nanotubes. 
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Unmanned Aerial Vehicles (UAVs), commonly known as drones, are systems characterized by the 
absence of a pilot on board. A Ground Control Station, an Aerial Vehicle, and a data-link make up the 
system. The UAV flying vehicle can be controlled by an onboard computer or by a remote control 
system run by a pilot that can be either on the ground or in another aircraft. UAV are nowadays 
exploited to accomplish a wide range of missions, ranging from aerial photography and surveillance to 
air data collection. The use of UAV for civilian application has rocketed rapidly in this last decade. This 
paper will focus the attention to Drones used for video recording, crop monitoring, surveillance, 
operations in dangerous places, search & rescue operations, and transport of small objects. UAV suits 
3D (Dull, Dangerous, Dirty) missions. About configurations, three basic design layouts are adopted: 
fixed wing vehicles, rotary wing vehicles, and multi-copter configurations. Large fixed-wing and rotary-
wing UAVs are usually powered by internal combustion engines. On the contrary, small UAVs and the 
largest part of multi-copter configurations are powered by electric motors. Unfortunately, most of the 
missions carried out by electric powered UAVs shows a limited effectiveness because of short flying 
times. A longer flying time can expand by far the use of electric drones to new applications. Flying time 
depends on the capacity of the battery that powers the drone. On the other hand, batteries increase the 
weight of the UAV, thus requiring more power and reducing the autonomy. Small changes in energy 
stored to weight ration can increase or reduce by far autonomy. A trade-off study between different 
scenarios and an accurate design are necessary to increase autonomy.  

In this work, an overview of drone batteries is proposed. Different kinds of drone batteries are analyzed 
and compared by evaluating changes in autonomy and take-off weight for different vehicles. Non-
commercial batteries with new chemistries are also investigated and an evaluation of their 
characteristics is carried out to explore their impact on the flying time and general vehicle performance. 
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Atenolol (ATL) is a well know β-blocker drug, one of the most used medicine applied in the treatment of 
hypertension, angina pectoris and cardiac arrhythmias. When ATL is taken, the human body metabolism 
just absorbs a part of the dose. After human consumption, it is excreted mainly unchanged, and an amount 
of the substance goes directly into the environment [1]. The presence of ATL in the water can pose in risk 
humans and wild life, due to the toxicity of the compound, mainly to the aquatic animals. Additionally, 
ATL is stable when exposed to UV radiation and associated with others drugs presents harmful effects 
and inhibits growth of human embryonic stem cells and disruption of the endocrine system of the fishes 
[2]. The conventional sewage treatment process cannot remove such chemicals compounds, thus is 
necessary hence the degradation and removal of ATL, mainly to minimize the environmental degradation. 
One of the most promising degradation technology is the anodic oxidation (AO), driven by boron doped 
diamond (BDD) [3]. The BDD electrodes are chemically stable, present a large potential window when 
compared to others semiconductors oxides electrodes. The electrochemical reactions in the BDD 
electrodes surface, can generate strong oxidative radicals and/or promote the direct electron transfer, 
resulting in degradation and mineralization of the organic compounds. In the direct electron transfer, the 
organic molecule changes electrons directly with the electrode surface. Additionally, in the indirect 
oxidation, the chemical reactions are mediate by radicals, mainly hydroxyl radical (HO•), in some cases, 
depending on the electrolyte, sulfate radical (SO4

-•) is also generated. Both radicals have a high oxidation 
potential, which can oxidize and mineralize the organic compounds [4]. This study investigates the 
influence of current intensity (I), supporting electrolyte concentration ([Na2SO4]) in the ATL degradation 
and mineralization, driven by AO, in a recirculation bath reactor with 1 L capacity. The anode was a BDD 
(74 cm2), supported by Niobium matrix and the cathode was stainless steel (74 cm2). The working 
solution was prepared containing 100 mg·L-1 of ATL and flow rate 60 L·h-1. The samples were collected, 
in the first hour each 15 min, and after each 30 min over 240 min treatment time. ATL degradation was 
followed by Ultraviolet/visible (UV/Vis) spectroscopy and mineralization by total organic carbon (TOC). 
The highest I showed the best mineralization, and the [Na2SO4] did not seem to affect the degradation in 
such conditions. However, when the I was the lowest, increasing the [Na2SO4], an increment in ATL 
mineralization, degradation and also in the mineralization current efficiency was observed. Adjusting the 
operating conditions of the reactor, in some cases, could reach high mineralization (83 %) and 
degradation (90 %) rates. 
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The oxidative stress represents the imbalance between the concentration of free radicals, resulting from 
metabolic reactions, and the body's ability to neutralize these radicals and has an important role in the 
aging process and in the pathophysiology of aging-related diseases. This imbalance, favored by medical 
treatments, the presence of foreign bodies in the body, UV rays, etc. can affect biological processes such 
as adhesion, cell growth and division, but also all cellular components, including lipids, proteins and 
DNA, leading to medical anomalies [1]. The interaction of proteins with free radicals leads to oxidative 
lesions and loss of biological functions. The main oxidative lesions are represented by carbonyl groups 
and the use of carbonylated proteins (CPs) as biomarkers of oxidative stress presents many advantages, 
compared to other oxidation products, due to theirs early formation and stability [2]. 
In this study, the electrochemical measurement of the CP fraction was performed using 2,4 - 
dinitrophenol hydrazine (DNPH), which covalently binds the carbonyl groups, as the molecular 
recognition layer at the sensor surface. The CP fraction was obtained from the interaction of BSA (bovine 
serum albumin) with Fenton reagents and the reaction of conjugation with DNPH took place at the room 
temperature and at the physiological pH. The electrochemical signal used for CP quantification was the 
oxidation current of unconjugated DNPH molecules. 
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Scheme 1. Schematic representation of CP sensor 
 

Experiments were initially performed in incubated solutions but an electrochemical sensor was developed 
for reduced time of analysis and increase sensitivity. The sensor development payed special attention to 
the immobilization strategies of DNPH. Different polymers-modified electrode surface with immobilized 
DNPH were characterized by scanning electron microscopy, Fourier-transformed infrared spectroscopy 
and electrochemical techniques in order to optimize the sensor response, Scheme 1. The voltammetric 
results showed that the oxidation current of DNPH decreased with the increase of the incubation time due 
to the formation of the covalent linkage between hydrazine group of DNPH and CP, leading to an 
electrochemically inactive complex.  
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Ideal electrocatalyst for hydrogen evolution reaction of water-splitting need substantial active sites with 
high catalytic activity, fast electron and mass transfer, low gas adsorption energy and high stability[1]. 
However, single component catalyst usually has only one or partial characteristics. Bi-component catalyst 
has various advantages of ideal electrocatalyst through two phase interface coupling[2]. Herein, for the 
first time, we synthesize CoSe/MoSe2 micro-prisms on foam by hydrothermal and selenization strategy. 
After selenization, crystalized CoMoO4 smooth prismatic structure can be converted into CoSe/MoSe2 
prismatic structure with lamellar morphology (Fig. 1a-f). The electrochemical measurement results show 
that CoSe/MoSe2 nanocomposites exhibit excellent catalytic properties with 117 mV overpotential at 10 
mA/cm2 and 204 mV overpotential at 100 mA/cm2, an appropriate Tafel slope of 94 mV/dec and 
remarkable long-term stability during 20 hours test for hydrogen evolution reaction in alkaline medium. 
The density functional calculations reveal the high catalytic activity mechanism of CoSe/MoSe2. Since 
the coupling interface of lattice plane CoSe(210) and MoSe2(102), CoSe/MoSe2 has more favorable 
adsorption energy of H2O (−2.221 eV) and hydrogen adsorption free energy (ΔGH* = −0.073 eV) (Fig. 1 
g-h). This interfacial cooperation leads to reduced energy barriers both of the initial water dissociation 
step and subsequent H2 generation. 
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Fig. 1 SEM images of CoMoO4 precursor (a) and the CoSe/MoSe2 (b). (c) HAADF-STEM of single 

CoSe/MoSe2 column and the elements (d, e and f) on the surface of the same column. g) The H2O Gibbs 
free energy diagram on the CoSe, MoSe2 edge and CoSe/MoSe2 interface. h) The H2 free energy diagram 

on the CoSe, MoSe2 edge and CoSe/MoSe2 interface. 
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The ability to detect and discriminate multiple components in a complex sample matrix is an ongoing 
challenge in analytical chemistry. One way to solve this problem is to use sensor arrays, however the task 
becomes even more challenging if a single sensing layer/device is to be employed to ensure simplicity of 
operation, reduce fabrication costs and negate the need for highly specialist personnel. An excellent 
example of where these challenges lie is in the food industry where quality control, composition analysis 
and detection of tampering are key aspects which would benefit from on-site and rapid detection methods. 
 
One of the challenges for the food industry is to maintain the quality and quantity of constituent 
ingredients of their products. Techniques which allow for on-site composition analysis with the sensitivity 
to slight modifications in the complex sample matrices are highly important. Here we demonstrate a 
standard electrochemical method that can be employed in a food quality control application. We identify 
the key ingredients within Thai green curries by use of an unmodified glassy carbon and differential pulse 
voltammetry. Significantly, the green curry displays a unique electrochemical fingerprint containing four 
distinct peaks. We tested our sensing technique to show its excellent reproducibility, the sensitivity to 
curry conditions, as well as linearity of the signal to ingredient concentration.  In addition, we apply the 
particle swarm optimization algorithm to numerically identify the composition of green curry from the 
voltamograms of ingredients that display their unique signatures as well as a variety of commercial green 
curries. 
 
 
 

 
 
 

Figure 1: (a) A simple approach to obtain the compositional signature of green curry by use of a standard 
three-electrode electrochemical setup, (b) a typical differential pulse voltammogram of a commercial Thai 
green curry (gray dotted dashed line) showing five prominent peaks which functions as a fingerprint of 
the sample. The background from coconut mike (green dashed line) is subtracted for the data analysis and 
the remaining four peaks provides the information about the constituting ingredients. 
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With the burgeoning developments of Boolean logic computation, various unconventional logic systems 
have been constructed to operate different kinds of basic advanced or concatenated molecular logic 
devices. One significant limitation is that most of previous reported advanced logic gates were fabricated 
upon luminescent or traditional electrochemical platforms whose outputs (luminescence, voltage, current) 
were often recorded with the assistance of the extra equipment and difficult to visualize by the naked eye 
[1]. A universal logic platform based on dual-electrochromic bipolar electrodes (BPEs) for the operation 
of various visual advanced logic devices was designed and constructed for the first time [2]. Two BPEs 
separated by three reaction channels which were filled with different reaction solutions constituted the 
closed BPE system and were utilized as the initial state. Under different input combinations, the 
electrochemical oxidation of 2, 2’ -azinobis (3-ethylbenzthiazoline-6-sulfonic acid) (ABTS) and 
electrodeposition of Prussian blue (PB) triggered color changes could occur at different poles 
simultaneously which are fast-responsive and could be visualized via naked eye readily. By defining the 
color changes at two specific poles as outputs, various visual advanced logic devices, including an 
encoder, a decoder, a demultiplexer, a keypad lock and a three-input concatenated logic circuit with two 
outputs, were successfully constructed  (Figure 1). 
 

 
Figure. 1 A universal dual-electrochromic platform which was operated various visual advanced logic 
devices was constructed by introducing the electrochemical oxidizing of ABTS and electrodeposition of 
Prussian blue into one BPE system. 
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A carbon paste electrode (CPE) was modified with the ionic liquid (IL) 1-methyl-3-octyl imidazolium 
hexafluorophosphate and it was applied for study the electrocatalytic oxidation and voltammetric 
determination of the drug sulfamethazine. The developed modified electrode (CPE-IL) was characterized 
using cyclic voltammetry and scanning electron microscopy. The oxidation of sulfamethazine at the 
surface of modified electrode occurs at lower potentials than that of an unmodified carbon paste 
electrode, and both an enhancement of the anodic peak 
current and a signal narrower and better defined with 
the modified electrode were observed (Figure 1). 
The oxidation signal of sulfamethazine appears pH-
dependent and is shifted toward lower anodic potentials 
as the pH increases, facilitating the oxidation process. 
The Ep-pH plot exhibits two linear zones with slopes of 
53.5 and 10.8 mV/pH and a break at pH 7.2. This break 
is due to changes in the protonation-deprotonation 
equilibrium related to pKa of the molecule, reported as 
7.4. In contrast, peak current decreases only slightly as 
the pH increases with a minimum at pH 7 and then go 
back up. Accordingly, a method for the determination 
of sulfamethazine was developed using differential 
pulse voltammetry, at pH 11 and with an accumulation 
time of 3 min. The oxidation of sulfamethazine 
exhibited a dynamic range between 30 and 300 µg/mL 
and detection and quantitation limits of 54 and 61 
µg/mL, respectively. The method was applied to the 
determination of sulfamethazine in a veterinary commercial solution and as comparative purposes also a 
HPLC assay was carried out. The simplicity of this voltammetric method allowed the quantification of 
sulfamethazine in a commercial solution without sample treatment. 
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Figure 1. Differential pulse voltammograms 
of a 1×10−4 M sulfamethazine solution at 
CPE and CPE-IL. 
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A comprehensive understanding of the cyclic voltammetry (CV) for gold surfaces is essential 

for advanced applications. In the present study, a series of experiments were designed to 

investigate CV for gold under different experimental conditions when using a conventional 

configuration of a Ag/AgCl/sat. KCl reference electrode and a platinum wire counter electrode. 

The interferences introduced by the configuration were reflected in the three fingerprint regions 

of the voltammograms. It was found that the shape of the voltammograms was less reproducible 

at a lower sample volume when the cycle number was increased. This observation could be 

explained by different concentrations of Cl- leaking from the reference electrode and platinum 

dissolved from the counter electrode. The reproducibility of the gold oxidation and reduction 

(Ox/Re) region in the voltammograms was improved when gold dissolution and re-deposition 

caused by Cl- leakage was eliminated by using a bridge. In the hydrogen evolution and 

oxidation reactions (HER/HOR) region the catalytic performance of the gold electrode could be 

minimized by replacing the platinum counter electrode with a graphite rod. Alternatively, it 

could be enhanced by increasing the surface ratio of the co-deposited platinum to gold. In the 

electric double layer (EDL) region, peaks dependent on the concentrations of Cl- and SO4
2- were 

observed. To account for the occurrence of these peaks, a new mechanism based on the 

formation of neutral gold (I) complexes at very low Au+ concentrations, was proposed.  

 



Effects of the Electrolyte Salt on p-Doping/Undoping, Conductivity 
and Morphology of Electrosynthesized Polypyrrole 

 
M. A. del Valle1*, A. M. R. Ramírez2, F. R. Díaz1, M. A. Pardo1, E. Ortega1, F. Armijo1 

1Pontificia Universidad Católica de Chile, Laboratorio de Electroquímica de Polímeros (LEP),  
Av. V. Mackenna 4860, 7820436-Macul, Santiago, Chile. 

2Universidad Mayor, Núcleo de Química y Bioquímica, Laboratorio de Electroquímica,  
Av. Alemania 281, 4801043, Temuco, Chile 

*e-mail mdvalle@uc.cl 
 
Since its discovery, conducting polymers (CP) have attracted attention for their interesting properties, 
which allow projecting their use in various applications, which depend on or have a close relationship 
with the doping/undoping process.  
In this sense, it is important to consider that, although the PCs can be synthesized by chemical or 
electrochemical means, the latter is the method that gives the possibility of better controlling the 
doping/undoping process, which determines the main properties of this type of materials. Likewise, the 
electrochemical techniques, in addition to offering the advantage of obtaining the CPs directly on the 
surface in which they are going to be used, allow to determine in situ the process of doping/undoping 
(charge, stability and reversibility) and to analyze the effect of the variables that affect it. 
In this work we study the effect of different salts used in the support electrolyte during pyrrole 
electropolymerization, on the morphological properties and the p-doping/undoping process. To do this, 
pyrrole is electropolymerized by oxidation of the monomer (Py) on platinum disc of 0.07 cm2 area, in the 
presence of different salts (LiClO4, TBAClO4, TBAPF6, TEAPF6, LiTFMS or TBATFMS (where TBA 
and TEA are tetrabutyl- and tetraethyl -ammonium, respectively and TFMS, is trifluoromethane 
sulfonate), in CH3CN. The system is perturbed potentiodynamically (CV) and potentiostatically (PS), 
corroborating, first, that the most homogeneous deposits are obtained by CV. From the voltammetric 
profiles, optimum potential windows are established to work with each supporting electrolyte and then 
determine the p-doping/undoping response of each deposit. In addition, from the voltammograms the 
zone of nucleation and growth (NG) is defined, to later determine the respective mechanisms when 
working by PS. It has been shown that such mechanisms (GM) are directly related to the morphology of 
the polymeric deposit and, thereby, determine its macroscopic properties and correlate with the  
p-doping/undoping process studied by CV. 
The electrochemical characterization of the deposits made in situ by CV and by PS, is complemented by 
conductivity measurements, using the four-point method and morphological analysis, by SEM and AFM.  
The results show that for the growth of PPy in the presence of the different salts, the optimal potential 
interval correlates both with the size of the anion and the cation used in the salt of the supporting 
electrolyte, a correlation that is also verified from the analysis by AFM (Fig. 1). In contrast, the porosity 
is inversely proportional to the volume of the anion. 
This behavior is explained by determining the respective diffusion coefficients, which vary up to an order 
of magnitude according to the salt used, in inverse correlation with the volume of the dopant anion. 
Finally, there is a direct correlation between the p-doping/undoping process and the volume of the anion 
coming from the supporting electrolyte used for electrosynthesis, with charge variations of up to 60% 
between the electro-obtained PPy deposits under the different experimental conditions. 
In summary, it is demonstrated that the size of the anion and cation from the supporting electrolyte, 
determine the morphology of the polymeric deposit and with it, the doping/undoping process, responsible 
for macroscopic properties, such as conductivity. This allows the experimental conditions to be modeled 
according to the properties that are required to the application that will be given to the polymer deposit. 

 
Fig. 1. AFM micrographs of PPy electrosynthesized by CV (5 successive cycles), using respectively: (A) TBAPF6 or (B) LiTFMS, 

as electrolyte. 
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Investigation of the processes within nanosized systems and development of the novel methods for 
obtaining nanostructured materials stipulate the necessity of significant improvements in the laboratory 
equipment architecture to allow simultaneous measurements of various parameters with high sampling 
rate. Furthermore, in the case of electrochemically-controlled synthesis methods the process may be 
splitted into phases that require conditional application of control pulses, potential shifts and other 
techniques that constitute a synthesis program [1]. The total number of steps required to obtain desired 
material in such approaches, as well as their complexity and the accuracy requirements for measurements 
are constantly raising due to a continuously improving theoretical models that predict the system behavior 
during the controlled formation of the nanostructured materials. Hence, the development of automated 
laboratory equipment with programmable reaction cells that combine a wide range of capabilities to 
control the target system with advanced in situ measurement options will mark a transition toward a 
software-defined nanotechnology. In present report, heterogeneous architecture for multipurpose high-
performance programmable laboratory instruments has been discussed.  
The current-stage implementation includes electrochemical potentiostat hardware with a control module 
based on 32 bit ARM Cortex-M4 MCU that allows writing conditional high-level scripts for controlling 
electrochemical measurements and application of polarization pulses as well as engaging other peripheral 
equipment. In the current state, the reaction controller allows implementation of a frequency- and delay-
based electrochemical control using predefined or conditionally applied polarization cycles, as well as 
optically coupled methods. In situ temperature and pH measurement capabilities, combined with 
thermostat and steering control will be added on a later stages of development owing to a modular 
architecture and open software platform that allows further expansion of the functionality. 
Despite flexibility and simplicity of writing conditional high-level scripts for automated tests and material 
preparation procedures, such design is suitable mainly for investigation and controlling the processes with 
relatively low reaction rate. In contrast, in the case of high-speed reactions the required sampling rate for 
measurements and frequency for the control logic rises dramatically and constitutes a significant design 
challenge. It was found, that such an issue may not be addressed using only a high-performance general 
purpose CPU due to its high-latency limitations. This fundamental flaw has been addressed using 
heterogeneous architecture based on field-programmable gate array (FPGA) device for high-performance 
processing of electrochemical data paired with a general purpose CPU for controlling peripherals and 
scripting. Such approach combines the ease of use of high-level programming with performance and 
reconfigurability of FPGA. Furthermore, hence the FPGA may be programmed using a high-level 
language owing to a HLS (high level synthesis), additional processing and control blocks may be 
dynamically added to the instrument for performing a test-specific tasks. Variety of custom modules that 
may be implemented via FPGA ranges from a custom potentiostat hardware [2] to a artificial intelligence 
(AI) pattern recognition and machine learning processing units, noise analyzers and beyond.  
The high-performance programmable instruments are suitable for nanoelectrochemistry, investigation of 
redox and relaxation processes within a nano-sized systems and controlled formation of nanostructured 
materials. Application of such devices allows one to investigate processes within nanosized systems and 
obtain nanostructured materials in a stable and reproducible way that is crucial parameter for both 
laboratory research and material fabrication. 
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Carcinoembryonic antigen (CEA) is a highly glycosylated surface protein with the molecular weight of 
180 kDa being one of the biological markers overexpressed in a series of malignancies (colorectal cancer, 
breast cancer, non-small cell lung cancer, cervical adenocarcinomas) [1], but also in patients with non-
malignancies such as smoking, inflammatory bowel disease or coronary artery disease [2]. The serum 
level of CEA is used as a diagnosis tool for cancer, while the correlation between the serum level of CEA 
and the risk of recurrence of certain malignant diseases is still being investigated [3]. 
A nanostructured platform based on pyrrole 3-carboxylic acid (P3CA) was developed and it was used for 
the detection of CEA. Apart from the cost-related advantages, this conductive polymer offers possibilities 
for functionalization due to the presence of the carboxylic group. 
The nanostructured platform was tailored by polymerizing P3CA at the surface of a graphite-based 
screen-printed electrode by using multiple pulse amperometry and cyclic voltammetry. The carboxylic 
groups were activated with N-hydroxysuccinimide in the presence of 1-ethyl-3-(3-dimethyl aminopropyl) 
carbodiimide hydrochloride. The activation of carboxylic groups facilitates the formation of amide 
covalent bonds with the terminal amine groups from the anti-CEA antibody. Each step’s optimization was 
tracked by performing electrochemical impedance spectroscopy. The immunosensor was successfully 
applied for the detection of CEA in synthetic samples [4]. 
The polymerization of P3CA led to an increase of the charge transfer resistance (Rct) compared to the 
bare electrode. The increase was inversely proportional with the concentration of the monomer solution. 
The activation of the carboxylic groups decreased the Rct of the sensor by providing more polar groups at 
the surface of the platform. By comparing P3CA with pyrrole, significantly greater increases of the Rct 
were achieved by using the functionalized monomer. The binding of the anti-CEA antibody was 
reproducible and directly proportional with its concentration. After the incubation with CEA, the 
electrochemical immunosensor detected increases of the Rct within the CEA concentration ranges of 0.1 
ng mL−1 to 100 ng mL−1, and the LOD was 33.33 pg mL−1. The platform used for anti-CEA antibody 
immobilization presented good reproducibility and excellent stability, hence providing a great start for the 
build-up of a novel immunosensor for clinical diagnostics and other biosensor applications. 
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Abstract: Sunset yellow FCF (SY) is a azo dye used in food products [1], drugs and cosmetics [2]. The 
treatment of dyes containing wastewater is very important [1] because these dyes into water bodies cause 
esthetic problems, health risks on human beings and environmental damages [2]. However, traditional 
treatments have shown inefficient removal of azo dyes [3]. Fenton based electrochemical advanced 
oxidation processes (EAOPs) have shown themselves to be promising in the water remediation [3]. 
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Fig. 1 (a) Decolorization efficiency and (b) normalized TOC removal with electrolysis time of 350 mL of 
117.8 mg L-1 SY solution by PEF and EF processes with different iron concentration. 
 

The decolorization and mineralization of 117.8 mg L-1 SY dye in 350 mL were analyzed by electro-
Fenton (EF) and photoelectro-Fenton (PEF) processes. Experiments were carried out by electrolysis of 
SY solution in 0.1 mol L-1 K2SO4 under stirring with 0.25, 0.50 or 1.0 mmol L Fe2+ at pH 3.0 and at 20 °C 
using a undivided reactor equipped with 1 % of WO2.72/Vulcan XC72 gas diffusion electrode (3.14 cm2), 
Pt sheet (7.5 cm2) and Ag/AgCl as cathode, anode and reference electrodes, respectively [2]. The 100% 
dye decolorization by EF and PEF occurred after about 20, 40 and 90 minutes for electrolysis with 1.0, 
0.5 and 0.25 mmol L-1 Fe2+, respectively (Fig. 1a). The decolorization was faster in the experiments with 
higher Fe2+ concentration. There wasn’t difference in the decolorization efficiency by EF and PEF at the 
same Fe2+ concentration. This indicates that hydroxyl radicals (•OH) generated from the electro-Fenton’s 
reaction between Fe2+ and H2O2 electrogenerated at the cathode is responsible for accelerating 
decolorization [3]. The Fe2+ concentration and UV light influenced the mineralization rate of the SY. In 
general, the mineralization rate increased with increasing Fe2+ concentration. Mineralization by PEF was 
more efficient. 78.4, 72.6 and 66.6 were the TOC decay by the PEF with 1.0, 0.5 and 0.25 mmol L-1 Fe2+, 
respectively (Fig. 1b). The higher mineralization rate of the PEF was attributed to the photolysis reactions 
of Fe(OH)2+ species and Fe(III)-carboxylate complexes [3]. 
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Abstract: A major problem in present times is the scarcity of drinking water 1, thus the study of 
technologies for water treatment is increasingly important. Nowadays, electrochemical advanced 
oxidative processes (EAOPs) based on hydrogen peroxide (H2O2) electrogeneration by the oxygen 
reduction reaction (ORR) using a gas diffusion electrodes (GDE) has been featured in literature as a 
promising choice 2,3. This work aims to prepare a GDE with Vulcan XC-72 carbon (VGDE) and a 
modified GDE (MGDE) prepared with Vulcan XC-72 carbon and 1% of ceria nanorods 4, both with 3.0 
cm2 of geometric exposed area. These electrodes were evaluated by H2O2 electrogeneration at different 
potentials. It was used 1% of ceria nanorods supported on Vulcan XC-72 carbon for MGDE because this 
electrocatalyst was shown promising in H2O2 electrogeneration according to our previous work 4. Figure 1 
depicts the amount of H2O2 produced by VGDE (a) and by MGDE (b), respectively. 
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Figure 1. H2O2 production by 2 hours electrolysis using a (a) VGDE, and a (b) MGDE as cathode for the ORR. These experiments 

were performed in 350 mL of O2 saturated electrolyte (H2SO4 0.1 mol L-1 and K2SO4 0.1 mol L-1) at 20°C, using a Pt plate as 
auxiliary electrode (anode) with 7.5 cm2 of area and saturated Ag/AgCl electrode as reference. During the experiments O2 was 

purged directly into VGDE or MGDE (cathode) at 0.2 bar. 
 

The MGDE show superiority to H2O2 electrogeneration at all applied potentials, indicating a great 
synergic effect of ceria nanorods and Vulcan XC-72 carbon. After 2 hours of electrolysis, at -2.7 V vs. 
Ag/AgCl, the MGDE produced 1.463 mg of H2O2 L-1 while the VGDE produced only 490 mg L-1 of 
H2O2. By the energy consumption calculation 5, it was observed a decrease of energy utilization  using 
MGDE, which consumed 11.5 kWh kg-1 compared to 28.2 kWh kg-1 spent by VGDE for the H2O2 
production at  -2.7 V vs. Ag/AgCl. With these results, it is possible to highlight the importance of the 
GDE modification using ceria nanorods for the H2O2 electrogeneration, so that the MGDE presents as 
promising alternative for application in EAOPs. 
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Molten salt as a kind of reaction media, which possesses highly radiation stability and allows for larger 
batches, has been widely investigated in the nuclear field for the separation of lanthanides (Ln) and 
actinides (An) [1]. Pyrochemical separation process has been proved to be a potential research for 
treatment of raw materials and spent nuclear fuels [2]. In the correlation study of pyropocressing, liquid 
Bi can be used as a liquid electrode in electrorefining or as a solvent in liquid-liquid extraction for the 
separation of Ln/An [3]. Liquid Bi has been also selected as a cleanup solvent in molten salt reactors. 
With regard to the research object, praseodymium as one element of fission products was selected to 
study first for the separation of Ln/An. In recent years, the well-developed pyroprocessing technology at 
laboratory scales has not been well performed for commercial purposes. To determine the theoretical 
efficiency and technological feasibility, the more fundamental nature including thermal electrochemical 
data is still very important. 
In this work, cyclic voltammetry (CV), square wave voltammetry (SWV) and chronopotentiometry (CP) 
were applied to determine the signals of compounds. Galvanostatic voltammetry (GV) and open circuit 
chronopotentiometry (OCP) were employed to investigate the apparent standard potential and activity 
coefficient of PrCl3 in melt. Coulometric titration and OCP were also carried out to calculate the activity 
coefficient of Pr in liquid Bi and the Gibbs free energy for the formation of different Bi-Pr intermetallic 
compounds. 

 
Fig. 1 (a) CV curves obtained on a W electrode and a liquid Bi electrode, (b) Evolution of the 
equilibrium potentials after different coulometric additions of Pr, (c) In-situ OCP curve after 

coulometric titration. 
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Recently, paper based devices have drawn the attention of scientists due to their numerous advantages 
such as simplicity of fabrication, low-cost, and biodegradability. They have been widely used  
as electrochemical microfluidic sensors for determination of medically important analytes e.g hormones, 
enzymes, markers of illness, detection of bacteria, drugs, explosives or contaminations in food industry 
[1]. However, to our best knowledge, paper has never been used before as a liquid phase support for ion 
transfer experiments.  
 
In this study we show that a paper based setup can be successfully applied in investigation of ion transfer 
processes. As a model system for our studies we have chosen the well-known reaction of 
decamethylferrocene oxidation coupled with anion transfer from an aqueous to an organic phase at a 
three-phase junction. We performed differential pulse voltammetry (DPV) measurements for eight 
different anions of the same concentration. Two effects typical for ion transfer experiments: shift of the 
peak potential to more positive values with increase of hydrophilic properties of the anion; and the 
dependence of the counterion concentration on the peak potential were observed. Moreover, all results 
were in good agreement with literature data for ion transfer in traditional, droplet-based three-phase 
electrode setup [2].  
The obtained results show that paper is a very promising alternative for traditional cells commonly used 
for ion transfer measurements enabling reduction of the liquid phase volume and facilitating future 
miniaturization. 
 

 
Fig. 1. Scheme of the paper-based three electrode system used for investigation of ion transfer across 
interface between two immiscible liquids.  
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In order to stay ahead of the increasing occurrence of antimicrobial resistance (AMR), it is necessary to 
continue developing new antibiotics. However, due to the lack of new antibiotics reaching the market, it 
is imperative to conserve the effectiveness of existing antibiotics. Therefore creating this need for better 
surveillance in order to minimize the growing threat of AMR. Monitoring of antibiotic levels discharged 
in waste waters is one of many necessary measures; aimed at rapid, sensitive and selective detection with 
the ability of on-site measurements or continual analysis [1]. 
 
The use of electrochemistry could be an inviting approach to address this surveillance need and has 
shown to allow a fast, on-site and sensitive detection of low concentrations (ppb-level) of redox active 
species [2]. The aim is to gain comprehensive insight in the voltammetric behaviour of the 
cephalosporin’s antibiotics, a sub-group of  β-lactam antibiotics which are commonly used both in human 
and veterinary medicine. Therefore four cephalosporin antibiotics (cephalexin, cefacetrile, cefquinome 
and cefadroxil) and the two main intermediates 7-ADCA and 7-ACA were subjected to an 
electrochemical study of their redox behavior by means of pulsed voltammetric techniques. Carbon 
screen printed electrodes (SPE) were employed due to their many advantages including price, disposable 
nature, no need for lengthy regeneration or pretreatment procedures [3]. An oxidation response related to 
the core structure of cephalosporin’s was observed. Investigations into the oxidation products of 
cephalexin and cefacetrile were made by means of small scale electrolysis and HPLC-MS/MS analyses. 
Surprisingly, the products that were detected did not fit the expected oxidation of the sulfur group to the 
corresponding sulfoxide [4]. The influence of different side chains at both the three and seven position 
were investigated. Additional oxidation signals at lower potential were observed and could be linked to 
certain electrochemical active side chains such as the 2-amino-2-(4-hydroxyphenyl)acetamide side chain 
of cefadroxil and the 2-(2-aminothiazol-4-yl)-2-(methoxyimino)acetamide side chain of cefquinome. The 
voltammetric procedure was optimized and allowed simultaneous detection of up to three cephalosporin’s 
in one sweep. Lastly we investigated whether our voltammetric technique was able to differentiate 
between intact and degraded cephalosporin’s. This was done by exposing the cephalosporin’s to an 
alkaline degradation step prior to analysis. The result shows that the characteristic oxidation peaks for the 
core structure decrease over time. Spectroscopy (UV-Vis) and mass spectrometry (HPLC-MS) were used 
for identifying the species participating in the redox reactions and the formed degradation products. It has 
been proved that our pulsed voltammetric detection is able to distinguish intact cephalosporin’s from the 
degraded products as only the intact antibiotic will contribute to AMR. 
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Imatinib is an anti- leukemic drug mainly used for the chronic myeloid leukemia (CML) treatment. It 
inhibits the aberrant enzyme Bcr-Abl tyrosine kinase, a specific chromosomal abnormality, which 
characterises the illness in CML-affected patients [1]. Imatinib has demonstrated an impressive clinical 
efficacy with positive and durable clinical responses, leading to prolonged survival of the patients. 
However, the pharmacological treatment is not devoid of toxicity, and in fact it produces side effects such 
as oedema, nausea, vomiting and diarrhoea [2]. Imatinib has a narrow therapeutic window, which means 
that the concentrations within which the pharmacotherapy is effective or toxic are rather close. The today 
clinical protocols for CML treatment suggest holding the imatinib concentration in the bloodstream 
within 1000 and 3000 ng/mL (2-6 µM). The majority of the patients are treated with a 400 mg/die dose, 
which is eventually adjusted on the basis of clinical manifestations after drug administration [2]. 
Personalized drug treatments, based on therapeutic drug monitoring (TDM) have recently become object 
of interest in the cancer care. TDM is devoted in controlling the concentration of the drug in patient’s 
bloodstream at specific time intervals, in order to eventually adjust its dosage [2]. Today, most of the 
analytical methods employed for TDM are based on HPLC-MS and, less frequently, on 
spectrophotometric techniques. Major limitations of these techniques are related to costs, portability of 
the instruments, long time analysis, while measurements require centralized and well equipped 
laboratories. Recently, electrochemical methods have gathered significant interest in therapeutic drug 
monitoring (TDM), as they are prone for fast personalized point of care tests in therapeutic applications. 
In fact, sensitivity, simplicity, possibility for miniaturization of the instrumentation, portability and cost 
effective represent the main advantages of electroanalytical methods over those based on 
chromatography, mass spectrometry and spectroscopy. 
Imatinib is an electroactive compound and a few studies have been reported on its electrochemical 
behaviour and detection by voltammetric approaches [3-5]. These studies have been performed in 
aqueous media, while information on electrochemistry of imatinib in organic media can be useful, as they 
are employed to denature proteins or extract the target analyte from body fluids. However, to the best of 
our knowledge, no report exists on the electrochemical behaviour of Imatinib in organic media.  
In this paper we present an electroanalytical investigation carried out on Imatinib using ethyl acetate as 
solvent and a glassy carbon electrodes. The latter medium proved to be useful for a sensitive detection of 
the drug using an adsorptive stripping voltammetric approach (Fig 1). The mechanism involved in the 
electrode process was investigated in detail. Moreover, an analytical protocol for the detection of the drug 
both in synthetic media and in plasma samples was established. As for the latter medium, because 

imatinib strongly interacts with plasma proteins, a solid 
liquid extraction step was required. This was accomplished 
by using simple and fast commercially available columns, 
and ethyl acetate as eluent. Calibration plots provided a 
dynamic range (DR) between 5 x 10-8 and 1 x 10-6 M; LOD 
= 1.1 x 10-8 M; LOQ = 3.7 x 10-8 M; RSD % < 11% within 
the DR. The analytical protocol therefore falls within the 
therapeutic range. The accuracy of the method was verified 
against an HPLC-MS method, and, depending on the 
imatinib concentration levels, varied between 2 and 24%.  
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In this study, we report near-IR electrochemiluminescence (ECL) from gold nanoclusters (Au NCs) 
soluble in water.1 An interesting point is that the near-IR ECL is generated from the Au NCs, of which 
photoluminescence (PL) is primarily within the visible wavelength region (i.e., orange color PL). More 
interestingly, the discrepancy in the wavelength regions of PL and ECL allowed exploration of the 
underlying information on the origin of ECL from the orange fluorescent Au NCs. Specifically, we 
synthesized water-soluble Au NCs using glutathione (GS) as both the reducing agent and the stabilizer, 
following previous reports.2-4 In agreement with previous studies, the as-synthesized Au NCs exhibited 
PL primarily in the visible region with a maximum peak at 610 nm, originating from the oligomeric 
Au(I)–thiolate (Au(I)–GS) motifs in the compact shell of the Au NCs via the aggregation-induced 
emission (AIE) pathway.2 However, we found that the as-synthesized Au NCs unexpectedly generated 
strong ECL in the near-IR region, mainly via the oxidative reduction pathway most efficiently with 
triethylamine (TEA) co-reactants, with a main peak at 800 nm. Detailed experimental studies including 
spooling ECL spectroscopy and time-resolved optical measurements confirmed that the Au(0)–thiolate 
(Au(0)–GS) motifs in the as-synthesized Au NCs were responsible for the near-IR ECL of the Au NCs. 
This discovery (i.e., the origin of near-IR ECL in the water-soluble Au NCs stabilized by GS) is 
significant because it represents an unusual example of near-IR ECL from water-soluble Au NCs 
exhibiting PL in the visible region, and thus provides a better understanding of the ECL of Au NCs.  
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Substances such as gases, ions, and biological species can be analysed electrochemically using biosensors 
and chemical sensors. Potentiometric ion sensors, or so-called ion-selective electrodes (ISEs), are one of 
the most important groups of chemical sensors that have attracted great interest in clinical routine analysis 
due to their rapid, accurate, relatively low-cost, and satisfactorily reliable and reproducible analytical 
results. 
In electrochemical analysis based on potentiometry and ISEs, the potential stability of the reference 
electrode is essential [1]. Earlier, we have introduced analytical quality all-solid-state composite (SSC) 
reference electrodes based on polymer/inorganic salt composite and a silver/silver chloride (Ag/AgCl) 
reference element. These electrodes have shown to exhibit as good and/or better properties than 
conventional reference electrodes containing inner filling solution [2,3].  
In the case of clinical analysis, the measured samples can contain substances such as proteins and 
albumins that may influence the response stability of a reference electrode. Therefore, the performance of 
SSC reference electrode was studied in real biological samples (human sera) and its performance was 
compared with that of classical reference electrode.  
According to the obtained results, the response of the SSC reference electrode was not affected by its 
contact with the studied sera samples and was comparable to that of commercial reference electrode. 
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The electrode system platinum|yttria stabilized zirconia (Pt|YSZ) is of importance for automotive exhaust 
gas sensors and in the field of catalysis. In the area of solid oxide fuel cells (SOFC), this electrode system 
is used in micro SOFCs or as model system for the anode. Despite a long history of research, there are 
still many open questions concerning this electrode system. Especially at “low” operating temperatures 
(below 600 °C), the influence of platinum oxide is speculated. Pöpke et al. investigated the influence of 
platinum oxide by applying cyclic voltammetry (CV) on thin-film Pt electrodes on single crystalline YSZ 
[1]. Cathodic peaks were observed in the voltammograms, which were said to correlate to the amount of 
Pt oxides formed.  
In order to find out if these phenomena are also applicable to screen-printed thick-film electrodes on 
polycrystalline YSZ, which are more common in industrial applications, we investigated a model 
composite electrode based on Pt and Al2O3. The concept of this kind of electrodes is described in [2,3]. 
CV was performed at different oxygen partial pressures (pO2) and temperatures. We found that the peak 
location and size depends on temperature, pO2 and the maximum voltage in CV. The appearance of peaks 
as a function of voltage, pO2 and temperature is presented in form of a phase diagram, as shown in Fig. 1. 
An initial model that explains this behavior will be presented. 
 

 
Fig. 1: Appearance of cathodic peaks at different maximal voltages in CV as a function of temperature ϑ 
and pO2 
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In this study, a sandwich platform bioassay involving DNA aptamer-functionalized magnetic beads[1] were 
developed for the detection of proteins. A pair of DNA aptamer and antibody specific for a target protein 
were employed to form a sandwich assay via the sequential adsorption of target and antibody onto the 
aptamer modified magnetic bead. The sensing signal was then obtained by the adsorption of alkaline-
phosphatase (ALP) labelled antibodies onto the sandwich complex of protein/aptamer followed by the 
exposure to the substrate, aminopheylphosphate (APP) to undergo the electrocatalytic reaction[2]. Cyclic 
and differential pulse voltammetries were used to monitor the ALP-APP reaction and the current associated 
with the enzymatic reaction increased as a function of the target protein concentration. Some of preliminary 
results showing the biosensing performance for one of lung cancer biomarker proteins will be presented 
alongside applications to the analysis of biological fluidic samples. We hope that our proposed biosensing 
methodology can be applied to the detection of other important protein biomarkers related to medical 
diagnostics in biological samples. 

 

 

Figure 1. (Left) Schematic showing the aptamer coated magnetic bead based bioaffinity sensing method for 
target protein molecules with the electrocatalytic enzyme reaction. The complex was formed via the 
attachment of DNA aptamer on the surface of magnetic beads followed by the adsorption of protein 
biomarkers and antibody for protein biomarkers conjugated ALP. (Right) A representative cyclic 
voltammogram for the protein biomarker detection with the electrocatalytic reaction of the preformed 
ALP/protein/aptamer complex and APP. 
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Lithium Thionyl Chloride (LiSOCl2) batteries have received considerable attention as primary energy 
sources due to their high energy density, high operating cell voltage, voltage stability over 95% of the 
discharge, large operating temperature range (-55 to 70ºC), and long storage life[1]. These outstanding 
properties found valuable applications in significant fields mainly in defense systems. Understanding the 
behavior of such batteries is important for finding suitable application conditions, extending their lifetime 
and increasing their safety. 
Electrochemical Impedance Spectroscopy (EIS) is a powerful technique for investigating the properties of 
various electrochemical systems. In the literature, studies to characterize LiSOCl2 using EIS are rare. The 
difficulty of utilizing EIS for LiSOCl2 battery characterization lays on the nonlinear behavior of the 
battery at low frequencies, plus the only discharge mode in which primary batteries operate. Our group 
presented a Zero-Free-Parameter modeling approach to predict the voltage of various electrochemical 
storage systems[2]. The method is based on the EIS and the discharge profiles of the system with simple 
computations. It could predict the voltage of the system with less than 0.1% error. The current work is an 
attempt to utilize the Zero-Free-Parameter modeling approach to model LiSOCl2 primary batteries. To 
enable this process, we will demonstrate a successful method that can measure accurately the 
electrochemical impedance of LiSOCl2. The method is based on the harmonic analysis of the AC 
response signal of EIS. Analyzing harmonics allows us to establish measurement parameters in which 
nonlinear behavior is reduced and quasi-linear behavior is achieved. Moreover, using harmonic analysis 
measurement algorithm will be presented that can automatically adjust the measurement parameters to 
obtain accurate EIS regardless of the State-of-Charge of the system. 
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Currently fuel cells are being studied in the world as eco-friendly batteries. In this work, an alkaline 
electrolyte composed of hydroxyl anion in a room temperature ionic liquid format was synthesized for the 
applications to alkaline fuel cell systems[1]. An ionic liquid refers to a substance in which a cation and an 
anion exist in a liquid state due to the asymmetry of their size and also is difficult to form a crystal. The 
ionic liquid electrolyte is known to be as stable as a liquid one and regarded as an environmentally 
friendly electrolyte[2]. We have synthesized ionic liquids with an anion having a hydroxyl group which 
can be used as alternative to a conventionally used alkane electrolyte such as potassium hydroxide. In this 
work, various ionic liquids were synthesized using the organic cations of imidazolium series with a fixed 
anion of hydroxyl group starting in both polar and nonpolar solvent media. The ionic liquid products were 
then characterized and their compositions were confirmed using FT-IR and NMR measurements. 
Properties including pH and electrical conductivity of the synthesized ionic liquids were also measured. 
The application of developed ionic liquids as an electrolyte in an alkaline fuel unit cell is underway.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Preliminary results on conductivity measurements of the synthesized ionic liquid with respect to 
types of starting solvents used for each cation ion and anion salts.  
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The electroxidation of SO2 to H2SO4, producing H2 as counter reaction, presents ΔEº= 0.16V. That is 1.07 
V lower than the potential needed for water electrolysis, placing that process as more environmental 
friendly. The best catalyst for this reaction was found to be the Au electrode[1]. Therefore the use of 
nanostructures is interesting due to the lower amount of Au[2] used. In the present work, this material was 
prepared by electrochemical deposition of Au onto an ITO electrode covered with a polymeric 
template[3]. The ITO surface was found to be inert to the SO2 oxidation, so the measured j/E response 
was due to the Au nanoparticles, Figure A. Comparing Figure A with the j/E profiles for bulk electrodes, 
Figure B, it was possible to notice several differences such as the current intensity being bigger in the 
case of bulk electrodes (B).The biestabilty regions indicate the presence of oscillatory behavior[1] that 
implies also a non-linear dynamics. These biestability regions can be observed in figure B between 
potentials 1.2 and 1.3V and between 1.3 and 1.6Vin H2SO4. At potential 1.3V, it was observed a long and 
thin peak, that is not observed in j/E profiles of figure A as the biestability regions. Because of all these 
differences, it is suggested that the mechanism observed in A is not the same as observed in B.  
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Figure 1 - j/E profiles of electroxidation of SO2 onto Au  in H2SO4 (black line) and HClO4 (red line) for 
(A) nanostrutured electrode and (B) bulk electrode 
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Propranolol (PRO) is a sympatholytic non-selective beta blocker and have been used for the treatment of 
hypertension, angina pectoris, cardiovascular system and lately chronic heart failure. Beta blockers have 
been found at low concentrations in surface waters; its levels are expected to increase and high 
concentrations might be ecotoxicologically harmful. Beta-blockers are not completely removed by 
conventional treatment processes in wastewater treatment plants due to their recalcitrant nature, and PRO 
has significantly higher toxicity to aquatic organisms compared to other E-blockers. In this work, the 
effect of the operation parameters, such as the applied current density and the electrolyte flow rate, on the 
electrochemical degradation and mineralization of PRO using an electrochemical flow reactor is studied. 
 
The electrochemical oxidation was conducted in galvanostatic conditions using an electrolytic flow cell. 
The cell contained a BDD electrode as anode and a Ti plate as cathode. Two different reactor 
configurations were used: an undivided reactor and a divided reactor with a cation-exchange membrane. 
Na2SO4 was used as supporting electrolyte. 
 
The effect of the applied current density and fluid flow on the kinetics of PRO degradation and 
mineralization in the divided reactor is studied in Figure1. As can be seen, the higher the applied current 
the higher the velocity of the PRO degradation and mineralization. The increase of the PRO degradation 
and mineralization rates with the applied current is due the enhancement of the generation of active 
oxidant species, especially the ·OH radicals formed at the surface of the anode, which improve the 
destruction of the organic pollutants. The decay of the relative PRO concentration with the electrolysis 
time follows an exponential trend for both reactor configurations, according with a pseudo-first-order 
kinetics typical of a mass transfer controlled process. This behavior is indicative of the formation of a 
steady concentration of reactive ·OH at each current density. For the lower applied current density, small 
amounts of ·OH radicals are formed, and the degradation and mineralization rates increase with the 
electrolyte flow rate. However, for higher applied current densities, larger quantities of ·OH radicals are 
formed, and the electrolyte flow rate has no effect on PRO degradation and mineralization rates. 
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Figure 1. Degradation of Propanolol and Total Organic Carbon vs the time for different operating 
conditions. Full points I=0.5 A, Empty points I=4 A 
 
Aknowledgements. 
This work was financially supported by the Ministerio de Economía y Competitividad (Spain) with the 
project CTQ2015-65202-C2-1-R and FEDER funds. 



Modeling the Shunt Current Distributions in a Zinc/Bromine Flow 
Battery 

 
Dongcheul Lee, Boram Koo, and Chee Burm Shin* 

Department of Energy Systems Research, Ajou University 
Suwon 16499, Republic of Korea 

*cbshin@ajou.ac.kr 
 

The zinc/bromine (Zn/Br2) flow battery is a promising rechargeable system for energy storage because of 
its chemical simplicity, high degree of electrochemical reversibility at the electrodes, good energy density, 
and abundant low-cost materials. The Zn/Br2 flow battery system consists of the flow cells through which 
an aqueous zinc bromine stream from each of two separate tanks is circulated, one for the anode and one 
for the cathode. The cell stack is assembled with several single flow cells, which are connected in series 
by bipolar plates. Both the feed and removal of electrolyte solution to and from the cell stack and the 
individual cells are implemented by using shared pipe works. This creates two additional ionic 
connections between the cells and stack in addition to the electrical connections via the bipolar plates. 
During charge and discharge of the battery, additional currents, called shunt currents, may form along the 
ionic connections. It is important to develop a mathematical model to calculate the shunt current 
distributions in a Zn/Br2 flow battery in order to predict such quantities as current efficiency and 
conversion per pass under various charge and discharge conditions. This information can be used to 
design both of bench and production scale cells and to select the operating conditions for optimum 
performance. 
 
In this work, a modeling is carried out to calculate the shunt current distributions in a Zn/Br2 flow battery 
stack composed of 8 cells. This work adopts a simple approach to model the charge and discharge 
performance of a single cell by considering Ohm’s law and charge conservation on the electrodes based 
on the simplified polarization characteristics of the electrodes. An 8-cell stack performance is predicted 
based on an equivalent circuit model composed of the single cells and the resistances of the inlet and 
outlet streams of the positive and negative electrolytes. The model is validated by comparing the 
modeling results with the experimental measurements. 
 
 
 



Electrochemical Conversion of Nitric Oxide into Ammonia with Metal 
Chelate  

DongYeon Kim, Youngkook Kwon 
CO2 Energy Vector Research Group, Korea Research Institute of Chemical Science  

141 Gajeongro, Yuseong, Daejeon 34114, Korea  
dy0907@krict.re.kr  

Nitric Oxides (NOX) is one of the most critical air pollutant to cause various environmental issues such 
as particulate matter, acid rain and ozone depletion. Selective catalytic reduction (SCR) is considered as 
the most promising DeNOX technique due to its wide accessibility and high NOX removal efficiency. 
Nevertheless, its high capital/operating cost, pricy reductant such as ammonia and less availability at low 
temperature might be major obstacles. Meanwhile, nitric oxide is an electro-active specie, able to be 
electrochemically oxidized or reduced. Above all, it has positive standard half reduction potential versus 
that of proton, implying its reduction reaction can occur before hydrogen evolution, the major 
competition reaction. Possible candidates produced from electrochemical NO reduction are nitrous oxide 
(N2O), nitrogen (N2), hydroxylamine, hydrazine (N2H4) and ammonia (NH3) along with accepted electron 
numbers. Recently, ammonia is considered as next generation energy carrier useful for hydrogen storage 
as well as easily liquefiable fuel. Here, we report catalytic selectivity and tendency of several electro-
catalyst toward final products from electrochemical reduction of nitric oxide absorbed with ferrous EDTA 
(Ethylenediaminetetraaceticacid). Polycrystalline platinum (Pt) and glassy carbon (GC) were used as a 
positive electrode control and polycrystalline copper (Cu) and silver (Ag) were compared, respectively. 
Under narrow potential window between -0.8V and -1.0V versus Ag/AgCl reference electrode, Faraday 
efficiency for ammonia was more than 95% with Cu and Ag electrodes up to -0.9V versus Ag/AgCl and it 
decreased at higher overpotential due to competitive hydrogen evolution reaction and metal iron 
deposition. Like electrochemical CO2 reduction, diverse research on catalysts, electrolytes and system can 
be conducted for electrochemical nitric oxide reduction.  
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The lithium-ion battery (LIB) is a preferred power source for battery electric vehicle (BEV) applications 
due to its high energy density, high voltage and low self-discharge rate. One of the most important issue 
to be overcome for the BEV battery is searching for an appropriate fast charge protocol to alleviate “range 
anxiety” for the driver of a BEV and thus to enable a rapid growth of BEV market. A short charge time is, 
however, reported to be achieved always at the expense of cycle life regardless of the charge techniques. 
As battery temperature greatly affects the cycle life of the LIB, automakers and battery suppliers are 
paying increased attention to the thermal management for an LIB pack during fast charging of BEV. It is, 
therefore, important to predict accurately the thermal behavior of the LIB during fast charge to find an 
optimized fast charge protocol that can balance fast charge and healthy cycling for the LIBs. 
 
In this work, the thermal behaviors of LIB cell under various fast charge protocols are analyzed based on 
the two-dimensional modeling of the uneven temperature distribution in an LIB cell during fast charge. 
The thermal modeling during fast charge is validated by the comparison of the modelling results with the 
experimental measurements using IR thermal images and thermocouples. The fast charge protocols are 
evaluated based on the peak temperature of LIB cell and the uniformity of temperature distribution within 
LIB cell during fast charge. 
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In the teaching of analytical chemistry and in early research initiation, it is convenient to work on non-
aqueous solvents in order to extend and improve some of the analyzes already reported in water and to 
exemplify chemical reactions that do not occur in aqueous solution. Thus, water is considered a 
ubiquitous impurity in these reaction media and it is necessary to determine its content as a first control 
parameter of chemical reactivity [1]. Determination of water on samples and pure chemical compounds 
by Karl Fischer titration (KFT) using conventional scale reagent volumes is expensive and most of the 
cases it requires great quantities of substances that involve organic solvents and big surface platinum 
electrodes [2]. In our laboratory, we have developed low-cost equipment, built with local materials, to 
perform potentiometric, conductimetric, electrochemical and photocolorimetric measurements to teach 
analytical instrumental chemistry to undergraduate students [3].  
 
In this work, a minimal low-cost instrumentation for performing KFT voltammetric analysis is designed 
and evaluated. Figure 1a represents the basic electronic connection system with two multimeters, one 
variable resistor and the electrochemical cell connected in the center in a three-electrode configuration. 
Figure 1b shown the equipment used [4]. Typical records of KFT getting by this microscale equipment 
are presented in the Figure 1c, to determine the water content in both acetonitrile HPLC grade (AN) by 
amperometric endpoint detection, as in room temperature ionic liquids by, coulometric KFT method with 
bipotentiometric endpoint detection [5,6]. 
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Figure 1. Minimal Instrumentation MicroPolarograph (MIMP). (A) Basic electronic connection system. 
(B) Real equipment used. (C) Amperometric titration record of an AN sample. Epol = 0.250 V vs. RE, 
sampling time 20s, WE: Pt0. RE: Ag0|AgCl(s), TBAP, MeOH||. AE: C. 3.12 mg H2O/mL AN detected. 
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The use of glass electrodes in the food industry is the standard for pH and acidity levels determination in 
direct samples, being the dairy industry one of the most important sectors linked. It is known that the 
glass electrodes becomes fouled due to protein and lipid adsorption on the electrode surface and their 
brittle nature; so, it has been made necessary to look for another kind of ion selective electrode in order to 
determine the [H+] in aqueous solution [1].  
 
In this work, solid-state sensors based on tungsten oxides were designed, built and characterized. The 
electrodes were anodized using an optimized methodology in a controlled aqueous media by cyclic 
voltammetry (CV) in a three-electrode configuration [2,3]. Afterward, some of them were coated with 
Nafion®, with the purpose to protect the pH sensible film. According to previous reports, the 
electrogenerated interface corresponds to W0|WO3(s) and this redox couple is the responsible for the 
chemical recognize of H+ in the solution [4]. The performance of these electrodes was evaluated in terms 
of their sensibility in the process of calibration using several controlled buffer solutions. The effect of the 
ionic media was investigated and the response of these electrodes in presence of potassium and sodium as 
interference ions was determined as well. The open circuit potential (OCP) values were obtained using 
both a CH Instruments 920C equipment (with a three-electrode configuration) and a commercial electric 
digital multimeter (with a two-electrode configuration). No significant differences were found between 
the data getting by these types of equipment.  
 
The procedures used to determine the acidity in milk were based on the Mexican standards NOM-155-
SCFI-2003 (analysis of direct samples) and NOM-155-SCFI-2012 (analysis of diluted samples) [5]. 
Typical acid-base titrations using phenolphthalein as chemical indicator, shown several problems to 
reproduce them, as difficult to see the change of color in the matrix despite using large amounts of the pH 
indicator solution. To get the equivalence volume during the acid-base titration, diverse methodologies 
were used, and those different values of acidity obtained were attributable to the fouling of glass 
electrodes in the characteristic of the samples. The acid-base chemical reactivity of the matrix was 
theoretically simplified to deduce a family of Gunnar Grand functions and a complete titration function 
without segmentation. These functions were used with the potentiometric data obtained from tungsten 
sensors and the emerging plots gave the most repeatable and trustworthy results of equivalence volumes 
and some operational parameters in ideal chemical systems and real milk samples. A similar parameter to 
an acid dissociation constant was obtained in the milk titrations, which is attributed to the caseins. Such 
fact was later confirmed with the ones obtained from the titration of pure casein. Finally, in the titration of 
a yogurt sample, the contribution of acidity given by the caseins and the one given by the lactic acid, 
formed in the fermentation process of yogurt, can be differentiated using Gunnar Gran functions 
evaluated with the potentiometric data obtained from using de W0|WO3(s) sensors constructed. 
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The European Union has placed strict regulations on the usage of nickel in various devices due to 
allergy-related concerns; therefore, the development of an alternative to nickel plating is required. We 
recently demonstrated that silver white Cu-Sn alloy electrodeposits(40-55mass%Sn), called “speculum 
alloy,” which has been investigated as a promising alternative to an allergenic nickel coating, can be 
obtained from environmentally-friendly cyanide-free acid bath [1]. Furthermore, we reported that the Cu–
Sn (40–55mass%Sn) speculum alloy plating film underneath thin gold plating depicts excellent corrosion 
resistance in comparison to conventional bright nickel plating [2]. 

In practical electroplating, regardless of the shape of the object to be plated, film thickness uniformity, 
i.e., throwing power is important. Several measures have been undertaken to increase the uniformity of 
plating by improving various aspects of the plating equipment such as the position of the anode, 
installation of an auxiliary electrode, or installation of a shielding plate. However, there are concerns that 
the effects of these modifications may be only limited to the shape of the object. Therefore, to obtain 
various shapes from the objects, which have to be plated, we must improve the throwing power 
characteristics of the plating bath itself. Generally, the throwing power of the plating bath is correlated 
with the Wagner number. This is expressed as a product of the conductivity of the plating bath and the 
slope of the polarization line. 

In this study, with focus on throwing power, one of the most important characteristics of practical 
electroplating, we investigated the effects of the concentration of sulfuric acid in the plating bath on the 
deposits thickness distribution and the alloy compositions. The Cu-Sn alloy sulfate acid bath was 
composed of CuSO4･5H2O (0.195 mol/L), SnSO4 (0.105 mol/L), H2SO4 and additives. The concentration 
of sulfuric acid varied from 0.94 to 2.82 mol/L. A standard 267 mL Hull cell was used to estimate the 
uniformity of composition, color and thickness of the alloy deposits. The Hull cell tests were conducted at 
a total current of 1A for 600sec. (bath temperature: 25°C) without stirring. A Ni plated iron sheet and a 
high phosphorus copper sheet were used as the cathode and anode, respectively. The composition and 
thickness of the Cu–Sn alloy plating film were measured using the XRF-FP method.  

Regardless of the sulfuric acid concentration, a bright plating 
film that depicted a silvery white color, which was similar to 
that of nickel, was observed to form on the entire surface 
except in the high current density part of the Hull cell sheet 
(Fig.1). Furthermore, the area of bright plating was observed 
to expand with increasing sulfuric acid concentration. The 
thickness of alloy plating in the high-concentration sulfuric 
acid bath was observed to be more uniform than that in the 
low-concentration sulfuric acid bath (Fig.2). This tendency 
was particularly remarkable in areas with low current density. 
Throughout the experiments, the composition of the Cu–Sn 
alloy plating film did not vary at any of the measurement 
points despite differing concentrations of sulfuric acid in the 
bath. We demonstrated that, by increasing the concentration of 
sulfuric acid in the environmentally-friendly Cu–Sn alloy 
plating bath, the throwing power can be significantly improved 
while maintaining the alloy composition (approximately Cu-50 
mass% Sn) in a silvery white color, which is similar to that of 
nickel. 
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A simple procedure is suggested by which cyclic voltammograms, CVs, pertinent to partially diffusion 
controlled charge transfer reactions can be analyzed. By this procedure, from a set of CVs taken at varied 
scanrates v, two scan-rate independent, hysteresis-free functions can be calculated. One of them is the 
diffusion-free polarization curve, jinf(E), the other is the semiintegrated form of the reversible CV, 
Mrev(E).  
First, a linear relationship is derived to connect current and its semiintegral at a given potential for CVs 
taken with varied scanrates; then results are shown on testing the above procedure with simulated quasi-
reversible CV curves. Simulated CVs, their semiintegrated forms and the transformed curves are shown 
below. 
 

  

 
(a) Simulated CVs. Simulation parameters: Dred= Dox =10-5 cm2/s, cred =10-6 mol/cm3, cox=0 mol/cm3, 
E0=0, k0=0.001 cm/s, α=0.5, v, in mV/s units, as indicated. (b). The semiintegrated CVs. (c) The jinf  and 
Mrev(E) functions 
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One of the challenges in analytical chemistry is the simultaneous detection of dopamine, ascorbic and uric 
acid[1]–[3]. In this regard, several authors have advantageously employed nanomaterials like graphene, and 
single and multi-walled carbon nanotubes to enhance and separate the peak potentials in the electrochemical 
analysis. This effect mimics thin-layer outputs, with the known advantages of chemical resolution, 
sensitivity, and improvement in peak potential separation. Recently, we have proposed a method to obtain 
the same thin-layer diffusion regime simply by placing a controlled weight to press the solution onto the 
screen-printed electrode[4]. In the present work, we use thin-layer method to successfully detect dopamine, 
ascorbic and uric acid. This approach makes deconvolution easier, and therefore each signal can be 
evaluated separately. We also compare the response with different working electrodes: graphite, carbon 
nanotubes and graphene. The results showed an enhancement and a better separation of the peak potentials. 
In addition, the reduction of the electrochemical double layer improves the base line resolution, and the 
deconvolution of the voltammogram (Figure 1), which allows to directly determine the total charge 
accumulated on the electrode surface.   

 
Figure 1: Ascorbic acid, dopamine and uric acid, detected by traditional cyclic (a) and thin-layer (b) 
voltammetry. Scan rate at 8 mV s-1 using graphite screen-printed electrodes. Although in both cases the 
three signals can be observed, thin-layer method improves the peak differentiation.  
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Electroanalytical methods have great potential for the application in pharmaceutical and clinical 

analysis due to their reliability, speed, simple and low cost instrumentation. An innovative electrode 
material, boron doped diamond (BDD), offers a possibility to approach the sensitivity, selectivity and 
detection limits of more sophisticated but more expensive and time consuming analytical methods. 
Moreover, a potential widow of the BDD electrodes is exceeding potential ranges in a majority of other 
well established working electrodes and significantly spread the applicability of this innovative class of 
the electrodes. For this reason, the BDD electrode was studied and implemented for the voltammetry 
determination of immunosuppressive drug azathioprine (AZA) in our work.  

In the first step of the method development, the cyclic voltammetry (CV) with BDD electrode 
was employed to study electrochemical properties of AZA and electrode processes. Within the CV 
experiments the working conditions such as pH of supporting electrolyte and electrode surface 
pretreatment were optimized too.  

In the second step, the optimized conditions were adapted to the differential pulse voltammetry 
(DPV) enabling quantification of AZA with enhanced sensitivity. The parameters of DPV with BDD 
electrode were comprehensively studied and optimized to achieve the desired current response 
(sensitivity) while preserving sufficient speed, and selectivity.  

Analytical performance of the DPV method with BDD electrode under the optimized operating 
parameters was evaluated. The corresponding linear concentration range was found to be 30 – 285 μM 
with the detection and quantification limits of 11 and 33 μM, respectively. These parameters along with 
an acceptable selectivity provided favorable conditions for the analysis of AZA in pharmaceutical 
matrices. 

The proposed method represents the first application of the innovative electrochemical platform 
using the BDD electrode in the DPV analysis of the commercial pharmaceutical formulations (tablets 
Immunoprin®) containing AZA as an active substance (for the results from the drug control see the 
enclosed Table). In comparison to the alternative methods using modified electrodes (see the enclosed 
references), the present method brings the significant advantage of simplicity and financial and time 
effectiveness. Such parameters are preferred in the routine analyses of pharmaceutical products in the 
quality control laboratories.  
 

Dosage form Declared amount of 
AZA (mg) 

Determined amount 
(mg) Recovery (%) 

Immunoprin® 50 
51,8 103,6 
52,3 104,6 
49,2 98,4 
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To achieve closed nuclear fuel cycle and sustainable development of nuclear energy, efficient 
pyroprocessing of spent fuel becomes one of the major concerns in Generation IV nuclear energy [1]. 
Molten salt based electrolysis is a promising method in future pyroprocessing technology. As neutron 
poison, lanthanides are the typical detrimental elements that encumber the realization of the so-called 
partitioning & transmutation (P&T) strategy, and thus must be separated from actinides [2]. Therefore, 
investigating the electrochemical properties of actinides and lanthanides is of pivotal importance. In fact, 
in light of the chemical similarity of trivalent actinides and lanthanides, the chemistry of actinides can be 
revealed somewhat through exploring the lanthanide elements which are more readily obtained [3, 4]. 
In this work, it was found that the reduction potentials of Cu(Ni, Al, Zn)-rich Cu(Ni, Al, Zn)-Ln alloys 
manifest an evident “Bimodal Effect”. Hume-Rothery rules pointed out that the main factors affecting the 
formation of alloy solid solution of two metal elements are: 1) the difference of the atomic radius of the 
solvent and the solute metals, and 2) the electronegativity difference between the solvent and the solute 
metals. By fitting the data of reduction potentials, differences of the atomic radii and electronegativity 
differences, a formula was built up, which provides a useful and reliable approach for predicting related 
important reduction potentials of actinide alloys. The result of multiple linear regression analysis (Fig. 1) 
indicated that the good reliability of forecast and goodness of fit. 

 
Fig.1 The Matlab image obtained by multiple linear regression analysis. 
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  The creation of better batteries requires innovation in developing new electrolytes that yield high 
specific energy densities, are thermally stable, and result in large electrochemical windows. Ionic liquids 
(ILs), or salt melts below 100 °C, contain many of these properties and high conductivities.[1] Of 
additional interest for battery applications are the room temperature ILs (RTIL), which depend heavily 
upon cation-anion interactions to obtain low temperature salt melts. Currently, the electron transfer 
mechanism of Sn(II)/Sn(IV) bromides in bromide media has been investigated.[2] To adapt and expand on 
the ideas of the zinc-bromide battery and the bromoaluminate (Al/Br2) IL based redox-flow battery, non-
aqueous bromostannate(II/IV) RTILs were synthesized and electrochemically characterized.[3]  
  By utilizing 1-methyl-3-octylimadizolium bromide, [OMIM]Br, two RTILs, [OMIM][SnBr3] and 
[OMIM][SnBr5], and one IL, [OMIM]2[SnBr6], bromostannate species were synthesized. The RTIL 
[OMIM][SnBr5] is unique, because tin (IV) typically prefers the hexacoordinated, [Cat.]2[SnBr6] species, 
for instance with the cation 1-methyl-3-hexylaimadazolium [HMIM]. Other cations yield a solid IL at 
room temperature, i.e., 1-butyl-1-methyl-pyrrolidinium [BMP][SnBr5]. 
  Electrochemical characterization of the neat bromostannates included temperature dependent 
conductivity, viscosity, TGA/DSC, and cyclic voltammetry measurements. The temperature dependent 
conductivity was in good agreement with Vogel-Tamman-Fulcher behavior. The transport mechanism of 
ILs is slow due to their exceptional viscosity and thus, the conductivity and charge-discharge time spent 
at the electrode surface is affected. To increase the rate of flow, subsequent measurements compared the 
ILs as incompletely solvated melts in various solvents with a dilution of 10 wt. % solvent, such as 
acetonitrile, propylene carbonate, or other ionic liquids, to increase the conductivity, allow for a large 
electrochemical window, and sufficient electrochemical stability. The final CVs were measured as both 
neat materials and diluted in 50 wt. % propylene carbonate, for maximum conductivity.  
  The synthesis and electrochemical characterization of RTIL bromostannate was successful and 
helps determine the viability of a [SnIIBr3]–/[SnIVBr5]– redox couple. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 1: crystal structure of [BMP][SnBr5]. 
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CO2 reaction with H2 to yield CH4, currently called CO2 methanation, is an important reaction for the 
production of substitute natural gas, may be an effective way to exploit H2 produced by water electrolysis, 
using renewable energy sources, and may favourably compete with direct CO2 electrochemical reduction. 
The efficiency of methanation reactions critically depends on the activity and stability of the 
heterogeneous catalysts used in the process. A number of transition metals have been tested. Among 
them, Ni and Ru revealed very interesting properties [1]. 
Commercially available Ni foams have several attractive features as materials for the construction of 
structured catalytic methanation reactors [2], because they possess excellent mass and heat transfer 
properties, and very good thermal stability in the operating temperature range. Furthermore, their surface 
may be modified, both morphologically and chemically, by electrochemical and open-circuit galvanic 
displacement reactions.  
Our group has studied the deposition of Ru nuclei and layers onto Ni foams. Initially, a galvanic 
displacement method has been preferred because it was likely to produce deposits with a homogeneous 
distribution of Ru on the walls of inner and outer cells. Ru deposits were formed by immersing Ni foam 
discs in 1 mM to 5 mM RuCl3 solutions, at pH 1-2, with a total chloride concentration > 0.1 M. The 
deposition rate increased with Ru3+ and H+ concentrations. SEM images of Ru deposits (Fig. 1a) showed 
features some hundreds of nm wide. XRD analyses showed those deposits to be amorphous. Their surface 
area was evaluated by recording cyclic voltammograms in 1.0 M KOH (Fig.1b) and measuring the H 
adsorption/desorption charge in comparison with that of a flat Ru electrode. The surface area of Ru was 
found to depend linearly on Ru loading. The area per unit mass was of the order of 1 m2 g-1, independent 
of loading and insensitive to the RuCl3 concentration used in depositions (Fig. 1c).  
Electrodeposition and pulsed electrodeposition are being studied as alternative methods for the 
preparation of highly dispersed Ru/Ni foam catalysts. CO2 methanation tests are in progress.  

Fig. 1. (a): SEM image of a Ru deposit on Ni foam; (b) CV curves recorded in 1.0 M KOH for variable 
galvanic displacement reaction times; (c) Dependence of the Ru surface area (in cm-1, i.e. in cm2 per unit 

foam volume) on Ru loading. 
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The emission in NAA films is characterized by an intense and broad band in the blue region when excited 
in UV and its origin and mechanism is still controversy [1]. Two propositions are in scene: (1) the origin 
of the luminescence is related to point defects in the oxide matrix attributed to oxygen vacancies (f-
centers) or (2) is based on the presence of these defects together with oxalate anion impurity from the 
anodization electrolyte. Both propositions are based on a NAA prepared under potentiostatic regime. In 
this work, NAA films were prepared by galvanostatic anodization of electropolished Al foils (99.99%) at 
5 mA/cm2 for 90 min at 20 °C, in three different electrolytes composition: (i) 0.3 mol/L H2C2O4, (ii) 0.3 
mol/L H3PO4, (iii) 0.15 mol/L H2C2O4 + 0.15 mol/L H3PO4. After anodization, the Al substrate was 
removed from NAA porous layer in CuCl2 + HCl solution. Following, the NAA closed-membranes were 
characterized by Scanning Electron Microscopy (SEM) and Rutherford Backscattering Spectroscopy 
(RBS). The fluorescence measurements were performed in a spectrofluorimeter at λexc=320 nm. SEM 
images showed changes in morphology as function of electrolyte composition. NAA closed-membranes 
prepared in oxalic acid presented the smallest pore diameter and those prepared in phosphoric acid 
presented more defects and branched pore channels. Although, some different volume morphology was 
observed, all NAA films have the same thickness, not justifying the difference observed in the 
photoluminescence spectra. The presence of impurities inside the porous layer structure was investigated 
by an advanced simulation tool (multiSIMNRA) [2,3] to fit the RBS spectra using different simultaneous 
conditions (default RBS, C resonance and H resonance). The relative quantities of Al, O, P and C were 
evaluated and a model for inner and outer layer of NAA oxide structure with different Al:O 
stoichiometric proportions was proposed based on the results. The incorporation of oxalate ions was not 
observed in the oxide film galvanostatically prepared in oxalic acid, which is usually attributed as the 
origin of the photoluminescence (PL) emission in NAA films potentiostactically prepared in oxalate 
media. The results showed that the PL emission of NAA might be associated with the presence of 
recombination centers from oxygen defects inside the oxide structure, without the presence of oxalate 
anion when prepared in galvanostatic regime. In this essay, an explanation for this observation was 
proposed based on a different kinetic mechanism of aluminium anodization under constant current density 
regime compared to those NAA films obtained under potentiostatic regime. 
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Nowadays copper oxide is used in the majority of marine AntiFouling (AF) coatings, but most paint 
companies do not allow the use of copper-based AF paints on aluminium hulls. On the other hand, 
aluminium alloys offer very good performances in yachting field, thanks to its lightness, workability, 
resistance to corrosion and zero toxicity. Unfortunately, the couple copper-aluminium is critical, because 
aluminium is more anodic in the electrochemical series than copper and if the two are in direct connect, in 
sea water, aluminium corrosion occurs. Obviously, this mechanism is undesired, since it can cause serious 
safety and economic consequences. The galvanic reaction occurs if copper ions reach the aluminium hull; 
this is possible through two mechanisms: copper leaching from antifouling coating in presence of an 
exposed part of aluminium hull, thus copper can deposit as copper metal; copper pigments or ions migration 
through matrix gaps in the polymeric coating [1]. 
 
Since no studies are available in literature reporting the happening of these dangerous mechanisms in 
practice, the aim of this work is to test several antifouling coating systems, constituted by a primer and an 
AF layer, obtained starting from a commercial system (containing a high amount of copper oxide in the AF 
layer), used also as reference, with the addition of new corrosion inhibitors, based on polymeric amine salt 
and alkylammonium salt solution in the primer coat, and evaluate the occurrence of corrosion phenomena. 
The innovative primers should provide the improvement of coating wet adhesion, the formation of insoluble 
complex salts at anodic defect sites, the precipitate formation due to increased alkalinity at cathodic sites, 
the barrier activity enhancement through reduction of porosity and permeability in coating and, finally, the 
protective layer formation. 
 
Aluminium panels coated with the complete different systems are analysed in field, by immersion in natural 
sea water in La Spezia harbour (Ligurian sea, Italy) and in laboratory, by immersion in synthetic sea water. 
On the other hand, exposure to salt spray fog test [2] is performed on primerised aluminium panels. All the 
samples were analysed by a multi scale approach: visual inspection [3] [4], optical microscopy and 
Scanning Electron Microscopy (SEM). The considered formulations had a slight influence on the corrosion 
process of aluminium panels. 
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Micro- and nanostructures are becoming increasingly important for technology and basic science. One of 
the methods for the formation of micro- and nanostructures is the local deposition of 3D microstructures 
of high aspect ratio using an end-face of a wire as the microanode. The microanode moves at a constant 
velocity with respect to the cathode surface to create structures. 
A simplified analytical solution of the problem of the formation of micro-structure (microcolumn) during 
the local electrodeposition of metal with moving disk microanode is presented. The calculated results 
enable one to determine the voltage, which ensures a constant interelectrode distance during the deposit 
growth, by the prescribed initial interelectrode distance and to estimate the height of microcolumn at any 
time. 
A mathematical model and a scheme of numerical simulation of the formation of 3D microstructures by 
maskless local electrochemical deposition of metal using a moving anode are developed [1, 2]. The 
numerical solution of the mathematical problem is performed using the finite element method on the 
irregular grid, which is deformed and adaptively remeshed during modeling of the deposit growth. 
Evolution of deposit surface at various exchange current densities, transfer coefficients, interelectrode 
distances and various dependences of current efficiency on the current density is calculated. 
It is shown that the kinetic parameters of electrochemical reaction and the interelectrode distance have a 
pronounced effect on the shape and dimensions of the formed microstructures. At low exchange current 
densities, nearly cylindrical deposits form. With an increase in the exchange current density, the role of 
the edge effect near the outer boundary of the disk anode increases and the distribution of the current 
density in the radial direction becomes nonmonotonic. As a result, the shape of the deposit changes from 
cylindrical to tubular. The wall thickness of tubular deposit decreases with increasing exchange current 
density. 
It is found that a decrease of the current efficiency with increasing current density (for example, due to 
the hydrogen evolution) reduces the edge effect and promotes the formation of cylindrical deposits. 
The edge effect limits the value of the deposit aspect ratio. To raise the aspect ratio of the deposit, it is 
necessary to reduce the initial interelectrode distance. 
The results of modeling allow one to determine the relationships between the parameters of 
electrodeposition and the shape and dimensions of formed microstructures. These data can be used to 
predict the results of local electrodeposition of metal and to optimize the operation conditions. 
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Anodic dissolution of tungsten in alkaline solutions is a widely used process that underlies 
electrochemical polishing and electrochemical machining of the metal, electrochemical fabrication of 
sharp tips for scanning probe microscopes and tools for nanoelectrochemical machining. 
A number of studies have been devoted to the investigation of anodic dissolution of tungsten in the 
alkaline solutions. At low polarizations, the Tafel portions are observed in the anodic polarization curves. 
At higher anodic potentials, the dissolution rate is controlled by the mass transfer in the near-electrode 
layer, and the limiting current is observed. From the experiments with a tungsten disk electrode, it was 
concluded that this diffusion limiting current is associated with the rate of delivery of OH- ions, which are 
involved the dissolution. The diffusion limiting currents, which were calculated by the analytical equation 
derived for this case, agree well with the experimental data [1, 2]. In the calculations, the diffusion 
coefficient of OH- ions was taken to be equal to that for infinitely diluted solution. The migration 
mechanism of mass transfer was ignored. 
To check the above results, in this work, the problem of limiting current of tungsten anodic dissolution in 
alkaline solution is solved numerically taking into account the concentration dependences of diffusion 
coefficients of ions, viscosity and density of solution, the migration mechanism of transfer. The equations 
of ionic transfer were solved simultaneously with the hydrodynamic equations. The distributions of 
dimensionless concentrations of all four types of ions and dimensionless potential are calculated with and 
without regard for the concentration dependences of aforementioned characteristics. It is concluded that 
the concentration dependence of diffusion coefficients of ions plays the leading role. In addition, a similar 
problem of the limiting current of tungsten anodic dissolution in alkaline solution is solved under the 
conditions of natural convection. The calculated and experimental limiting currents are compared. 
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