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Welcome to Tartu, Estonia! 

On behalf of the organizing committee, I am pleased to welcome you to the 7th Baltic 

Electrochemistry Conference: Finding New Inspiration (BEChem 2018).  

Tartu is a fitting venue as the birthplace of 9 electrochemistry conferences “Electrical Double 

Layer and Adsorption at Solid Electrodes (1968-1991), and thereafter the Baltic Electrochemistry 

Conference series: the first (1996) and fifth meetings (2008) were also held in Tartu.  

Tartu, a prestigious place of learning and science, is the home of the second oldest university in 

Northern Europe. Here world-leading scientists H. Hess, W. Ostwald, and G. Tamman studied 

and developed modern physical chemistry, electrochemistry and materials science. 

BEChem 2018 brings together scientists, engineers and young researchers from academia, 

infrastructure facilities, industry and government institutions to share results and discuss issues 

related to various fields of fundamental and applied electrochemistry, sustainable energetics, 

materials science, bio- and photoelectrochemistry. 

This conference provides an opportunity to learn and exchange information and know-how on 

the latest scientific and technical developments related to devices for sustainable energetics, 

including hydrogen storage devices, solid oxide and polymer membrane fuel or electrolysis cells, 

Li- and Na-ion batteries, supercapacitors, hybrid capacitors as well as photovoltaic and 

bioelectrochemical systems. 

The conference is expected to draw nearly 170 experts, researchers and company 

representatives from 31 countries all around the world, involved in different fields of 

electrochemistry and materials science, especially novel operando measurement methods 

conducted at neutron beam and synchrotron radiation facilities. 

Please use this meeting and the conference website (http://BEChem2018.ut.ee/) to make the 

most of your time for the future development of a sustainable and cleaner environment. 

  

We thank you for the participation and support of the Baltic Electrochemistry Conference. 

  

On behalf of the BEChem2018 organizing committee, 

  

Professor Enn Lust 



Monday 
05.11.2018 

9:00 
- 

9:10 
Welcome 

9:10 
- 

9:55 

Keynote: Prof. Dr. A.A. Kornyshev "New Horizons in Ionics: Electrochemical ‘Metamaterials’" 
Department of Chemistry, Imperial College London, United Kingdom 

Session chair: Prof. E. Lust 

10:00 

Room 1 

Novel Methods and Materials  
Session Chairs: Dr. E. Härk 

Prof. Dr. F. Scholz "The Role of Wilhelm Ostwald in Developing Physical Chemistry and Especially Electrochemistry" 
University of Greifswald, Institute of Biochemistry, Germany 

10:20 
Dr. G.L. Fisher "Chemical Identification in Materials and Devices at 100 nm-Scale Resolving Power in One, Two and 

Three Dimensions" 
Physical Electronics, USA  

10:40 

Dr. S. Cherevko "New Insights into Electrocatalyst Degradation Mechanisms from Coupled in-situ Mass-
Spectrometry Techniques" 

Forschungszentrum Jülich GmbH, Helmholtz-Institute Erlangen-Nürnberg for Renewable Energy, Germany; Max-
Planck-Institut für Eisenforschung GmbH, Germany 

11:00 Coffee break 

  Session chair: Prof. Dr. A.A. Kornyshev 

11:20 
Dr. E. Härk "Investigations of the Nanostructure of Carbons using Small Angle Scattering Techniques" 

Soft Matter and Functional Materials, Helmholtz-Zentrum für Materialien und Energie GmbH, Germany 

11:40 
Prof. M.D. Levi "EQCM-D-Based Surface-Acoustic-Wave Spectroscopy: Emerging Innovations in Material 

Characterization of Energy Storage Electrodes" 
Department of Chemistry, Bar-Ilan University, Israel 

12:00 
Prof. Dr. E. Frackowiak "Ionic fluxes at carbon electrode/electrolyte interface – EQCM study" 

Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, Poland 

12:20 
Prof. Dr. P.J. Kulesza "(Photo)electrochemical Conversion of Carbon Dioxide: Toward Generation of Fuels and Utility 

Chemicals" 
Faculty of Chemistry, University of Warsaw, Poland 

12:40 
- 

14:00 
Lunch 

14:00 
- 

14:45 

Keynote: Dr. M. Hartl "Exploring the Advantages of Neutron Scattering combined with in-situ Electrochemistry" 
European Spallation Source ERIC, Sweden 

Session chair: Prof. Dr. E. Frackowiak  

15:00 

Room 1 Room 2 

Novel Methods and Materials 
Session chair: Prof. R.G. Compton 

Polymer Electrolyte Membrane Systems and Materials 
Session chair: Dr. S. Sepp 

Dr. R. Stern "Application of NMR methods for analysis of 
solid materials" 

National Institute of Chemical Physics and Biophysics, 
Estonia 

Mrs. N. Stanic "Bubble Evolution on Different Carbon 
Anode Designs in Cryolite Melt" 

Department of Material Science and Engineering, 
Norwegian University of Science and Technology, 

Norway 

15:20 

Dr. M. Kirm "FinEstBeAMS – an Estonian-Finnish 
Beamline at MAX IV Lab and Challenges in Materials 

Science Research with Novel Light Sources" 
Institute of Physics, University of Tartu, Estonia 

Mr. M. Mooste "Oxygen Reduction Catalysts based on 
Pyrolized Electrospun Styrene– Acrylonitrile Copolymer 

and Multiwall Carbon Nanotube Composite" 
Institute of Chemistry, University of Tartu, Estonia 

15:40 Coffee break 

  Session chair: Dr. M. Kirm Session chair: Prof. L. Murtomäki 

16:00 

Dr. G. Nurk "Operando NAP-HT-XPS and impedance 
spectroscopy study of Ni-Ce0.9Gd0.1O2-δ solid oxide fuel 
cell electrode prepared using pulsed laser deposition 

method" 
Institute of Chemistry, University of Tartu, Estonia 

Dr. N. Kongi "A Hybrid Organic Linker Forms an Efficient 
Porous Material for Oxygen Electroreduction Reaction" 

Institute of Chemistry, University of Tartu, Estonia 

16:20 

Dr. J. Kruusma "1-ethyl-3-methylimidazolium cation 
based room temperature ionic liquid | micro-

mesoporous carbon systems studied by the synchrotron 
initiated in situ X-ray photoelectron spectroscopy 

technique at the polarised electrode material" 
Institute of Chemistry, University of Tartu, Estonia 

Mr. P. Teppor "Exploring Different Modification 
Methods to a Solution-based Co-N/C Type ORR Catalyst 

Synthesis for PEMFC" 
Institute of Chemistry, University of Tartu, Estonia 

16:40 

Dr. M. Zarrabeitia "A combination of operando 
electrochemical impedance spectroscopy and ex-situ X-
ray photoelectron spectroscopy experiments to study 

the interfacial properties of the promising electrode for 
rechargeable Naion batteries" 

CIC Energigune, Spain 

Mr. S. Hussain "ORR activity and long-term durability of 
Pt nanoparticles photo-deposited on SnO2-C 

composites" 
IC2MP - UMR-CNRS 7285 Universite of Poitiers, France; 

Institute of Chemistry, University of Tartu, Estonia 

17:00 

Prof. Dr. E.  Juzeliūnas "Silicon electrochemistry in 
molten salts – Toward effective light absorbance" 
Department of Materials Science and Metallurgy, 

University of Cambridge, United Kingdom; Centre for 
Physical Sciences and Technology, Lithuania 

 Dr. S. Sepp "Carbide Derived Carbons – Novel Catalyst 
Supports for Polymer Electrolyte Membrane Fuel Cell" 

Institute of Chemistry, University of Tartu, Estonia 

17:20 
Prof. I. Leito "Unified pH" 

Institute of Chemistry, University of Tartu, Estonia   

17:40 
- 

19:30 
Poster session 



Tuesday 
06.11.2018 

9:00 - 
9:45 

Keynote: Prof. R.G. Compton "Electrochemical Nano-Impacts: New Insights into Nanoparticles" 
University of Oxford, United Kingdom 

Session chair: Prof. Dr. F. Scholz 

10:00 

Room 1 Room 2 

Electrochemical Methods and Polymer Electrolyte 
Membrane Systems 

Session chair: Prof. Dr. F. Scholz 

Novel Methos and Li-, Na-ion Batteries 
Session chair: Mr. R. Väli 

Prof. S. Holdcroft "Solid Polymer Electrolytes for Acidic 
and Alkaline Electrochemical Devices" 

Simon Fraser university, Canada 

Mr. R. Väli "Nitrate Combustion Synthesis of Na3V2(PO4)3 
Cathode Material for Sodium-Ion Batteries" 

Institute of Chemistry, University of Tartu, Estonia 

10:20 

Ms. A. Baradoke "Investigation of Diffusion Process on 
Interdigitated Working/Counter Microlectrode 

Array:Experiments and Finite Element Modeling" 
Department of Nanoengineering, Center for Physical 

Sciences and Technology, Lithuania; National Center for 
Sensor Research, Dublin City University, Ireland 

Ms. A.  Siekierka "Hybrid Capacitive Deionization as a 
harvesting method for selectively removal lithium ions and 

power generation" 
Wroclaw University of Science and Technology, 

Department of Polymer and Carbon Materials, Poland 

10:40 

Dr. K. Tammeveski "Highly Active Iron and Nitrogen Co-
doped Carbide-Derived Carbon and Carbon Nanotube 

Cathode Catalysts for AEM Fuel Cell" 
Institute of Chemistry, University of Tartu, Estonia 

Dr. N. Tsyntsaru "Design of nanostructured 
electrodeposited Co-W catalysts for hydrogen evolution" 

Vilnius University, Lithuania 

11:00 Coffee break 

  Session chair: Dr. K. Tammeveski Session chair: Dr. A. Jänes 

11:20 

Dr. E. Kätelhön "Particle-Modified and Porous Electrodes 
for Electrocatalysis: Unscrambling True Catalysis and 

Illusion" 
Department of Chemistry, Physical and Theoretical 

Chemistry Laboratory, Oxford University, United Kingdom 

Dr. M.E.M. Buan "Self-standing Carbon Nanotube Films 
containing Iron Nanoparticles as Electrocatalysts and 

Pseudocapacitors" 
Department of Chemistry and Materials Science, Aalto 

University, Finland 

11:40 

Dr. E. Dickinson "Can the Butler-Volmer Equation Describe 
Polymer Electrolyte Membrane Fuel Cell (PEMFC) 

Electrode Kinetics?" 
National Physical Laboratory, United Kingdom 

Dr. S. Eliseeva "Improved Electrochemical Properties of 
Cathode Material LiMn2O4 With Conducting Polymer 

Binder" 
Department of Electrochemistry, Institute of Chemistry, 

Saint Petersburg State University, Russia 

12:00 

Mr. P. Iamprasertkun "Insight into Capacitive Properties 
of Basal Plane and Edge-oriented Highly-ordered Pyrolytic 

Graphite as a Model of Graphene Electrodes" 
School of Chemistry, National Graphene Institute 

University of Manchester, United Kingdom 

Dr. L. Coustan "Thin electrospun organic inorganic 
membrane as separator for high rate Na-ion batteries" 

Sorbonne Universités, UPMC Univ Paris 06, CNRS, Collège 
de France, Laboratoire de Chimie de la Matière Condensée 

de Paris, France 

12:20 
- 

14:00 
Lunch 

14:00 
- 

14:45 

Keynote:  Prof. F. Béguin "Evaluation of advanced hybrid sodium-ion capacitors with sacrificial cathodic materials" 
Institute of Chemistry and Technical Electrochemistry, Poznan University of Technology, Poland 

Session chair: Prof. M.D. Levi 

15:00 

Room 1 Room 2 

Supercapacitors 
Session chair: Prof. M.D. Levi 

Li-, Na-ion Batteries 
Session chair: Prof. Dr. A. Skundin 

Dr. O. Oll "Exploring the Limits of Ionic Liquid based 
Capacitors" 

Institute of Chemistry, University of Tartu, Estonia 

Mr. Y. Aniskevich "Electrochemical Impedance 
Spectroscopy Study of Vanadium Oxide Based Cathodes 

for Zn-Ion Batteries" 
Chemistry Department, Belarusian State University; 
Research Institute for Physical Chemical Problems, 

Belarusian State University, Belarus 

15:20 

Dr. Q. Abbas "Aqueous eutectic electrolyte enabling 
hybrid electrochemical capacitors to perform down to -

40oC" 
Institute of Chemistry and Technical Electrochemistry, 

Poznan University of Technology, Poland 

Dr. Y. Hinuma "Temperature coefficient of the redox 
potential of LiFePO4" 

Center for Frontier Science, Chiba University, Japan 

15:40 Coffee break 

  Session chair: Dr. R. Küngas Session chair: Dr. Y. Hinuma  

16:00 

Dr. V. Ivaništšev "Temperature dependence of the double 
layer capacitance in ionic liquids: molecular dynamics 

study" 
Institute of Chemistry, University of Tartu, Estonia 

Prof. Dr. A. Skundin  “Sodium Secondary Battery with 
Polymer Electrolyte” 

Frumkin Institute of Physical Chemistry and 
Electrochemistry, RAS, Russia  

16:20 

Mr. P. Przygocki "Analysis of charge spent for 
electrochemical capacitors ageing by coupling operando 

and post-mortem analyses" 
Institute of Chemistry and Technical Electrochemistry, 

Poznan University of Technology, Poland 

 Dr. K. Jayasayee "Development of NiCo2O4 bifunctional 
catalysts/electrodes for rechargeable Zn-Air batteries" 

SINTEF, Norway 

16:40 
Prof. J. Smulko "Noise Measurement and Analysis in 

Electrostatic Double-Layer Capacitors (EDLCs)" 
Gdańsk University of Technology, Poland 

Prof. Dr. H. Saito "Electrochemical Study of Oxide Growth 
on Tin Solder" 

Tokyo Denki University, Japan 

17:00   

18:00 Bus to ERM 

18:30 
- 

23:00 
Conference dinner at ERM 

23:00 Bus to V spa 



 

Wednesday 
07.11.2018 

9:00 
- 

9:45 

Keynote: Dr. S.C. Singhal "Solid Oxide Fuel Cells For Clean and Efficient Power Generation" 
Pacific Northwest National Laboratory, USA 

Session chair: Prof. Dr. M.B. Mogensen 

10:00 

Room 1 Room 2 

Solid Oxide Fuel Cells 
Session chair: Prof. Dr. M.B. Mogensen 

Bioelectrochemical Processes and Novel Devices 
Session chair: Prof. E. Lust 

Mr. R. Kanarbik "Application of SIMS for Analysis of Solid 
Oxide Materials and Devices" 

Institute of Chemistry, University of Tartu, Estonia 

Mr. K. Dharmaraj "The Electrochemistry of DPPH for ion 
transfer in three phase electrode system" 

Institut für Biochemie, Universität Greifswald, Germany 

10:20 

Mr. O. Korjus "Operando characterization of 
crystallographic and electrochemical properties of Ni-

Ce0.9Gd0.1O2-δ solid oxide fuel cell anode" 
Institute of Chemistry, University of Tartu, Estonia 

Ms. V. Buk "New Nanomaterial-Based, Microfabricated, 
Miniaturised Electrochemical Sensors for the Detection of 

Glucose" 
Tyndall National Institute; University College Cork, School 

of Chemistry, Ireland 

10:40 

Mr. M. Shahid "Nickel-Ceria Impregnated Lanthanum 
Doped Strontium Titanate Anodes using 3-Electrode 

Configuration for Methane based SOFC" 
Department of Chemical Engineering, IIT Delhi, India 

Ms. A. Krittayavathananon "Improving Single Carbon 
Nanotube Electrode Contacts Using Molecular Electronics" 

Department of Chemistry, Physical and Theoretical 
Chemistry Laboratory, University of Oxfod, United 

Kingdom; Department of Chemical and Biomolecular 
Engineering, School of Energy Science and Technology, 

Vidyasirimedhi Institute of Science and Technology, 
Thailand 

11:00 Coffee break 

  Session chair: Dr. G. Nurk Session chair: Prof. E. Lust 

11:20 

Dr. M. Osial "Studies of photoelectrochemical hehaviour of 
dropcasted and Langmuir-Blodgett layers of CdS 

nanoparticles" 
Faculty of Chemistry, University of Warsaw, Poland 

Dr. I. Voroshylova "Differential Capacitance at Au(hkl)–
[BMIm][PF6] interface: the Influence of Electrode 

Crystallography" 
Faculdade de Ciências, Universidade do Porto, Portugal 

11:40 

Mr. M. Rozman "Novel electrode positioning geometric 
approach in photocell construction based on existing Dye-

sensitezed solar cells (DSSC)" 
Faculty of Chemistry and Chemical Technology, Slovenia 

Ms. F. Summer "Modeling of Electrochemical flow 
capacitor (EFC) design using Finite element method (FEM)" 

Institute of Technology, University of Tartu, Estonia 

12:00 

Dr. L. Suhadolnik "Synthesis and characterization of novel 
TiONIr electrocatalyst for oxygen evolution reaction" 

Department for Nanostructured Materials, Jožef Stefan 
Institute, Slovenia 

Mr. K. Avchukir "Electrodeposition of indium from 
betainium bis- (trifluoromethylsulfonyl)imide ionic liquid" 

Al-Farabi Kazakh National University, Center of Physical 
Chemical Methods of Research and Analysis, Kazakhstan 

12:20 

Prof. R. Doong "Boron and Nitrogen Doped Graphene 
Quantum Dot Based Nanocomposites for Energy Storage 

Device Applications" 
Department of Biomedical Engineering and Environmental 

Sciences, National Tsing Hua University, Taiwan 

Dr. H. Kahlert "Determination of Stress Factors to which 
Plants were exposed during their Growth using 

Voltammetric and Chemometric Methods" 
Universtity of Greifswald, Germany 

12:40 
- 

14:00 
Lunch 

14:00 
- 

14:45 

Keynote: Prof. Dr. M.B. Mogensen "Research and Development of Solid Oxide Electrolysis Cells – Status and 
Perspectives" 

Department of Energy Conversion and Storage, Technical University of Denmark, Denmark 
Session chair: Dr. S.C. Singhal 

15:00 

Room 1 Room 2 

High-Temperature Electrolysis 
Session chair: Dr. S.C. Singhal 

Low- and High-Temperature Corrosion 
Session chair: Dr. S. Kallip 

Dr. R. Küngas "Perspectives on the electrification of the 
chemical industry" 

Haldor Topsoe A/S, Denmark 

Prof. Dr. R. Ramanauskas "Active Corrosion Protection of 
Steel by Oxygen Containing Conversion Films" 

Center for Physical Sciences and Technology, Lithuania 

15:20 

Mr. R. Sankannavar "High Oxygen Evolution Reaction 
Activity on Lithiated Nickel Oxides" 

Department of Chemical Engineering, Indian Institute of 
Technology Bombay, India 

Ms. G. Rakhymbay "Highly effective corrosion inhibitor of 
steel in a chloride-containing medium" 

Al-Farabi Kazkazh National University, Kazakhstan 

15:40 Coffee break 

  Session chair: Dr. O. Oll Session chair: Prof. Dr. R. Ramanauskas  

16:00 

Dr. J. Juodkazytė "Selectivity of Nickel Oxide Anode 
towards Oxygen Evolution Reaction in Alkaline Chloride 

Medium" 
Center for Physical Sciences and Technology, Lithuania 

Dr. V. Sammelselg "Stainless steel corrosion protection 
with thin nanocomposite corrosion resistive coatings" 

Institute of Physics, University of Tartu, Estonia 

16:20 

Dr. I. Oja Acik "Titania thin films as an effective 
photocatalyst for air purification" 

Laboratory of Thin Film Chemical Technologies, 
Department of Materials and Environmental Technology, 

Tallinn University of Technology, Estonia 

Mr. V.M. Kanamarlapudi "Electrochemical Measurements 
for Corrosion and their Reliability" 

Physical Sciences RA, Tata Research Development and 
Design Centre, Tata Consultancy Services Ltd., India 

16:40 
Dr. A. Sarapuu "Electroreduction of Oxygen on Fe- and Co-

Containing Nitrogen-Doped Nanocarbons" 
Institute of Chemistry, University of Tartu, Estonia 

Dr. S. Kallip "3D resolved Scanning Vibrating Electrode 
Technique for observation of localized ionic currents in 

corrosion research" 
Institute of Chemistry, University of Tartu, Estonia; CICECO 
Aveiro Institute of Materials, University of Aveiro, Portugal 

17:00   

17:30 Chemicum and sauna 



   

Poster Session  

at 17:40 on Monday, November 5, 2018 

  

1) Mr. Alar Heinsaar  “Influence of humidified air on the (La1-xSrx)yBO3−δ (B = Co, Fe) cathode by electrochemical 

in-situ XRD method” 

Institute of Chemistry, University of Tartu, Estonia 

 

2) Dr. Asta Grigucevičienė  “Protective ability of ALD HfO2 coating on AZ31 alloy in Hanks’ solution” 

Center for Physical Sciences and Technology, Department of Electrochemical Materials Science, Lithuania 

 

3) Dr. Carolin Siimenson “Graptolite Argillite – a Future Resource of Rare Earths” 

Institute of Chemistry, University of Tartu, Estonia 

 

4) Mr. Debabrata Bagchi  "Electronic Modulation induced Enhanced Oxygen Reduction Reaction in Co substituted 

Metal Carbide Nano System" 

New Chemistry Unit, JNCASR, India 

 

5) Ms. Ester Tee “Activated Silicon Carbide-Derived Carbon Electrodes in Supercapacitors with Different 

Electrolytes” 

Institute of Chemistry, University of Tartu, Estonia 

 

6) Dr. Fyodor Malchik “Acoustic Probing of Electrode Particles -Binder Mechanical Interactions Using EQCM-D” 

Department of Chemistry, Bar-Ilan University, Israel 

 

7) Mr. Georg Gorbatovski "Interfacial Stability of Bismuth Single Crystal Planes in Ionic Liquid Media: an in situ 

Scanning Tunneling Microscopy Perspective" 

Institute of Chemistry, University of Tartu, Estonia 

 

8) Mr. Gyan Prakash Sharma "Sulphur doped Cobalt Vanadium oxide nanosheet array for high performance 

supercapacitor application in aqueous and non-aqueous medium" 

Department of Chemical Engineering, Indian Institute of Technology Kanpur, India 

 

9) Mr. Heigo Ers  “The computational investigation of the interface between graphene and 1-ethyl-3-

methylimidazolium tetrafluoroborate” 

Institute of Chemistry, University of Tartu, Estonia 

 

10) Mr. Hiroyuki Watabe  “Investigation on Mechanical Durability of Perfluorinated Sulfonic Acid Electrolytes” 

New Product R&D Center, AGC Inc., Japan 

 

11) Mr. Huy Qui Vinh Nguyen  “Oxygen Reduction on Platinum Nanoparticles Deposited onto Chromium Carbide 

Derived Carbon Support” 

Institute of Chemistry, University of Tartu, Estonia 



 

12) Dr. Indrek Kivi  “In-situ HT-XRD studies for perovskite based SOFC cathode electrodes” 

Institute of Chemistry, University of Tartu, Estonia 

 

13) Mr. Javier Román-Silva “Electrochemical Study of the Interaction between CdTe Quantum Dots and DMPC 

Liposomes: Preliminary Results” 

Instituto de Química, Facultad de Ciencias, Pontificia Universidad Católica de Valparaíso, Chile; Institut für 

Biochemie, Universität Greifswald, Germany 

 

14) Mr. Jin Koo Kim  “Nanosized Yolk-Shell Structured Metal Chalcogenides/N-Doped Carbon for Superior Na-Ion 

Battery Anodes” 

Department of Materials Science and Engineering, Korea University, Republic of Korea 

 

15) Ms. Jinfeng Zhao  “Efficiency and Capacitive Behavior of Supercapacitors Based on Carbon Electrodes Containing 

Ionic Liquids with Halide and Alkali Ions” 

Institute of Chemistry, University of Tartu, Estonia 

 

16) Prof. Dr. Jin-Soo Park “Preparation and Characterization of Composite Membranes for Proton Exchange 

Membrane Fuel Cells” 

Department of Green Chemical Engineering, College of Engineering, Sangmyung University, Republic of Korea 

 

17) Mr. Jin-Sung Park  “Design and Synthesis of Carbonaceous 1-D Nanofibers Comprised of Metal Vanadate 

Nanocrystals for Lithium-Ion Battery Anode” 

Department of Materials Science and Engineering, Korea University, Republic of Korea 

 

18) Mr. Karl Karu  “Determining the Melting Points of Biocompatible Ionic Liquids and Their Mixtures with Molecular 

Dynamics” 

Institute of Chemistry, University of Tartu, Estonia 

 

19) Dr. Kaushik Jayasayee “Electrodeposited Hematite as Photoanodes for Photoelectrochemical Water Splitting” 

SINTEF, Norway 

 

20) Dr. Luis Fernando Arenas "Performance of a short-side chain perfluorosulfonic membrane in an electrochemical 

hydrogen pump" 

Electrochemical Engineering Laboratory, Faculty of Engineering and the Environment, University of 

Southampton, United Kingdom 

 

21) Mrs. Maarja Paalo  “Combined sol-gel and carbothermal reduction synthesis route of carbide-derived carbon for 

very high power density supercapacitors” 

Institute of Chemistry, University of Tartu, Estonia 

 

22) Mr. Madis Harjo "Electro-chemo-mechanical deformation of polypyrrole in cell culture medium" 

Intelligent Materials and Systems Lab, Faculty of Science and Technology, University of Tartu 

 

 



23) Mr. Madis Lüsi  “Oxygen Electroreduction in Alkaline Media on Pd/C Catalysts Prepared by Electrodeposition on 

Various Carbon Nanomaterials” 

Institute of Chemistry, University of Tartu, Estonia 

 

24) Mrs. Maike Käärik  “A Microporous Carbide-Derived Carbon of Leaf-Wood Origin as an Electrode Material for the 

Electrical Double-Layer Capacitor” 

Institute of Chemistry, University of Tartu, Estonia 

 

25) Mr. Martin Maide  “Influence of Electrolyte Scaffold Microstructure and Loading of MIEC Material on the 

Electrochemical Performance of RSOC Fuel Electrode” 

Institute of Chemistry, University of Tartu, Estonia 

 

26) Dr. Matthew Lacey  “Following internal resistance changes in batteries with a versatile intermittent current 

interruption technique” 

Department of Chemistry – Ångström Laboratory, Uppsala University, Sweden 

 

27) Mr. Meelis Härmas  “Chemical Activation of Hydrochars with Zinc Chloride and Potassium Hydroxide” 

Institute of Chemistry, University of Tartu, Estonia 

 

28) Ms. Meeri Lembinen  “Calculating Capacitance of Ionic Liquids: The Influence of Electrode Material” 

Institute of Physics, University of Tartu, Estonia 

 

29) Mr. Mehdi Ravandeh  “Protection of solid supported lipid bilayer with antioxidants under plasma treatment” 

Institute of Biochemistry, University of Greifswald, Germany 

 

30) Mr. Miika Jokinen  “Thermodiffusion of Polyelectrolytes – the Effect of Supporting Electrolyte” 

Department of Chemistry and Materials Science, School of Chemical Engineering, Aalto University, Finland 

 

31) Mr. Mikołaj Nowak  “Electrochemical performance of a tunneled-structure NaFeTiO4 prepared by soft chemistry 

methods” 

AGH University of Science and Technology, Faculty of Energy and Fuels, Poland 

 

32) Mr. Mobinul Islam  “Electrochemical Lithiation and De-lithiation of Nano-crystalline NiFe2O4 studied by X-ray 

Absorption Spectroscopy” 

Center for Energy Storage Research, Green City Technology Institute, Korea Institute of Science and Technology; 

Division of Energy & Environment Technology, Korea University of Science and Technology, Republic of Korea 

 

33) Mr. Moonsu Kim "High-performance vanadium redox flow batteries employing IrOx/ TiO2 NTs/Ti substrate as a 

thin bipolar plate" 

Department of Chemistry and Chemical Engineering, Inha University, Republic of Korea 

 

34) Mr. Myong Hwan Kim  “A Study on Degradation of Membrane Electrode Assembly by Operating Conditions of 

FCV” 

Korea Automotive Technology Institute (KATECH), Republic of Korea 

 



35) Mr. Peeter Valk  “Synthesis and Characterization of Platinum-Praseodymium Oxide Nanocatalysts for Methanol 

Oxidation” 

Institute of Chemistry, University of Tartu, Estonia 

 

36) Dr. Pekka Peljo  "Electrochemical Energy Storage, Heat-to-Power Conversion and Hydrogen Production with 

Redox Flow Batteries" 

Department of Chemistry and Materials Science, Aalto University, Finland 

 

37) Prof. Penny Govender "DFT Study on Modified Graphene Nanomaterials for Water Remediation via 

Photocatalysis" 

Department of Applied Chemistry, University of Johannesburg, South Africa 

 

38) Dr. Phumlani Msomi "The role of nanomaterials in an anion exchange nanocomposite membranes for Direct 

methanol alkaline membrane fuel cells" 

Department of Applied Chemistry, University of Johannesburg, South Africa 

 

39) Dr. Priit Möller  "Degradation and poisoning effects of Ni-YSZ|YSZ|GDC|PSCO in long term tests" 

Institute of Chemistry, University of Tartu, Estonia 

 

40) Dr. Rasa Pauliukaite  “Electrochemical Characterization of Periodic Gold Nanoparticles Created on Electrode 

Surface Using Nanosecond Laser Treatment” 

Department of Nanoengineering, Center for Physical Sciences and Technology, Lithuania 

 

41) Dr. Rasmus Palm  "Investigation of the porous structure of Mo2C derived carbons with small angle neutron 

scattering" 

Institute of Chemistry, University of Tartu, Estonia 

 

42) Mr. Reo Eguchi "Investigation of Interfacial Charge-transfer Transitions between Metal-doped TiO2 Electrodes 

and 7,7,8,8-Tetracyanoquinodimethane in Dye-sensitized Solar Cell” 

Graduate School of Engineering, Tokyo University of Science; Photocatalyst Group, Research and Development 

Department, Local Independent Administrative Agency Kanagawa Institute of industrial Science and TEChnology 

(KISTEC), Japan 

 

43) Ms. Roberta Sibul  “Ball-Milling Used for the Preparation of Nitrogen-Doped Carbon-Based Electrocatalysts for 

the Oxygen Reduction Reaction” 

Institute of Chemistry, University of Tartu, Estonia 

 

44) Prof. Ruey-an Doong  “Hierarchically Mesoporous Carbon Nanosphere-Tin Oxide Nanocomposites as the High-

Rate Anode Material for Lithium Ion Batteries” 

Department of Biomedical Engineering and Environmental Sciences, National Tsing Hua University, Taiwan 

 

45) Mr. Silvester Jürjo  “Extraction of Thallium, Thorium and Uranium from Estonian phosphorite and 

phosphogypsum using Aliquat 336” 

Institute of Chemistry, University of Tartu, Estonia 

 

 



46) Prof. Soon-Ki Jeong  "Effect of Heat Treatment on Native Film of Lithium Metal Electrode in Lithium Batteries" 
Department of Chemical Engineering, Soonchunhyang University, Republic of Korea 
 

47) Dr. Svetlana Eliseeva  “In Situ Measurements of Conductivity of Nickel Salen-Type Complexes – Based Cathode 
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The main drawback in designing metal-ion capacitors is the pre-metalation of the negative electrode. The 

first concept of such type of device, named lithium-ion capacitor (LIC), included a metallic lithium 

auxiliary electrode used for graphite pre-lithiation [1]. To simplify the cell construction and eliminate 

safety issues related with the presence of residual metallic lithium in the cell, it has been further suggested 

to use a concentrated electrolyte solution as source of lithium ions [2]. However, due to the depletion of 

electrolyte concentration, the ionic conductivity of the solution as well as the power of the device is 

reduced. Therefore, more recently it has been proposed to incorporate lithium metal oxides (from which 

lithium ions can be irreversibly extracted) in the positive activated carbon (AC) electrode [3,4]. The 

possible electrolyte oxidation caused by the relatively high lithium extraction potential (up to 4.3 - 4.7 V 

vs. Li/Li
+
) from these oxides has been recently circumvented by using a renewable salt, Li2DHBN, from 

which lithium is extracted ca. 3.2 – 3.3 V vs. Li/Li
+
 [5]. Despite the advantages of such system, the 

possibility of lithium plating at high currents and the low natural abundance of lithium still remain an 

obstacle for a large scale development.  

Therefore, our attention was recently attracted by Na-ion capacitors (NICs), owing mainly to low cost, 

and better availability of sodium, as well as the possibility of using low-priced Al current collectors for 

the negative electrode. Our present work is focused on developing a NIC where Na2S and N-based 

compounds are employed as sacrificial material for sodium insertion into a Sn4P3 intermetallic negative 

electrode. In particular, sodium is extracted from the N-based compounds at low potential ca. 3.5 V vs. 

Na/Na
+
, with formation of gaseous by-products which are easily eliminated by pumping over the cells. 

 
Fig. 1. (a) Galvanostatic pre-sodiation of Sn4P3 electrode using Na2S/AC as sodium source; (b) 

galvanostatic charge-discharge profiles of NIC and electrodes at 500 mA g
-1

; (c) Cycle life of the NIC. 

 

A NIC was assembled using Na2S/AC as positive electrode, Sn4P3 as negative electrode and a Na metal 

pin as reference electrode. Once pre-sodiation was completed, AC became the active material for 

electrical double-layer charging, while reversible sodium insertion/deinsertion occurs at the Sn4P3 

electrode. The NIC system demonstrates excellent capacitance stability in the cell potential range 2.2 V - 

3.8 V and energy density of 50 Wh kg
-1

 at 500 mAg
-1

. The presented research shows potential for the 

development of a next-generation of low cost and safe high-power devices. 
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     Term metamaterials stands for materials with unusual properties and functionalities. These, mainly 

photonic metamaterials, were enabled by progress in nanotechnology. Highly demanded now is their 

tuneability, ideally in real time. Physical chemistry responded to it with the idea of chemically tuneable self-

assembly of nanostructures, however, without real-time control, but electrochemistry could be the game 

changer here. At electrochemical interfaces one can create electric fields, controlled by potentiostat that may 

not only affect the structural changes in real time, but could literally turn them on and off.  

    Typical examples of such systems are: 

 (1) self-assembling electro-tuneable/switcheable nanoplasmonic  devices such as  

 mirror-windows 

 reflectors with tuneable spectra   

 optical cavities  

 nano-columnar displays  

(2) variable-focus electrowetting-based lenses and mirrors  

(3) supercapacitors for energy storage and backup  

(4) polymer-electrolyte-based electroactuators for converting voltage in mechanical motion for robotics  

(5) reverse actuators for generating AC current from mechanical motion, e.g. walking  

(6) voltage-controlled lubricity for tuning or turning friction on and off   

 

What unites all these topics from the physical point of view is the key role of ionic structures controlled by 

applied potential at the nanoscale. Noteworthy new scenarios for electrochemical metamaterials were almost 

always navigated by theory, some realised, some in the stage of development.  Altogether, this emerging 

directions of research open new horizons in ionics, interesting both from fundamental and applied points of 

view. 

Electric-field control at the nanoscale is based on ionic screening. Although for this we can use ordinary 

electrolytes, for many reasons it is interesting and appropriate to employ room-temperature ionic liquids and 

their mixtures with solvents.   

In my talk I will show few selected examples of electrochemical metamaterials, with a primary focus on 

photonic ones, as well as smart structures for robotics and current generating shoes.   

With intention to overview in the allocated time just a small part of this emerging research area, my talk will 

be majorly based on a series of joint works of Imperial College theoretical chemical physics team (Dr. 

D.Sikdar, Z.Goodwin, C.Zagar, A.Bucher) with experimental groups of Prof. J.Edel and Prof. A. Kucernak, as 

well as with our partners at the University of Tel Aviv (Professor Urbakh) and University of Iowa (Professor 

M.Flatte),  Rice University (Prof. A. Kolomeisky), Duesseldorf University (Prof. H. Loewen and Prof. 

M.Eikerling), and HUST, Wuhan, China (the group of Prof. G. Feng),  Virginia Tech (Prof. R.Qiao) and few 

other groups, to be highlighted and acknowledged in the talk.  



Electrochemical Nano-Impacts: New Insights into Nanoparticles 

Richard G Compton, Department of Chemistry, Oxford University, UK 

First the analytical need for nanoparticle detection will be introduced and electrochemical studies on 

suspensions of nanoparticles shown to allow the detection and characterisation of diverse 

nanoparticles at the single entity level.  For electroactive nanoparticles such as those of silver, Ag, or 

iron oxide, Fe3O4, quantification of the charge associated with single collisional impacts, allows the 

sizing of the particles in the range from ca 100nm down to less than 5nm. The frequency of impact 

events permits particle concentrations to be estimated and the potential dependence indicates the 

chemical nature of the impact particles. 

In many cases the electrochemistry reveals agglomeration or aggregation of the particles and since 

the monomers and agglomerated diffuse at different speeds the kinetics of de-agglomeration can be 

inferred in cases such as that of uncapped Bi2O3 particles where the electrochemical signals are 

dominated by the monomer signal whilst independent evidence shows significant agglomeration in 

bulk solution. Models for the extent of agglomeration have been developed. 

Second the extension to the study, at the single entity, will; be described in terms of the detection of 

bacteria, red blood cells, the doping of particles of solids and polymers and in nano-droplets will be 

reported. 

Finally the possible nano-toxicity of silver will be discussed. 
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Solid oxide fuel cells (SOFCs) electrochemically convert chemical energy of a fuel (such as natural gas) 
into electricity at temperatures from about 550 to 1000oC [1, 2]. These cells, based on an oxide ion 
conducting electrolyte such as stabilized-zirconia, offer a clean, low-pollution technology to generate 
electricity at high efficiencies. The most important need to commercialize SOFC technology on a mass 
scale is to significantly reduce the overall cost of SOFC-based power systems, while maintaining adequate 
performance and performance stability with time. Reduction of cell operation temperature enables use of 
low-cost metallic interconnects and a decrease in maintenance costs. However, at lower temperatures, 
greater ohmic loss due to reduced ionic conductivity of the electrolyte and reduced catalytic activity of the 
electrodes result in lower cell performance. To improve cell performance at lower temperatures, employing 
advanced materials, including nanomaterials and nanostructures with improved ionic conductivity for the 
electrolyte and mixed ionic-electronic conductivity for the electrodes, has been investigated [3]. However, 
a crucial question that remains to be answered is whether the beneficial effect of employing nanoscale 
materials will persist even after long term cell operation at high temperatures, even though the initial 
performance may have indicated substantial enhancement.  
 
This overview focuses on the designs, materials, processing, and performance of solid oxide fuel cells 
including the possible use of nano-grained and nano-porous materials for the electrolyte and the electrodes, 
respectively. Recent progress in the deployment of power generation systems built with various design 
solid oxide fuel cells and their operating experiences, as well as challenges in reducing cell and system 
costs, are summarized and discussed.  
 
SOFCs can also be operated in reverse operating mode for hydrogen and syngas production through 
electrolysis of steam and mixtures of steam and carbon dioxide; interest in solid oxide electrolysis has 
greatly increased during the last decade. Application of solid oxide cells for electrolysis is also discussed 
in this overview.  
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Nowadays, synchrotron techniques are being used quite frequently for exploring electrochemical 

problems. Sample cells allowing for in-situ electrochemical measurements while exposing the sample to 

X-rays are quite common. This is much less the case for neutron scattering. While the use of neutron 

scattering combined with in-situ electrochemical setups is on the rise, it is still nowhere near being fully 

exploited. The one exemption to this statement are perhaps neutron imaging techniques such as 

radiography that have been applied for at least a decade in the area of batteries and fuel-cells. With the 

high-intensity neutron sources coming online world-wide, neutron scattering is becoming attractive for 

researchers interested in in-situ techniques due to faster data acquisition rates. A growing interest from 

the electrochemistry community in using neutron scattering is demonstrated in the steady increase of 

beam-time proposals for neutron scattering experiments. 

 

This talk will focus on research performed using in-situ electrochemistry combined with neutron 

scattering at various neutron scattering sources world-wide. The talk will cover the basics of the 

respective neutron scattering techniques such as Small Angle Neutron Scattering (SANS), Neutron 

Reflectometry (NR), Neutron Diffraction (ND) and Pair-Distribution Function (PDF), Quasi-elastic 

Neutron Scattering (QENS) and Neutron Vibrational Spectroscopy (NVS). Scientific results achieved 

through the use of in-situ electrochemistry and the above mentioned neutron scattering techniques will 

elucidate what the benefits of neutrons for this research community are in comparison to light- and X-ray 

scattering. The figure below illustrates two of the main advantages of neutrons: the increased neutron 

cross-section of hydrogen and the penetrability of neutrons through matter. Research questions connected 

to the movement of protons such as proton-conductivity benefit greatly from the use of neutrons while the 

sample cell design is simplified by the possibility to use metals for in-situ electrochemical cells even in 

line-of-sight of the neutron beam.  

 

 

 

 

 

 

 

 

 

 

Figure 1: X-ray (scaled by 0.67) and neutron cross sections of chosen elements (left) show the advantage 

of using neutrons when investigating hydrogen-containing compounds. An example of an electrochemical 

cell for impedance measurements in-situ with inelastic neutron scattering which is assembled without 

optical window illustrating the advantage of neutrons penetrating even high-Z materials easily. 

 

The electrochemical setups currently available at neutron scattering instruments cover quite a wide range, 

from impedance spectroscopic setups to potentiostatic voltammetry sample holders as well as corrosion 

cells to name a few. The use of these in-situ sample cells and the potential future developments will be 

discussed, always with the emphasis on what scientific problems can be addressed with the respective 

setup.   
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The presentation will give a brief review of reversible solid oxide electrolysis (SOEC) and fuel cells 

(SOFC), commonly abbreviated SOC. The performance of single cells and stacks will be described by 

examples from literature and from the work at DTU Energy.  

 

The initial performance as well as the degradation over time will be given including known evidences of 

the degradation mechanisms.  

 

Challenges associated with different material types and compositions with respect to performance and 

durability will be outlined.  

 

The perspectives in applications of SOC in both the context of conversion of power to fuel, of large scale 

renewable energy conversion and storage, and of industrial application for on-site production of CO from 

CO2 will be addressed. 
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Hybrid electrochemical capacitors (HECs) using carbon electrodes and aqueous redox electrolyte 

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 of capacitive behavior operates 

in enlarged potential range
[1-2]

. In a carbon/carbon symmetric capacitor, the capacitance values of the 

electrodes are comparable C+ ≈ C-, giving a cell capacitance Csym ≈ ½ C-/+, and a discharge capacity Qsym 

= Csym U ≈ ½ C+/- U. By contrast, in a hybrid capacitor, the potential excursion of the capacitive carbon 

electrode is twice higher than in the symmetric capacitor which leads to Qhybrid = C-/+ U   2 Qsym, e.g., in 

case of HECs using redox active aqueous alkali iodide, the cell capacitance is approximately two times 

higher than symmetric capacitor in H2SO4
[3]

. Recently, the relatively low voltage (~1.2 V) of HECs with 

alkali iodide could be enhanced up to 1.6 V by using a bifunctional aqueous electrolyte (0.5 mol L
-1

 alkali 

iodide + 1 mol L
-1

 lithium sulfate)
[4]

, enabling to increase the di-hydrogen evolution over-potential at the 

negative electrode
[5]

. However, apart the aforementioned advantages, freezing of the electrolyte at 

relatively high temperature represents an important disadvantage when relatively diluted aqueous 

solutions are used. Lately, we reported that carbon/carbon capacitor using 5 mol kg
-1

 aqueous cholinium 

chloride displays excellent electrochemical performance down to -40
o
C

[6]
.  

In this work, we use a bi-functional aqueous electrolyte made with 0.5 mol kg
-1

 iodide salt as redox 

component in 5 mol kg
-1

 cholinium nitrate (supporting electrolyte) to circumvent the electrolyte freezing 

issue and simultaneously enhance capacitance of carbon/carbon capacitor operating down to -40
o
C. 

Differential scanning calorimetry (DSC) on 1 mol kg
-1

 and 5 mol kg
-1

 cholinium nitrate demonstrates i) a 

peak at about -52
o
C proving the formation of eutectic and ii) absence of freezing down to -80

o
C in 5 mol 

kg
-1

 aqueous
 
cholinium nitrate (Figure 1a). The hybrid capacitor displays low ohmic loss and nearly 

symmetric charge/discharge curves (at 0.2 A g
-1

) at 24
o
C and down to -40°C (Figure 1b-c). The cell 

capacitance (Figure 1c) 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, electrochemical (cyclability, Ragone plot 

and self-discharge) studies and the mechanisms at the electrode/electrolyte interface will be discussed. 

 

 

 

 

 

 

 

 

 

 

Figure 1. DSC on 1 mol kg
-1

 cholinium nitrate (green line) showing freezing at -22
o
C and 5 mol kg

-1
 

cholinium nitrate + 0.5 mol kg
-1

 iodide salt (orange line) with absence of freezing down to -80
o
C and 

eutectic at -52
o
C (a), Nyquist plot at OCV (b) and capacitance vs voltage with galvanostatic 

charge/discharge curves (inset) at 0.2 A g
-1

 (c) of carbon/carbon hybrid cells at 24
o
C and down to -40

o
C 

using 5 mol kg
-1

 aqueous cholinium nitrate + 0.5 mol kg
-1

 iodide salt. 
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The migration of a solute due to a temperature gradient is known as thermodiffusion or the Soret effect [1]. 
The Soret effect builds up a concentration difference in the system until the resulting concentration gradient 
cancels out transport due to thermodiffusion, and a steady-state is reached. At steady-state the concentration 
difference is proportional to the Soret coefficient [1] (a large and positive Soret coefficient relates to a 
strong tendency to transfer in the temperature field from hot to cold). The strongest interest in 
thermodiffusion stems from its application to the study of macromolecules. The tendency of the particles 
to move in the temperature field is more pronounced when the particles are larger, a feature that can be 
applied to separate molecules, nanoparticles and colloids by their size, for example. [2] Even though widely 
applied, the fundamentals behind the phenomenon are not clear [3], as the interactions between the solvent, 
solute and other species all affect the direction and extent of thermodiffusion.  

Here, we present a theory and measurements on how thermodiffusion of a polyelectrolyte is affected by 
the presence of a supporting electrolyte. We show how the thermally induced concentration gradient 
develops over time by measuring the concentration changes with UV spectroscopy in real time. Fitting our 
model into the experimental results allows to estimate the Soret coefficient of the polyelectrolyte sodium 
polystyrene sulfonate in different concentrations and supporting electrolytes. The results indicate that the 
Soret coefficient increases dramatically as the concentration decreases, which has been theoretically 
predicted [ref], but not proven experimentally until now. 

Figure 1. Left: Concentration profiles in 12 nmol/L and 20 nmol/L concentrations. Center: Soret 
coefficients as a function of the polyelectrolyte concentration. Right: Effect of changing the supporting 
electrolyte. 
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High-purity indium is in demand in the production of many useful metal alloys and semiconductors, such 
as Ag-In, Ni-In, In-As and In-Sb. The most complete review of the electroreduction of indium on various 
electrodes is given in [1] and basic electrochemistry of indium reviewed by Piercy et al. and Losev. Low 
temperature ionic liquids (IL) are a new class of non-aqueous solvents considered as promising 
electrolytes for electrochemical deposition (ECD) of high-quality indium films [2-4]. But, studies on the 
electrochemistry of indium in low-temperature IL are very limited. And works devoted to ECD of indium 
from betainium bis-(trifluoromethylsulfonyl) imide ([Hbet][Tf2N]) IL completely absent. In literature [5] 
showed for the first time that [Hbet][Tf2N] IL can be used for homogeneous liquid−liquid extraction of 
In3+ ions with high selectivity. This makes [Hbet][Tf2N] IL attractive for use as a selective electrolyte in 
the electrorefining of rought indium. Another important advantage of this IL is its ability to regenerate, as 
well as air- and water-stability.  
The electrodeposition of indium was studied with voltammetry and chronoamperometry at glassy carbon 
electrode (prodused by Metrohm) from [Hbet][Tf2N] IL solution containing 0.1 mol l-1 [Inbet3][Tf2N]3 at 
80oC. All electrochemical experiments were performed in a three-electrode electrochemical cell using a 
potentiostat/galvanostats Bio-Logic

 
VSP 300. Dried [Hbet][Tf2N] and [Inbet3][Tf2N]3 salt was prepared 

using a literature method [6]. The experiments were performed varying scan rate (5–160 mVs-1) and 
overpotential. The kinetic parameters of nucleation were evaluated through a Scharifker-Hills model. The 
indium deposits were characterized by X-ray diffraction and scanning electron microscopy techniques. 
At E = –0.4 V cathode current is not observed; at E= –0.5 V the cathodic current density increases as the 
new nuclei are formed. After having reached a maximum (jmax = ‒3.20 mA cm-2, tmax = 1.75 s) the 
cathodic current decreases towards the limiting diffusion current. The diffusion coefficient of In3+ ions 
determined from cyclic voltammetry by the Randles-Sevcik equation is in good agreement with the value 
determined from potentiostatic measurements using the Cottrell equation ( 5.86u10-7 cm2s-1). The analysis 
of current transients, using theoretical nucleation models, showed that the electrodeposition of indium 
adjusts to a three-dimensional nucleation  under progressive nucleation limited by diffusion. It is found 
that with increasing polarization the nucleation rate and the number density of active sites increase. This 
leads to a decrease in the average grain radius of the electrodeposited indium. The formation of dense 
deposits is confirmed by the results of SEM analysis. The EDX analysis confirmed the presence of 
indium. 
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   Haldor Topsoe considers solid oxide electrolysis cells (SOEC) as an enabling technology for the 

electrification of the chemical industry. When combined with electricity from renewable sources, SOECs 

can be used to de-couple the production of industrial chemicals from the use of fossil fuels and CO2 

emissions. However, for this vision to materialize, the scale at which SOEC technology is utilized needs 

to increase significantly, moving from kW- to MW-scale. 

 

   Compared to other electrolysis technologies, SOEC allows for the conversion of CO2 into useful 

chemicals (such as CO) at very high efficiencies and at a faradaic yield of 100%. Haldor Topsoe is 

commercializing the CO2 electrolysis technology as eCOs
®
: a platform for on-site on-demand CO 

generation from CO2 feedstock for customers requiring a reliable and safe feed of carbon monoxide at a 

scale of up to 1000 Nm
3
/h. An eCOs demonstration unit has been in operation at La Porte, Texas, since 

2016, and Topsoe is currently in the process of supplying a full-size commercial eCOs Plant for the US 

market.  

 

   The use of solid oxide electrolysis for the production of H2 is interesting not merely due to the 

inherently high conversion efficiencies that can be achieved due to high-temperature operation, but also 

due to system-level synergies found in integrating the endothermal electrolysis process with an 

exothermal chemical synthesis process. An example of such integration is provided by the pilot plant for 

upgrading CO2 in biogas into pipeline quality synthetic natural gas (SNG), located at Foulum, Denmark, 

and combining a 16 Nm
3
/h SOEC module with a methanation unit.  

 

   At the core of our approach lies the Topsoe Stack Platform (TSP), a stack technology based on solid 

oxide cells that can run in both electrolysis and fuel cell mode. The development of the TSP has had a 

strong focus on stack robustness, which means delivering a reliable and manufacturable stack design that 

can handle typical situations from real-life operation at customer sites. The technical features of the TSP 

will be presented. 
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Objectives 
To compare Aquivion® and Nafion® proton exchange membranes in electrochemical H2 pumps (EHPs). 
 
Introduction 
EHPs are electrolytic cells based on membrane electrode assemblies (MEAs). They have promising 
applications in the transport, purification and compression of H2 in low-power devices. Electrode 
reactions are shown in Fig. 1a). On Pt catalysts, these reactions are quite fast, making the membrane 
resistance and hydrated proton transport the main source of overpotential, followed by H2 backflow by 
diffusion through the membrane. Substitutes of costly Nafion (long-side polymer chain) perfluorosulfonic 
membranes are of commercial interest. Aquivion (short-side polymer chain) membranes have shown a 
similar performance in chlor-alkali cells and fuel cells and could be a suitable alternative. 
 
New Results 
It was found that Pt/carbon (20%) catalyst loadings of 0.1 mg cm-2 at the anode and 0.2 mg cm-2 at the 
cathode yielded the best performance during both fuel cell benchmark and proton pump tests. MEAs were 
prepared using the two types of membranes by spraying catalyst ink on carbon paper followed by hot 
pressing at a suitable temperature. In EHP mode the larger thickness (150 µm) of the off-the-shelf 
Aquivion membranes caused them to reach a mass transport limitation onset at a current density 
approximately 0.2 A cm-2 lower than Nafion 115 (127 µm). See Fig. 1b). However, at the expected 
operational current densities of 0.5 A cm-2 (or below), both materials yield similar cell overpotentials. 
 

a) b)  
 

Figure 1. a) The concept of electrochemical hydrogen pump. b) Polarization curve for an MEA in H2 
pump mode employing Aquivion E98-15S at 80 °C and 1 bar for different Pt/C catalyst loadings.  

 
Conclusions 
While having shorter polymer chains, Aquivion® membranes are a feasible alternative to the manufacture 
of EHPs and can be further tailored to improve their performance in these applications.  
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MAX IV Laboratory is a Swedish national laboratory in Lund providing bright x-ray radiation, generated 
by two storage rings with 3 GeV and 1.5 GeV electron beam energy, which enables to apply both, hard and 
soft x-ray techniques for advanced basic and applied research in various fields using wide range of photon 
energies. The FinEstBeAMS beamline at the MAX IV 1.5 GeV storage ring is dedicated for materials- and 
atmospheric science beamline providing high quality undulator radiation with precisely controlled and 
widely variable parameters in the energy range of 5-1000 eV [1]. The two-branch beamline is equipped for 
studies of surfaces and interface studies with a specially designed end-station in ultra-high vacuum 
conditions in one of them, and two end-stations for high-pressure volatile materials experiments and 
photoluminescence studies on other branch, respectively. 6.5 M€ funding for the beamline equipment, 
instrumentation, materials, and staff during the construction phase was provided by a consortium Estonian 
and Finnish Universities (Tartu, Turku, Oulu, Tampere) supported by the EU through the European 
Regional Development Fund, the Academy of Finland and the Estonian national research funding. 
Currently the FinEstBeAMS beamline is under commissioning and regular open access operation is 
expected to start in 2019. 
 
In our contribution, the performance of the FinEstBeAMS beamline obtained during commissioning, the 
examples of the first luminescence (see the cross-luminescence [2] excitation spectrum, Fig. 1) study and 
other experiments will be presented, research opportunities and challenges will be discussed. XUV 
radiation used in research is generated by an elliptically polarizing undulator making a beam-line 
performance superior in many aspects in comparison with setups used at different storage rings in the past. 
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Fig. 1 Cross-luminescence excitation spectrum recorded for 230 nm emission of BaF2 crystal at 284 K. 

 
Through the investments made into the research infrastructure of the MAX IV Lab, researchers from 
Estonia and Finland will have a free access to any beamline operated at the MAX IV storage rings. A short 
overview of relevant materials science beamlines in operation and under construction will be given. Also, 
a special attention will be paid to access conditions and policies on practical usage of this large scale 
research infrastructure by users’ community. 
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Research on the stability of electrocatalysts in the energy conversion devices such as fuel cells 

and water electrolysers is gaining momentum.
1
 Besides the traditional purely electrochemical 

approaches, which are still predominantly used, novel coupled electrochemical/non-

electrochemical methods are continuously emerging. This talk is about new experimental results 

and mechanistic insights on corrosion of such catalysts, obtained by using coupled 

electrochemical scanning flow cell (SFC) and mass-spectrometry (inductively coupled plasma 

mass spectrometry (ICP-MS), on-line electrochemical mass-spectrometry (OLEMS), etc.) based 

techniques (see Scheme 1). Both, state-of-the-art and advance catalysts for catalyzing the oxygen 

and hydrogen reactions will be addressed. Thus, an attempt in explaining dissolution of Pt during 

fuel cell operation, which is supported by an extensive set of data collected in our group during 

recent years,
2
 will be given. This will be followed by new insights into oxygen evolution 

mechanism and dissolution processes of oxygen electrodes in water electrolysis.
3-5

 

 

 

 
 

Scheme 1. Concept of the electrocatalyst stability analysis by SFC coupled mass-spectrometry 

techniques. Mechanistic insights on the oxygen evolution and iridium dissolution are taken from 

Ref.
3
. 
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Voltammetric profiling is a powerful tool for chemotaxonomic, phylogenetic and chemoecologic studies 
[1]. It has been shown, e.g. that tomatoe varieties and the degree of ripening can be characterized by 
recording voltammograms and applying bivariate and multivariate data analysis [2]. The composition of 
antioxidant compounds in the plant material can be expected to change as they are exposed to various 
stressors during their growth, leading to release of reactive species (e. g. RNS and ROS). Since 
polyphenolic compounds and other antioxidants are electrochemically active components of plant 
materials, systematic variations in the voltammetric response of such plant materials should be 
observable. Here, we describe the application of VIMP (voltammetry of immobilized particles) of 
microparticulate deposits resulting from evaporating methanol from plant extracts on the surface of 
graphite electrodes in aqueous electrolyte solutions. The plants (Solanum lycopersicum cv. Moneymaker) 
were exposed to four stressors (salt stress, cold, hypoxia, and dryness) for 24 hours after a growth period 
of 21 days. Methanolic extracs of leaf and root material were transferred to an electrode surface, and 
square wave voltammograms in four different electrolytes were recorded. The thus obtained voltammetric 
profiles showed significant differences of each stressor (see Fig. 1). For chemometric purpose, j × k data 
matrix using normalised currents at j potentials for k electrolyte solutions for each stressor was obtained. 
Contour plots for three electrolyte solutions as shown in Fig. 2 can visualize the differences between the 
individual stress factors. Hierarchical cluster analysis can be applied to discriminate stress factors.  
 

 
Fig. 1: Normalised currents obtained with SWV 
of plant leaf extracts in acetate buffer solutions. 
Mean data of 10 independent measurements are 
shown. Potential was scanned from −1.2 V in 
the positive direction, step potential 4 mV, 
amplitude 25 mV, frequency 5 Hz. 
 
 

 

 
Fig. 2: Color maps taken form normalised 
current obtained with SWV of plant leaf 
extracts in contact with 0.5 M H2SO4 (x-axis), 
phosphate buffer (y-axis) and acetate buffer (z-
axis) 
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      Interfacial charge-transfer (ICT) transitions between inorganic semiconductors and π-conjugated 
organic compounds are characteristic electronic transitions that enable direct photoinduced charge 
separation. Due to this feature, ICT transitions are applicable to photovoltaic conversions [1]. To date, 
dicyanomethylene-based compounds, such as tetracyanoethylene (TCNE) and 7,7,8,8- 
tetracyanoquinodimethane (TCNQ), form surface complexes with TiO2 that have been reported to absorb 
visible light due to ICT transitions from the π-conjugated system to the conduction band of TiO2. 
Although photovoltaic effects due to direct electron injection have been investigated using these surface 
complexes as photoanodes in photoelectrochemical cells, the photovoltaic conversion efficiencies under 
AM1.5 illumination are quite low (under 2%) when compared to ordinary dye-sensitized solar cells 
(DSSCs). The low photovoltaic conversion efficiencies are caused by the carrier recombinations from the 
conduction band of TiO2 to the highest occupied molecular orbital (HOMO) levels of these compounds 
occur quite rapidly, which, as geminate recombinations, are more severe than in ordinary DSSC system. 
Hence, the rapid carrier recombinations of surface complexes hinder the use of ICT transitions in 
photovoltaic conversion and is the most significant problem faced.  
       To inhibit the rapid electron recombinations in surface complexes, in this study, we have induced 
Metal-doped TiO2 due to improve electron conductance and surface injection as using Nb-dopant which 
has one more electron than Ti (IV) (Fig. 1). Then we examined the effects of Nb-doped TiO2 electrodes 
with TCNQ on photovoltaic performance. The effects of different amounts of Nb-doping on the 
photovoltaic properties of surface complexes were mainly evaluated by means of incident photon-to-
current efficiency (IPCE) spectroscopy and by acquiring current-density–voltage (J-V) curves and 
Electrochemical impedance spectroscopy (EIS). These results showed that TiO2 doped with 1.5 mol % 
Nb exhibited improved Jsc and Voc values, resulting in a 17% improvement in photoconversion 
efficiency compared to undoped TiO2. Our study revealed such control of electron transport within the 
photoelectrode by Metal-doping is attributed to improvements in electron injection through ICT 
transitions [2]. 
 
 
 
 
 
 
 
 
 

Fig. 1. Scheme of photovoltaic function through ICT transition between Nb-doped TiO2 and TCNQ 
 

[1] Fujisawa, J.-I. Phys. Chem. Chem. Phys. 2015, 17, 12228–12237. 
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The emerging demand for energy storage systems has forced investigations of multielectron intercalation 

reactions as they can provide increased battery capacity. Among different systems, Zn-ion intercalation 

reaction has drawn attention of researchers as Zn possesses stability in aqueous environment, low toxicity 

and recyclability. Some vanadium (hydro)oxide-based materials were lately shown to provide reversible 

intercalation of Zn-ions with high capacity [1, 2]. As the electrochemical behavior of such electrode 

materials can be complicated by proton intercalation reaction, conversion reactions, and the multi-

electron transfer is complex in itself, new electrochemical methods are needed for investigation of this 

kind of objects.  

 

In this work we combined stationary EIS with the potentiodynamic electrochemical impedance 

spectroscopy (PDEIS) in the investigation of Zn-intercalation into vanadium oxide-based (VO2(B), 

NaV3O8 etc) cathodes.  The classical EIS characterizes stationary states by frequency response in a wide 

frequency range, while the PDEIS gives potentiodynamic profiles of constituent electrochemical 

responses of different objects in limited frequency ranges (Figure 1), which helps to disclose roles of 

mass transport, various interfacial charge transfer processes and charging of capacitances in the charging 

and discharging of the cathode material.  

 
Figure 1. (a) Potentiodynamic impedance spectrum of Zn-intercalation and deintercalation in VO2(B)-

based electrode and (b) the derived potentiodynamic profiles of inverse values of the charge transfer 

resistances of the intercalation reaction and the accompanying pseudocapacitance charging. 
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Although platinum based catalysts have been regarded as the best catalyst for Oxygen Reduction 

Reaction (ORR), those Pt-based materials suffer from OH poisoning as well as losing of activity after 

extended catalytic performance. Furthermore the high cost and scarcity of Pt always haunt us to find other 

alternative catalyst for electrochemical activity.1-4 In this work we report a new type of non-precious Co-

doped transition metal carbide nano-system by simple one step solid state synthesis route and showed the 

improvement of catalytic performance towards oxygen Reduction Reaction upon promotional increase of 

Co-amount in the metal carbide lattice. Catalysts were characterized by PXRD, TEM, SEM, EDAX, XAS 

etc. The theoretical study based on DFT first principle calculation was also done to investigate the role of 

Co in enhancing the electrocatalytic performance towards ORR. 

 

 
 

Figure: a) Comparison of LSV plots towards ORR of two different catalysts having different amount of 

Co-doping and K-L plot of MC(5:1)NP catalyst. b) TEM c) HRTEM d) color mapping e) SEM 

characterization of MC(5:1)NP catalyst. 
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Microelectrode arrays have lower capacitance and allow better signal to noise ratio compared to planar 
electrodes, and so they are attractive for electrochemical sensors [1, 2]. Unfortunately, transport of redox 
active species to the microelectrode surface is not simple, with the interactions of adjacent digits and overlap 
of spherical diffusion fields leads to linear diffusion profiles at lower scan rates [3, 4].  
In this work, an integrated working (WE) and counter (CE) microelectrode array was fabricated.  Cyclic 
voltammetry of the ferrocene redox probe was studied and the results of investigation were compared with 
a finite element simulation.   
 

 
Figure 1 CVs of experimental (black line) and simulated (red dot) for interdigitated WE and CE 
microelectrode array (40 µm width and 40 µm gap) at 50 mV/s – A and 5 mV/s – B. in 1 mM ferrocene 
methanol. In insets - 2 D concentration profiles obtained for ferrocene methanol at microarrays for 50 mV/s 
and 5 mV/s at E = 0 V. 
 
In Figure 1 CVs of both experimental and simulated of the integrated WE and CE are shown. At both scan 
rates 50 mV/s (A) and 5 mV/s (B), the simulations match the experimental data to a great degree. 
Interestingly, the concentration profiles obtained from ferrocene methanol at microarrays for WE 
interdigitated with CE at 50 mV/s and 5 mV/s at E = 0 V are shown in Figure 1 insets. We can observe 
from the 2 D diffusion profiles that during ferrocene oxidation at the WE the interdigitated counter electrode 
provides a source (a location for the reduction of oxidized ferrocene) and effectively reduces the overlap of 
the diffusion profiles from adjacent parts of the working electrode leading to increase the sensitivity at 
lower scan rates.  
 
In this work, we have demonstrated that finite element can be applicable for simulation of complex 
interdigitated WE and CE system and it has good correlation to experimental data. 
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Materials based on non-noble metals and carbon have gained a lot of attention due to their possible use in several 
energy conversion and storage applications. Iron nanoparticles in combination with different carbon nanomaterials 
have among others been employed as electrocatalysts for low-temperature fuel cells and electrolysers 1,2, while iron 
oxide nanoparticles on carbon have shown promising features as pseudocapacitors 3,4. In both cases the goal is to 
develop catalysts or supercapacitors based on abundant elements with high activity/capacity and stability. Here, self-
standing carbon nanotube films containing Fe nanoparticles (Fe/CNT) have been synthesized using a one-step 
method and tested as electrocatalysts for the hydrogen evolution reaction (HER) and the oxygen reduction reaction 
(ORR). Furthermore, after oxidizing the Fe particles, the Fe-ox/CNT films displayed pseudocapacitive properties.   
 
The synthesis of the Fe/CNT films is based on a floating catalyst chemical vapor deposition method. A liquid 
precursor containing ferrocene, thiophene, toluene and pyridine is sprayed into a vertical reactor together with a 
feed of hydrogen and ethylene gas. Carbon nanotubes then grow from Fe nanoparticles at 900-1100°C by 
decomposition of the liquid and gaseous precursors. Furthermore, the synthesis method leads to iron nanoparticles 
being deposited on the surface of the carbon nanotubes forming Fe/CNT films. Oxidation of the Fe particles was 
performed by heating the as-synthesized films in air at 350°C giving Fe-ox/CNT. The elemental composition at the 
surface of the films was characterized by XPS, while the nanostructure of the CNTs and Fe particles was investigated 
by TEM imaging. Electrodes for electrochemical characterization were prepared by cutting a piece of the self-
standing films and depositing it on a RDE without the use of any binder. The electrodes were then tested for the 
HER, the ORR and the oxidized films as pseudocapacitors.  
 

 
Figure 1 a) TEM and cross-sectional SEM image of the Fe/CNT film. b) ORR activity in 0.1M KOH and c) HER 

performance in 0.5M H2SO4 of different Fe/CNT films. d) XPS characterization before and after oxidation of the Fe 

nanoparticles and e) CV at 100 mV/s in 1M KOH of a Fe-ox/CNT film.  



  

 
Imaging of the cross-section of a Fe/CNT films by SEM showed a layered structure of CNTs as seen in Figure 1a. TEM 
characterization further indicated that the CNTs were mainly single-walled or few-walled. The presence of iron 
nanoparticles on the CNT surface was also confirmed by TEM imaging. The size of the nanoparticles was around 5nm 
and while some of the particles were encapsulated by carbon, others were exposed. The catalytic activity towards 
the ORR of a Fe/CNT sample synthesized with 20 wt% pyridine in the liquid precursor is shown in Fig. 1b. An ORR 
current of 5.8 mA/cm2 was obtained at 0V vs. RHE, while in acidic electrolyte the sample did not show any catalytic 
activity for the oxygen reduction.  
 
Optimization of the synthesis conditions was performed in order to improve the catalytic activity of the Fe/CNTs 
towards the HER. A high flow-rate of the carrier gas H2 during synthesis was found to be crucial for obtaining active 
Fe/CNT catalysts. Fig. 1c shows the HER in 0.5M H2SO4 for Fe/CNT synthesized with different H2 flow rates. Increasing 
the flow rate from 6.5 L/min to 7.2 L/min considerably increased the HER activity of the obtained Fe/CNT films from 
3 mA/cm2 to 13 mA/cm2 at -0.4V vs. RHE. 
 
XPS analysis of the Fe 2p region, Fig. 1d, confirmed that the Fe particles were present as Fe0 in the as-synthesized 
films, while Fe2+/3+ was the main component of the oxidized films (Fe-ox/CNT). In addition, the iron content increased 
with oxidation, from 2.5 at% Fe initially to 5.7 at% Fe after oxidation. This might indicate that some of the carbon 
encapsulation was removed by the heat treatment in air resulting in more exposure of the iron particles. Initial 
assessment of the pseudocapacitive properties of the Fe-ox/CNT film was performed in 1M KOH and the CV at 100 
mV/s from 0 to -1V vs. SCE is shown in Fig. 1e. The CV shows the same features as reported for pseudocapacitive 
Fe2O3/CNT sponges 4. 
 
In conclusion, self-standing films of CNTs containing Fe nanoparticles can be used for several different energy 
conversion and storage applications such as electrocatalysts for low-temperature fuel cells and electrolyzers, and as 
negative electrodes in supercapacitors. However, improvement of the catalytic activity and stability of Fe/CNT is still 
necessary, and further synthesis and in-depth characterization of the materials will be performed.  
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Biological membranes are important interfaces in living systems which form highly selective barriers 
between inside and outside of a living cell1. Biomembranes are also the first interaction site of any 
substance that is externally applied, including reactive species (radicals) 2. The interactions can cause 
components of the membrane to be oxidised. Various synthetic and natural compounds can have 
antioxidative effects and thus protect the membrane. Although there are various assays to measure the 
radical scavenging activity of a substance, the results are often contradictory and the effect of such a 
substance directly on or near a membrane is unknown. Scholz et al. developed an electrochemical assay 
to quantify radical scavenging activities by measuring the regain of a redox probe at a self-assembled 
monolayer (SAM) modified gold electrode treated with OH• radicals3. Here, we describe plasma 
treatments of gold supported lipid bilayer as a model membrane, and the protective action of different 
radical scavengers such as quercetin, caffeic acid, ferulic acid, and rutin. In order to simulate the cell 
membrane, a solvent assisted method was used to establish a lipid bilayer on gold electrode surfaces4. The 
process of lipid bilayer formation on gold electrode was monitored by electrochemical quartz crystal 
microbalance with dissipation energy (EQCM-D). The 26 Hz decrease in frequency and final dissipation 
energy close to zero indicated the formation of lipid bilayer on the gold electrode. The modified gold 
electrodes were used as working electrodes in solutions containing [Fe(CN)6]4− as a redox probe. After 
formation of the lipid bilayer a decrease of the oxidation and reduction peak currents were obtained. The 
bilayer was exposed to a plasma treatment with a kINPen® as a low temperature plasma jet. Oxidative 
damage induced by plasma treatment was measured by the increase of the peak currents of the redox 
system.  
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Thin DSA as bipolar plates designed to replace a glassy carbon plate was used for the first time to 

enhance improved dimensions and electrochemical catalytic properties in all-vanadium redox flow 

batteries (VRFBs). In this study, we found that a 0.127 mm-thick DSA consisting of TiO2 nanotube arrays 

on Ti metal substrate coated with IrOx layer worked extremely well as the bipolar plate for enhancing 

performance of VRFBs. Using this material, overpotential and charge transfer resistance for charging and 

discharging were reduced due to the catalytic properties and conductivity of IrOx, which improved the 

transfer of electrons or the electrical current. Furthermore, the stability of the IrOx layer on the TiO2 

nanotube arrays grown from the Ti metal substrate was confirmed after 100 cycles. The energy efficiency 

of the VRFBs based on the improved bipolar plate increased up to 4 % compared to that of the glassy 

carbon plate, suggesting that this thin bipolar plate offers not only dimensional advantages, but also 

electrochemical advantages for VRFBs. 
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In the development of biosensors, it is still very challenging to be able to 

immobilize the biomolecules onto solid electrode surfaces in a controlled 

way so as to protect their catalytic activity [1]. Thus it is very important to 

create a ‘friendly’ matrix for biomolecule immobilization. Currently our 

work in this area is focused on the use of hybrid nanomaterials combined 

with microfabrication techniques to produce cheap, reliable, highly 

responsive bio-sensor devices for a range of applications.  In this present 

work we successfully microfabricated gold disk and band array electrodes 

with different size and dimensions. These electrodes were characterized by 

cyclic voltammetry, SEM and AFM to investigate the success of the 

fabrication process, Figure 1. This figure shows CV and AFM images for 

one of the disk array electrodes prepared (diameter: 20 µm, 85 electrodes). 

 

In the first example of biosensor fabrication, we modified the disk array 

electrodes described above with carbon quantum dots and gold 

nanoparticles to form a nanohybrid material for use as an enzymatic 

microbiosensor. Comparing the response of the microbiosensor with that of 

the planar counterparts we find that the microbiosensor exhibited a superior 

sensitivity of 626.06 μA mM-1 cm-2 towards 

glucose, some  13 times higher than the response 

from the  planar electrode, 47.24 μA mM-1 cm-2 [2]. 

 

The other approach selected was aimed at demonstrating the enzymeless 

electrochemical detection of glucose. For this purpose, nanostructured copper 

was electrodeposited onto both band and disk array electrodes and CV was 

applied to investigate the electrocatalytic activity of the resulting sensors, figure 

2.  Figure 2 shows SEM images of the microfabricated band array electrode, and 

after electrodeposition of copper, and cyclic voltammograms of the electrode in 

alkaline environment, with and without glucose. From figure 2 it may be seen 

that the response to glucose is quite unambiguous. Initial chronoamperometry 

measurements applied at a potential of + 0.45 V suggested that the Cu-modified 

electrodes exhibited superior sensitivity towards glucose detection in alkaline 

solution.  

 

In summary, we have used three different types of nanomaterials to produce two 

types of glucose sensors- one based on the immobilization of glucose oxidase 

and the other on the catalytic activity of nanostructured copper. An initial 

evaluation of these sensors demonstrates their potential for glucose detection 

over a range of environments.  
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Figure 1. Cyclic voltammogram 

(A), SEM (B) and AFM (the edge 
of the individual electrode) (C) 

images of disk array electrode 

Figure 2. SEM images of bare 

band array electrode (A), after 
copper deposition (B) and CV 

of Cu electrode in the absence 

and presence of glucose 
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Abstract     

Direct ethanol fuel cells can generate electricity by direct electrochemical conversion of 
ethanol and oxygen into carbon dioxide and water. Food wastes can be used as a raw 
material for ethanol production. Pretreatment of food wastes was done by enzymatic 
hydrolysis of fungal spore of Aspergillus oryzae TISTR 3018.  The released sugar was 
further converted to ethanol by the activity of Saccharomyces cerevisiae (active dry 
yeast). By using our method for ethanol production, the produced ethanol was used as 
fuel for the electrocatalysis using Pt based catalyst for the oxidation. Cyclic 
voltammetry (CV) was used for electrochemical study. It was found that by preparation 
of ethanol by our method could produce high concentration of ethanol (5% w/v), which 
is rather reasonable use for application in oxidation reaction. However, after distillation 
of the crude ethanol, the distillate with 5% w/v could be used as a fuel and the current 
intensity of the oxidation show somewhat higher than that of the crude ethanol. 

 

References		

[1] Hafid, H. S., Rahman, N. A. A., Shah, U. K. M. and Baharudin, A. S. (2015). Enhanced fermentable 
sugar production from kitchen waste using various pretreatments. Journal of Environmental Management, 
156, 290-298.  

[2] Kamarudin, M.Z.F., Kamarudin, S.K., Masdar, M.S. and Daud W.R.W. (2013). Review: Direct 
ethanol fuel cells, International Journal of Hydrogen Energy,38 (22), 9438-9453, ISSN 0360-3199 

[3] Kim, J. K., Oh, B. R., Shin, H. J., Eom, C. Y. and Kim, S. W. (2008). Statistical optimization of 
enzymatic saccharification and ethanol fermentation using food waste. Process Biochemistry, 43, 1308-
1312.  

[4]  Kiran, E. U., Trzcinski, A. P., Ng, W. J. and Liu, Y. (2014). Bioconversion of food waste to energy: 
A review. Fuel, 134, 389-399. 

[5] Kiran, E. U. and Liu, Y. (2015). Bioethanol production from mixed food waste by an effective 
enzymatic pretreatment. Fuel, 159, 463-469. 

[6] Krylova, A. Y., Kozyukov, E. A. and Lapidus, A. L. (2008). Ethanol and diesel fuel from plant raw 
materials: A review. Solid Fuel Chemistry, 42, 358-364.		

 



Design of nanostructured electrodeposited Co-W catalysts for 

hydrogen evolution 
Natalia Tsyntsarua,b, Edita Vernickaitea, Pavel Globab, Henrikas Cesiulisa 

aVilnius University, Naugarduko str. 24, Vilnius, Lithuania 
bInstitute of Applied Physics,  Academiei str. 5, Chisinau, Moldova 

ashra_nt@yahoo.com  

 

Hydrogen is a good candidate as sustainable energy source [1]. Hydrogen evolution reaction (HER) from 

electrocatalytic water splitting is a promising method to produce highly pure hydrogen. However the Pt and 

Pt-based materials, which are considered as the best HER catalysts, are expensive and scarce. Thus, the 

search of cost-effective and earth-abundant electrocatalysts to replace Pt for HER has undergone rapid 

development. In this context electrodeposited Co-W alloy coatings attract much attention due to the 

increased hardness [2], corrosion resistance [3], stability at elevated temperatures and catalytic effect 

towards HER [4]. Moreover it was reported that nanowire array exhibits an enhanced catalytic performance 

in respect to the thin films due to the larger surface area to mass ratio and the higher density of catalytically 

active defects. Thus, the aim of this work is to investigate the electrocatalytic activity on nanostructured 

Co-W alloys. Firstly, Co-W alloy films having different percentage of W in their composition (5, 20 and 

33 at.%) were electrodeposited onto stainless steel substrate from environmentally friendly citrate  

electrolyte in order to determine the optimal alloy composition for HER and to guide the conditions for 

electrodeposition of Co-W alloy nanowires. The electrocatalytic activity of the prepared alloys was studied 

by linear scan voltammetry in 30 wt.% NaOH medium at 25°C (Fig. 1). 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. The higher content of W results in an enhanced HER catalytic activity, thus the 

Co-33at.% W electrode demonstrates the highest ECD (Table 1).   
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Table 1. Exchange current densities for HER on 

different electrodes in 30 wt.% NaOH at 25°C. 

Fig. 1. Polarization curves of Co and Co-W 

deposits in 30 wt.% NaOH. 

 

In order to increase the catalytic activity of investigated samples, Co-W nanowires were electrodeposited 

into nanoporous anodic aluminum oxide (AAO) membranes. AAO membranes were fabricated in H2SO4 

electrolyte using a two-step anodization process. The diameter of the nanowires was measured to be about 

25 nm. These nanowires were compared with larger diameter Co-W wires electrodeposited by using 

commercial AAO membranes (~250 nm) and the relationship between catalytic behavior for HER and 

thickness of Co-W nanowires is under investigation. 
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Co 3.80 

Co-5 at.% W 16.6 

Co-20 at.% W 31.2 

Co-33 at.% W 314 

 



Thin electrospun organic inorganic membrane as separator for high 

rate Na-ion batteries 

 
Laura Coustan,1 Jean-Marie Tarascon,2 Christel Laberty1 

1 Sorbonne Universités, UPMC Univ Paris 06, CNRS, Collège de France, Laboratoire de Chimie de la 
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Since they can be a suitable choice in terms of battery cost, safety, and widespread resources, Na-ion 

batteries are today considered as one of the best technologies for large-scale applications. While most 

efforts from the scientific community are targeting electrode materials, electrolytes as well as  separators 

have received less attention. However, they are essential for the proper functioning of any battery 

technology and the emerging Na-ion technology is no exception and the state of- the-art separators cannot 

meet the engineering needs of large-scale sodium-ion batteries to match the intensively investigated 

electrode materials.  

Herein, we propound a new kind of flexible hybrid organic-inorganic PVDF-HFP based separator for 

sodium-ion batteries synthesized via the electrospinning process. The presence of inorganic compound SiO2 

allows a considerable optimization of the interface with electrode materials subsequently enhancing 

chemical stability and wettability (contact angles nearly 0°) in electrolytes (EC/PC, PC/DMC).  

More importantly, electrochemical characterization shows that the Na-ion batteries with flexible hybrid 

PVDF-HFP/SiO2 separator exhibit good cycle performance (98%, 100 cycles) and high rate capacity (70 

mAh g−1 at 5 C) in full cell (NVPF/HC) and delay the dendrite growth.  

Moreover, such membranes offer the opportunity to be easily functionalized in the aim to considerably 

improve the safety of different energy storage devices. 

Finally, this work provides a kind of flexible hybrid separator for Na-ion batteries with great potential for 

practical large-scale applications. 
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2,2-diphenyl-1-picrylhydrazyl (DPPH) is well known for application in antioxidant assays
1
 and as radical 

scavenger
2
 for other radicals. DPPH can be reduced to DPPH

−
 and oxidized to DPPH

+ in nitrobenzene 

(NB) and this electrochemical properties can be used to study the ion transfer between water (aqueous 

phase) and NB (organic phase) using three phase electrochemistry
3
. DPPH

−
 and DPPH

+
 are both able to 

form ion pairs in NB. Stability constants of the ion pairs have been determined.  

Tetramethylammonium, tetraethylammonium, tetrabutylammonium cations and anions such as nitrate, 

perchlorate, trichloroacetate, hexafluorophosphate were employed to study the two redox systems of 

DPPH. The calculated standard Gibbs free energy of ion transfer from water to NB deviate from the 

previously reported values due to ion pair formation in NB.  The ion pair formation of DPPH
−
 with 

tetrabutylammonium cation is weak, but the ion pair formation of DPPH
+
 with anions is remarkably 

stronger. Tetrabutylammonium perchlorate (TBAP) was used to demonstrate the simultaneous cation and 

anion transfer. Figure 1 shows the cyclic voltammogram of transfer of tetrabutylammonium cation 

(during DPPH reduction) and perchlorate anion (during DPPH oxidation) from water (containing TBAP) 

to NB.  

 
Figure 1. Cyclic Voltammograms of nitrobenzene droplet containing DPPH attached to a Paraffin 

impregnated graphite electrodes (PIGE) and surrounded by an aqueous electrolyte TBAP.  
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Li-ion batteries (LIBs) have been focused on portable electronics and, recently, on electric vehicle industry 

owing to their high energy density. However, the Li demand has significantly raised in the last years and, 

given that the Li supply is controlled by four companies, the price of Li has been continuously increasing 

and it is expected to follow this trend for the next years to come. Therefore, it is required to develop 

alternative energy storage technologies that can be implemented in other application fields, such as Na-ion 

batteries (NIBs) which are becoming an attractive solution for stationary large scale applications due to the 

almost infinite and widely distributed Na resources [1,2]. 

 

Many lithium analogues have been reported as cathode materials for NIBs such as, layered oxides, 

phosphate, pyrophosphate, mixed polyanions, etc. while the most studied anode material is hard carbon 

[1,2,3]. These studies have been mainly focused on the structural evolution upon electrochemical cycling 

and on the electrochemical properties but few works can be found about electrode/electrolyte interface of 

NIBs (called Solid Electrolyte Interphase (SEI) for the layer formed on the anode electrode and Solid 

Permeable Interphase (SPI) for cathode one). It is known that the properties of the formed 

electrode/electrolyte interfaces have a strong influence on several aspects of battery performance and safety. 

Therefore, the investigation of SEI and SPI layer is crucial for the good functionality of the batteries. 

 

In this work, the electrode/electrolyte interfacial properties of some promising cathode and anode materials 

for NIBs have been investigated by a combination of operando electrochemical impedance spectroscopy 

(EIS) and by ex-situ X-ray photoelectron spectroscopy (XPS) upon electrochemical cycling [4,5,6,7]. The 

obtained results show the usefulness of the combination of these two techniques to study the 

electrode/electrolyte interphase and the influence of the SEI and SPI layer on the electrochemical properties 

of the cathode and anode electrodes. 
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The development of most industrial areas goes along with the development of new materials, which have 

lower density, better mechanical properties, are more resistant in aggressive environments. Mg is the 

lightest metal with high mechanical stability, good weight/strength ratio and high thermal conductivity. 

Main shortcoming of Mg is its’ poor resistance to corrosion. However, high corrosion activity of 

intrinsically biocompatible Mg alloys could be regarded as a valuable property in biomedical applications, 

as it could lead to harmless dissolution of implants in-vivo and eliminate the need for secondary surgery to 

remove temporary implants for osteosynthesis, cardiovascular stents or tissue scaffolds [1-3].  

Mg actively reacts with H2O and in contact with most other metals becomes an anode. Loose Mg(OH)2 

does not form a barrier and aggressive elements of the medium propagate into the metal [4]. Formation of 

protective coating is one of the promising protection methods for Mg. Common disadvantages of coatings 

formed by electrochemical, plasma oxidation and sol-gel methods are the overall defectiveness of the layer, 

bad adhesion and/or bad surface coverage.  

In this work thin layers of HfO2 were formed on the surface of commercially available AZ31 (Mg-3Al-

1Zn) alloy by atomic layer deposition (ALD) method. ALD is the most suitable technique for the formation 

of highly conformal, pinhole-sealed coatings on precision metallic parts sensitive to corrosion. TDMAH 

(tetrakis(dimethylamino)hafnium) and H2O were used as metal and oxygen precursors, respectively. The 

process temperature of 200 C and other conditions were adjusted to deposit the highest density films (~8.5-

8.7 g/cm3). The rate of coating deposition was 0.075 nm per cycle. 

It was determined that increase in HfO2 coating thickness leads to considerable decrease of anodic current 

density (from ~10 μA/cm2 for uncoated AZ31 samples to ~ 9 nA/cm2 for samples with 60 nm thick HfO2) 

and reasonable shift of breakdown potentials towards more positive values (~0.2 V). The corrosion behavior 

of the samples exposed at ambient conditions for 1 year was evaluated electrochemically in Hanks’ solution 

as well. It was concluded that thin (30-60 nm) ALD-grown HfO2 coatings are suitable for encapsulation 

and long term storage of Mg-based items intended for biomedical applications. 
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Fig. 1. Cross section SEM  EDX element 

mapping of 60 nm HfO2 ALD coating on AZ31 

alloy. 

Fig. 2. Tafel plot of AZ31 alloy coated with 

HfO2 ALD layer after 1 h exposure in Hanks: 

1-3 – as prepared, 1’-3’ – after 1 year storage 

at ambient conditions. 3”– after 5 min 

exposure in Hanks. 

1, 1‘ – uncoated 
2, 2‘ – 15 nm HfO2 
3, 3’, 3” – 60 nm HfO2 
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Most recent publications on the simulation of polymer electrolyte membrane fuel cells (PEMFCs) choose 

to describe the kinetics of both the hydrogen oxidation reaction (HOR) and oxygen reduction reaction 

(ORR) according to one of a variety of equations described therein as the “Butler-Volmer equation”. 

These equations typically take a form suitable for an elementary and reversible kinetic step, even though 

the HOR and ORR are multistep processes, and the ORR is effectively irreversible. Here we provide a 

new critical review and discussion on two related areas: a) shared systematic discrepancies between 

commonly used equations and the classical textbook form of the Butler-Volmer equation for an 

elementary step; and, b) the widely recognised but apparently rarely heeded limitations of the elementary 

step Butler-Volmer equation with respect to multistep processes. 

 

In our study, we seek to present the fundamental concepts underpinning the Butler-Volmer equation in a 

clear and empirical manner, without recourse to assumptions linking the electrode kinetics to an arguably 

over-specific transition state theory. We identify and scrutinise apparent misunderstandings in the recent 

literature relating to the concepts of exchange current density and overpotential. In particular, many 

authors follow foundational works from 2000 and previously in treating overpotential, and hence 

equilibrium potential, as independent of reactant concentration, contradicting the Nernst equation and 

leading to inexact linearisation of kinetics in the limit of high exchange current density. 

  

Through simulations of fuel cells under a range of possible kinetic treatments, we demonstrate how a 

conceptually unsound kinetic equation can lead either to incorrect parameterisation, or to a model with 

superfluous detail. In particular, we highlight the limitations of some common approaches with respect to 

extremes of performance such as anode starvation and high operating current density. Even when the cell 

polarisation curve is relatively insensitive to the kinetic treatment of a particular process, as for the HOR 

which typically exhibits small kinetic losses, the predicted spatial distribution of reactant concentrations 

can vary significantly as a function of the kinetic model or its parameters: hence, we emphasise that 

experimental corroboration of a simulation by comparison to the polarisation curve alone can be 

inadequate as a sole validation method for models containing a large number of parameters. 

  

Many researchers make a deliberate approximation by selecting the Butler-Volmer equation as a simple 

alternative to more detailed electrode kinetic theories, such as multiple pathway rate equations or 

agglomerate models. In rigorously identifying the impact of a range of simplifying approximations, we 

advocate stronger assumptions such as infinitely fast kinetics or linear kinetics for the HOR, or strictly 

irreversible kinetics for ORR, when an approximate model is desired: these approaches permit a 

significant reduction in superfluous parameterisation compared to the Butler-Volmer equation, while 

demarcating clear limits of applicability of their assumptions. We further conclude that many fuel cell 

researchers inadvertently misuse familiar electrochemical equations when placing them in a fuel cell 

context, and so risk generating incorrect data or misleading conclusions towards best practice in fuel cell 

design, operation, and optimisation. 
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Photocatalytic and photoelectrochemical (PEC) water splitting is one of the most promising 
technologies to produce hydrogen fuel using renewable solar energy. PEC water splitting is a simple, 
cost effective and cleaner process. However, finding a single semiconductor with suitable bandgap, 
stability, light absorption properties and photoelectrochemical activity for water oxidation is one of 
the major challenges to be addressed to implement this technology commercially. Among various 
semiconductors, hematite (α- Fe2O3) show suitable properties such as appropriate bandgap of 2.2 
eV, stability over a broad pH range and absorption of more than 40% of the incident solar spectrum. 
However, it shows relatively low solar-to-chemical conversion efficiency due to poor electronic 
conductivity, low light absorption coefficient, short hole diffusion length (< 10 nm), and high electron-
hole recombination rate which limits the PEC activity. 
 
In this work, we discuss the development, optimization and PEC properties of non-toxic, low-cost 
hematite as photoanodes fabricated through electrodeposition. The physical properties of the 
photoanodes are characterised by XPS, XRD, SEM and FIB/STEM/HAADF/EELS. The effect of 
synthesis parameters (deposition conditions and annealing conditions) on the PEC properties of 
photo anodes such as I-V characteristics, Mott-Schottky ICPE and impedance spectroscopy under 
dark and 1-sun illumination determined using a 3-electrode cell with Pt-foil as counter electrode and 
RHE as reference electrode in 1 M KOH is discussed.    
 

 
Fig. 1: Secondary electron SEM image of electrodeposited 
hematite photoanode 

 
Fig. 3 Current-Potential Curve of electrodeposited 
hematite photoanode (performance vs. deposition time)   
 

 
Fig. 2: Cross section of the photoanode observed through 
HAADF STEM 
 

 
Fig. 4 Current-Potential Curve of electrodeposited 
hematite photoanode annealed at different temperatures  
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Electrically rechargeable zinc-air battery is one of the most promising metal-air battery technologies for storage 
of electrical energy from renewable energy sources such as solar. However, performance and durability of 
electrode materials under alkaline electrolyte and the operating conditions are major challenges. Through the 
recently concluded EU funded project ZAS (Zinc Air Secondary innovative nanotech based batteries for efficient 
energy storage); we aimed at the development of secondary Zn-air batteries with good cycle life by employing 
using low cost nanostructured materials.  

For rechargeable metal-air batteries, bifunctional cathodes that catalyze both the oxygen reduction and oxygen 
evolution reaction (ORR and OER, respectively) efficiently are always preferable as they increase the energy 
density as well as reduce the complexity in the system. In Zn-Air systems with alkaline electrolyte, on cost 
perspective, it is beneficial to avoid noble metal catalysts. Typical transition metal oxides such as perovskites and 
spinels, both individual oxides, and their mixture are found to show good bifunctional activity in alkaline media. 
In this talk we will present our results on the development of bifunctional catalysts based on NiCo2O4. Oxide 
materials of spinel (both pure and mixed phases) structures is synthesized and electrochemically assessed in 
electrolyte. The catalyst synthesis methods have comprised of a modified flame spray pyrolysis, hydrothermal 
and regular spray pyrolysis. Physical methods such as specific surface area (BET), XRD and SEM have been used 
to characterize the catalysts.  

The electrocatalytic activity of the bifunctional catalysts is determined by polarization measurements through 
rotating disk electrodes. Promising catalysts were further tested through half-cell setups to systematically 
investigate the performance and lifetime of the cathode. The last part of the presentation will focus on the full 
cell Zn-air rechargeable batteries using nickel cobalt oxide based bifunctional cathodes in a 25 cm2 cell. 

 
This work is supported by the European Union H2020 project ZAS -Zinc-Air Secondary innovative nanotech based batteries for efficient 
energy storage (GA# 646186). 
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Lithium ion batteries (LIBs) have been becoming an enviable power device to fulfill the ever increasing 

needs of portable electric devices and electric vehicles. Tin and tin oxides (SnO and SnO2) have been 
regarded as effective anode materials because of their high theoretical capacity, proper operating voltage, 
abundance in the Earth crust, nontoxicity and chemical stability. Nevertheless, tin oxide-based materials 
suffer from the pulverization and huge volume change of about 300% during lithiation, resulting in the loss 
of electrical contacts and poor cycle stability. The hierarchically ordered mesoporous carbons (HOMCs) 
have the advantages of providing large surface area for intimate contact between electrolyte and electrode 
to rapidly facilitate electron percolation as well as improving the conductivity of nanocomposites. Up to 
now, the use of OMCS as the resilient matrix to minimize the volume change of SnOx during charging-
discharging processes has rarely reported.  

Herein, we have fabricated the OMCS@SnO2 core-satellite nanocomposites as the novel anode 
materials for LIB applications. The microwave-assisted hydrothermal method was used to fabricate 
OMCS@SnO2 nanocomposites, which not only regulates the rate and uniformity of nucleation, growth and 
aging of SnO2 but can also harvest the nanocomposites directly from the solutions. The OMCS can serve 
as the conductive carbon matrix to homogeneously separate the nanoscale SnO2 to form the core-satellite 
morphology as well as to increase the conductivity. The SnO2 satellite nanocrystals serve as the efficient 
host for Li ions, while the OMCS core spheres minimize the volume expansion of SnO2 during 
intercalation-deintercalation. With the coverage of 3 －  6 nm SnO2 on the surface of OMCS, the 
nanocomposites of OMCS@SnO2 framework were successfully fabricated by microwave-assisted 
hydrothermal method at various Sn/C weight ratios of 15 － 35%. Remarkably, OMCS@SnO2 at Sn/C ratio 
of 35% exhibits an excellent initial capacity of 1770 mAh/g at a low current density of 35 mA/g and 
continually maintains to a stable capacity of 400 mAh/g under an ultra-high current density of 3500 mA/g 
after 400 cycles (Figure 1). The intimate contact of SnO2 with OMCS shortens the electrons transfer paths 
and constrains the volume expansion, resulting in the enhancement of stable lithium storage capacity at 
high current density. Moreover, the highly active products of Sn0 nanoparticles were observed after the first 
cycle that facilitate electrons transfer readily. The superior electrochemical performances have been 
suggested by OMCS@SnO2 nanocomposites and show the avenue of novel carbon-metal oxide 
nanocomposites anode for long cycle life and high-rate LIBs. To the best of our knowledge, this is the first 
report on fabrication of OMCS@SnO2 core-satellite nanocomposites for ultra-fast Li ions storage which 
can open a new avenue to fabricate novel mesoporous carbon sphere based nanocomposite for energy 
storage applications. 
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Figure 1. Cyclability performance OMCST35 at 3500 mA/g for 400 cycles 
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Depending on the stiffness/softness of electrode coatings (attached to quartz crystal surface), their thickness 
and morphology, the quartz crystal resonator can operate in either gravimetric or beyond-gravimetric modes 
providing important information about mechanical properties of the electrodes. [1,2] Starting from a simple 
gravimetric monitoring of dynamics of ions adsorption into nanoporous carbon supercapacitors [3] we have 
recently demonstrated that using multiharmonic Electrochemical Quartz Crystal Microbalance with Dissipation 
Monitoring (EQCM-D) a new in situ method for highly sensitive tracking of intercalation-induced dimensional 
and porous structure changes in relatively stiff battery electrodes represents  a powerful technique for 
electrode material characterizations. [4] The resonance frequency and dissipation changes caused by contact of 
porous solid electrode with electrolyte solutions are recorded for all the available odd overtone orders and 
fitted to a suitable hydrodynamic impedance model returning the structural parameters of the electrode. Later 
on this new methodology was extended to a continuous monitoring of the viscoelastic changes in binder-free 
2D electrodes such as Mxene (Ti3C2(OH)x) caused by insertion of water molecules modulated by intercalation-
deintercalation of Li-ions in aqueous solutions. [5] Monitoring of viscoelastic properties of solid-electrolyte 
interface (SEI) on a high-voltage anode such as LTO was shown to be an effective means for fast optimization of 
cycling behavior of this electrode as a function of electrolyte composition. [6] Recent paper makes focus on in 
situ acoustic diagnostics of particle-binder interactions in battery electrodes: accommodation of intercalation 
induced volume changes significantly depend on the stiffness/softness of the binder used. [6] Different worked 
examples of the successful use of EQCM-D-based surface-acoustic-wave spectroscopy for material 
characterization of energy storage electrodes have been summarized in a recent review. [7]  
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Graphene quantum dots (GQDs) based nanomaterials have emerged as a new class of photo-

electrochemical materials with extraordinary optical and electrical characteristics because of their 

pronounced quantum confinement and edge effects. Various GQD based nanomaterials have exhibited 

their excellent performance on energy storage device application including supercapacitors and lithium 

ion batteries (LIBs). In addition, doping with boron and/or nitrogen atoms substantially improves the 

internal resistance of anode material and increases the defect sites of graphitic structure, which leads to 

the enhanced electrochemical performance of GQD-based nanocomposites. In this study, the boron or 

nitrogen doped GQDs were fabricated with the pyrolysis of citric acid and then deposited onto support 

including halloysite nanotubes (HNTs) and MoS2 for supercapacitor and LIBs applications.  The HRTEM 

images show that the 5 – 10 nm GQDs (Fig. 1) are homogeneously distributed on the surface of (3-

aminopropyl)-triexthoxysilane (APTES)-coated Fe3O4@HNTs, which result in the increased utilization 

efficiency of GQDs to enhance the high capacitance and excellent cycling ability. The specific 

capacitances of 363-216 F/g at current densities of 0.5 – 20 A/g are obtained. In addition, the doping of N 

atom to magnetite (N-GQD@Fe3O4-HNTs) exhibits a high specific capacitance of 418 F/g and maintains 

good rate capability in neutral electrolyte solutions. In addition, the anode materials show excellent 

electrochemical performance with energy and power densities of 29 – 10.4 Wh/kg
 
and 0.25 – 5.2 kW/kg, 

respectively (Fig. 2). Moreover, the immobilization of 30 wt% of B-GQS onto MoS2 can deliver the 

superior electrochemical performance and a highly reversible capacity of 3055 mAh/g at a current density 

of 50 mA/g is achieved for the initial discharge. The excellent rate capability and cycling stability are also 

exhibited and high reversible capacity of 1041 mAh/g is obtained at 100 mA/g after 50 cycles. Results 

obtained in this study clearly demonstrate that Fe3O4@HNT and MoS2 are promising supports to anchor 

sustainable B- or N-doped GQD-based nanomaterials as the high performance anode materials for next 

generation of energy storage devices with high energy and power densities. 

 

               
Fig. 1. TEM image of GQDs.                                 Fig. 2. Ragone plot of GQD@HNTs 
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We have shown, that employment of conducting polymer, such as poly-3,4-
ethylenedioxythiophene/polystyrene sulfonate (PEDOT:PSS) along with carboxymethylcellulose (CMC) 
as additive to LiFePO4 [1,2] cathode material greatly improved the specific capacitance and C-rate 
performance of electrodes.  
In this work a novel LiMn2O4 (LMO) based cathode material with eco-friendly water-based binder 
consisting of conducting polymer poly-3,4-ethylenedioxythiopene/polystyrene sulfonate (PEDOT:PSS) 
dispersion and carboxymethylcellulose (СМС) was proposed. The morphology and the structure of the 
composite materials were investigated by X-ray diffraction, scanning electron microscopy and EDX 
analysis. The electrochemical properties of modified cathode materials of different composition were 
investigated by cyclic voltammetry, galvanostatic charge-discharge and by electrochemical impedance 
spectroscopy. The results were compared with conventional PVDF-bound LiMn2O4 material.  
It was shown that the material with optimal composition consisting of 86 wt.% of LiMn2O4, 10 wt.% of 
carbon black and 4 wt.% of conducting polymer binder exhibited good rate capability with discharge 
capacity 126 mAh g-1 (at 0.2 C, normalized by LiMn2O4 mass) and 75 mAh g-1 at 10 C as well as good 
cycling stability at 1 C (less than 5% decay after 200 cycles). These functional characteristics were 
markedly higher than for PVDF-bound LiMn2O4 material. The specific capacities, achieved in this study, 
referring to active mass, at 0.2 C current are as high as those reported by different authors. The values 
normalized by total electrode mass (which are important for practical applications of batteries in real life) 
are higher at 0.2 C and 1 C, however, at 10 C the achieved capacities for LiMn2O4 with 
PEDOT:PSS/CMC binder are lower than those for materials improved by doping or special coating. It 
means that the proposed approach is efficient for increasing the practical battery capacity, while the 
cathode material is produced from commercially available components and material preparation 
procedure remains simple.  
The electronic conductivity of LMO electrodes with PEDOT:PSS/CMC binder (0.50 S cm-1) is 5 times 
higher than the conductivity of LMO/PVDF electrodes (0.11 S cm-1). The conducting polymer binder 
facilitates the increase of specific capacity of LMO material due to better utilization of LMO grains. 
The kinetic characteristics of charge-discharge processes obtained by electrochemical impedance 
spectroscopy and cyclic voltammetry show that the employment of combined conductive binder 
PEDOT:PSS/CMC in the composition of LiMn2O4 cathode materials instead  of a PVDF binder reduces 
the interfacial resistance to charge transfer by a factor of 10, and increases the apparent diffusion 
coefficients of lithium ions by a factor of about 3.6, which contributes to a more efficient process of 
charge-discharge at higher discharge rates. 
The employment of water-based conducting binder PEDOT:PSS/CMC instead PVDF in toxic flammable 
solvent NMP is also favorable due its environmental compatibility. 
The morphology and the structure of as-prepared and cycled LMO electrodes were investigated by X-ray 
diffraction, scanning electron microscopy, EDX and XPS analysis. The formation of SEI layer on LMO 
grains was revealed and suggestions on its composition were proposed. 
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Determination of the internal resistance of a battery is valuable as an indicator of performance (power 

capability) and state-of-health. Internal resistance is also dependent on state-of-charge (SoC) for many 

battery systems and may also be useful in SoC determination methods. While there are a number of 

established electrochemical techniques for determining internal resistance, the most commonly employed 

is electrochemical impedance spectroscopy (EIS), which is a powerful technique allowing for the probing 

of the various resistive and reactive processes in the battery over a wide timescale. However, practical 

application of EIS is complicated by the requirement for specialist equipment and particularly specialist 

interpretation of data, especially if equivalent circuit modelling is desired. This complexity is even more 

the case if one wishes to follow the change in resistance over long-term testing. In many cases, a simpler 

method may suffice. 

 

Galvanostatic cycling combined with an intermittent current interruption (ICI) resistance determination 

method[1,2] is presented as such method for following resistance changes in batteries over long-term 

cycling. By comparison with EIS, the method gives a single time-independent value of resistance, is fast, 

accurate, simple to interpret and can be implemented with most conventional battery testing instruments. 

The method is also readily applied to three-electrode measurements. This presentation will give an 

overview of the technique and some examples of its application, particularly to the analysis of lithium-

sulfur batteries but also recent application to three-electrode measurements in Li-ion batteries.  

 

 
Figure: Cell voltage and internal resistance vs capacity for a single cycle of a lithium-sulfur battery at a 

slow (C/10) charge/discharge rate. Arrows indicate direction of charge/discharge. 
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High temperature electrochemical reactions of silicon have been studied in molten calcium chloride by 
voltammetry, SEM, EDS, XPS, XRD, EIS, photoelectrochemistry, spectroscopic ellipsometry and 
reflectance spectroscopy. The discussed phenomena include dissolution of silica layer, residual and 
oxidation-reduction currents, UPD formation of calcium-silicon alloys, evolution of silicon tetrachloride 
and formation of photoactive carbon-carbide structures on silicon [1-3].  
 
Carbon-silicon compositions are promising to improve light harvesting performance of silicon-based solar 
cells. Silicon modification by carbon species increase light absorbance and accelerate photoelectron 
generation. We developed an environmentally friendly electrochemical method of silicon surface 
modification by a carbon-carbide system in molten calcium chloride [1]. Silicon-carbon-carbide 
compositions were obtained by polarizing silicon-silica precursor in molten calcium chloride electrolyte 
using a graphite anode. A reaction scheme is discussed, which includes release of oxygen from silica, 
oxygen-mediated carbon transfer and reduction of carbon dioxide by calcium metal.  
 
High photoactivity of developed structures is demonstrated by Mott-Schottky characteristics and 
photoelectrochemical measurements. The surfaces absorbed over 90% of the light in a broad region of 
wavelengths from 400 nm to 1100 nm. The proposed methods offer new opportunities for production of 
the silicon surfaces with superior antireflection and protective properties for photo-devices, sensors and 
catalytic supports.  
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Degradation of the cathodic, Pt catalysts in polymer-electrolyte membrane fuel cell (PEMFC) and carbon-based 

support materials is one of the key factors affecting commercialization of the fuel cell technology. Many research 

groups have reported that oxide-carbon support increases lifetime of the catalyst because of their corrosion resistant 

properties [1]. It has also been revealed that the anchoring mechanism of the catalytic nanoparticles to the 

nanocomposite support defines activity and durability of the catalytic centre. 

In this work Pt NPs are photo-deposited onto SnO2-C composites prepared by sol-gel method. Different loadings of 

metal oxides were applied to evaluate its effect on the activity and durability of the supported Pt catalyst. 

Electrochemical characterization was carried out by cyclic voltammetry (CV) and CO-oxidation experiments in 0.1 

M HClO4 solution. ORR activity was measured by rotating disk electrode at various electrode rotation rates. The 

electrochemical activity of the prepared catalysts was compared to that of the ones prepared by wet chemical process 

(carbonyl synthesis) and to commercial 20 wt.% Pt. It was observed that the Pt NPs photo-deposited onto oxide-carbon 

support are more durable because of the strong anchoring mechanism of the nanoparticle to the semi-conductor metal 

oxide induced by photons which results into Pt-Sn alloy formation at the interface. 

 

 

Figure. (a) Comparison of the CO-oxidation profiles of Pt-SnO2-C catalysts in comparison to Pt/C and (b) RDE 

polarization curves for ORR at 1600 rpm in oxygen-saturated 0.1 M HClO4 solution. 
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At present, several concepts of devices for energy accumulation are known, ranging from supercapacitors enabling 
high power density to rechargeable batteries that have much larger energy density but provide much less power. 
Combination of the advantages of supercapacitors and batteries in one device represents an appealing and yet 
unsolved task. A possible solution is the development of novel organic and organometallic electroactive materials 
with appropriate functionality, with conducting polymers being quite promising candidates [1–3]. 
The advantage of conducting polymers over traditional inorganic materials is availability and low cost of the 
precursors combined with good mechanical properties of the polymer material such as flexibility, elasticity and ease 
of treatment [3,4]. 
Organometallic compounds have been extensively investigated in both fundamental research and practical 
applications due to their unique electrical and chemical properties. The nickel salen-type redox polymers represent 
an interesting class of organometallic polymers frequently used in hybrid supercapacitor electrodes as thin films [5] 
and carbon material composites [6]. Salen complexes of nickel represent redox polymers which are not inferior to 
classical conductive polymers in terms of stability and conductivity while surpassing them in terms of capacitance 
due to participation of metal atoms in redox processes. 
Salen-type redox polymers as shown in our study to be applicable as electrode material in Li-ion battery (1 M LiPF6 
+ EC:DEC) for the first time [7]. Poly[Ni(salen)], poly[Ni(CH3Osalen)] and poly[Ni(CH3salen)] films are capable of 
reversible charge/discharge in LiPF6 electrolyte in a range of potentials of up to 4.2 V vs. Li/Li+. Proper 
modification of the ligand structure allowed to obtain electrodes with performance comparable to other conducting 
polymers. The highest capacity value of 50 mAh g-1 and the energy value of 180 Wh kg-1 were achieved for 
poly[Ni(CH3salen)]-based batteries without carbon additives. Attractive feature is high charge/discharge rate 
observed for the studied materials: for poly[Ni(CH3salen)] the capacity on discharge at 10C is 73% of the capacity 
obtained at discharge at 1C, which corresponds to maximum power of 2.6 kW kg-1 obtainable from the material. 
These results point to possible application of this type of materials as a conductive backbone of composite materials 
or as a conductive medium with grafted active groups. 
Furthermore, in this report we found out, how the mode of synthesis and electrolyte composition affect 
electrochemical properties and conductivity of the formed polymers to achieve the optimum properties for one or 
another application. Electrical conductivity is a key physical property of all materials. It is often necessary to 
accurately measure the conductivity of a given material, which is investigated through a combination of 
bipotentiostat cyclic voltammetry and potential steps amperometry of polymer films on interdigitated array 
electrodes (IDEs). 
We have selected conditions for the synthesis of nickel salen-type redox polymers on IDEs from the monomer 
solutions in acetonitrile with different background electrolyte, so as to make the conductivity of the films 
independent of the film thickness (as shown in reference [8]). In situ measurements of conductivity of polymer 
complexes of nickel with salen-type ligands during cyclic voltammetry were carried out. 
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Electroreduction of carbon dioxide to simple organic fuels and chemicals is a topic of growing 

scientific and technological interest.  The reaction provides means for both reducing emissions of CO2 

into atmosphere and storing renewable energy. The presentation will address low-temperature CO2-

conversion processes based on electrocatalytic and photoelectrochemical approaches. Among important 

issues are choice of the catalytic or semiconducting materials, their morphology and operating conditions 

including temperature, solvent, electrolyte, pH etc. There is a need to improve the reaction dynamics and 

selectivity toward specific products. In practical electrolysis cells, the CO2-reduction (at cathode) is 

accompanied by water oxidation (at anode or photoanode).  

Given the fact that the CO2 molecule is very stable, its electroreduction processes are 

characterized by large overpotentials. It is often postulated that, during electroreduction, the rate limiting 

step is the protonation of the adsorbed CO product to form the CHO adsorbate. In this respect, the proton 

availability and its mobility at the photo(electro)chemical interface has to be addressed. On the other 

hand, competition between such parallel processes as hydrogen evolution and carbon dioxide reduction 

has also to be considered. 

Recently, mixed oxide systems stabilized through Zr-O-W bonds have been demonstrated to be 

very attractive acid catalysts exhibiting high catalytic activities and good stabilities in many demanding 

industrial reactions. The mixed WO3/ZrO2 systems are characterized by fast charge (electron, proton) 

propagation during the system’s redox transitions. By dispersing metallic Cu electrocatalytic 

nanoparticles over, under or within, such active WO3/ZrO2 matrices, the electrocatalytic activities of the 

respective systems toward the reduction of carbon dioxide have been significantly enhanced even at 

decreased loadings in acid media. The enhancement effects should be attributed to features of the mixed 

metal oxide support such as porosity and high population of hydroxyl groups (due to presence of ZrO2), 

high Broensted acidity of  sites formed on mixed WO3/ZrO2, fast electron transfers coupled to unimpeded 

proton displacements (e.g. in HxWO3), as well as strong metal-support interactions between nanosized 

metals (Cu) and the metal (W, Zr) oxo species.   

Furthermore, we have concentrated on the development of hybrid materials by utilizing 

combination of metal oxide semiconductors thus capable of effective photoelectrochemical reduction of 

carbon dioxide. For example, the combination  of titanium (IV) oxide and copper (I) oxide has been 

considered before and after sunlight illumination. Application of the hybrid system composed of both 

above-mentioned oxides resulted in high current densities originating from photoelectrochemical 

reduction of carbon dioxide mostly to methanol (CH3OH) as demonstrated upon identification of final 

products. Among important issue is intentional stabilization, activation, and functionalization of the 

mixed-metal-oxide-based photoelectrochemcal interface toward better long-term performance and 

selectivity production of small organic molecules (C1-C4) and other chemicals. In this respect, ultra-thin 

films of conducting polymers, supramolecular complexes (with  nitrogen containing ligands and certain 

transition metal sites) or robust bacterial biofilms could be advantageous.  

In the presentation, special attention will be paid to mechanistic aspects of electroreduction of 

carbon dioxide, fabrication and characterization of highly selective and durable semiconductor 

photoelectrode materials and to importance of the reaction conditions.  
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Ionic liquids have been under extensive research for use as electrolytes in supercapacitors due to their wide 

electrochemical window. In order to better understand the interfacial properties, it is necessary to study the 

interfacial structure on the atomistic level. 

In this work, the interface between graphene and an ionic liquid (1-ethyl-3-methylimidazolium 

tetrafluoroborate) was studied by the means of large scale density functional theory simulations at variable 

surface charges. The primary research focus was on electrode’s charge screening and polarisation. For the 

first time for the chosen level of theory, we have evaluated the significant impact of the graphene 

polarisation on the interfacial capacitance. Furthermore, we have verified a correction term for including 

the electron density perturbation in the evaluation of electrical double layer potential drop. 

The implementation of density functional theory in simulations allowed to examine charge distribution and 

polarisation on the interface. As a result of reckoning the electron structures of the atoms, it was possible 

to show that: 

• overscreening is preserved with inclusion of quantum effects, 

• as a result of polarisation, charge on the electrode is distributed unequally, 

• the perturbations of graphene’s electron density affect the interfacial potential drop. 

A correction term calculated from atomic dipoles of graphene carbon atoms was introduced in this work, 

which characterises the deformation of graphene’s electron density in the interface. As a result of the 

correction, the potential drops decreased 20–35% and integral capacitance increased 20–50%. 
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For the mobile energetic applications and to use electrochemical devices in the isolated places the 
electrical power sources should have high specific energy and power density values. One of the reusable 
powerful electrical energy sources are the electrical double layer capacitors and hybrid supercapacitors 
(EDLCs and HSCs, respectively). To extend the energy and power densities, it is very attractive to 
combine the electrochemical faradic reactions and ions adsorption into/onto a single device.1
Very promising non-aqueous electrolytes for the EDLCs are the room temperature ionic liquids (RTILs) 
that have high electrochemical stability and low vapour pressure, giving unique chance to investigate the 
changes in the chemical composition of the investigated electrolyte solution | electrode material systems 
during in situ experiments at the highly polarised electrodes using high vacuum X-ray photoelectron 
spectroscopy (XPS). Thus, this kind of in situ experiments enable to study the electrochemical properties 
of the solid electrode | RTIL based electrolyte interface close to the real EDLC conditions. 
The electrochemical behaviour of 1-ethyl-3-methyl-imidazolium (EMIm) cation based RTILs, i.e. 
EMImBF4,2 EMImB(CN)4,3 1wt% EMImI and 5wt% EMImI solutions in EMImBF4,4 have been studied 
by in situ XPS, cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) methods 
applying the three-electrode cell configuration. Beside with the experiments performed in the high 
vacuum conditions, additional CV and EIS experiments have been conducted in the very dry oxygen free 
Ar filled glove box conditions.  
Collected in situ XPS data for EMImBF4 and EMImB(CN)4 show that the C 1s, N 1s, F 1s and B 1s 
electrons binding energy (BE) vs. micro-mesoporous C(Mo2C) electrode potential (E) had a slope dBE 
dE-1 = -1.0 eV V-1 in the potential range of the absence of intensive charge transfer reactions.  This slope 
value indicated non-specific adsorption of the RTIL ions at the electrode surface within limited electrode 
potential region. For the 5wt% EMImI solution in EMImBF4, specific adsorption of the I- anions, the 
electrooxidation of the I- anions to I3

- anions and the evaporation of the I2, formed, was established in the 
high vacuum in situ XPS and electrochemical measurements.4 However, the dBE dE-1 = -0.5 eV V-1 for I 
3d5/2 electrons in the potential range -0.37 V < E < 0.43 V vs. Ag/AgCl (in EMImBF4), that indicated the 
specific adsorption of I- anions at the C(Mo2C) surface.4 

The EIS and CV data showed that the electrochemical polymerisation of tetracyanoborate anions started 
at E = 2.12 V vs. Ag/AgCl (in EMImBF4) leading to the expansion of the passivating film at the C(Mo2C) 
electrode surface and to the filling of the electrode micro-mesoporous structure with blocking polymer.3   
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A TOF-TOF imaging mass spectrometer allows conventional time-of-flight secondary ion mass 

spectrometry (TOF-SIMS, MS1) analysis and tandem MS (MS2) analysis, i.e. TOF-SIMS tandem MS 

imaging, to be achieved simultaneously and in parallel for rapid mass spectrometry imaging and constituent 

identification.1 Secondary ions for MS1 and MS2 imaging are produced from the same area of the surface 

by a pulsed and digitally raster-scanned primary ion nanoprobe. The sensitivity of the TOF-SIMS tandem 

MS imaging spectrometer is high so that the analytical ion dose may be minimized; therefore, samples may 

be probed without accumulated damage or degradation. Fragmentation of the precursor ions, defined by a 

monoisotopic selection window, is accomplished by collision-induced dissociation (CID) at 1.5 keV in an 

activation cell of Ar gas at high pressure. Lateral resolutions produced in both MS1 and MS2 images are 

demonstrated to be in the range of 70 nm < Δl80/20 < 1 m. This tandem MS imaging capability has been 

brought to bear for straightforward identification as well as multifaceted studies involving sub-monolayer 

catalyst films, organic photovoltaic (OPV) and Li ion battery materials, fuel cells, patterned devices and 

sensors. Further utility for 3D characterization is provided by an in situ focused ion beam (FIB) column. A 

brief introduction and description of the analytical technique will be provided. Ongoing research will be 

summarized revealing the identification of chemistry at high resolving power for materials and device 

characterization. 
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The surface structure of metal electrodes plays a decisive role in many electrochemical processes, 

particularly in electrocatalysis. In liquid electrolytes the stability of metal electrodes is achieved by 

establishing an equilibrium between atoms of the solid, corresponding metal ions and electrolyte ions in 

liquid phase via the formation of the electrical double layer (edl) [1]. Contributing to the formation of edl, 

halide ions may, in certain conditions, promote restructuring of the electrode surface. Considering, that 

there is limited understanding of the interactions at metal│ionic liquid interfaces, it is necessary to study 

how the stability of metal electrodes with varying metallic properties is influenced by a purely halide 

ionic liquid environment.  

To assess the electrochemical stability of bismuth single crystal electrode planes with varying degrees of 

metallicity in ionic liquid media, we investigated Bi(111), Bi(001) and Bi(01 ) in 1-propyl-3-

methylimidazolium ionic liquid (PMImI) under electrochemical polarization conditions using 

electrochemical scanning tunneling microcopy method (in situ STM). No potential-induced surface 

reconstruction phenomena could be inferred from prior study that focused on surface-averaging 

electrochemical methods, such as cyclic voltammetry (CV) and electrochemical impedance spectroscopy 

(EIS) [2]. In fact, CV and EIS data suggested that the electrochemical stability range of the 

aforementioned systems is comparatively similar and is mainly governed by the electrochemical stability 

of PMIm+ cation at the negative potential limit and quasi-reversible process, which may be attributed to 

both bismuth dissolution and triiodide complex formation, at positive potential limit [2]. However, 

dynamic in situ STM measurements imply, that both difference in metallic properties of single crystal 

electrode planes and potential-dependent nature of iodide ion adsorption play fundamental role in the 

structure and stability of the electrode surface.  

Being the least metallic plane of three, Bi(111) shows no sign of surface reconstruction and is stable 

within the whole potential polarization range. Dissolution and re-deposition of surface atoms at both 

polarization limits occur predominantly on the terrace edges of already existing surface structures. On the 

contrary, three distinct types of surface structures have been observed for both Bi(001) and Bi(01 ) 

within the electrochemical stability range. The potential-dependent formation of these surface structures 

was found to be rapid and highly reversible, pointing at the possibility of surface reconstruction processes 

for both planes. This argument is supported by the time dependent stability tests at specific potential 

values – surfaces remained stable and did not undergo any sort of modification. Interestingly, iodide ion 

monolayer was also present in Bi(001)│PMImI and Bi(01 )│PMImI systems within their corresponding 

potential polarization ranges. Fine structure images reveal distinct differences in adlayer coverage of 

given systems. From this observation it can be concluded that the atomic density of a plane proves to be 

the best predictor of adlayer coverage of the iodide layer. These results demonstrate how the surfaces of 

bismuth single crystal electrode planes are influenced by both their electronic structure and by the 

adsorption properties of ions present in ionic liquids. Thus, this signifies the importance of using 

complimentary methods when assessing the stability of single crystal electrodes.  
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Ionic fluxes have been studied during electrode polarization in the three-electrode assembly. The results of 

that study could play a crucial role in further development of electrochemical capacitors, based on porous 

activated carbon electrodes. For that purpose, several aqueous electrolytes have been analysed in order to 

determine the ion transport from the electrolyte bulk towards the electrode surface. Electrochemical quartz 

crystal microbalance (EQCM) has been utilized as a powerful technique which allows observing the ion 

movement near the polarized surface. 

Particular attention has been focused on the redox-active species, which dramatically increase the 

quantitative performance of the system via boosting its specific capacitance. Strong iodide anion affinity to 

carbon surface in the number of alkali metal solutions, i.e., NaI, KI, RbI has been proved. Moreover, to 

exclude possible experiment limitations, our studies have been conducted using various electrochemical 

techniques, such as: cyclic voltammetry and large amplitude sinusoidal voltammetry. Different hydration 

numbers have been recorded for cations used (for Na+ is 4, for K+ is 6, for Rb+ is 2 or 4 accordingly to the 

utilized anion) and anion behaviour in all cases reveal similar performance.  

 

 
Fig. 1 Hydration number estimation for Rb+ cations in 0.1M RbI solution 

 

It appeared that the recorded mass change for positive polarization did not correlate well with any form of 

the iodide specimen. For that reason, the rubidium hydroxide solution has been proposed as a reference to 

redox active electrolyte. It allows comparing electrostatic attraction of hydroxide anion (OH-) with iodide 

anion (I-). In case of RbOH solution, the mass change during positive polarization correlated much better 

with OH- adsorption and was similar to the response in RbI solution. Therefore, it has been assumed that 

the iodides (in various forms) might be adsorbed at the carbon surface specifically, but the charge is 

counterbalanced by OH- adsorption even in RbI solution. Insightful understanding of redox active species 

transport in the bulk of electrolyte has been revealed. 
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Development of efficient and reliable energy production systems requires good understanding of reaction 

and degradation processes in the materials. The FIB-SEM method has provided microstructural data for 

visualizing the gas pathways and reactions sites in solid oxide fuel cell (SOFC) and solid oxide electrolysis 

(SOEC) materials [1,2]. The main shortcoming of FIB-SEM method lays in the absence of elemental 

information which hinders the studies of diffusion and reaction processes that could be overcome with the 

addition of EDS method. The FIB-SEM-EDS method has its own downsides regarding the collection time 

and geometry limitations when analyzing a FIB crater [3].  

 

TOF-SIMS method provides excellent data regarding the element mobility between the layers of SOFC and 

SOEC materials [4,5]. For better understanding the behavior and extent or element mobility 3D structures 

similar to FIB-SEM method, sequential FIB milling was performed on SOFC and SOEC samples. The 3D 

reconstruction of FIB-TOF-SIMS allows to visualize and analyze the materials even further for more 

thorough understanding and therefore overcoming of the degradation processes in studied systems.  

 

During the operation of SOFC element oxygen was replaced with oxygen-18 for isotopic marking of oxygen 

conducting areas. Blocked sites ie. non-working regions in the SOFC and SOEC elements can therefore be 

identified by comparing 16O and 18O ion signals. 
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The use of silica has been studied as a support material with other materials.1, 2 Since Bonaccorso et al.3 

established the ballistic transport and electrical properties of graphene, several research has been conducted 

on the interaction between graphene and silica.4 However, incorporation of TiO2 on graphene-silica 

resulted in a memristor based on the titanium oxide films and titanium nitride electrode.2 Ramoraswi and 

co-worker’s5 revealed enhance textual properties of multi-walled carbon nanotubes (CNTs) with a high 

loading when TiO2 was supported on multi-walled carbon nanotubes (CNTs) and SBA-15. To understand 

the origin of the electron transfer during photocatalysis, a projected density of state is conducted to assess 

the orbital contribution in the charge transfer and the effect of introducing TiO2. All the calculations are 

performed using density functional theory,6 with the generalised gradient approximation parameterization 

of Perdew-Burke-Ernzerhof functional as implemented in Cambridge Serial Total Energy Package7 of 

Material Studio 2016. To simulate the interfacial and optical properties of the composite material, the 

powder diffraction patterns and Raman spectra for the starting structural models, as well as pure TiO2, 

graphene and epoxy graphene monoxide are computed. The electronic and optical properties analysis of 

the epoxy-graphene monoxide and graphene composites are found to be more sensitive in the visible region 

(400 to 800 nm) compared to the TiO2, SiO2, graphene and epoxy graphene monoxide monolayers. The 

electrostatic potential of the composites was reduced compared to the individual monolayers, which 

indicates effective electron transfer. Therefore, the new composite material is superior in properties and 

would find applications in TiO2-based photocatalyst material by exploiting the advantages of other 

materials.   

 

References  

1. N. Kakhramanov, A. Azizov, V. Osipchik, U. Mamedli and N. Arzumanova, International 

 Polymer Science and Technology, 2017, 44, T37. 

2. M. Yildiz, Y. Aksu, U. Simon, T. Otremba, K. Kailasam, C. Göbel, F. Girgsdies, O. Görke, F. 

 Rosowski and A. Thomas, Applied Catalysis A: General, 2016, 525, 168-179. 

3. F. Bonaccorso, Z. Sun, T. Hasan and A. Ferrari, Nature photonics, 2010, 4, 611-622. 

4. X. Fan, W. Zheng, V. Chihaia, Z. Shen and J.-L. Kuo, Journal of Physics: Condensed Matter, 

 2012, 24, 305004. 

5. N. O. Ramoraswi and P. G. Ndungu, Nanoscale research letters, 2015, 10, 1. 

6. P. Hohenberg and W. Kohn, Kohn W, Sham LJ (1965) Phys Rev, 1964, 140, A1133. 

7. M. Segall, P. J. Lindan, M. a. Probert, C. Pickard, P. Hasnip, S. Clark and M. Payne, Journal of 

 Physics: Condensed Matter, 2002, 14, 2717. 



 

 Electro-chemo-mechanical deformation of polypyrrole in cell culture 

medium 

 
Madis Harjo, Martin Järvekülg, Rudolf Kiefer 

Intelligent Materials and Systems Lab, Faculty of Science and Technology, University of Tartu 

Nooruse 1, 50411 Tartu, Estonia 

madis.harjo@gmail.com 

 

Biomaterials are biocompatible materials that interact with biological systems in a desired way. The main 

interest nowadays is focused on the combination of actuators and biomedical applications. Polypyrrole 

(PPy) doped with Dodecylbenzenesulfonate (DBS) and CF3SO3 (TF) films have been investigated to 

optimize their mechanical properties. The main objective of the research is to create bioactive films that 

can functionalize as artificial muscles with linear actuation properties. For this purpose, the electro-

chemo-mechanical deformation (ECMD) of PPy films is investigated in cell culture medium (CCM) 

which is a solution designed for cell growth, and compared with those actuated in regular aqueous 

electrolyte. The main application is focused on controllable films where the active actuator element (PPy) 

is envisaged to lead to faster cell growth, and therefore, is an active element in wound healing 

management. Scanning electron microscopy images, conductivity measurements and ECMD 

measurements in combination with electrochemical techniques (cyclic voltammetry and 

chronoamperometry) are performed. Steady state conditions for PPyDBS (20μm thick) samples in cell 

culture medium were established in voltage range of 0.2V to -1.2V and stress was measured up to 1.4 

Mpa. Steady state conditions for PPyTF (20μm thick) samples in cell culture medium were established in 

voltage range of 0.3V to -0.6V and stress was measured up to 2.1 MPa. 
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(La1-xSrx)yBO3−δ (B = Co, Fe) cathode is an excellent mixed electron and ionic conductor in the solid 
oxide fuel cells (SOFC) cathodesfamily [1, 2]. Increasing internest in the operation of SOFCs at 
temperatures considerably lower than 1200 K, has raised the need for fundamental studies for a better 
understanding of the factors  determining limiting processes for oxygen reduction reaction at cathode 
side. The in-situ X-ray analysis is a good tool to describing the material crystallographic changes [3-4], 
which is very important to understand the background of degradation processes. 
   
The SOFC symmetrical cells with porous (La1-xSrx)yBO3−δ (B = Co, Fe) electrodes for intermediate 
temperature applications have been studied under electrochemical polarization and synthetic air + H2O 
vapor (so called moisturized cathode gas) feeding conditions using high-temperature electrochemical in-
situ X-ray diffraction method, chronoamperometry, cyclic voltammetry, and impedance spectroscopy 
methods. Changes in the lattice parameters and electrochemical activity of the cathode were calculated 
depending on the temperature (T), electrode potential (E), and oxygen partial pressure (pO2) applied.  
 
Detailed comparison of experimental data demonstrates that the electrocatalytic activity of the cathode 
decreases with increasing Fe cation substitution into the B site. For the slightly cationic deficient in A-
position (La0.6Sr0.4)0.99CoO3−δ shows that, the cathode structure is more stable and the electroreduction of the 
oxygen was higher, compared with ohter studied materials. 
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Developing novel electrode materials with higher capacity and rate capability for advanced 
lithium and sodium-ion batteries is of great interest to meet the ever-increasing demand for energy storage. 
Nanostructured metal chalcogenides (MCs, C = S, Se) are attracting significant research interest because 
they can provide higher theoretical capacities than most carbon materials and traditional intercalation 
compounds. Among various nanostructures, yolk-shell structure is ideal design to provide good access to 
electrolyte and buffer volume change during cycling. In this work, for the first time, we synthesized nano-
sized heterogeneous yolk-shell structure comprised of MCs@void@N-doped carbon (MC-NC) by flame 
spray pyrolysis and polydopamine coating. Flame spray pyrolysis is a scalable, commercialized method 
for the rapid synthesis of nanoparticles with tunable size. When employed as a sodium-ion battery anode, 
the MC-NC yolk-shell nanospheres exhibited stable discharge capacity and enhanced rate capability.  
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The thermocell is a new technology that converts heat into electric energy [1-4]. Unlike conventional 

thermoelectric devices and secondary batteries, electrodes are subject to a thermal cycle and the 

difference in the temperature (T) coefficient (α = ∂V/∂T) of the redox potential (V) between the anode and 

cathode is the origin of energy conversion from heat to electromotive force. From the viewpoint of 

thermodynamics, α is related to the difference between anode and cathode of the entropy (ΔS) and Gibbs 

free energy (ΔG) as eα = ΔS = -∂ΔG/∂T, where e is the elementary charge.  

 

Accurate measurement and prediction of α is critical when developing a practical thermocell that can 

recover waste heat near room temperature into useful energy at low cost and high efficiency. This work 

experimentally and computationally determines α of the LiFePO4 → Li+ + FePO4 + e- redox reaction 

because this reaction is very well understood and utilized in conventional lithium ion batteries, there are 

no intermediate compounds between LiFePO4 and FePO4, and the crystal structures of these compounds 

are established. 

 

Experimental determination were carried out at fixed anode temperature while the change equilibrium 

potential was carefully measured while the cathode temperature was varied using the experimental setup 

shown in the figure. The entropy difference was computationally obtained using first principles 

calculations and the quasiharmonic approximation. The experimental α near room temperature was 

determined as ~0.9 mV/K, which reasonably agrees with computation when the solution effect 

contribution of ~0.5 mV/K [5] is taken into account. This result demonstrates the effectiveness of 

computational prediction of α, which is expected to increase the speed of candidate electrode search. 

 

 
 

Figure.  Experimental setup used to measure the temperature coefficient of the redox potential. 
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A large variety of processes are affected by the hydrogen ion and hence by pH, the measure of hydrogen 

ion content, which is probably the most measured chemical quantity and has interdisciplinary 

applications. pH measurement is well-defined and straightforward in dilute aqueous solutions, but the 

same does not apply to other media. Because of different standard states (reference points) pH values of 

different media cannot be compared, even at a theoretical level, not to mention practical measurements. 

 

The theoretical basis enabling comparison of pH values between different media – the so-called unified 

pH scale (pHabs scale) – was developed in 2010 by Himmel et al.1 It is based on a single universal 

reference point – absolute chemical potential of the hydrogen ion in the ideal gas phase – and expresses a 

direct measure of the hydrogen ion chemical potential in any given medium. 

 

The first experimental realization of the pHabs approach was the pHabs measurement of liquid 

chromatography mobile phases.2,3 The developed experimental method is based on differential 

potentiometry with two metal-contact glass electrodes and enables direct measurement of pH differences 

(∆pHabs values) between solutions. 

 

The measured unified pH values reveal that the pH value of the aqueous mobile phase component does 

not show the acidity range of the mobile phase. For example, MeCN/ pH 5 50/50, MeCN/ pH 3.77 80/20, 

MeOH/ pH 5 80/20 from ref 2 and MeCN/ pH 4.50 70/30, MeCN/ pH 5.50 50/50 from ref 3 all have 

unified pH of 7.5, although all water phases are clearly acidic. The results also show that different organic 

solvents and solvent fractions in combination with different aqueous phases can be used to achieve a 

desired acidity. This means countless possibilities and a clear knowledge is needed about how the organic 

solvent and its amount in the mobile phase affect the acidity. 

 

In conclusion, The main trends in acidity of mobile phases are (a) solutions containing methanol are more 

acidic than the respective acetonitrile-containing solutions of similar composition and (b) the larger the 

volume fraction of organic phase the higher is the pHabs of the solution. These comparable pHabs values 

give the possibility to better estimate the acidity of a solution and reduce method development time. 
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Perfluorinated proton-exchange polymers form the basis of standard high-performance PEMFCs and PEM 
electrolyzers but difficult synthetic chemistry hampers further materials development. Hydrocarbon proton-
exchange materials, on the other hand, are founded on well-established and versatile synthetic chemistry 
that allows for rapid materials development, and potentially offer a less expensive alternative to 
perfluorinated polymers.  In the corollary case of Anion Exchange Membrane electrochemical technologies, 
the search continues for an alkaline-stable, polymeric hydroxide-conducting medium.  Solutions to these 
challenges require the undertaking of rigorous systematic studies on model polymers and representative 
materials of known and controllable macromolecular structure. In this presentation, the evolution and 
properties of unique proton- and hydroxide-conducting polymers will be described..  
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Recently, lithium-ion batteries are most widely used as a power source for portable devices, electric 

vehicles, and energy storage system etc. However, it cannot be expected to increase energy density in 

lithium-ion batteries employing graphite as a negative electrode that is faced with limitation in capacity. 

Lithium metal as a negative electrode has been considered to develop energy density because of its’ high 

theoretical specific capacity (3860 mAh g‒1 and 2060 mAh cm‒3) and the lowest standard electrode 

potential (‒3.04 V vs. standard hydrogen electrode) [1]. Nevertheless, it has not been applied to 

commercial lithium secondary batteries due to its’ high reactivity in the ambient atmosphere and the 

dendritic lithium formation during charge and discharge process which cause poor cyclability and critical 

safety problem [2]. In general, the native film is commonly formed on lithium metal that has an influence 

on the electrochemical properties of lithium metal electrode. Therefore, it is needed to understand 

correlation between native film and solid electrolyte interphase (SEI). In this study, we prepared three 

type of lithium metal to control nature of the native film by different temperature of heat treatment at 26.8. 

38.7, and 55.1 °C, respectively. The cycling performance and interfacial resistance were investigated as 

shown Fig. 1. It can be confirmed different electrochemical properties and interfacial resistance in lithium 

metal electrodes heat treated at different temperatures. This result indicated that SEI formation is greatly 

dependent on the nature of native film on lithium metal surface. We also investigated components of 

native film and SEI in order to understand correlation between them by X-ray photoelectron spectroscopy. 

We will discuss the correlation and the structures of native film and SEI on lithium metal in this meeting. 
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Fig. 1. (a) The cycling performance of the lithium half-type cells (NCM + LMO/Li metal) at 0.4 C rate. 

(b) Nyquist plots of the Li/Li symmetric cells after storing 7 days with 1 M LiPF6 in EC + EMC (1:1 

v/v) electrolyte. All of the electrochemical measurements were performed by using three different types 

of lithium metal negative electrode (Type A: 26.8 °C, Type B: 38.7 °C, Type C: 55.1 °C). 
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For decades the research and development efforts have been made to improve the performance (i.e., 
cyclic stability, specific capacitance, power and energy density) of the supercapacitors based on various 
nanoporous carbons [1,2]. Apart from improving the specific surface area, majority effort has been made 
to optimize the desired pore size of the carbon and electrode obtained from that. It has been demonstrated 
that mainly because of the unsuitable pore structures of electrodes, the high rate ion diffusion is hindered 
or pores with high resistances limit the efficient charge transfer [2-4]. Thus, the design and fabrication of 
porous carbons and electrodes with optimized nanostructures for fast electron and ion transport can 
improve overall the performance of the supercapacitor. 
In order to understand at the fundamental level the key characteristics, the small-angle neutron scattering 
(SANS) and small-angle x-ray scattering (SAXS) techniques were applied. Our combined study provides  
insight into microporous carbon and electrode material obtained by adding a PTFE binder to carbon 
powder. For further analysis of in situ and operando SANS data the detailed structural information was 
collected and analysed [5,6]. Additionally, we analysed the same materials after intruding the pores with 
deuterated contrast matching liquids (D20 and Toluene). Our results show that D2O (contrary Toluene) 
does not fully enter the largest pores of the powder and electrode. A key structural features of nanocarbon 
powder and electrode will be the subjects of a presentation. Results obtained by in situ to operando SAS 
techniques are scientifically interesting and technologically very relevant for electrochemical 
applications. 
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The voltammetry of electrodes modified with nanoparticles is often substantially different from
the the voltammetry of their bare equivalents, giving rise to high hopes and great expectations particularly
in the development of new electrocatalysts.

The decision whether a new electrode material is considered `catalytically active’ with respect to
another material is often made on the basis of a voltammetric analysis. Intuitively one may conduct the
following experiment: A bare- and a particle-modified electrode are subsequently set in contact with a
solution comprising the reactant or reactants of interest and two cyclic voltammograms are recorded. If
the peak position for the modified electrode is then shifted towards the anticipated standard potential of
the reaction, one may, again intuitively, infer the electron transfer rate had changed and the new material
was catalytically active.

This talk reveals that the voltammetry of particle-modified electrodes bears a significant, yet
entirely unexpected level of complexity. Depending on the experimental conditions, electrodes decorated
with  inactive particles  may show seemingly reversible or  seemingly irreversible reactions though the
actual reaction kinetics remain unchanged. This finding can be understood via a theoretical analysis of the
altered mass transport in the porous layers formed by the deposited particles and is discussed in detail.

Presented findings are of crucial relevance to all voltammetric studies of electrocatalysis and
demonstrate that detailed theoretical modeling is essential for any interpretation of related voltammetric
data.
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Various electrochemical methods have been applied to establish the electrochemical characteristics 

of the electrical double layer capacitor (EDLC) consisting of the 1 M triethylmethylammonium 

tetrafluoroborate solution in acetonitrile and 

activated carbon based electrodes. Activated 

microporous carbon materials used for the 

preparation of electrodes have been synthesized 

from the hydrothermal carbonization product 

(HTC) prepared via hydrothermal carbonization 

process of D-(+)-glucose solution in H2O, 

followed by activation with ZnCl2, KOH or their 

mixture. 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 correlations between 

SBET, Smicro, Vtot and electrochemical characteristics have been studied to investigate the reasons for 

strong dependence of electrochemical characteristics on the synthesis conditions of carbon materials 

studied. Wide region of ideal polarizability (V ≤ 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 [1].  
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Fig.1 Specific power and energy dependances for 
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Due to the large surface area and high surface to volume ratio, the microporous carbon materials play a 
major role in energy storage devices such as batteries, supercapacitors and fuel cells [1]. A special case 
among microporous carbons is carbide-derived carbon (CDC) with exceptionally narrow pore size 
distribution, which has the proved benefits for the efficient electrosorption of the electrolyte ions [2]. In 
recent years, there has been more attention on the possible use of biomorphic carbon as the electrode 
material in the energy storage. An attractive strategy to combine the unique cellular structure of 
biomorphic materials and the advantages of CDC is to use biomorphic carbides in CDC synthesis. 
Because of the high availability and low cost, wood is seen as a potential source material for carbon to 
prepare cellular carbides (e.g. SiC, TiC) with high porosity [3] 
In this work, the biomorphic wood-derived CDC (wCDC) was made by etching with chlorine the 
biomorphic TiC, prepared by carbothermal reduction of TiO2 with charcoal. The morphology and 
structure of materials (wTiC and wCDC) were studied by scanning electron microscopy (Figure 1a and 
1b) and X-ray diffraction. According to the N2 adsorption, the surface area (SBET) of the wCDC is ~1200 
m2g-1 and the average pore size is 1.07 nm. The electrochemical characteristics of biomorphic wCDC 
were measured in three different non-aqueous electrolytes (TEMA-BF4, SBP-BF4 and EMIm-BF4) using 
galvanostatic (CC) and cyclic voltammetry (CV, Figure 1c) methods in the three-electrode test cells. The 
highest capacitance (CC at 0.5 mA/cm2) was achieved with ionic liquid (EMIm-BF4), 112 Fg-1 and 113 
Fg-1 for positive and negative electrode potentials, respectively. Remarkable fact is that the cathodic 
capacitance exceeds the anodic one in all three electrolytes. A particularly large difference on anodic and 
cathodic capacitances occurs using a SBP-BF4 electrolyte, 99 and 109 Fg-1, respectively. The 
electrochemical behavior of wCDC was tested in a wide range of potentials, -2.5V - +1.4V vs. reference. 
It was found that the biomorphic carbon has reasonably good electrochemical stability, which was 
characterized in cycle-life tests. This study shows that the wood-derived CDC has good perspectives as an 
electrode material for the energy storage. 

      
Figure 1. High-resolution SEM images of biomorphic wTiC (a) and wCDC (b). The CV plots of wCDC 
measured at voltage scan rate of 2mVs-1 with three different electrolytes. 
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Graphene is a promising material for energy storage applications; however, many of the 

fundamental electrochemical properties of graphene and its “parent” material, graphite, are not fully 

understood. In this work, we studied the capacitance of highly ordered pyrolytic graphite (HOPG), with 

the specific aim of investigating the relationship between capacitance and cation size at the basal plane 

and edge-oriented planes of the material. A series of alkali metal cations, from Li+, Na+, K+, Rb+ and Cs+ 

with chloride as the counter-ion, were used at a fixed electrolyte.  The basal plane capacitance was found 

to increase from 4.72 µF cm−2 to 9.39 µF cm−2 when the hydrated cation diameter fell from 0.702 to 0.412 

nm, suggesting that the capacitance of the basal plane is dependent on the ionic size and dominating by 

the Helmholtz and space charge capacitance. In contrast, the edge-oriented samples display capacitance 

two orders of magnitude higher than that of the basal plane (~416 µF cm−2to 440 µF cm−2), this is 

attributed to the contribution from pseudo-capacitance of oxygen groups. This work improves the 

understanding of capacitive properties of carbonaceous materials in general, leading to the development 

of energy storage. 
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Polymeric binder considered as a crucial component in composite batteries electrodes, although it 

relatively small fraction. The polymeric fibrils bond electrode particles together ensuring electronic and 

mechanical stability of the battery over long operation period. An important requirement from the binder 

is its ability to accommodate volumetric changes caused by ion insertion into the host material. An ideal 

binder should present suitable viscoelastic properties to allow repeatable deformation without rupture. 

This demand is critical especially for high strain electrodes such as Si or NaFePO4.  

The present study focuses on the mechanical interaction developing between the PVdF binder and the 

active battery particles under moderate and high-volume changes. By electrochemical insertion of Li and 

Na ions into a similar host system (FePO4), we exposed the electrode to volumetric changes of 5% and 

17% respectively. Due to the rigid nature of the PVdF in aqueous based electrolytes, repeated 

insertion/extraction of Na+ led eventually to severe binder destruction. On contrast, in aprotic medium 

(NaPF6 in EC:DMC) the PVdF raveling soft and tough manner (i.e. low storage modules almost constant 

lose modules during Na+ insertion/extraction, compare to a similar binder in neutral electrolytes) allows 

the intercalation particles to freely expand with no binder damage (Figure 1) . For each situation, clear 

acoustics signature was recorded using EQCM-D carried rich information for quantitative mechanical 

diagnostic of the composite electrode. 

 

 
 

Figure 1. Top (left column) and tilted view (right column) SEM images of the composite LFP/PVdF 

electrodes at pristine (A and E) state and after cycling in different electrolytes solutions.  The images at 

the right section were taken from uncoated zones in the electrodes. While after cycling in Li2SO4 (B,F) 

and NaPF6  (D,H), the structure of the binder is identical to its pristine form, massive destruction of the 

binder (seen as tiny PVdF particles) was observed after repeatable insertion and extraction of Na ions into 

the FP host. 
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Aqueous extract from leaves of Thevetia peruviana have been investigated as corrosion inhibitor for mild 

steel in I M HCl solutions using gravimetric and electrochemical techniques. The results reveal that 

Thevetia peruviana inhibited mild steel corrosion in the acid media in a concentration-dependent manner. 

The gravimetric results reveal that the adsorption of inhibitor on the metal surface is chemisorption. 

Potentiodynamic polarization results showed Thevetia peruviana to be a mixed type inhibitor in 1 M HCl 

environments, whereas the impedance results revealed adsorption of the inhibitor species on the steel 

surface. The adsorption was in accordance with Freundlich adsorption isotherm and negative adsorption 

energy, Δ𝐺o
𝑎𝑑𝑠 obtained inferred that the adsorption rates were spontaneous and the interaction between 

the inhibitive molecules was found to be repulsive.  

 

 
 

Figure 1: Variation of mild steel weight loss with Inhibitor concentration in the absence and presence of 

Thevetia peruviana at different temperatures in 1 M HCl. 

 

The use of natural products of plant origin as corrosion inhibitors is becoming the subject of 

extensive investigation [1-3]. In our present study, aqueous extract from leaves of Thevetia peruviana 

have been investigated as corrosion inhibitor for mild steel in I M HCl solutions. Figure 1 above clearly 

reveals that Thevetia peruviana effectively inhibits the corrosion of mild steel in 1 M HCl, which 

becomes more pronounced with increase in the concentration of Thevetia peruviana.  

Key Words: Thevetia peruviana, Corrosion Inhibitor, Mild Steel, gravimetric, Electrochemical technique  
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ABSTRACT 

X-ray absorption spectroscopy (XAS) was performed to investigate local structural changes around Fe 
and Ni atoms of the nano-crystalline spinel ferrite NiFe2O4 anode material at various potential states 
during initial lithiation/de-lithiation. Nano-crystalline NiFe2O4 was synthesized with the aid of a simple 
citric acid assisted sol-gel method and tested as an energy storage electrode for Li-ion batteries to get a 
preliminary picture of the conversion reactions. From the X-ray absorption near edge structure (XANES) 
and extended X-ray absorption fine structure (EXAFS), we elucidate a possible structure evolution 
process of the NiFe2O4 electrode during the first discharge and recharge cycle. XAS measurement along 
with ex-situ XRD identified a complete conversion of NiFe2O4 followed by the formation of Li2O with 
metallic Fe and Ni, as the cell is firstly discharged to 0.01 V. Instead of the original NiFe2O4 spinel phase, 
the metallic Fe and Ni particles are re-oxidized to γ-Fe2O3 and NiO phases during the subsequent de-
lithiation at 3.0 V. A reversible redox reaction among γ-Fe2O3, NiO and lithium ions is found in the 
second discharge cycle. However, XAS studies at the Ni and Fe K-edges unveils a partially irreversible 
conversion between Ni0 and Ni2+. Iron is participating in the electrochemical reaction with full 
reversibility while nickel is found the cause of partial irreversible capacity where it exists in both metallic 
nickel and nickel oxide phases. The non-metal reactivity contributes a significant part in the reversible 
capacity of the electrode.  

KEYWORDS: X-ray absorption spectroscopy, Energy storage, Spinel oxide, Lithium-ion batteries, 
Conversion reaction 
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The  temperature  dependence  of  the  electrical  double  layer  (EDL)  differential  capacitance  (C)  in
concentrated electrolytes, such as molten salts and ionic liquids, was in the focus of research since the 60–
70s. Recently the interest towards the capacitance vs. temperature dependence in ionic liquids has grown
in-line with the search of ionic liquids for electrochemical applications.1

   In this work, we performed molecular dynamics simulations of the EDL at variable temperatures. We
used  a  coarse-grained and  an  atomistic  1-ethyl-3-methylimidazolium  tetrafluoroborate  model.  The
simulations show that the interactions along with the packing of ions results 1) in a capacitance peak, and
2) in a stagnation of  the EDL layering on the potential  scale.  At the capacitance peak potential,  the
capacitance decreases with increasing the temperature. Heating causes smearing of the EDL layering and
delays the stagnation of the EDL layering (see the Figure below).
   The multilayer EDL can be approximated as a parallel plate capacitor. The surface charge plane situates
at z = 0 and the mass-centre of the ionic charge density at zion. We present a bilayer model in which 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 follows: U = (lσ − δλ)/(ε∞ε0). Under
assumption that hat l and δ are potential- and temperature-independent, 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) as confirmed by the simulations. Moreover,
the simulations data is in remarkable agreement with the recent experimental data from Ref. 2.

Figure. Differential capacitance (C) as a function of the potential drop (U) for a range of temperatures
from  250  K  to  500  K.  The  potential of  zero  charge 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.

1 M. Chen, Z.A.H. Goodwin, G. Feng, A.A. Kornyshev, J. Electroanal. Chem. (2017).
2 R. Costa, C. M. Pereira, and A. Fernando Silva, Electrochemistry Communications 57, 10–13 (2015).
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Generation of hydrogen through the electrolysis of water using electricity from renewable resources offers 

a sustainable, carbon-neutral way of H2 production. Hydrogen demand is expected to increase dramatically 

in the future as humankind will transit from fossil fuel-based to hydrogen economy. Resources of fresh 

water are, however, limited, therefore, it would be expedient to use seawater instead [1, 2]. This poses a 

challenge to find anode material, which would ensure selective evolution of O2 from chloride solutions and 

would be stable in highly corrosive environment. In the present study the suitability of nickel oxide film 

spray-pyrolytically formed on conductive glass substrate for selective electrocatalytic oxygen evolution 

reaction (OER) from alkaline chloride medium was investigated.  

Nickel oxide layers were formed on glass/FTO (SnO2:F) substrate using simple spray-pyrolysis technique. 

Electrolysis experiments were performed in the two-electrode cell in solution of 0.5 M NaCl + 1 M KOH 

using nickel foam as cathode. Surface morphology and chemical composition of the as-formed NiO layers 

as well as those exploited as anodes were investigated using scanning electron microscopy (SEM) and X-

ray photoelectron spectroscopy (XPS) techniques.  

 

 
 

Fig. 1 SEM images of FTO/NiO layer: a, c - as-formed electrode; b, d - after 100 h long exploitation in the 

electrolysis of 1 M KOH + 0.5 M NaCl solution at 100 mA cm-2 

 

The selectivity of the anode towards OER was studied by means of measuring the volume of gases evolved 

at the anode and cathode during the electrolysis as well as by investigation of the nature of the anodic 

reaction products. The stability of the anode under harsh conditions of OER in alkaline chloride solution 

was tested by monitoring the electrode mass. It was found to remain stable during cumulative 100 h long 

exploitation of the electrode at anodic current density of 100 mA cm-2. No essential differences between 

the surface morphology of pristine and exploited samples were observed in SEM images (Fig. 1).  

We demonstrate that nickel oxide layers spray-pyrolytically formed on conducting glass substrate are 

characterized by 100 % selectivity towards oxygen evolution reaction in the solution of 0.5 M NaCl + 1 M 

KOH and excellent resistance against corrosion. Oxidation of water molecules to O2 under conditions 

investigated is shown to proceed through intermediate stage of hydrogen peroxide formation. These 

findings suggest that FTO/NiO is a promising electrode to be used as dimensionally stable oxygen-selective 

anode in hydrogen production by means of alkaline seawater electrolysis.  

 

References 

1. J. E. Bennett, Int. J. Hydrogen. Energy, 5, 401 (1980) 

2. F. Diongi et. al, Chem. Sus. Chem. 9, 962 (2016) 

mailto:jurga.juodkazyte@ftmc.lt


 

 

Extraction of Thallium, Thorium and Uranium from Estonian 

phosphorite and phosphogypsum using Aliquat 336 

S. Jürjo1, L. Siinor1, C. Siimenson1, P. Paiste2 and E. Lust1  

Institute of Chemistry1, Department of Geology2, 

University of Tartu 

14A Ravila Street, 50411 Tartu, Estonia  

*Corresponding author: silvester.jurjo@ut.ee 

Keywords: Thallium, thorium, uranium, Estonian phosphorite, phosphogypsum, liquid 

extraction, ICP-MS. 

 

Text:  

Estonian phosphorite ore contains in addition to lanthanides also a significant amount of 
radioactive elements as thorium, uranium and toxic thallium. After phosphorite ore processing 

with sulphuric acid these elements remain mainly into phosphogypsum as radioactive and toxic 
waste. If these elements are not removed during processing, they will pose environmenta l 
threat. [1] 

Aliquat 336 efficiency and selectivity is much dependent on pH of the media. In some cases it 

is possible to take advantage of that phenomenon. Systematic results of tests have shown that 
in nitric acid media with low pH it is possible to separate exclusively thallium, thorium and 
uranium from Estonian phosphorite and phosphogypsum with high efficiency. Thus, it is 

possible to remove significantly radioactive elements before any other downstream process 
such as saponification for lanthanide extraction. It is also meaningful to investigate further 

processing possibilities of isolated radioactive elements. 

In current work effective processing technologies of Estonian phosphorite and phosphogypsum 

using different ionic liquids have been investigated. 
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There have been multitude of studies on trying to enhance the 

electrocatalytic activity and stability of Pd-based catalysts for the 

oxygen reduction reaction (ORR) [1]. In this work surfactant free 

Pd/C catalysts were prepared by electrodeposition. Deposition 

was carried out by applying potential steps between -0.25 (or 0) 

and 0.85 V vs SCE to electrochemically deposit Pd on various 

carbon nanomaterials (carbon nanotubes, graphene nanosheets, 

graphene nanoplatelets and Vulcan carbon black; designated as 

CNT, GNS, GNP, CB, respectively). The obtained catalysts were 

characterised using cyclic voltammetry and the rotating disc 

electrode method in alkaline solution. Furthermore, catalysts 

were studied with scanning electron microscopy (SEM). 

Deposition of Pd was carried out in 1 mM H2PdCl4 and 0.05 M 

H2SO4 solution stepping between aforementioned potentials with 

step durations of 250 ms and 3 s respectively with 500 iterations. 

Deposited Pd electroactive surface area varied greatly depending 

on the support material, with CNTs deposited at higher 

overpotential showed Pd surface areas of 0.19 cm2 and GNS 1.17 

cm2. Particles on the surface of CNTs were agglomerated, and 

the surface of CNTs was mostly not covered, most of the metal 

was deposited on the defects and tips of the CNTs. To improve 

the deposition on the CNT surface an electrochemical activation 

was used, where the CNTs were cycled between 0.1-1.6 V vs 

RHE. The activation process improved the electrochemically 

accessible surface area to 0.4 cm2. While the agglomeration 

remained, more individual Pd particles on the surface could be 

observed. Another attempt to improve the deposition on the 

surface of CNTs was to mix CNT with another carbon material. 

Mixture of GNP and CNT when depositing at higher 

overpotential showed metal particles deposited on the CNT 

surface and the material displayed larger electrochemical surface 

area and higher ORR activity than same materials when studied 

separately. Similarly, to CNTs activation process was applied, 

but when depositing on the activated CNT and GNP mixture loss 

in the electrochemical surface area was observed. Similar loss 

was also observed when trying to activate GNP separately, which 

could be due to lowering of the conductivity of the graphene. 

While all of the processes improved the specific activity of the CNT based Pd/C catalyst for O2 reduction 

it still remained inferior to that of GNS based catalyst. The influence of overpotential showed difference 

of 1.5-2-fold in electrochemical surface area. For all of the catalysts the ORR proceeded through the 4-

electron pathway. Tafel slopes were typical to those reported for carbon-supported Pd nanoparticles. 
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Figure 1. SEM images of: a) Pd/CNT, b) 

Pd/CNT activated, c) Pd/GNS deposited at 
a higher overpotential. 
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Abstract 

Corrosion is an important problem that affects the life of all materials, which are electrochemically 

reactive, depending upon their service conditions or environment. It is necessary to know the corrosion 

rate of a material/component in service to replace it safely when required. Steel is a widely used material 

for various applications including pipelines in oil and gas industry. Usually, a material is tested initially, 

at laboratory level over a range of conditions that are representative of actual service conditions. 

Corrosion rate is measured by various techniques, of which weightloss measurements, polarization and 

electrochemical impedance studies are widely used and generally reported in literature. Usage of inhibitor 

molecules is one of the corrosion mitigation methods. The corrosion inhibition by an inhibitor molecule is 

measured by its inhibition efficiency arrived at by its corrosion rate or resistance relative to that of a blank 

solution, using weightloss measurements, polarization and impedance studies. In the current work, we 

have tested few derivatives of thiourea, owing to an established attribute of thiourea as a corrosion 

inhibitor. Certain derivative shows a good inhibition efficiency as the others when evaluated using 

electrochemical tests i.e. polarization and electrochemical impedance studies at various concentrations. 

However, the same could not be observed using weightloss tests, rather an enhanced corrosion rate was 

observed for that particular thiourea derivative at a specific concentration. It has also been found from this 

work that, not all derivatives of thiourea displace corrosion potential to more cathodic values under tested 

conditions. Care has been taken to carry out the tests in a non-oxidising acid such as HCl, to avoid any 

effects of acid on thioureas, which are affected by oxidizing conditions. Other derivatives of thiourea 

which are already known for corrosion inhibition, have been tested under similar conditions, to check the 

correctness of test protocol. Additionally, it has been found that polarization and electrochemical 

impedance studies are not sufficient to establish a molecule as corrosion inhibitor, even in static 

conditions. This work intends to put forth this anomaly, which was an unexpected finding. 

 

Keywords: polarisation, thioureas, corrosion rate, electrochemical impedance studies 
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The Scanning Vibrating Electrode Technique has been applied to corrosion research for few decades and 
proved its relevance especially in specific localized corrosion research on carefully designed model-
electrode situations. However, due to the technical restrictions several limitations to the sample conditions 
have to be taken into account, especially the sample size and topography, as the ionic currents under 
observation are rapidly dependent on the probe to surface distance.  
New technical approach of combining the scanning confocal microscopy and 3D resolved SVET will be 
presented. Several topographically complicated and demanding model electrode systems were explored 
and the approach of localized electrochemical technics will be discussed and evaluated.  
The Different Al alloys (such as aeronautically relevant AA2024 and modern Al-Li alloy AA2198 
(Figure 1.)) are given as studied examples for estimation of corrosion localization and it’s influence.  
 

 
Figure 1. Optical top-view (a) and 3D distribution of anodic (red) and cathodic (blue) corrosion process 
induced ionic currents on Al-Li alloy 2198 in 0.05M NaCl corrosive media, observed by LocaProber 
(www.localprober.com). 
 
Also the different technologically relevant galvanic situations like CFRP + Al alloys or Ti + Al are 
considered in respect of design of dedicated corrosion inhibiting systems and its relevance of application 
of new approaches of SVET technique. 
The financial support by projects PIAPP-GA-2013-612415 (PROAIR) by EU FP7, 
IF/00856/2013/CP1162/CT0019 by FCT and PUT1033 by ETAg are gratefully acknowledged. 
 
 
 
 
 



 
Figure 2: Melting point dependence on anionic 

molar fraction of mixture (cation is choline). 

Determining the Melting Points of Biocompatible Ionic Liquids and 

Their Mixtures with Molecular Dynamics 

 
Karl Karua, Kaija Põhako-Eskob, Vladislav Ivaništševa 

a Institute of Chemistry, University of Tartu, Ravila 14a, 50411 Tartu, Estonia 
b Institute of Technology, University of Tartu, Nooruse 1, 50411, Tartu Estonia 

e-mail address: karl.karu@ut.ee 

 

Ionic liquids (IL) have been extensively studied due to their high thermal and electrochemical stability, 

which makes them suitable candidates for energy storage applications, catalysis, and numerous other 

applications [1]. However, most common ILs are quite toxic and harmful to the environment. Increase in 

the hydrophillicity and the exclusion of fluoro- and cyano-substituents generally results in less toxic 

ILs [2]. For example, choline cation has exhibited remarkably low toxicity and it can be combined with 

biocompatible anions derived from carboxylic acid derivates, benzoic acid derivates and artificial 

sweeteners such as saccharinate and acesulfame to yield much less toxic ILs. However, the primary 

drawback of such, more biocompatible, ILs is higher melting point and poor charge transport 

properties [3]. One way to lower the melting point is to create eutectic mixtures of ILs [4]. As there are a 

vast number of combinations and compositions of  

possible mixtures, characterising such mixtures is a 

suitable task for computational chemistry. 

The current work introduces a molecular dynamics 

simulation method to predict the melting temperatures 

of biocompatible ILs and their mixtures. The solid 

phases are obtained by applying Coulombic potential 

wells to a system of randomly packed ions. For each 

system, CsCl and NaCl lattices of potential wells with 

varying cell vector lengths were used to create the 

solid phases. Subsequently, all obtained solid phases 

undergo simulated annealing at 1 bar pressure until 

they melt. The melting points are determined by a 

change of slope in the diffusion coefficient – inverse 

temperature dependence (Figure 1). The developed 

method was applied to determine the melting points of 

13 choline based ILs (Table 1). Binary mixtures of the 

studied ILs were constructed by varying the anionic 

composition. The binary mixtures were then similarly 

melted to model phase diagrams (Figure 2). 
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Table 1: Experimental and calculated normal 

melting temperatures of choline based ILs. 

 

Anion 

Melting point (K) 

Experimental Simulated 

Acetate 353 344 

Acesulfame 298 296 

Acetylsalicylate 

 

380 

Benzoate 320 292 

Chloride 575 560 

Citrate 376 387 

Glutarate 312 353 

Ibuprofenate 342 354 

Isobutanate 

 

252 

Isovalerate 

 

301 

Lactate 

 

325 

Saccharinate 342 348 

Salicylate 325 343 
 

 

 
Figure 1: Diffusion coefficient – inverse temperature 

dependence during simulated annealing. 
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In generally, degradation of membrane & electrode assembly(MEA) according to driving conditions of 
fuel cell electric vehicle focused on analyzing the state of catalyst, membrane, gas diffusion layer before 
and after durability evaluation . At present, the exact mechanism for degradation of membrane electrode 
assembly(MEA) according driving conditions of  fuel cell vehicle does not hold and the mechanism were 
approximately the level that analogize the whole out of a part. 

In case of the degradation of MEA by operating modes, it was shown on three sources; (1) the loss of 
apparent catalytic activity according to the time(ηa), (2) conductivity loss by decreasing ion conductivity 
per the time, (3) the loss of rate of mass transfer according to the time. In other words, the equation about 
degradation of MEA can be seen that the basic form can be created by analyzing the polarization 
according to time.  

In this study, the 10 driving modes were devised by cell voltage behavior according to driving 
conditions of fuel cell vehicle. The operating modes were basically designed by high current, middle 
current and low current. Also, these modes were considered about the most commonly used driving 
power and time variation in accordance with the current change. The result of analyzing the MEA 
degradation by current/voltage variation was as below. 

The activation overpotential shows a tendency to be rapidly decreased in early state and decrease or 
increase gradually without reference to operating conditions. The ohmic overpotential tends to decrease in 
proportion to the time. OCV(Open Circuit Voltage) shows the result of decreasing rapidly in high current 
mode than low current mode. In this paper, we conducted an analysis of the equation for degradation of 
MEA according to the time, current/voltage variation.  

In conclusions, the system of fuel cell vehicle must be operated in high current range in order to 
prevent degradation of the MEA in similar load change condition. It is considered to be occurred in 
oxidation of electrode catalyst under high voltage condition. 

 
 

 
 

Fig 1. Performance according to current in each mode 



The Features of Sodium-ion Batteries with Two-phase Electrodes 

 
aKulova T.L., bChekannikov A.A., cLibich J. 

aFrumkin Institute of Physical Chemistry and Electrochemistry, RAS 

31-4 Leninskii Prospekt, 119071 Moscow, Russia 
bSkolrovo Institute of Science and Technology, Moscow, Russia  

cBrno University of Technology, Faculty of Electrical Engineering and Communication,  

Brno, Czech Republic  

tkulova@mail.ru 

 

In recent years, extensive attention has been paid to developing sodium-ion batteries as competitors to 

lithium-ion counterparts in large-scale energy storage systems. One of promising version of such batteries 

is a battery with two-phase electrode, e.g. with positive electrode based on sodium vanadium phosphate 
(Na3V2(PO4)3, NVP ) and negative one based on sodium titanate (Na2Ti3O7, NTO). The objectives of present 

work are studies of behavior of these electrodes and full cell at negative temperatures. It is worth noting 

that literature data on temperature effects upon sodium insertion into functional materials are few and far 

between (see [1]). 

The electrodes under study were made from composites of the active materials with carbon 

((Na3V2(PO4)3@C and (Na2Ti3O7@C)). 1M LiClO4 in ethylene carbonate‒propylene carbonate mixture 

was used as an electrolyte. Melting point of this electrolyte is as low as ‒80 oC. The electrodes based on 

(Na3V2(PO4)3@C were found to be efficient up to ‒45 oC, whereas the efficiency of (Na2Ti3O7@C) was 

limited at ‒35 oC. 

Temperature dependence of normalized discharge capacity (the ratio of discharge capacity at given 

temperature, Q to that at 20 oC, Q20) is depicted in Fig. 1. It is seen that the behavior of full cell is determined 

by performance of negative electrode in this case. 
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Fig. 1. Normalized capacity vs. temperature for 

individual electrodes and full cell 

The temperature dependences of discharge 

capacity of negative electrode, as well as of 

full cell (NVP-NTO) can be linearized, 

although the physical meaning of such 

dependence remains not clear up to now. The 

temperature dependence of discharge capacity 

of positive electrode can be presented by two 

linear segments. At least partially, that 

behavior could be explained by temperature 

dependence of diffusion rate. The upper, 

almost horizontal segment of temperature 
dependence for positive electrode suggests 

that at temperatures higher than ‒15 oC solid-

state diffusion provides sodium insertion at 

whole volume of individual grains of 

Na3V2(PO4)3. At lower temperatures a 

diffusion depth becomes less that the grain 

size, and sodium insertion involves only part 

of the grain volume.  

 

One can suppose that sodium diffusion coefficient in Na2Ti3O7 could be less than in Na3V2(PO4)3. Besides, 

typical size of Na3V2(PO4)3 grains in this study was notably less than that of Na2Ti3O7. In this connection 

one can expect that horizontal segment in temperature dependence of discharge capacity for Na2Ti3O7 will 
appear at higher temperatures.    
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Increasing interest in the solid oxide fuel cells (SOFC) operating at temperatures considerably lower than 
1273K, has raised the need for a better understanding on the factors limiting the performance of the 
complex solid oxide based catalyst electrodes. Perovskite-type ABO3 complex metal oxides are used as 
catalysts for oxygen reduction reaction in SOFC [1, 2]. The in-situ X-ray analysis is a good tool to 
describing the material crystallographic changes [3-4], which are also very important to understand the 
background of degradation processes. 
 
Reversible changes in the Ln0.15Sr0.85CoO3−δ (Ln = La, Pr, Gd) lattice parameters of SOFC cathode were 
observed to be dependant on the temperature (T), electrode potential (E) and oxygen partial pressure (pO2) 
applied. At fixed T and pO2, the cathode potential noticeably influences the unit cell volume, thus, the 
oxygen stoichiometry and concentration of vacancies. 
 
The response of the lattice parameters on the changes of electrode potential and oxygen partial pressure 
has been discussed. For highly active cathodes and at low oxygen partial pressure values, the oxygen 
deficiency in porous cathode matrix occurs. The electrode structure (porosity) has strong influence to the  
stabilization time of the XRD peak.  
 
The dependence of crystallographic parameters on microstructure is in a good accordance with 
electrochemical impedance spectroscopy data, indicating that the electrocatalytic activity of cathode 
decreases with the rise of grain dimensions (if sintering temperature of cathode is increased) in cathode 
structure. 
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Proton exchange membrane fuel cells (PEMFCs) are one of a few technological solutions that address 

both alternative energy demands and sustainability (by virtually converting dihydrogen and O2 to water).
1
 

With the prices of precious metals (e.g. Pt, Pd, Au) remaining high, the electrodes’ materials for this type 

of devices have to be cost-efficient in order to drive the technology into the marketplace. While the state–

of–the–art solutions remain being platinum-based and carbon-supported, the alternatives are highly 

sought after. One of the potential solutions recognized by the community is to use earth-abundant metal 

(Ni, Co, Fe)-based systems.  

The design of efficient functional materials often requires exploration of new modes of connectivity. In 

porous coordination materials, the nature of an organic linker plays a crucial role. Metal–organic 

frameworks have recently shown a well-received attention in addressing the need for new solutions in 

energy conversion and storage.
2-4

 

While symmetric linkers are widely employed, we show that a non-symmetric, electron-rich merged 

scaffold allows for fabrication of crystalline and amorphous metal-organic coordination networks. We 

have further utilized them to fabricate a non-supported material that shows high electrochemical oxygen 

reduction performance in alkaline medium with the onset and half-wave potential higher than that of the 

state-of-the-art 20 wt% Pt/C catalyst.  
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Properties of ceria in Ni-Ce0.9Gd0.1O2- (Ni-GDC) are significantly influenced by gas atmosphere and 

electrode polarization, i.e. on oxygen partial pressure, pO2[1-2], in anode compartment. At high 

temperatures and low oxygen partial pressures Ce4+ is partially reduced to Ce3+, which leads to n-type 

electronic conductivity of GDC. The increase of electronic conductivity of GDC leads to change of 

electrode activity and short circuiting of solid oxide fuel cell (SOFC) if it is used as an electrolyte [3]. 

 The state of art anode materials for SOFCs are Ni-cermets. Ni gives for these materials excellent 

properties such as good electronic conductivity and catalytic activity. However, it also has some weaknesses 

– poor sulphur tolerance, coarsening, limited stability towards oxidation at high temperature and affinity 

for carbon deposition if carbon containing fuel is used [4–7]. 

 A novel operando measurement cell has been used in this work for simultaneous monitoring of 

electrochemical (EC) properties using electrochemical impedance spectroscopy and crystallographic 

structure using high temperature (HT) X-ray diffraction analysis (XRD) of solid oxide fuel cell (SOFC) 

anodes at working conditions. 

The influence of oxide ion flux through the membrane on properties of GDC and Ni in Ni-GDC 

cermet anode as well as impact of Ni ⇌ NiO redox cycles on the performance of anode has been studied. 

GDC lattice parameter decrease at 800 °C due to electrode potential change from OCV to -0.9 V was equal 

to lattice parameter change corresponding to 50 °C decrease in temperature. This means that changes in 

electrode polarization might cause significant changes in GDC structure and reversible quick changes of 

potential might have destructive influence on the Ni-GDC anode. 

 Based on electrochemical characterization it was shown that Ni re-oxidation takes place at 

atmosphere with low hydrogen concentration. This process was dependent on anode microstructure – in 

porous anode, if there is good gas transport, Ni is less likely to be re-oxidized, and in anode with lower 

porosity Ni has higher affinity towards re-oxidation. It could also be seen from the analysis of the impact 

of redox cycle on the cell performance – during the redox cycle the pores were filled with Ni which leads 

to increase of impedance connected with mass transport in porous matrix, and the Ni re-oxidation was seen 

at higher hydrogen concentration atmosphere (5% of H2).  During these experiments we did not see any 

changes in crystal structure of Ni (from XRD ) at any measured temperature or fuel gas atmosphere. 
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Carbon nanotubes (CNTs) and their derivatives are commonly applied as both catalyst supports 

and catalysts in many electronic devices. To achieve high-performance electronics, researchers have 

focused intensive efforts into developing the chemical and physical properties of new materials but 

largely ignore the potentially fundamental problem of forming a high-quality contact with the 

electrochemical substrate. When two materials are brought into contact, the junction causes a potential 

drop in the system resulting from a “contact resistance”. To understand the junction properties of 

metal/CNT interfaces, the “nano-impact” methodology has been developed as a route to measuring the 

resistance across individual CNT−electrode contacts. In these experiments, some of the CNTs in the 

solution phase form a bridge across two adjacent gold electrode contacts. An average bridging resistance 

for individual CNTs contact is 1.1 ± 0.1 × 108 Ω. To improve the CNT-Au contact, we report the use of 

an electroactive species, acetaminophen, to modify the electrical connection between a carbon nanotube 

(CNT) and an electrode. By measuring the current signal across the bridge of single acetaminophen-

modified CNT contact between the two microbands of the IDE-Au (Figure 1), the current response of 

acetaminophen modified on CNT is significant higher than the bare CNT, indicating that the electronic 

properties of the single CNT-Au contact are improved by modifying CNT with acetaminophen. It 

investigates that the adsorbed acetaminophen molecules contribute to promoting the electron transfer 

processes between the junction of two materials.  

 

 
Figure 1 Schematic shows an opportunity of the improvement of Faradaic electron transfer process between acetaminophen 

modified CNTs and two adjacent gold electrode contacts  
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 Ionic liquids are salts with melting points close to room temperature. Their tuneable 

combination of properties makes them a favorable alternative to the common organic solvents and 

can be chosen for cutting-edge fundamental research as well as for specific applications such as 

electric double layer capacitors, dye sensitive solar cells, and metal-ion batteries[1,2]. In this work, 

we focus on the capacitance of the electric double layer (EDL), which we split into two parts: the 

typical parallel plate capacitance (CMD) and the quantum capacitance (CQ) [3]. 

We investigated four different systems: BMImI and EMImBF4 at C(0001) and Bi(111) 

electrode surfaces. We estimated CMD by molecular dynamics (MD) simulations performed using 

GROMACS 2016.4, and CQ by density functional theory (DFT) calculations using GPAW 1.2.0 

code. From the MD simulations, the potential drop at a given surface charge density was evaluated, 

and from this dependence CMD was calculated [4]. In a few volts range of potentials, the capacitance 

has a rather constant value for all systems with only one smooth peak. In a narrow range, generally 

the curve for CQ has a V-shape except for the C(0001)|BMImI system, where the iodide anion has a 

peak close to the Fermi level which makes the shape of the curve more complex. 

The total capacitance (1/CTOT = 1/CMD + 1/CQ) shows a significant dependence on quantum 

capacitance shape-wise. By computational results we show and then discuss the different factors 

that determine the EDL capacitance and check the comparability with the experimental 

measurements. 
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The performance of mixed ionic electronic conductor (MIEC) electrodes can be increased using careful 
design of the electrode microstructure. It has been demonstrated that for infiltrated electrodes impedance 
has a clear dependency on the structural parameters and on porosity of support structure. Structural 
change results in significant change in resistance of active centers but also in low frequency i.e. 
concentration related resistance, especially at higher current densities [1, 2]. 
In this study, electrolyte supported solid oxide cells were prepared using infiltration method. To 
understand the influence of electrolyte porosity parameters and loadings of MIEC materials on the 
electrochemical performance of the fuel cell, a novel ScCeSZ electrolyte scaffolds with different 
porosities were prepared.  These scaffolds were loaded with different amounts of different MIEC 
materials.Chemical composition of MIEC material was changed from Sr2Fe1.5Mo0.5O6-δ (SFM) to 
La0.8Sr0.2Cr0.49Mn0.49Ni0.02O3-δ (LSCMN) to demonstrate that in the case of different materials optimal 
loading of MIEC in porous scaffold is different. Microstructure of the prepared porous electrolyte 
scaffolds and electrochemical properties of prepared solid oxide cells were investigated in detail.  
Four porous electrolyte scaffolds with different porosities were prepared using various amounts of pre-
calcined electrolyte powder and applying three different pore formers. Structures of the prepared porous 
electrolyte scaffolds were characterized, using mercury porosimetry and scanning electron microscopy. 
From 10 to 50 wt% of SFM and LSCMN of MIEC materials were deposited into ScCeSZ scaffolds with 
different open porosities and pore size distributions to obtain different fuel electrodes with various 
porosities.  
It was demonstrated that pre-calcination and milling process of ScCeSZ electrolyte powder increased the 
average pore sizes as well as the overall porosity of the scaffolds by about 10 vol%. However, due to the 
use of pre-calcined electrolyte powder with the increased particle sizes, specific area of electrolyte 
scaffolds and catalytic activity decreased at lower SFM loadings. As a result, at 10 wt% SFM loading, 
scaffolds prepared from non-presintered ScCeSZ powder (scaffold A and C) showed current density value 
of 0.14 A cm-2 at 800 °C and 0.9 V but if scaffold D with 30 wt% of SFM loading was used, then current 
density value was 0.28 A cm-2 at the same conditions. 
Porous electrolyte scaffold D with highest open porosity of 81% was used to study the influence of 
different MIEC materials and loadings on the performance of composite electrodes. Results indicated that 
optimal loading depended on the 
conductivity of MIEC material and 
was found to be 30 and 50 wt% for 
SFM and LSCMN based cells, 
respectively.  
Highest current density values of 1.11 
and 0.78 A cm-2 for SFM and LSCMN 
electrodes, respectively, were 
measured for electrolysis mode at 850 
°C, potential of 1.5 V and 30% of 
absolute humidity. At 850 °C and cell 
potential 0.85 V (fuel cell mode), the 
highest current density values for SFM 
and LSCMN electrodes were 0.44 and 
0.28 A cm-2 in 3% of absolute 
humidity. 
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Figure 1. Cyclic voltammograms of SFM|ScCeSZ|LSF and 
LSCMN|ScCeSZ|LSF single cells (noted in figure) prepared using 
porous electrolyte scaffold D in fuel electrode side at various H2O 
partial pressures. Measurements were carried out at 850 °C with a 
potential sweep rate of 10 mV s-1. 
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The key reaction at the fuel cells cathode is the oxygen reduction reaction (ORR). As an ORR catalyst, 

Pt-based electrocatalysts are used. Because of the high cost and limited availability of Pt, alternative 

catalysts are needed [1]. Multiwall carbon nanotubes (MWCNT) have high specific surface area and good 

electrical conductivity, but their activity toward the ORR is modest [2]. One possibility for enhancing the 

ORR activity of MWCNT is doping this material with nitrogen [1]. In this regard, styrene–acrylonitrile 

copolymer (SAN) would be an attractive nitrogen precursor to be used in the preparation of ORR catalyst. 

Additionally, electrospinning could be used for the preparation of SAN and MWCNT composite fiber 

with high surface area to volume ratio [3]. Therefore, in this study, the pyrolized electrospun SAN and 

MWCNT composite fiber based catalysts (SAN-MWCNT) were investigated towards the ORR [2].  

For the optimization of the preparation procedure of the catalyst material, different pyrolysis temperatures 

were used (700-1000 °C). According to the scanning electron microscopy (SEM) images, the prepared 

catalysts consist mainly of MWCNTs (Fig. 1a) [2]. Among all the studied catalyst materials (including 

the undoped MWCNT), glassy carbon (GC) coated with SAN-MWCNT pyrolized at 800 °C (SAN-

MWCNT-800) showed the highest activity toward the ORR in alkaline medium (Fig. 1b). The rise in the 

electrocatalytic activity most likely originates from the incorporation of nitrogen functionalities to the 

MWCNT during pyrolysis. This was also supported by the X-ray photoelectron spectroscopy results, 

where nitrogen was detected only in the pyrolized catalyst materials. This shows that SAN can be used as 

a nitrogen precursor for the preparation of ORR catalysts [2]. 

It can be concluded, that N-doping provided herein by pyrolysis of electrospun SAN-MWCNT composite 

proved to be an effective approach for development of highly active ORR catalysts [2]. 

 
Fig. 1. (a) SEM image of SAN-MWCNT-800 catalyst material, (b) RDE voltammetry curves for oxygen 

reduction on bare, MWCNT and SAN-MWCNT-800 catalyst material coated GC electrodes in O2-

saturated 0.1 M KOH (ω = 1900 rpm, ν = 20 mV s−1). 
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A series of nanocomposite anion exchange membranes (AEMs) were prepared with quaternized poly (2, 6 

dimethyl – 1, 4 phenylene oxide)/ polysulfone (QPPO/PSF) blend membranes and three fillers, namely, zinc 

oxide, graphene oxide and titanium dioxide by a solution casting method. All AEMs showed enhanced 

performance in terms of ion exchange capacity, methanol permeability and ion conductivity at 25 °C and 80 °C 

and also retained about 70 % of their ion conductivity when evaluated for alkaline stability at 80 °C. The alcohol 

fuel cell performance was analyzed with an in-house fabricated single cell unit with an active electrode area of 4 

cm2 area.  The maximum power output reached for the membrane electrode assembly (MEA) constructed with 

QPPO/PSF/2%ZnO, QPPO/PSF/2%GO and QPPO/PSF/2%TiO2 was 87 mW.cm-2 , 139.8 mW.cm-2 118 mW.cm-

2 at 60 °C respectively. The above results indicates that nanomaterials can positively influence the properties of 

the anion exchange membrane and this is demonstrated by enhanced fuel cell output.   
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Stability of electrochemical performance in time is one of the most important properties of SOFC/SOEC 

materials looking from the commercialization point of view. Several degradation and poisoning effects 

have been observed for SOFC/SOECs operated at high temperature and extended operation time. As 

example, redistribution of nickel or formation of nanoparticles on the Ni surface1-3 and formation of 

oxygen bubbles at the grain boundaries close to the oxygen electrode, with may cause delamination of the 

oxygen electrode4, 5.  Also, alternative materials should be tested in addition to the more attractive ones 

for better understanding of reasons and mechanisms behind degradation processes1, 6. 

This work handles durability tests with 5x5 cm Ni-YSZ|YSZ|GDC|Pr0.6Sr0.4CoO3-δ cells in both 

SOFC and SOEC regimes. Pr0.6Sr0.4CoO3- is an alternative material for widely used La0.6Sr0.4CoO3- with 

excellent activity as medium temperature SOFC cathode. However, so far there is lack of long-term test 

results for PSC.  The SOFC performance test was conducted at 650 °C and at cell potential 0.85 V and it 

lasted for 17,820 hours. Initial degradation of electrochemical performance was 2.4 % per 1000h and in 

the second half of the experiment, the degradation was 1.1 % per 1000h. Another test was operated in 

electrolysis mode for 860 hours at 800 °C and the electrolysis test experienced a degradation rate of 16.3 

% per 1,000 hours. 

At the end of the durability tests, 18O gas was introduced to the cells. HR-SEM and ToF-SIMS 

analyses were performed on the tested cells to analyze Ni coarsening and the location of 18O, Cr, Si and 

Sr ions in the cell. 

Variations of mean Ni grain sizes at different locations of the solid oxide cell were discovered, 

which indicates the Ni coarsening phenomenon. Moreover, the area dependent Ni coarsening correlated 

with activity maps, which indicated that Ni coarsening is dependent on solid oxide activity. Strontium, 

chromium and silicon content maps were also created with the ToF-SIMS method. Comparing them to 

the 18O content maps yielded no significant correlation. Chromium impurities were most prevalent in the 

PSC oxygen electrode and silicon impurities were most prevalent in the Ni-YSZ fuel electrode. Both 

poisoning phenomena decrease the performance of the solid oxide cell by blocking three phase 

boundaries and pores. A clear line of Sr can be seen at the YSZ-GDC border in 2-dimensional SIMS 

spectra. This is evidence of strontium migration and SrZrO3 formation during solid oxide cell 

manufacturing. The presence of SrZrO3 causes the decrease of ionic conductivity in the electrolyte and it 

can create mechanical stresses inside the YSZ electrolyte. A widely spanning horizontal crack was found 

in the YSZ electrode of the electrolysis cell, indicating the presence of stresses created possibly by Sr 

migration and/or oxygen build-up in the electrolyte. 
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It is well known that the slowness of oxygen reduction reaction (ORR) is hindering the widespread usage 

of proton-exchange membrane fuel cells [1]. The properties of carbon support materials and the different 

deposited catalyst materials have significant effect to the ORR process. Several carbide derived carbons 

have been used as catalyst supports and it has been found that their unique structure facilitates fast ORR 

kinetics [2,3]. Chromium carbide derived carbons have several interesting properties and could be good 

catalyst support candidates [4].The aims of the work were to synthesize carbon support from chromium 

carbide, deposit platinum nanoparticles onto carbon support and study ORR on the materials synthesized. 

 

The carbon support was synthesized from chromium carbide Cr3C2 using high temperature chlorination 

method. The synthesis temperature was 800 °C. After the synthesis, the carbon was additionally purified 

in the hydrogen flow at 800 °C for two hours. The platinum nanoparticles were deposited onto the carbon 

support via ultrasound assisted incipient wetness impregnation of H2PtCl6×6H2O solution in ethanol and 

further gas phase reduction under H2/Ar atmosphere [5]. The synthesis temperature was 200 °C. The 

platinum content in the catalyst was 20 wt%. 

 

All the materials synthesized were characterized using X-ray diffraction (XRD), low temperature N2 

sorption/desorption measurements, thermogravimetric analysis (TGA) and high resolution scanning 

electron microscopy (SEM) with energy dispersive X-ray spectroscopy. XRD revealed that the carbon 

support is slightly graphitized. According to the surface area measurements the carbon support has very 

high specific surface area (SBET = 2290 m2 g−1) and is mainly microporous with bimodal distribution of 

pores. The TGA results of platinum catalyst verified the nominal content of platinum. SEM was used to 

estimate the size and distribution of platinum nanoparticles. The platinum nanoparticle size was compared 

with crystallite size from Scherrer analysis. 

 

ORR was studied on the catalyst and catalyst support using rotating disc electrode method and cyclic 

voltammetry. The electrochemically active surface area of platinum catalyst was evaluated from the 

hydrogen adsorption/desorption region and the ORR kinetic data was normalized against it. The kinetic 

current density of catalysts was estimated at 0.9 V vs. reversible hydrogen electrode and compared with 

literature data. It was found that the ORR are rather sluggish at catalyst support. However, platinum 

catalyst showed very high activity towards ORR. 
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Though lithium-ion batteries (LIBs) have dominated the market of sources of electricity for portable 

electronic devices and electric vehicles, sodium-ion batteries (SIBs) seem to be an attractive alternative, 

especially for large-scale electrochemical electrical energy storage units [1].  Limited resources of lithium 

and cobalt, as well as their distribution in politically unstable areas, have once again re-attracted attention 

to Na-ion batteries. One of the most crucial challenges is the development of SIBs is finding a low-cost, 

abundant and environmentally friendly electrode materials that can at the same time deliver high 

reversible capacity.  Among candidate anode materials, only a few seem to be proper for application in 

SIBs. Hard carbons exhibit a low coulombic efficiency in initial cycles and low sodium insertion voltage 

of 0.1V may cause safety concerns [2]. Regarding alloy compounds, even though they possess the highest 

storage capacity, the volume changes during charge/discharge cycles up to 400% cause rapid degradation 

of electrodes [2]. Transition metal oxides which base on intercalation mechanism of sodium 

insertion/extraction are thought to satisfy the long-term stability as the structural changes are small. 

extraction/insertion of Na-ions at low potentials vs. Na
+
/Na reference electrode. To this point NaFeTiO4 

has been synthesized in solid state reaction [3]. The structure consists of Ti and Fe octahedral with  

a single tunnel where Na ions can be located. Here the electrochemical performance of NaFeTiO4 

prepared by a soft chemistry method is presented. 

The material was synthesized by a citrate sol-gel method with subsequent annealing process at 700°C in 

the air atmosphere. XRD measurements supported with Rietveld analysis validated the presence of single 

phase material characterized by a Pnma space group. Lattice parameters for obtained material were 

estimated to be a = 9.1810(3) Å, b = 2.96679(9) Å, c = 10.7424(4) Å. Particle size measurement revealed 

that particles size is below 3μm. The rate performance of Na/Na
+
/NaFeTiO4 cells were studied at different 

current densities of C/20, C/10, C/5, C/2, 1C and C/20 each for 5 cycles in the voltage range of  

0.01-2.5V. Delivered charge capacities values were 141, 113, 80, 54, 33, 86 mAh/g. Despite high initial 

charge capacities, electrodes show substantial irreversible discharge capacity of 727 mAh/g, that may be 

attributed to reaction with reaction with electrolyte and carbon black also visible in 1
st
 cycle of cyclic 

voltammetry. Further studies of open circuit voltage and impedance vs. sodium content will be done to 

complement electrochemical behavior. EDX measurement after initial discharge will provide information 

about changes during the first cycle.  
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Fig 1. XRD and Rietveld refinement for NaFeTiO4 

 

Fig. 2. Rate performance of NaFeTiO4 at 
different current rates. 
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For rational development of solid oxide cell (SOC) electrodes it is essential to understand processes 

occurring at operating electrodes. So far, because of harsh operating conditions very little is known about 

mechanistic aspects of surface reactions as well as surface thermodynamics at SOC electrodes under 

electrochemical reaction conditions [1,2]. Spectroelectrochemistry, i.e. spectroscopic (x-ray absorption, x-

ray photoelectron spectroscopy (XPS) and Raman spectroscopy) characterization of operating electrode at 

electrochemically controlled conditions is very promising approaches for characterization of surface 

properties like oxidation states, surface polarization, surface coverage with adsorbate, etc. at real or 

almost real working conditions. In previous studies single chamber (SC) two-electrode in situ near 

ambient pressure (NAP) XPS has been applied to monitor different aspects of some SOFC electrode 

materials [3].  

 

                     
 

A microscope camera image of the working electrode inside the reaction cell during the operation at 

TEMPO beamline (a) (Soleil synchrotron in France) and SEM image of studied Ni-GDC electrode (b). 

 

This study present results of operando high temperature (HT)-NAP-XPS spectroelectrochemical 

measurements of pulsed lased deposited thin film Ni-Ce0.9Gd0.1O2- electrode using novel three electrode 

dual-chamber spectroelectrochemical cell, at H2, CO and methane environments and at different cell loads 

at 650 °C. Partial change on redox state of surface Ce atoms has been observed as a function of chemical 

nature of used fuel. Chemical nature of electrode surface is dominantly defined by gas environment – 

chemical nature and concentration of gas. Changes in oxidation state of electrode surface atoms caused by 

electrode polarization, i.e. oxide ion flux through the membrane are negligible but changes in 

simultaneously measured low frequency electrochemical impedance are significant.   
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Development of nanostructured cathode material with high catalytic activities is an effective strategy to 

overcome the poor cycle life, low round-trip efficiency, and high overpotential in lithium-oxygen (Li-O2) 

batteries. Architecture of void spaces for accommodating a considerable amount of Li2O2 product during 

discharge process and application of bifunctional electrocatalyst for oxygen reduction reaction (ORR) and 

oxygen evolution reaction (OER) via the use of mixed valence transition metals are considered prospective 

methods. However, transition metal carbide-metal chalcogenide composite is rarely studied as catalyst for 

cathode material in Li-O2 batteries. In this study, we report yolk-shell structured microspheres consisted of 

metal selenide and metal carbide nanocrystals that exhibit bifunctional electrocatalytic properties. Firstly, 

yolk-shell structured bimetallic oxide microspheres were synthesized via spray pyrolysis, which is a type 

of gas phase synthesis used for continuous production of spherical particles. Subsequently, the 

microspheres were subjected to carbothermic reduction using carbon material and were selenized under 

H2/Ar atmosphere, resulting in microspheres consisted of metal selenide and metal carbide nanocrystals. 

Yolk-shell structured microspheres with metal selenide and metal carbide nanocrystals exhibited high 

round-trip efficiency, long cycle life, and high discharge capacity when applied as cathode for lithium-

oxygen (Li-O2) batteries. 
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According to the World Health Organisation about 4.6 million people die each year from causes directly 

attributable to air pollution. The most common air pollutants are sulfur oxides, nitrogen oxides, carbon 

monoxide, VOCs, particulate matter, ammonia and radioactive pollutants. 

 

One of the possible method to remove VOCs from outdoor and indoor air is photocatalytic oxidation. 

Generally, TiO2 photocatalyst is used in two forms as a powder or immobilized form on a substrate. 

However, coatings prepared from nanopowders are less mechanically stable, i.e., have weaker adhesion to 

the substrate than thin films. Thus, the immobilization of TiO2 with strong adhesion became a necessity for 

avoiding the release of nanoparticles into the environment. 

 

Well adhered, highly transparent and highly hydrophilic (CA after UV treatment around 1 deg) TiO2 thin 

films with a thickness of ca 250 nm were grown by chemical spray pyrolysis method onto window glass 

and borosilicate glass substrates. The films were deposited at various deposition temperatures in the range 

of 250 to 450 °C and annealed at 500 °C. All films consisted of anatase TiO2 with the mean crystallite size 

in the range of 20 to 35 nm. 

 

TiO2 films on window glass show super-hydrophilic surface properties and sligtly lower photocatalytic 

activity than the TiO2 film on borosilicate glass. The photocatalytic activity of TiO2 on borosilicate glass 

was sufficient to fully decompose methyl-tert-buthyl-ether and acetone to CO2 and H2O. 

 

Thus, the TiO2 thin films fabricated by chemical spray pyrolysis method show air-cleaning properties 

comparable to nanopowdered materials. TiO2 films are well adhered to the substrate and thereby additional 

risk to the environment by flying nanoparticles is eliminated. 
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In water electrolysis, oxygen evolution reaction (OER) in the anode is a slow reaction in comparison with 

the cathodic reaction of hydrogen evolution. The high cost of the state-of-the-art electrocatalyst IrO2 for 

OER, restricting its application for commercialization of electrolysis. Thus, development of inexpensive, 

abundant, and efficient OER electrocatalysts is imperative for water splitting. Electrolysis of alkaline 

water permits the use of transition elements which are stable and abundant in nature. Therefore, these 

elements are considered to be potential electrocatalysts for the alkaline water electrolysis. Nickel metal 

and oxides are considerably used as electrodes for the electrolysis; however, its low electrochemical 

activity increases the activation overpotential. Hence, in the present work, an effort has been made to 

enhance the electrolysis of OER activity by substituting lithium into nickel oxide (NiO). 

Lithiated nickel oxides (LixNi1-xO) were synthesized with different amount of Li
+
 (x = 0.0 to 0.1) 

using a solution combustion method. The scanning electron microscopy images revealed that samples are 

well-formed crystallites but agglomerated. Phase was identified by the X-ray diffraction (XRD) and well 

matched with the pure phase of NiO. No extra diffraction peaks from the secondary phase in the XRD 

patterns (Figure 1(a)) indicate the successful Li
+
 ions substitution into the lattice sites of NiO and such 

substitution did not alter its crystal structure. The Rietveld refinement results (Table 1) suggest the 

contraction in the lattice structure and decrease in the bond length between Ni/Li and O ions occurred as 

increase in Li
+
 substitution. This contraction in the lattice structure can be explained by the substitution of 

smaller Li
+
 ions for Ni

2+
 ions. The X-ray photoelectron spectroscopy data for samples revealed the 

presence of Ni 2p and O 1s peaks in the spectra. The influence of the amount of Li
+
 ions in the 

electrocatalysts on OER performance is investigated in detail in NaOH electrolyte using a rotating disc 

electrode. The current density is highest for x = 0.1 for a chosen potential of 1.65 V v/s RHE (Figure 

1(b)). Interestingly, the potential required to reach the current density of 10 mA/cm
2
 is almost linearly 

reduced as increase in Li
+
 substitution. The increase in the OER activity after Li

+
 substitution into lattice 

site of NiO may be attributed to the enhancement in the electrical conductivity of the samples as well as 

increase in the oxidation state of Ni from 2+ to 3+. Overall, these results suggest that incorporation of 10 

at.% of Li
+
 into the lattice site of NiO enhances the OER activity without altering its crystal structure. 

Table 1. Rietveld refinement results of LixNi1-xO (x = 0.0 to 0.1) electrocatalysts. 

x in 

LixNi1-xO 

a, b, c 

(Ǻ) 

V 

(Ǻ) 

Density 

(g/cm
3
) 

Ni/Li – O 

(Ǻ) 

Rp 

(%) 

Rwp 

(%) 

Rexp 

(%) 

χ
2
 

(%) 

0.00 4.1792 72.990 6.798 2.08960 17.20 9.90 7.27 5.38 

0.02 4.1781 72.936 6.708 2.08905 18.80 1050 4.85 4.69 

0.04 4.1774 72.897 6.619 2.08870 16.50 9.23 4.45 4.29 

0.06 4.1762 72.834 6.529 2.08810 16.00 8.26 4.55 3.30 

0.08 4.1743 72.736 6.443 2.08715 14.60 7.17 4.59 2.44 

0.10 4.1718 72.607 6.361 2.08590 14.90 7.49 4.62 2.63 

        
Figure 1. (a) XRD, and (b) OER current densities and potential required to reach 10 mA/cm

2
. 
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Detailed understanding of the interface between graphitic carbon materials and concentrated electrolytes is 

of great importance for the development of novel high energy and power density supercapacitors and 

graphene based dielectric capacitors [1,2]. It is of interest to describe how the limitation of electronic 

surface states of semimetal electrodes influences the dielectric part of the electrical double-layer (edl) via 

the modulation of optical properties dependent on applied voltage. Ionic liquids are versatile solvents and 

electrolytes for many electrochemical applications, such as secondary batteries, capacitors, solar cells and 

electrochemical deposition. In order to rationally design and further develop such systems, however, a 

detailed understanding of the processes that govern the interfacial processes and stability of ionic liquid 

interfaces is required [1,2]. It is thus the focus of this work to explore the limits and provide new methods 

to increase both the power and energy characteristics of supercapacitors by applying different ionic liquids 

as the electrolytes for high specific surface area carbon-based supercapacitors [3]. 

A novel technique of in situ infrared absorption (IRA) spectroscopy for the study of thin film graphite 

electrodes has been developed [4] and is applied for the study of the graphite│1-ethyl-3-methylimidazolium 

tetrafluoroborate (EMImBF4) ionic liquid interface as a model supercapacitor and 

graphite│polydicyanamide (PDCA) interface as a dielectric capacitor. The IRA results show that, unlike 

previous theoretical considerations of the edl between semimetals and electrolytes, the strong interaction 

between the electronic and ionic part of the edl is of fundamental importance for the description of 

semimetal interfaces [5]. Together with the data provided by in situ electroreflectance [4] technique of the 

electronic and energetic structure of the graphite electrode and differential capacitance-potential 

dependence of the graphite│EMImBF4 system, it is demonstrated that the screening of excess surface 

charge by the ionic liquid is strongly correlated with the potential dependent electronic properties of the 

electrode surface states, thus limiting the amount of charge stored. While the increase of the energy of 

surface electronic states is linear with respect to applied potential bias in case of the graphite│EMImBF4 

system, it is shown that for the graphite│PDCA dielectric capacitor the increase of relative surface state 

absorption peaks is independent on the passivation potential (dielectric film thickness) applied. Instead, for 

thicker layers of PDCA both initial (nonpolarized) and polarized (fully charged) state electronic absorption 

bands shift toward higher energy levels, while the energy difference between the two states is constant. 

This helps to explain the fundamental differences between the two electrochemical energy storage devices, 

but also to design novel, high power and energy density capacitors [3]. 
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Abstract  

   

Our studies were focused on the photoelectrochemical studies of semiconducting CdS 

nanoparticles, depending on the surface properties. CdS nanoparticles were synthesized via 

hydrothermal method and the hydrophilic or hydrophobic suspension of CdS was prepared. 

Subsequently, suspension of nanoparticles was deposited on ITO glass electrode as 

hydrophilic film dropcasted onto the surface, or hydrophobic film by Langmuir-Blodgett (L-

B) technique. Hydrophilic layer of CdS was dropcasted directly from the aqueous suspension, 

while for the preparation of hydrophobic suspension of nanoparticles an oleylamine caping 

agent was used. Then, 10, 20 and 50 Langmuir-Blodgett layers of hydrophobic CdS 

nanoparticles were deposited on ITO glass electrode.  

 

Morphology of synthesized nanoparticles was characterized by Scanning Electron 

Microscopy, their hydrodynamic size and zeta potential were determined by Dynamic Light 

Scattering and the UV-vis spectroscopy was used to determine their band gap energy. 

 

Photoelectrochemical measurements were performed in SO4
2-

/SO3
2-

 redox couple solution. 

The electron lifetime in both hydrophilic and hydrophobic nanocrystalline CdS was 

determined. Photocurrent of CdS L-B electrodes depends on the number of deposited layers 

and increases with the number of layers. Substantial hindrance of photopotential and 

photocurrent was observed for those films as compared to the hydrophilic, uncoated 

nanoparticles drop-casted directly on ITO and we assign this result to the impaired flux of 

charges due to the presence of non-conducting organic shell. 
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To obtain porous titanium carbide, a combined sol-gel and carbothermal reduction synthesis 

process was used. The prepared materials were used as precursors for the synthesis of carbide-derived 

carbon (CDC). Different carbothermal reduction temperatures were applied. The resulting carbide-derived 

carbons were used for supercapacitor electrodes.  

The carbide precursor material was analyzed with infrared spectroscopy. The precursor materials 

were pyrolized at 800°C in argon atmosphere and carbothermally reduced at different temperatures in 

vacuum. The formed carbides were then chlorinated at 950°C. The carbides and obtained carbon were 

analyzed with X-ray diffraction and Raman spectroscopy methods. The results showed that the synthesized 

CDC materials are dominantly amorphous with some relatively small graphitic crystallites inside particles. 

The low-temperature N2 sorption experiments were performed and the specific DFT surface area up to 270 

m2 g−1 for the synthesized carbides and up to 1700 m2 g−1 for carbons 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.  

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. The materials 

demonstrate 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 have been calculated from constant power tests, 

demonstrating high gravimetric energy density at high power density. 

 
 

Acknowledgments 

This research was supported by the EU through the European Regional Development Fund (projects 2014-

2020.4.01.15-0011, 3.2.0101–0030 and 3.2.0302.10-0169), Institutional Research Grant IUT20-13, 

personal research grant PUT55 and Estonian Research Council grant PUT1033, and by Estonian Research 

Council’s programme RITA supported by ERDF. 



Investigation of the porous structure of Mo2C derived carbons with 

small angle neutron scattering 

 
Rasmus Palm

1*
, Heisi Kurig

2
, Riinu Härmas

1
, Margarita Russina

3
, Indrek Tallo, Benjamin Kent

3
, Tavo 

Romann
1
, Eneli Härk

3
, Enn Lust

1
 

1 Institute of Chemistry, University of Tartu,Ravila 14a, 50411 Tartu, Estonia 

2 Institute of Computer Science, University of Tartu, J. Liivi 2, 50409 Tartu, Estonia 

3 Helmholtz-Zentrum Berlin, 14109 Berlin, Germany 

*rasmus.palm@ut.ee 

 

 The structure of carbon materials has an important role in many electrochemical applications 

from energy storage in batteries and supercapacitors to desalination. The pore size distribution of carbon 

electrodes has a strong influence on the performance of electrochemical energy storage systems [1]. Gas 

sorption techniques are widely used to determine the pore size and pore size distribution of carbon 

materials using various models. A definite pore shape is presumed, usually a slit shape pore, to calculate 

the pore size distribution using density functional theory [2]. 

 Small Angle Neutron Scattering (SANS) is a complementary method to gas adsorption 

techniques, yielding vital information about the structure of carbon materials and allowing the 

determination of the average pore size and shape. Applying contrast variation techniques of SANS to the 

investigation of the microporous carbide derived carbon (CDC) materials, pores that differ from the 

standard presumed slit shape have been observed, with even bimodal distribution depending on the 

condition of the synthesis [3]. Thus, a better understanding of the pore shape formation during the 

synthesis of carbon materials is needed for an insightful determination of pore size distributions. 

 Mo2C derived carbons synthesized at different chlorination temperatures have been chosen for 

this approach. With increased temperature of halogenation the ratio of graphitization and average pore 

size in the synthesized CDC increases [4]. Deuterated toluene was used for contrast matching of the 

scattering signal of the pores to the CDC materials. Generalized Guinier-Porod model is applied to the 

pore scattering data to acquire information about the pore geometry of investigated CDCs. The pore shape 

and size dependence on the chlorination temperature of CDCs is investigated and structural changes 

during CDC synthesis are derived.  
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Proton exchange membrane fuel cells (PEMFCs) are currently considered as a potential next-generation 
alternative energy technology because of the high energy density and high abundance of hydrogen in nature. 
Their niche market would be backup power generation units for communication, computer center, military 
base camp, camping, or diesel trucks. However, many issues still exist to be improved in terms of 
performance and durability for the early market penetrations of PEMFCs. One of the most important parts 
in PEMFCs is membrane-electrode assembly (MEA) which provides the electrochemical reactions at 
electrode where fuel/oxidant (gas), hydrated ions (liquid) and electron (solid) co-exist (so called triple phase 
boundary), the permeation of fuel and/or oxidant gas and the drainage of water product. In MEA, the same 
ionomer (which means polymeric electrolyte) is normally used for the conduction of proton in both porous 
electrodes and electrolyte. The electrolyte should be as thin as possible to reduce the Ohmic resistance and 
to provide mechanical strength high enough to endure durability for their applications. Thus, most of the 
electrolytes use a composite concept which ionomer dispersion is introduced into porous substrates. 
Composite membranes are the thickness of 12-18 µm and 3-layered (electrolyte-skeleton/electrolyte-
electrolyte) structure. The structure of electrodes in MEA could be significantly determined by 
characteristics of ionomer dispersions where polymer dispersion interacts with solvent. Upon the structure 
of the electrodes formed by agglomerates of catalyst and ionomer binder with different size, it has reported 
that MEA performance and durability would be highly affected. Thus, the properties of the ionomer 
dispersion play an important role in determining the performance of composite membranes and electrode.  
In this study, the relationship between the properties of ionomer dispersion and the performance of 
composite membranes was investigated by varying the properties of perfluorosulfonic acid (PFSA) ionomer 
dispersion morphology and property for membranes in terms of proton conductivity, swelling ratio, water 
uptake and ion exchange capacity.  
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 Lithium ion batteries are the dominant power sources for the currently used electronic devices. 
Thus, electrode materials for lithium ion batteries that enable long cycle life and high capacity have been 
extensively studied. Among the electrode materials, transition metal vanadate material has attracted much 
research attention due to the numerous benefits when used for battery applications, including its layered 
type structure that facilitates insertion/extraction of lithium ions and the ability to exist in multiple 
valence states. Here, a facile method for the synthesis of 1-D nanofibers comprised of metal vanadate 
nanocrystals is introduced, where cobalt vanadate was selected as the first target material. The nanofibers 
were prepared by electrospinning process and subsequent heat treatment process in air atmosphere. 
Thermal treatment at various temperatures produced carbonaceous nanofibers embedded with small 
nanocrystals, that with relatively larger nanocrystals, and porous nanofibers without carbon. 
 
 The electrochemical properties of the prepared nanofibers were analyzed in detail. Carbon 
nanofibers embedded with large nanocrystals exhibited the highest capacity, stable cyclability, and the 
highest rate performance among the three nanofibers due to the following reasons: (1) heat treatment 
temperature that reduced the carbon content in the carbonaceous fiber, (2) carbon matrix that effectively 
buffered volume changes during repetitive lithiation/delithiation processes, and (3) relatively conductive 
carbon matrix that provides some electric conductivity. 
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In electrochemistry, gold nanoparticles (AuNPs) commonly are used to enhance electrochemical signal in 

chemical sensors or surface enhanced Raman Spectroscopy. Researchers are disputing to fix them on the 

electrode/substrate surface. An usual approach is chemical modification and their stabilization which 

prevents agglomeration of AuNPs [1]. Are the other ways? 

As Raciukaitis’ group has been shown previously, a laser ablation can be used to generate metal NPs 

without additional chemical stabilization [2]. Considering this, it can be possible to form AuNPs using 

pulse laser. The nanosecond laser was employed to irradiate thin Au film surfaces with thicknesses of 5 and 

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 covered surface were characterized electrochemically employing cyclic voltammetry and 

electrochemical impedance spectroscopy. Electrochemical characterization of the surface with AuNPs 

showed that the size of obtained NPs is directly related to the film thickness [6]. Moreover, the 

characterization demonstrated that electrochemical properties of ITO electrodes are changed and the 

smaller were the particles the more similar behavior to bulk Au was observed. The electrodes were tested 

for oxidation of ascorbate at AuNP in 0.1 M K2SO4 with 0.01 M H2SO4 supporting electrolyte. Ascorbate 

response in cyclic voltammetry was found at 0.2 V at AuNP/ITO/Glass. The highest sensitivity to analytes 

was found at AuNP covered electrodes obtained from the films of 5 nm. 
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This presentation will give a short overview of the versatility of the redox flow battery chemistries
1-6

, and 

how to take advantage of the different chemistries to realize heat-to-power conversion
4
 and hydrogen 

production
5
. For example, heat-to-power conversion can be realized with copper-acetonitrile system, 

where acetonitrile stabilizes the Cu(I) species. Upon discharge, Cu and Cu
2+

 are converted to Cu
+
, and the 

starting material can be recovered by thermal regeneration, simply by heating up the Cu
+
 solution. 

Acetonitrile is removed at 160 °C, destabilizing Cu(I) and inducing disproportionation to metallic copper 

and Cu
2+

. 

 

Hydrogen production can be realized by vanadium flow battery, simply by passing the charged V(II) 

electrolyte through a catalytic bed of Mo2C, an active catalyst for hydrogen evolution.
5
 This process was 

demonstrated with 10 kW battery, able to produce 1 kg of H2/day. To discharge the positive V(V) 

electrolyte, chemical reactions between N2H4, SO2 or H2S could be envisaged.
5 

 

Lastly, the capacity of the redox flow batteries could be enhanced by chemical charge transfer reaction 

with solid boosters.
6
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Among the various energy storage devices, electrochemical capacitors (ECs) attract attention of scientists 

and engineers for their ability to combine the properties of high energy batteries and high power 

conventional capacitors. Since the energy density of ECs is proportional to the square of voltage, recent 

researches are essentially dedicated to extend the electrochemical stability window which is limited by 

the electrode/electrolyte system [1]. Therefore, a detailed analysis of ECs degradation mechanisms under 

harsh conditions is a crucial point to indicate the real operating voltage. The formation of gases and/or 

solid decomposition products blocking the porosity of carbon, with related decrease of capacitance (C) 

and increase of resistance (R), are the main ageing symptoms of ECs. When imposing a high voltage hold 

of 1.5 V to ECs implementing a neutral aqueous medium, hydrogen evolves at the negative electrode 

together with CO or/and CO2 at the positive one [2, 3]. Simultaneously, the positive electrode is 

functionalized by oxygenated surface groups, while functionalization of the negative electrode also takes 

place via hydrogen peroxide which migrates through the separator from the positive electrode [4]. The 

formed oxygenated functionalities as well as the volatile electrolyte decomposition products cause a 

partial blockage of carbon electrodes’ porosity, electrolyte depletion, worsening of the electrode-current 

collector contact and internal pressure increase, and are consequently key factors at the origin of 

simultaneous C drop and R increase [5]. 

In this work, the gases produced during floating of ECs in 1 mol L-1 Li2SO4 are quantitatively analyzed by 

mass spectrometry in order to bring an insight on realistic degradation processes. A detailed study of the 

various reactions occurring at the carbon/electrolyte interface will be presented based on correlating the 

charge recorded as leakage current with the amount of charge spent on each electrode (Fig. 1a) to:  

i) produce gases taking into account the MS signals and pressure records (as seen on Fig. 1b) and ii) 

oxidize the surface of both electrodes considering the post-mortem surface functionality analyses realized 

by temperature programmed desorption (TPD). The results will be discussed, and strategies for 

optimizing ECs in view of high energy storage and long cycle-life will be proposed. 

 

 

 

 

 

Figure 1. a) Quantitative analysis of charge spent for ageing reactions: Qtot - charge calculated from 

leakage current integration; QCO and QH2 – charge spent for CO and H2 evolution, respectively; QOXC(+) 

and QOXC(-) charge spent for oxidation of the positive and negative electrode surface, respectively; QH2O2 – 

charge spent for H2O2 formation; Q(+) and Q(-) charge due to electronic discharge of the electrodes, charge 

redistribution and other parasitic reactions. a) Relative pressure recorded by the pressure sensor (green 

full line) and amount of gases detected by MS (H2 – black dashed line, CO - orange dashed line, CO2 – 

violet dashed line) during floating. 
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Metals corrosive destruction requires the development of new and effective methods of protection. 

Inhibitory protection of metals is one of the most effective, rational and affordable methods. 

 

The aim of the work was the development of steel corrosion effective inhibitor in a chloride-containing 

medium. The protective effect of the new organic hetero-functional compound N-(carboxycyanethyl)-N, 

N-di(cyanoethylethoxy-amine)  is explored in this paper. Compound synthesis is carried out on the basis 

of residues of fatty acids, which which are part of the waste products of vegetable oils.The choice of the 

material is due to the availability of raw materials, the cheapness of its synthesis and the presence of 

nitrogen heteroatoms in the CN group, which has a high nucleophilicity parameter. 

 

The inhibitory effect of this compound has been studied by weight and electrochemical methods during 

steel corrosion in a chloride medium with a high corrosive activity. The corrosion rate of steel samples 

decreases during gravimetric measurements in inhibited mediums with increasing organic additive 

concentration. The protective effect is 77% at 1·10-2 mol/l concentration  N-(carboxycyanethyl)-N,N-di 

(cyanoethylethoxy-amine) and the increasing in mass of the steel samples observed at 1·10-1 mol/l. It 

indicates the formation of a protective chemisorption film on the metal surface. 

 

The protective effect of the investigated compound was studied by the potentiodynamic method, which 

makes possible to measure the rate of corrosion by the Tafel extrapolation method. The protective effect 

at the concentration 5·10-3 mol/l was 92%. Corrosion diagrams allowed to determine the controlling 

factor of the process. It is established that steel corrosion in inhibited medium proceeds with cathodic 

control. Anodic dissolution of steel proceeds in the diffusion mode. 

 

Determination corrosion rate of the steel a polarization method in electrolyte containing 5·10-3 mol/l N-

(carboxycyanethyl)-N,N-di(cyanoethylethoxy-amine)  depending on the electrode exposure time it 

showed a significant reduction in corrosion. This is also a proof of the formation of a chemisorption 

protective film, as a result of the interaction of matter with surface iron atoms. The results of 

electrochemical and gravimetric measurements of the protective effect of the investigated compound are 

in good agreement. Surface morphology studies by scanning electron microscope (SEM) and energy 

dispersive X-ray spectroscopic (EDX) confirmed the mitigation of steel corrosion by formation of 

protective film on the steel surface.  

 

Thus, compound N-(carboxycyanethyl)-N,N-di(cyanoethylethoxy-amine) can be recombined as an 

effective corrosion inhibitor in a chloride medium. 
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The oxide film theory of metal passivity stipulates that a three-dimensional film, which forms on metal 

surface, acts as a diffusion barrier and thus retards further degradation of the substrate. Nowadays 

application of thinner coatings is under demand, what requires new strategies to extend their life-time and 

to improve their effectiveness as for example the development of smart coatings. Active corrosion 

protection of metals implies not only mechanical covering of the protected surface with a dense barrier 

coating, but also provides self-healing properties, which allow durable protection even after partial 

damage of it.  

Anionic oxygen-dependent compounds, such as molybdates, permanganates, vanadates, which act 

as passivating agents, have been widely studied as alternatives to the well-known chromium based 

materials. The self-healing ability of the conversion film can be achieved by introducing of specific 

corrosion inhibitors into the coating system.  

The aim of the present study was to evaluate the protective and self-healing capacities of Ce doped 

phosphate, phosphate/permanganate and phosphate/molybdate conversion coating on a carbon steel 

surface and to study the process of a new passive film formation on the artificially damaged areas of these 

coatings. 

The SEM, TEM, XRD and XPS techniques were applied for the structural, phase and composition 

characterization of the investigated coatings, voltammetric measurements were carried out to determine 

the passive layer protective ability, while EIS studies yielded information on the self-healing properties of 

different protective systems, affected by introduced artificial defects. 

Phosphate coating on the steel surface was chosen as the base for the active corrosion protection film. 

It was expected that an appropriate addition of another agent to the phosphate treatment solution may 

result in the synergetic effect on the protective properties of the conversion film. Permanganate in the 

phosphate solution acts as a strong oxidizing agent, which accelerates the dissolution of metal. 

Consequently, the presence of this compound influences the growth and modifies the structure of the 

conversion coating. Molybdate conversion layers have been introduced as possible replacement of 

chromate coatings due to the low toxicity of molybdate ions and the possibility to form conversion 

coatings on metallic surfaces similar to the chromates ones.  
A single strategy for inhibitor immobilization is based on the incorporation of inhibiting cations such 

as Ce
3+

 

in amorphous oxide layer. The carbon steel and the phosphated carbon steel surfaces were 

modified with Ce ions by deposition of Ce films from the Ce(NO3)3 solution without and with SO4 
2- 

 ions.  

An appropriate addition of permanganate or molybdate ions to the phosphate treatment solution resulted 

in the enhancement of the protective properties of the conversion film, while additional treatment with Ce 

ions containing solution provided it with the self-healing ability. Both, the highest protective and self-

healing abilities were exhibited by Ce modified molybdenum/phosphate films, which were produced in 

Ce(NO3)3 solution containing sulphate ions. The active corrosion protection ability of the latter 

conversion film secured a larger amount of Ce in general and the large amount of Ce
4+

 in the top layer of 

the film. A low concentration of Ce
4+

 in the conversion films and the presence of structural defects in the 

boundary base metal/coating of permanganate/phosphate film were the reasons why their self-healing 

capacities were not extremely high.  

EIS measurements, performed with the samples, the surface of which was intentionally damaged, 

confirmed the fact that Ce modified molybdenum/phosphate coatings exhibit self-healing effect. TEM 

along with EDS techniques were applied for establishing the effect of the active corrosion protection of 

these coatings. The presence of a fresh formed passive film on the steel surface in the intentionally 

damaged area was evidenced by experimental results obtained, which implied that undamaged conversion 

film healed the naked area of the steel by forming Ce oxide layer. 

The results obtained indicated that deposited conversion coatings provided corrosion protection for 

carbon steel and can be candidates for development of environmentally friendly pre-treatments with the 

active corrosion protection capability.  
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Quantum dots (QDs) are semiconductor nanoparticles with unique optical and electronic properties that 

make these materials suitable for different fields such as photovoltaics, light emitting diodes (LEDs), 

computing, biosensors, biomarkers, etc. Due to their relative easy synthesis route in aqueous solution, it is 

possible to tune the size of the QDs that changes their properties, such as the band gap, and thus their 

absorption and fluorescence spectra [1]. The main problem when using QDs as biomarkers lies in the high 

cytotoxicity of these nanoparticles, mainly due to the utilized materials to obtain QDs. But the question is, 

how is the interaction between the cell membrane and QDs? Some studies have tried to unlock this question 

[2] but the answer is still not clear and one approximation to the study of cell membrane processes is to use 

model membranes such as lipid vesicles in conjunction with electrochemical methods as 

chronoamperometry, cyclic voltammetry (CV), electrochemical impedance spectroscopy, etc. [3].  

 

In this work, CdTe QDs were synthesized in an aqueous medium by using CdCl2, Na2TeO3 as Cd2+ and 

Te2- sources, respectively, NaBH4 as reducing agent and mercaptosuccinic acid (MSA) as capping agent. 

The synthesis was carried out in a reflux system adjusting solution pH to 9.0 with an acetate/borate buffer 

solution and then the obtained QDs were purified by centrifugation using a mixture of isopropanol:water 

1:1. As model membranes, DMPC (1,2-dimyristoyl-sn-glycero-3-phosphocholine) liposomes were 

prepared according to the method suggested by Moscho et al. [4], in absence or presence of QDs. For 

electrochemical measurements gold or mercury electrodes were used as working electrode, Ag/AgCl (3 M 

KCl) as a reference electrode and a Pt rod as the auxiliary electrode.  

 

By modifying the gold electrode surface with a self-assembled monolayer (SAM) of tetradecanethiol it is 

possible to increase the hydrophobicity of the electrode. An exposure of the modified electrode to a DMPC 

suspension is assumed to form a bilayer. This process can be followed by CV and EIS and using a redox 

probe, in this case ferrocenemethanol. The results show that the electrode surface is blocked due to the 

formation of the bilayer. Then in presence of CdTe QDs the electrochemical response of the redox probe 

recovers, but the mechanism is still not clear. The same conclusions can be derived from EIS measurements.  

 

When a mercury electrode is used as working electrode, the procedure is simpler than with gold electrodes 

because the lipid monolayer forms spontaneously at the mercury surface. In this case, the voltammetric 

response of CdTe QDs change in the presence of DMPC but now the question is: Is there an interaction 

between DMPC/CdTe QDs, or will the CdTe QDs reach the mercury surface before DMPC? 
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Thin film solar cells, are a type of photoelectrochemical cells that have a thin film of photoactive material 

deposited on conductive substrate, supported by counter electrode and electrolyte which blocks electron 

transfer from anode to cathode. Typical representatives of such systems are dye-sensitized solar cells 

(DSSCs). In these cells, the incident solar light is used as an energy that drives chemical reaction used as 

a source of electric energy. The discovery that TiO2 applied on a transparent conductor can act as a 

photoactive electrode further boosted development of DSSCs [1]. Unfortunately DSSCs never achieved 

intended wide spread use, due to high input materials cost, and development of more efficient perovskite 

solar cells (PSC), however, they are very stable and robust, which makes them an interesting system for 

geometric optimizations. Recent advances in development of perovskite solar cells have reduced the cost 

of materials used to a point, where the OTE can be the most expensive part of the system. Until now, 

majority of DSSC and PSC utilized at least one optically transparent electrode (OTE) in order to operate 

normally [2]. 

 

We investigated a novel method of DSSC based photocell construction, which does not use OTE. 

Constructed device had its OTE Fluorine doped zinc oxide (FTO) replaced with SS316L type stainless 

steel foil and used liquid I2/I3
-
 based electrolyte and was assembled in inverted configuration. Constructed 

devices were investigated using cyclic voltammetry and solar simulator. Additionally, FE-SEM analysis 

was performed on TiO2 coated FTO and stainless steel photoelectrodes. 

Results revealed, that it is possible to construct the device that has almost identical potential (0.62 V) 

output compared to original DSSCs that use OTE, and that future devices could be made in the form of 

tape or string. Using thin metal foil it is also possible to construct photocells that are flexible, and could 

be potentially developed into photovoltaic fabric. 
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Over the past two decades, the room temperature ionic liquids (RTILs) have been actively studied by 

surface scientists and physical chemists. Combinations of physicochemical properties make RTILs 

excellent candidates for specific applications. In particular, electrode–RTIL interfaces are in focus of 

research on the energy storage and conversion in supercapacitors, actuators, batteries, solar cells, and fuel 

cells. Strong Coulombic interactions between ions cause the characteristic interfacial structure. A model 

consisting of three 1-ethyl-3-methyl imidazolium (EMIm+) cations and three tetrafluoroborate (BF4
−) 

anions at a planar surface accounts for most important interactions.  

We conducted DFT calculations of the ionic associate near model Au(111), Bi(111) and C(0001) 

surfaces (Figure 1). We optimised the associate geometry and calculated the interaction strength with 

variation of the applied electric field strength. We examined the total interfacial dipole – an easily computed 

quantity that is proportional to the potential drop at the interface. We divided the interface dipole into the 

surface, ion, and solvent components. Finally, we estimated the integral interfacial capacitance as well as 

discussed the role of the solvent layer represented by the ionic associate. 

Anions and cations interchange upon charging the surface, thus changing the magnitude of the solvent 

layer dipole. For all surfaces, the desorption of BF4
– anions starts at the negative surface charges, while the 

EMIm+ cations remain near the surfaces at all surface charges. 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 the solvent layer dipole decreases. 

The reported data provide useful information on the ionic liquid adsorption on the electrode surfaces. 

Moreover, it demonstrates the essential role of the solvent dipole at the interface in determining the shape 

of the capacitance vs potential curve. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Geometries of the ionic associates of EMImBF4 at Au(111), Bi(111), and C(0001) model 

surfaces from left to right, respectively. 
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Electrolyzers use electricity to break water into hydrogen and oxygen and can be designed in different ways. 

Despite different configurations, each electrolyzer consists of an anode, a cathode and an electrolyte. In our 

work, we focused on the development of a novel active and stable anode material for the oxygen evolution 

reaction (OER). It is an important anode reaction that usually takes place at the surface of an unsupported 

iridium (Ir) based electrocatalyst [1]. In order to increase utilization of the electrocatalyst, dispersing Ir in 

the form of nanoparticles on high surface area support is considered as one of the main challenges in the 

field. Since conventional carbon based supports tend to corrode at operating potentials (> 1.5 V), they are 

not suitable for proton exchange membrane electrolyzers [2]. An alternative substrate already tested for the 

use in electrocatalytic applications is titanium oxynitride (TiON) which was also selected for the purpose 

of our study. The TiON film was prepared in three steps. In the first step, anodic oxidation of metal titanium 

was used to obtain rigidly attached titanium dioxide (TiO2) nanotubes. The anodized titanium was subjected 

to two annealing procedures in order to crystalize the TiO2 nanotubes and to convert them to the desired 

TiON nanotube arrays substrate. In the last step small metallic Ir nanoparticles were dispersed throughout 

the substrate in such a way that regions with different loadings of Ir were formed. The entire process of the 

TiONIr electrocatalyst preparation was studied with identical location scanning electron microscopy (IL-

SEM) and X-ray diffraction (XRD) techniques. The electrocatalytic activity of the developed catalyst was 

evaluated and the optimal loading of Ir nanoparticles was determined in terms of catalyst performance and 

stability (durability). Our results showed that the selected catalyst support provides high surface area and 

sufficient electronic conductivity. Moreover, the synthetic procedure used to prepare the TiONIr catalyst is 

fast and cost-efficient. The high positive potentials and strongly acidic environment during the oxygen 

evolution process did not cause Ir catalyst particles coarsening nor dissolution and redeposition up to 

considerably high potentials and reaction times. 
 

 
Figure 1. SEM micrograph showing TiON nanotube arrays substrate with the highest load of metallic Ir 

nanoparticles.  
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Novel oxygen reduction reaction (ORR) catalysts composed mainly of transition metals (Co or Fe), 

nitrogen, and carbon are actively being studied as potential alternatives to the current commercial Pt/C 

catalyst. While promising results have been achieved in this field, both the activity and stability of these 

new M-N/C type ORR catalysts is still below the highly electrochemically active Pt. Therefore additional 

research is needed to further improve these alternative M-N/C catalysts in order to make them economically 

more viable. In addition, special consideration has to be given to the chosen synthesis method to keep the 

final cost of the catalyst material as low as possible.[1, 2] 

 

The basis of this work was a facile solution-based synthesis method, which has previously been used to 

produce active and considerably stable M-N/C type ORR catalyst materials [3, 4]. In order to further 

improve this method, we synthesized multiple new Co-N/C type catalysts while changing the synthesis 

parameters. A total of 5 different catalysts were produced, characterized, and compared to a previous 

catalysts data. 

 

The electrochemical activity and stability of the synthesized catalysts was studied in a 0.1 M HClO4 aqueous 

solution. Additionally, low-temperature nitrogen sorption analysis and inductively coupled plasma mass 

spectrometry were employed to further characterize the materials. 

 

The electrochemical measurements revealed that changing the various synthesis parameters had a negligible 

effect on the ORR activity of the Co-N/C catalysts. In the case of our best catalyst, the common post-

treatment with acid and second pyrolysis step had a negative effect on the ORR activity, opposite of what 

is often presented in the literature [5]. However, the ORR stability for all of the synthesized catalysts was 

noticeably higher compared to a previous similar catalyst.  

 

More specifically, the activity of the catalysts was monitored over a 144 hour period and the activity 

decrease rates were found to range from 0.35 to 0.53 mV h-1. It was concluded that catalysts with extremely 

similar activity and stability can be synthesized using a variety of different synthesis conditions. 
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Introduction The oxide formed on solder surface makes the solder-wetting weaken1). Generally, the
melting point of oxide is higher than that of metal. In case of pure tin solder, oxide does not melt at
soldering temperature of tin. Therefore, wetting to substrate material starts after oxide film fractured. The
fracture stress of oxide in Fig.1 is calculated as aP/2t with the view point of mechanical metallurgy. This
means that the thinner oxide makes better wetting. Therefore, the thickness and measuring growth rate of
it is important.
Experimental Method The author tried to analyze the oxide growth with Electrochemical Quartz
Crystal Micro-balance(EQCM). Since the frequency change of quartz crystal is proportional to mass
change on it, the mass gain of deposited tin on the crystal can be measured. With this principle, the
oxidation law tin obey at room temperature is investigated.
Results and Discussion The mass gain measured at indoor condition and 100%-humidity condition is
shown in Fig.2. The oxidation rate of the sample at indoor condition shows logarithmic law. On the other
hand, the oxidation rate of the sample at 100%-humidity shows little until 4.5 hours past and that the rate
obey the logarithmic law after then. The logarithmic law constant of the latter one is bigger than the
former one.
Generally, the oxidation is controlled by the diffusion of ions or electrons through the oxide layer and the
rate obey parabolic law. In case of tin, however, the rate control stage is not diffusion. The logarithmic
law can be explained by the assumption that electron tunneling of tin oxide layer controls the total
corrosion rate of tin (Fig.3). This assumption gives the reasonable explanation of the little mass gain at
100%-humidity early stage. The absorbed-water layer must be the bariier of electron tunneling and
electrochemical reaction is prevented (Fig.4).

Reference:
(1)H.Saito, Abstract of ISE Topical Meeting(2018), No.s3-030

Oxide Sn
Fig.1 Oxide on tin surface.
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The aim of this work was to increase corrosion resistance of widely used austenitic stainless steel AISI 304 with 

thin/ultrathin coatings deposited by methods applicable in industry. The nanocomposite thin coatings used for that 

were based on nanographene and metal oxide nanolaminates. 

In our previous works we prepared nanoplatelets of graphene oxide (GO) and reduced graphene oxide (rGO) ourselves 

using graphite nanoplatelet aggregates (surface area 750 m2/g; STREM Chemicals, USA) as graphene precursor. First, 

we prepared GO with modified Hummers’ method following reduction of that with Fe-powder [1, 2]. Latter we used 

industrial GO suspension (0.4 mg/mL; Graphitene Ltd, UK) [3]. In this work we used new graphene precursor from 

NanoGraphene Inc that was prepared with sonication from natural graphite powder – the precursor material consists 

of micron size platelets and is not chemically treated, therefore is less defective than our previous precursors. 

As electrophoretic deposition (EPD) used for the graphene film preparation needs charged particles we explored for 

the many-layer graphene thinning and charging a technique that manages to do both tasks at once [4]. Shortly, we 

added a certain amount of bovine serum albumin (BSA) to the precursor suspension and sonicated the suspension for 

additional 10 h. As a result, a stable graphene water dispersion was created and with EPD a thin continuous and 

homogeneous graphene film was deposited on the metal substrates (Goodfellow Cambridge Ltd., UK). A metal oxide 

laminate made by atomic layer deposition (ALD) with Al2O3 and TiO2 ultrathin films that were deposited alternately 

covered the EPD thin film creating a thin nanostructured composite coating with sub-micron thickness. 

The corrosion resistivity of the nanocomposite coating was compared on regular and chemically passivated stainless 

steel substrates. For that the coatings were tested with immersion in 6% FeCl3 aqueous solution for 72 h according to 

ASTM G48-11 standard. Test samples were characterised before and after the test with scanning electron microscopy, 

optical microscopy and X-ray fluorescence spectroscopy, and by weighting for determination of mass losses due to 

corrosion. 

The immersion tests showed that graphene coating only did not survive that extremely corrosive environment, ALD 

laminate only showed 10 times less mass loss than uncoated sample and the loss lowered twice if the sample was 

chemically passivated before the coating deposition. The best results were got by nanocomposite coating if the sample 

was, first, chemically passivated and second, the graphene layer thickness was optimized. 

In the presentation also electrochemical analysis of the coatings will be given and the results will be discussed in more 

detail. 
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Development of highly active and durable catalysts for oxygen reduction reaction (ORR) to replace costly 

Pt-based materials is a high-priority research direction for commercialisation of low-temperature fuel 

cells. Among the various non-precious metal catalysts explored through the last decade, transition metal-

containing nitrogen-doped carbon nanomaterials have shown the most promising results. One of the most 

simple strategies to prepare such materials is high-temperature pyrolysis of organic carbon precursors, 

nitrogen and metal sources, where N-doping occurs simultaneously with the formation of graphitic carbon 

structures. The second approach is doping the pre-existing carbon materials with suitable morphology 

(e.g. carbon nanotubes, graphene etc.). 

In this work, iron- and cobalt-containing nitrogen-doped carbon nanomaterials were synthesised from 5-

methylresorcinol-formaldehyde resin nanospheres. In the first method, the organic nanospheres were first 

pyrolysed to obtain carbon nanospheres, which were subsequently doped with nitrogen and transition 

metals during the second pyrolysis process in the presence of dicyandiamide (DCDA) and FeCl3 or 

CoCl2. This method yielded transition metal-containing N-doped carbon nanospheres (FeNCNS and 

CoNCNS). Alternatively, one-step pyrolysis of organic nanospheres in the presence of DCDA and Fe or 

Co salts was conducted, which produced the N-doped carbon materials with irregular porous structure 

(FeNC and CoNC).   

The materials were physicochemically characterised by scanning electron microscopy, X-ray 

photoelectron spectroscopy and N2 adsorption analysis. The electrocatalytic activity of the materials 

towards the ORR in alkaline solution was evaluated by rotating disk electrode (RDE) method. It was 

revealed that the performance of the materials greatly depends on their composition, but also on the 

surface morphology. All transition metal-containing catalysts showed higher electrocatalytic activity for 

ORR as compared to the metal-free N-doped materials, cobalt-containing catalysts being slightly more 

active than iron-based materials. It was also evident that FeNC and CoNC were more active as compared 

to FeNCNS and CoNCNS, respectively, which can be attributed to their higher specific surface area 

and/or higher total N content. As compared to 20% Pt/C catalyst, the activity of the catalysts was slightly 

lower, the half-wave potential of O2 reduction being about 30 mV more negative for CoNC. The 

important role of N-coordinated metal centres in the ORR electrocatalysis was demonstrated by the 

inhibition of the ORR process in the presence of NaCN. All transition metal-containing N-doped catalysts 

showed low peroxide yield, high methanol tolerance and good stability and thus are promising 

electrocatalyst materials for the direct methanol fuel cells [1].  

 

Figure. SEM images of the catalysts: (a) CoNCNS and (b) CoNC. (c) RDE voltammetry curves for O2 

reduction on the catalysts in O2-saturated 0.1 M KOH at 1900 rpm. ν = 10 mV s
‒1

. [1] 

 

[1] K. Kisand, A. Sarapuu, A.-L. Peikolainen, H. Seemen, M. Kook, M. Käärik, J. Leis, V. Sammelselg, 

K. Tammeveski, Oxygen Reduction on Fe‐ and Co‐Containing Nitrogen‐Doped Nanocarbons, 

ChemElectroChem 5 (2018), in press. DOI: 10.1002/celc.201800353.  



The Role of Wilhelm Ostwald in Developing Physical Chemistry and Especially 
Electrochemistry 
 
Fritz Scholz 
University of Greifswald, Institute of Biochemistry, fscholz@uni-greifswald.de 
 
In the late 19th and early 20th century, Germany played a leading role in the development of 
chemistry. The life and achievements of Wilhelm Ostwald are archetypical for that period. His 
Institute of Physical Chemistry attracted students from all over the world. Many of them have 
established their own schools and transplanted physical chemistry to their home universities. 
 
Ostwald’s achievements in chemistry have a wide range from electrochemistry to catalysis. His 
guiding spirit was behind many contributions of his disciples without leaving his name 
associated to the respective ground-breaking publications. In electrochemistry, the following 
persons and their achievements are closely related to Ostwald: Walther Nernst (Nernst 
Equation), Anton Behrend (first potentiometric precipitation titration), Wilhelm Böttger (first 
potentiometric acid-base titration), Rudolf Peters (Peters Equation for dissolved redox couple 
= Nernst Equation), Robert Luther (Luther’s rules), Olin Tower (KCl salt bridge), Georg Bredig 
(Betaine structure / zwitterions). Among his many students were: Fritz Pregl, Zakhari V. 
Karaoglanov, Niels Bjerrum, Max Bodenstein, Carl Fredenhagen, Herbert Freundlich, Vincas 
Čepinskis, Ivan S. Plotnikov, Vladimir A. Kistyakovskiy, Nikolay D. Zelinskiy, Nikolay A. 
Izgaryshev, Svante Arrhenius, Julius Tafel, Frederick George Donnan, Wilder Dwight 
Bancroft, Edgar Buckingham, Samuel Bigelow, Arthur Blanchard, Frederick Gardner Cottrell, 
Morris Loeb, Gilbert Newton Lewis, Arthur Amos Noyes, Theodore William Richards, Willis 
Rodney Whitney, and many others, who left their footprints in physical chemistry.  
 
Only from the perspective of today, we can fully recognize and dignify Ostwald’s genius and 
his influence in shaping modern physical chemistry and especially electrochemistry. Ostwald’s 
translation of Josiah Gibbs’ seminal papers on thermodynamics to German language was the 
international break-through of Gibbs’ thermodynamics. Thus, Ostwald was THE discoverer of 
Gibbs, because he has realized the epoch-making value of Gibbs’ thoughts. 
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One of the main problems hindering the wide-scale commercialization of polymer electrolyte membrane 
fuel cells (PEMFCs) is high overpotential for oxygen electroreduction reaction (ORR) at the cathode 
decreasing the efficiency. The instability of porous carbon supports in fuel cell working conditions is also 
a major problem in PEMFC applications. Therefore, novel catalyst support materials are being sought for 
fuel cell electrocatalyst [1, 2]. In this research hierarchical carbon supports with suitable porosity were 
prepared from molybdenum carbide employing chlorine as extraction agent. Materials with high specific 
surface area and large mesopore volume were synthesised [3-4]. 
 
Prepared carbon materials were incorporated with platinum nanoparticles and thereafter prepared 
catalysts were used in the single cell measurements. Electrodes were deposited onto Nafion membrane 
using ultrasonic spaying system. Activity and stability of the catalyst materials synthesised were 
evaluated form polarisation curves and chronopotentiometric measurements. The series resistance of 
electrolyte, polarization resistance and activation energy values have been calculated from 
electrochemical impedance spectroscopy data. From cyclic voltammetry the electrochemically active 
surface area values were calculated and used to estimate the contact surface of platinum nanoparticles and 
Nafion electrolyte It was established that prepared carbon materials with well-defined properties are 
excellent objects to study the impact of the catalyst support properties on the performance of a PEM fuel 
cell.  
 
Synthesised catalyst materials were characterised using low temperature nitrogen sorption, X-ray 
diffraction and high resolution transmission electron microscopy methods. 
 
It was found that the novel synthesized catalyst materials are suitable for PEMFC applications because of 
their catalytic activity and stability towards ORR.  
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The main objective of this work is to characterize nickel and ceria impregnated LSTA- perovskite anodes 

by exploring their performance in electrolyte and anode supported configurations in both hydrogen and 

methane. Perovskite structures of composition La0.3Sr0.5TiO3-δ with 20 % deficiency at the A-site is 

prepared using solid state route [1]. Full cells with this anode are fabricated using yttria stabilized zirconia 

(YSZ) as electrolyte with LSM-YSZ (50:50) and LSM as cathode. Nickel nitrate and cerium nitrate are 

impregnated into the porous matrix of LSTA- anode to yield nickel oxide (NiO) and cerium oxide (CeO2) 

on calcination. NiO content in LSTA- anode was varied from 2 to 10 wt. % to optimize it for hydrogen 

oxidation. To the optimized NiO weight fraction, ceria content was varied from 2 to 8 wt. % to make the 

anodes resistant to carbon deposition and yield better performance in methane environment. The full cells 

were characterized by three electrode system [2] using asymmetric reference electrode [3] to study the 

polarization behavior of NiO – CeO2 impregnated LSTA- anodes in both electrolyte supported and anode 

supported configurations. The corresponding impedance response were captured using potentiostat to 

estimate the polarization resistance for fuel oxidation. Exchange current density from Tafel analysis was 

also estimated for NiO – CeO2 impregnated LSTA- anodes and their performance was compared with 

traditional NiO-YSZ anodes [4] in temperatures between 750 – 900 oC. Activation energy calculations 

were carried out from polarization resistances and exchange current density values using Arrhenius 

equation. It was found that, NiO – CeO2 impregnated LSTA- anodes performed better than traditional 

NiO-YSZ (50:50) anodes in both, hydrogen and methane environment. 
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Abstract 

Co3V2O8 is one of the potential candidates for electrochemical supercapacitor application due to its multiple 

stable oxidation states, high electrical and ionic conductivity and high rate capability. However, the 

conductivity can be further improved by doping with Sulfur which can enhance the electrochemical 

performance substantially. Herein, we report Sulfur doped Co3V2O8 (S-Co3V2O8) nanosheet arrays grown 

in-situ as a binder free synthesis on Ni foam by hydrothermal method. The height and thickness of S-

Co3V2O8 nanosheet arrays are ~200 and ~10 nm, respectively, and the thickness increases with increasing 

reaction time. The shape and size of S-Co3V2O8 nanosheet arrays remain unchanged after the doping of 

sulfur in Co3V2O8 in hydrothermal manner. We observed that the S-Co3V2O8 nanosheet array exhibits better 

electrochemical performance than the undoped Co3V2O8 nanosheet arrays. The electrochemical 

performance was analyzed in aqueous alkaline electrolyte where S-Co3V2O8 nanosheet array based 

electrode exhibited a specific capacity of 1476 C/g (3690 F/g) at 2 A/g with enhanced rate capability and 

an excellent capacity retention of 94.2% at 5 A/g specific current after 4000 cycles. The better 

electrochemical performance of the sulfur doped sample as compared to undoped one is related to low 

electronegativity and large size of sulfur, which creates a robust structure and better transport properties. 

An asymmetric supercapacitor is fabricated, using S-Co3V2O8 nanosheet arrays as the cathode and activated 

carbon (AC) as the anode, which shows high specific capacity (or capacitance) value of 174.5 C/g (or 

116.33 F/g), energy density (36.4 Wh/kg) and power density (740 W/kg) at 2 A/g with 98.4% specific 

capacity retention after 4000 consecutive charge–discharge cycles. Further, Li-ion hybrid capacitor 

fabricated in the CR2032 coin cell with S-Co3V2O8 exhibits specific capacity of 994 mAh/g with energy 

density of 695 W/kg at specific current of 1 A/g with good rate capability and 46.5% capacity retention 

after 100 cycles makes it a promising candidate for future high energy storage systems. 
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The increase in the population and therefore, demand for the clean energy has forced the research to find 
efficient energy conversion technologies. Low-temperature fuel cell is a promising device that converts 
chemical energy into electrical energy, but since the oxygen reduction reaction (ORR) that takes place on 
the fuel cell’s cathode is quite slow, a good electrocatalyst is needed. Hereof, carbon-based materials (e.g 
graphene, graphene oxide, graphite) have been widely used due to their low cost compared to metals, 
wide potential window in electrochemistry and mechanical stability [1]. However, it is known that the 
ORR on pristine carbon materials is rather inhibited, but heteroatom-doped carbon materials have shown 
great promise towards the ORR in alkaline media [1,2]. Many different but mostly complicated synthesis 
methods have been used for the preparation of heteroatom-doped carbon materials, so it is important to 
develop a catalyst material with high ORR activity, but using simple preparation method. In this regard, 
ball-milling is an attractive way for producing active catalysts towards the ORR since this method can be 
used for reducing the size of carbon materials but also for modifying the surface of nanocarbons [3,4] 
In this work, carbon materials (graphite, graphene oxide or graphene) were ball-milled in the presence of 
dicyandiamide and then pyrolyzed at 800 °C to produce nitrogen-doped carbon material for the ORR in 
alkaline medium. The studies of high-resolution scanning electron microscopy and N2 adsorption analysis 
showed that the ball-milling and nitrogen-doping changed the surface morphology and increased the 
specific surface area in graphite and graphene oxide, but no significant change was observed for N-doped 
graphene. According to the X-ray photoelectron spectroscopy analysis, the highest nitrogen content was 
found in N-doped graphite and the lowest in N-doped graphene. All these catalysts contained different 
nitrogen functionalities (amines, pyridinic-N and pyrrolic-N), but graphitic-N and pyridine-N-oxide was 
additionally detected in N-doped graphene [5].  
All nitrogen-doped catalysts had higher electrocatalytic activity towards the ORR in alkaline medium 
compared to the undoped materials in terms of the number of electrons (n) transferred per O2 molecule 
(for the N-doped materials the n value was ca four, but for the undoped ones it was between two and four) 
as well as the onset potential (e.g. the onset potential for the undoped and N-doped graphene oxide was  
-0.2 V and -0.05 V vs SCE, respectively). Inductively-coupled plasma mass spectrometry showed that 
only a small amount of Mn was found in N-doped graphene oxide, but not in N-doped graphite and N-
doped graphene, so it can be assumed that the rise in electrocatalytic activity towards the oxygen 
reduction reaction is mostly associated with different nitrogen functionalities and the increase in the 
specific surface area after ball-milling. These results show that this simple and more environmental-
friendly method is suitable for the preparation of N-doped carbon-based catalysts for the ORR [5].  
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 The global market for lithium salts is a fast growing and is expected to reach 30$ billion value by 

2020. Increasing rapidly demand of Li ions is caused by their application for portable electronics, for 

electric and hybrid cars and for electrical intelligent grids [1]. However, one of the main disadvantages of 

application lithium compounds in industrial scale technologies is shortage of sources of lithium and their 

unevenly distribution. Hence, to deal with this problem it should be put a great attention for research novel 

technologies of production lithium compounds. From global content point of view, the most interesting 

sources of lithium ions are collected in brines and geothermal waters where content of lithium ions is 

estimated to be 2.55·1014kg [2]. It should be mentioned here that seawater, the richest resources of lithium, 

is still out of technological interest due to low lithium concentration of 0.1–0.2mg/dm3. From the 

technological point of view, the most promising lithium resource is groundwater where concentration of 

lithium is between 10 and 15mg/dm3[3]. 

 In our research we developed an innovative method for selective removal lithium ions from 

aqueous solution, called Hybrid Capacitive Deionization – HCDI, with electrical potential assembly. The 

goal of the research is to develop a search for lithium selective system suitable for construction of electrodes 

and for extraction of lithium ions with higher efficiency. The second purpose is application geothermal 

water as a potential sources of lithium removal by means of HCDI. The finally aim is conducted the research 

about energy production in process selectively removal lithium ions from aqueous solutions.  

 The primarily cell of HCDI is composed of the selective inorganic adsorbent constituting the 

cathode and composite anode made with activated carbon coated with an anion exchange membrane. As a 

selective adsorbent we applied the lithium-manganese-titanium oxides (LMTO). The conducted studies 

showed that adsorbent with 5% wt. content of titanium dioxide allowed preparation of the most efficient 

electrode with the stable structure [4]. The next key element of hybrid capacitive deionization process is 

anion-exchange membrane. These membranes were synthesized via chemical modification PVC and PVDF 

by aliphatic amines as EDA, DETA and PEHA [5,6].   

 For configurations with the lithium-selective adsorbent it was proved that with the use of these 

adsorbents the value of the adsorption capacity was 40mg/g (LiCl), 9mg/g (KCl) and 10mg/g (NaCl), 

respectively (time 30min, 2.5V) [4]. In addition, the desorption value of lithium chloride was approx. 42%, 

due to the use of PVC-EDA membranes on the surface of the counter electrode. Using HCDI in the 

configuration with inorganic adsorbents doe real geothermal water, the lithium ions were separated with 

73% efficiency (generating a separate stream enriched with Li+ ions). The total adsorption capacity was 

800mg/g (time 3min, 2V) and the total energy consumption reached 0,183 kWh/kg [3]. In addition, through 

the implementation of PVDF-EDA and PVDF-DETA membranes, a 100% level of desorption was 

achieved, thereby the HCDI achieved the initial adsorption capacity. 

 The finally research under HCDI allow to show that by application the capacitor-type geometric 

construction it is possible to recover of 50% of the total energy consumption  in adsorption steps. 
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Graptolite argillite (GA) belongs to the wide belt of Middle Cambrian to Lower Ordovician organic rich 
black shale deposit. GA contains remarkably high concentrations of trace metal such as U, Mo, V, Ni and 
it can be enriched locally with some rare earth elements (REE), Cd, Sb, As, La, Eu, Dy, Nd. In Estonia, 
high concentration of organic matter is characteristic to those beds, which makes it also attractive for 
methane production. [1] REE are very widely applicable in solid oxide fuel cell [2,3] and solid oxide 
electrolysis cells [4], co-catalysts in CeO2-Pt/C, PrO2-Pt/C polymer electrolyte fuel cells [5] as well as in 
super magnets, applicable in wind generation systems and electric cars.  
 
The REE are widely viewed as critical metals, because they are extensively used in modern technology 
and their supply chain are dominant by China. Therefore, it is important to study the production 
possibilities of high quality REE due to the complex chemical properties, lack of REE resources, and 
environmental, health and safety concerns.[6] 
 
In this work, GA was processed with liquid-liquid extraction and solid-liquid extraction methods. 
Traditional, conventional extractants and ionic liquids based complex separation methods have been 
developed. The reuse and reduce of chemicals was considered, moving towards circular economy and 
resource efficient processes. Some acid-stable nanoparticles were also tested in highly acidic solutions, 
because of their high efficiency, cost and low particle loss during REE extraction/separation cycles [7]. 
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Now, the great majority of studies of sodium-ion batteries have deal with liquid electrolytes. At the same 

time, the applying of solid polymer electrolytes in such batteries can, in principle, offer some advantages 
including damping of the electrodes’ volume changes during their cycling, simplifying developing of the 

flexible batteries, etc. Moreover, using of solid polymer electrolytes creates a possibility of applying sodium 

metal as negative electrode instead intercalation compounds. (It is well-known that applying sodium metal 

in contact with liquid electrolyte is ruled out due to dendrites forming). Various polymer electrolytes with 

sodium-ion-conductivity are reported in the literature, electrolytes based on Nafion being the most attractive 

among them [1]. The aim of present work are studies of performances of sodium secondary battery with 

this very electrolyte.  

Proton-exchange membranes Nafion-117 was soaked in 2 M NaCl for exchange Na+ ions for protons. After 

removal of Cl‒ ions and drying the membranes were saturated with mixture of ethylene carbonate with 

propylene carbonate. Ionic conductivity of such membrane amounts to 0.6 mS/cm. The positive electrodes 

were made from composite Na3V1.9Fe0.1(PO4)3/C, synthesized according [2]. The negative electrode was 

made from sodium rolled upon stainless steel mesh. The electrochemical testing was carried out with using 
CR2016-type coin cells. For the sake of comparison such cells were assembled with polymer electrolyte 

and with common polypropylene separator soaked in 1 M NaClO4 in the same solvent. The cells were tested 

in galvanostatic mode with current density 0.1 mA/cm2 (15 mA per 1 g of Na3V1.9Fe0.1(PO4)3/C). 

Fig. 1 demonstrates charge-discharge curves for the cells. Specific capacity Q is calculated per weight of 

Na3V1.9Fe0.1(PO4)3/C. The cyclic performance of both cells is shown in Fig. 2. One can see certain similarity 

of behavior of cells with polymer and liquid electrolytes. 
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Fig. 1. Charge-discharge curves for cells with 

liquid (1) and polymer (2) electrolytes 
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Fig. 2. The cycling performance of cells with 

liquid (1) and polymer (2) electrolytes 
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Electrostatic double-layer capacitors (EDLCs) use carbon electrodes or derivatives achieving high 
capacitance and are used for rapid charging/discharging rather than long term energy storage. This is due 
to high electrostatic double-layer capacitance and separation of charge in a Helmholtz double layer being 
of the order of less than 1 nm only. This means that the interface of the surface conducting electrode and 
an electrolyte determines capacitance of the EDLC and secures its long-term application. Any changes 
within this interface induced by aging may reduce capacitance and result in shorter operating time and 
finally require expensive replacement. Thus, the phenomena related to the state of this interface may be 
potentially used to determine the state-of-health (SoH) of the EDLC.  

We propose to utilize random phenomena (noise) observed during discharging of the EDLC to 
determine the SoH of the investigated specimen. Measured noise may be generated by phenomena taking 
place in electrode-electrolyte interface [1] and also by elements of the applied measurement set-up or by 
resistances of the tested EDLC (e.g., equivalent serial resistance – ESR, representing also resistance of the 
terminals and the electrodes) [2]. Noise generated within electrode-electrolyte interface is responsible for 
limitations of electrodes when used for sensing applications but may be used to inform about the state of 
this interface when charge transfer processes or electrochemical interactions (e.g., electrochemical 
corrosion reactions [3]) take place and determine noise level. Similar method was utilized successfully to 
determine state-of-charge of batteries [4]. We may suppose that observed fluctuations are low energy 
phenomena and therefore should be more sensitive to any eventual changes in state of the electrode-
electrolyte interface than other electrical parameters like capacitance or ESR measured between terminals. 

Noise was observed when the charged EDLC was discharged through the selected and constant 
loading resistance [2]. Similar method was applied when the batteries were investigated [4] instead of the 
EDCL. We charged the tested EDLC to the selected polarizing voltages and measured voltage across the 
loading resistance during discharging process. Additive noise component in the recorded time series was 
identified by subtracting the trend component expressing RC elements discharging and approximated by 
polynomial. Additive noise was observed within the frequency range from tens of mHz up to a few Hz. The 
polarizing voltages were increased to selected the maximum value and lowered to the starting value to 
determine repeatability of noise measurements. Power spectral densities of the observed noise exhibited 1/f 
noise component at frequencies below 1 Hz and white noise at higher frequencies. Noise intensity increased 
very fast with increasing the polarizing voltage and the observed changes were more intense for white noise 
than for 1/f noise component. Moreover, when the specimen was aged by floating at selected polarizing 
voltage the intensity of the recorded noise changed as well. Again, the relative changes of white noise 
component were more intense than 1/f noise component at low frequencies. Moreover, noise changes were 
more intense when compared with the relative changes of capacitance or ESR only. This suggest that noise 
may be utilized to determine the SoH of the investigated EDLC. 

The presented experimental results determined the proposed equivalent electrical noise model of 
the EDLC. We may conclude that the most sensitive to any changes in the electrode-electrolyte interface is 
white noise component. That component may be related to charge transfer processes occurring there but 
other reasons may be present in the EDLCs utilizing different electrolytes. This issue requires further 
studies. 
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The Hall–Héroult process has been applied in the production of aluminium for more than hundred years. 

The process involves electrolytic reduction of aluminium oxide (alumina, Al2O3) dissolved in molten 

cryolite (3NaF-AlF3). The cathode product is liquid aluminium, and the anode product is a CO2/CO gas 

mixture. As a result, carbon anodes are consumed. The presence of bubbles on the anode surface 

increases the ohmic resistance between the anode and cathode by lowering the area available for the 

current. The extra voltage drop arising from bubbles underneath the anode surface accounts for as much 

as 10% of the total cell voltage. The voltage related to the anode process has been shown to be highly 

dependent on anode geometry. The effect of anode geometry was studied by comparison of four different 

anode designs: horizontal (facing downwards), inverted horizontal (facing upwards), vertical and a rod 

(mixed geometry, with horizontal and vertical surfaces). The aim of the work was to compare bubble 

behavior between different anode designs at different current densities. Bubbles formation and 

detachment were studied for each anode design by measuring the anode potential oscillations. 

Polarization curves, potential oscillations and dominating frequencies for each anode design are 

discussed.   

 

 
Figure 1 Measured anode potential vs. time during electrolysis at different current densities. 
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Nuclear magnetic resonance (NMR) has played an extremely important role in solid-state research ever 

since its discovery. Variable-temperature NMR is often employed to investigate the static and dynamic 

properties of materials. Solid-state NMR covers an enormous range of material types and experimental 

techniques. Although the basic instrumentation and techniques of solids NMR are readily accessible, 

there can be significant barriers, to exploring the array of more sophisticated techniques [1]. 

We first outline NMR methods for studies of 

ionic dynamics in solids, including, but not 

limited to 
45

Sc NMR approaches to oxygen ion 

conductors [2,3]. The covered techniques enable 

detailed characterization of ionic motions in wide 

ranges of time and length scales. The motivations 

for developing in situ, high-temperature NMR 

methods are discussed, challenges for such 

measurements are presented, and applications to 

solid inorganic materials are given. High-

temperature NMR is uniquely suited for 

measuring rates of cation and anionic site 

exchange, of re-orientation and bond-breaking in 

structural groups, and of dynamical changes in 

symmetry, for processes occurring at time scales 

from seconds to nanoseconds. These kinds of 

dynamics are often at the heart of macroscopic 

properties including diffusivity, conductivity and 

viscosity. High-resolution MAS NMR spectra 

can be collected to temperatures as high as 700–

900 °C, and can reveal dynamics of site exchange for resonances separated by only a few ppm. High-

temperature single crystal spectra may provide enhanced resolution to detect symmetry changes and 

dynamics; both single crystal and powder spectra for nuclides with spin >½ can again detect motional 

processes that affect the magnitude and symmetry of electric field gradients. 

The range of motivations for performing NMR experiments at very low temperatures is also extremely 

broad [1]. We illustrate two applications of low-temperature NMR for the studies of complex molecular 

dynamics and for the discoveries of novel states of matter in low-dimensional magnetic systems. 

Specifically, we address (i) the dynamics of fullerene C60 molecules in intercalated C60 phases, (ii) 

magnetism in quasi-one-dimensional antiferromagnet TiPO4 where the spin-Peierls transitions were 

discovered, and (iii) low-temperature- and high-field-induced novel phases of two-dimensional dimer 

copper oxides, SrCu2(BO3)2 [4] and BaCuSi2O6. We present the examples of measurements, aiming at 

providing an introduction into the application of low-temperature NMR techniques. 
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Electrochemical flow capacitor (EFC) is a significant addition to the fleet of grid scale energy storage 

devices due to its rapid charging/discharging and easy recovery of stored energy [1]. The EFC shares the 

concept of high power supercapacitor and scalability of flow batteries aiming to provide rapid decoupling 

of power at the order of milliseconds and long discharge time. 

 

To develop the EFC technology, studies were mainly focused on the electrode material, chemical activation, 

porosity and morphology of electrode material. Apart from electrode material the flow cell design showed 

the huge impact on the reducing overall efficiency. The lower concentration of electrolyte in the slurry 

showed the direct relation of resistivity with the depth of flow channel, which directly influence the 

conductivity of the device [2]. Theoretically it was proved that when ionic conductivity was higher than the 

electronic conductivity in the static slurry diffusion becomes the prominent phenomenon, while for the 

flowing slurry advection phenomenon also takes place due to mass transfer at different flow rates [3].  

 

In this study, Finite element method (FEM) based theoretical model was developed for EFC. The adsorption 

of electrolytic ions on the carbon electrode as studied by Johnson and Newman is utilized to build the non-

faradic model of Flow capacitor (FC) [4]. The assembled geometry consists of two flow channels 

differentiated as positive and negative flow channel separated by a membrane. The geometries with 

changing flow channel shape and dimensions prove to be the factor that increase the current density and 

the overall efficiency of device. The circular shaped flow channels showed that the diffusion of electrolytic 

ions is concentrated to the sharp corners of flow channels and separating membrane while leaving the center 

of flow channel empty.  Geometry with semicircular flow channel showed the homogeneous distribution 

of current density and overall improved magnitude. The shape change of the flow channel made the surface 

area sites more accessible for electrolytic ions to adsorb on. 

 

 
Figure: The current density distribution due to electrolyte in two different geometries.  
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Charge storage in supercapacitors is achieved by the electrical double layer (edl) capacitance or 

pseudo-capacitance. The edl capacitance, as the fundamental understanding of the processes that govern 

the interface between electrode and electrolytes, characterizes the ability to charge storage when the 

electrode potential changes slightly. The pursuit for higher energy or higher edl capacitance has led to 

many innovations for electrode active materials and electrolytes. Applicability of room temperature ionic 

liquids (RTILs) as electrolytes in edl capacitors have the great potential due to the wider electrochemical 

stability potential regions and tunable physicochemical properties. Synthesis of novel carbon materials 

has received much attention. The carbide-derived carbon (CDC) that performs the unique nanoporous 

structure with narrow pore size distribution and tunable volume has a great attraction to use as electrode 

materials in edl capacitors [1]. Influence of iodide anions from ionic liquid EMImBF4 on the capacitance 

has been studied at microporous-mesoporous carbon electrodes in supercapacitors. And a significant 

increase in capacitance has been demonstrated within the potential region where the adsorption of I- anion 

takes place [2].  

Here, we choose the 1-ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl) imide (EMImTFSI) as the 

electrolytes due to the high conductivity and wider electrochemical stability potential region. The 

two-electrode supercapacitors, using microporous SiC derived carbon electrodes impregnated with pure 

EMImTFSI and small additions (up to 5%) EMIm-Cl/Br/I and Li/Na/K-TFSI, are studied by cyclic 

voltammetry, electrochemical impedance spectroscopy and constant current charge-discharge methods. 

An essential consideration has been taken to the different presentations of evaluating the efficiency and 

capacitive behavior in different types of supercapacitors, energy efficiency is 5-10% lower than 

coulombic efficiency even for typical edl capacitors [3]. The efficiency calculated from energy ratio has 

been demonstrated in this work. Compared to pure EMImTFSI added into the electrodes, the 

supercapacitors with electrodes containing halide and alkali ions show the considerable values more than 

90% up to 3.2V (cell potential). And the specific energy of supercapacitor with 5% Li/Na/K-TFSI and 5% 

EMIm-Cl/Br/I performs a maximum 48 Wh/Kg at 3.4V. Also, the series capacitance with 5% 

EMIm-Cl/Br/I (137 F/g) is larger than pure EMImTFSI (118 F/g) at 3.4V, while the number of energy 

efficiency drops about 2%. The increasing capacitances are due to the competitive redox activities and 

specific adsorptions of halide ions. The specific adsorption of iodide ions from ionic liquid PMImI to 

increase capacitance has been observed [4]. The slight loss in energy efficiency is because of an essential 

relation to the non-reversible redox processes from halides electrodes. This results suggest a new way to 

enhance the supercapacitor characteristics with halide and alkali ions impregnation to carbon electrodes. 
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Development of novel non-precious metal catalysts (NPMC) to replace costly Pt-based catalysts on the 

cathode of polymer electrolyte fuel cells is among the biggest challenges in fuel cell electrocatalysis. In 

recent years, doping of carbon nanomaterials with nitrogen and transition metals, such as iron or cobalt or 

manganese, thus forming active sites for the oxygen reduction reaction (ORR), has been shown to be a 

promising strategy for NPMC design. The exact role of transition metals and nitrogen in the formation of 

active sites is still under the debate and the discussion about the mechanistic details of the ORR on this 

type of catalysts is still ongoing, but many advances have been made by studying the effect of catalyst 

precursors on the ORR activity of the final catalyst. Carbide-derived carbons (CDC) are carbon materials 

synthesized from metal carbides by removal of metals using high-temperature chlorination process. By 

careful selection of synthesis conditions, the CDCs can be tuned to have a high specific surface area and 

suitable pore size distribution. In our previous work we have studied nitrogen and transition metal doped 

highly microporous CDCs (M-N-CDC) [1,2]. In the present work we have incorporated multi-walled 

carbon nanotubes (MWCNT) into the M-N-CDC catalyst to form a composite catalyst (M-N-comp) [3]. 

The electrocatalysts were synthesized in a two-step pyrolysis procedure: first the CDC was ball-milled in 

the presence of iron(II)acetate and 1,10-phenanthroline. This mixture was pyrolyzed and then MWCNTs 

along with dicyandiamide and another amount of iron(II)acetate were added. The surface morphology and 

elemental composition of the final catalysts were investigated with scanning electron microscopy, N2 

adsorption analysis, inductively coupled plasma mass spectrometry and X-ray photoelectron spectroscopy 

to thoroughly characterize the physico-chemical properties of the catalyst materials. Then the rotating 

disk electrode (RDE) and single-cell anion-exchange membrane fuel cell (AEMFC) tests were performed. 

The addition of MWCNTs was revealed to increase mesoporosity as the MWCNTs filled the space in 

between the highly microporous CDC particles, thus increasing the ORR activity by providing more 

active sites and facilitating mass transport. The onset potential of ORR for the best catalyst, which had a 

CDC-to-CNT ratio of 2:1 was 0.99 V vs RHE in 0.1 M KOH in RDE mode and the peak power density 

using this catalyst in an H2/O2 AEMFC with Tokuyama A201 anion exchange membrane was 120 mW 

cm
‒2

. However, the catalyst with lowest CDC-to-CNT ratio (1:2), which had more negative ORR onset 

potential in RDE testing, performed better at higher current densities in the AEMFC and reached a 

maximum power density of 160 mW cm
‒2

. This might be caused by a better mass transport in the thick 

catalyst layer. The best catalysts exceeded the activity of commercial Pt/C in both RDE and AEMFC 

tests, showing a great potential of CDC-based cathode catalysts to replace costly Pt in AEMFC devices. 
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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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 The increased global energy demand and pollution of environment due to the consumption of 
fossil fuels require utilization of energy generated from renewable energy sources such as wind, tidal and 
solar power. As the contribution of these energy resources grows the energy storage systems with high 
energy densities, efficiencies and long cycle life become increasingly important. In this regard 
supercapacitors (SCs) are considered as the most promising energy storage devices due to their high 
power density, short characteristic time constant, excellent coulombic reversibility, high energy 
efficiency, long cycle life and wide operation temperature range [1,2]. 
 Porous carbon materials are the most promising electrode materials for portable SCs due to the 
high surface area, good electrical conductivity, good chemical stability, low gravimetric density and low 
cost [3,4]. The electrical energy accumulated in SCs depends on the electrochemically active surface area 
and, thus, on the porosity and hierarchical porous structure of a carbon material. In addition, the presence 
of mesopores in porous carbon materials determines the power density of SCs having a strong effect on 
the rate of mass transfer and adsorption rate of charge carriers inside the porous carbon matrix. Therefore, 
the characteristics of micro- and mesoporous carbon materials have to be optimized to improve further the 
specific energy and power density of EDLCs [3,4]. 

The objective of this study was to investigate the applicability limits of carbon material derived 
from granulated white sugar (GWS carbon) by hydrothermal carbonization (HTC) method combined with 
subsequent zinc chloride activation step of hydrochar, for SC electrodes. Synthesized GWS carbon 
material was used as an electrode material in SC cell filled with 1 M triethylmethylammonium 
tetrafluoroborate (Et3MeNBF4) solution in acetonitrile (AN) or 1-ethyl-3-methylimidazolium 
tetrafluoroborate ionic liquid (EtMeImBF4) as the electrolytes. Cyclic voltammetry (CV), constant 
current charge/discharge (CC), electrochemical impedance spectroscopy (EIS) and constant power 
discharge (CP) methods were used to study the electrochemical performance of EDLC. 

The EIS, CV and CC measurement results show that the values of specific capacitance are 
somewhat higher for EMImBF4 (135 F g-1) electrolyte compared to the TEMABF4 in AN (110 F g-1). The 
CP test results show that at low constant power values the stored energy is higher for EDLC based on 
EMImBF4 ionic liquid (48 W h kg-1) compared with EDLC based on TEMABF4 in AN electrolyte (39 W 
h kg-1). However, the best capacitance retention, shortest relaxation time constant and substantially higher 
energy density values were established for SC cell in 1 M TEMABF4 solution in AN due to the lower 
viscosity and higher electrical conductivity compared to the ionic liquid based electrolyte [4]. 
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Direct methanol fuel cells (DMFCs) are promising energy conversion devices, which can provide high 

efficiency and energy density, and as such, have been studied intensively. Due to the poisoning of Pt 

catalysts during methanol oxidation, various co-catalysts have been studied. Ruthenium has been studied 

extensively and good results have been obtained. More recently various oxide materials have been proposed 

and studied. Of these materials, rare earth metal oxides have been shown to be promising co-catalysts, 

although of the various oxides, CeO2 has perhaps received most attention.  

In this study, praseodymium oxide containing catalyst materials have been synthesised and characterized. 

Praseodymium oxide containing nanocatalysts were obtained via deposition of praseodymium hydroxide 

onto a carbon support material and calcination of the resulting material. Thereafter, platinum nanoclusters 

were deposited onto the praseodymium oxide containing composite material by impregnation of the Pt 

precursor into the support material and further reduction with hydrogen.  

The studied materials were electrochemically characterized using rotating disk electrode, cyclic 

voltammetry, chronoamperometry and electrochemical impedance spectroscopy methods. Physical 

properties of the materials were characterized using X-ray diffraction, thermogravimetric analysis, scanning 

electron microscopy with EDX, inductively coupled plasma mass spectrometry and specific surface area 

measurements.  

The studied materials exhibit high currents for methanol oxidation even at low Pt loadings. Compared to a 

commercial Pt-C(Vulcan) material, the overpotential was drastically reduced, and the peak potential for 

methanol oxidation is at E = 0.15 V vs mercury-mercurous sulfate electrode.  

The good results of the study are a continuation of the investigation of nanocatalysts containing rare earth 

metal oxides for electrooxidation of alcohols.  
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Polymer electrolyte fuel cells (PEFC) have been developed as a power source for next-generation 
automobiles. Because of its high chemical durability and proton conductivity, perfluorinated sulfonic acid 
electrolytes (PFSA) are widely used for the electrolyte membrane. In the driving environment for 
automobiles, the amount of generated water changes with output fluctuation, and the electrolyte membrane 
deforms due to swelling and shrinkage. The electrolyte membrane is also required to have mechanical 
durability in a dry/wet cycle. In this study, we synthesized several PFSAs with different mechanical 
properties and investigated the effect on dry/wet cycle durability. 
Figure 1 showed that obtained PFSA polymers had a wide range of mechanical characteristics according to 
the polymer design. Work of fracture and creep characteristics were also examined as polymer properties 
affecting the dry wet cycle test. 
 

 

Figure 1. Stress-strain curves of obtained PFSA polymers at 80°C 
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Differential capacitance plays the central role in the theories of the electric double layer (EDL); it also 

forms the basis for technologies such as supercapacitors and actuators [1, 2]. While the basic theory of the 

interfaces between electrodes and dilute electrolytes has been established, the EDL occurring between 

electrodes and concentrated electrolytes, such as ionic liquids, remains a challenge for theory [3, 4]. 

Complimentary to theory and experiment, computer simulations provide atomistic view on the EDL 

structure. 

The present work focuses on the influence of the gold electrode crystallography on the differential 

capacitance in 1-butyl-3-methylimidazolium hexafluorophosphate ionic liquid. We consider various 

molecular dynamics (MD) techniques as well as several approaches for treatment of the simulated data. 

By the MD data, we demonstrate that the shape of capacitance curve is influenced by the electrode 

crystallography by comparing Au(100), Au(110), and Au(111) surfaces. Additionally, the capacitance 

magnitude is determined by the electronic structure, which we treated at the density functional theory 

level. The combination of the MD and the DFT data agrees with previous experimental results [5]. 
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The synthesis and characterization of a Na3V2(PO4)3 cathode material for room-temperature sodium-ion 

battery is reported. The NVP material was prepared using a two-step process which proceeded via sol-gel 

nitrate combustion method for precursor preparation and subsequent pyrolysis under Argon.  

 

The materials have been investigated using SEM, EDX, XRD and TOF-SIMS methods. Electrochemical 

characterization has been carried out using cyclic voltammetry (CV), electrochemical impedance 

spectroscopy (EIS) and galvanostatic charge/discharge method (GCD). 

 

The electrode slurry was prepared by mixing the active material, conductive additive (Super P) and 

polyvinylidene difluoride (PVdF) binder in a 75:15:10 mass ratio. The mixed slurry was cast onto 

aluminium foil using doctor-blade technique. The cast electrodes were dried under vacuum for 24h. 

Electrochemical tests were carried out in coin cells, which were assembled in an Argon-filled glovebox 

(O2 < 0.1 ppm, H2O < 0.1 ppm). Sodium metal was used as the counter electrode and 1M NaClO4 in 

propylene carbonate (PC) as the electrolyte in half-cell measurements. 

 

SEM image of the NVP cathode surface in Fig. 1a shows homogeneous distribution of NVP particles and 

Super P carbon. The NVP particles are of 100 – 500 nm in diameter. The rate-performance of the NVP 

electrode (Fig. 1b) can be improved by creating a carbon shell around the particles. 

 

The results of full cell measurements for optimized NVP cathode and Glucose-derived Hard Carbon [1–3] 

anode will be discussed in detail. 

 

 
Acknowledgements 

The present study was supported by European Regional Development Fund (Centres of Excellence 

TK141 (2014-2020.4.01.15-0011) and TK117 (3.2.0101–0030), TeRa project SLOKT12026T, Higher 

education specialization stipends in smart specialization growth areas 2014-2020.4.02.16-0026), 

“Institutional development programme for research and development and higher education institutions” 

(ASTRA) (Graduate School of Functional Materials and Technologies, Materials Technology Projects 

SLOKT12180T and SLOKT12181T, Energy Technology Project SLOKT10209T), Estonian Research 

Council (Institutional Research Grant IUT20–13 and by NAMUR project 3.2.0304.12-0397. Mr. Väli 

thanks Estonian Students Fund in USA for financial support. 

 

References:  

[1] R. Väli, A. Jänes, T. Thomberg, and E. Lust, J. Electrochem. Soc., 163 (2016) A1619. 

[2] R. Väli, A. Jänes, and E. Lust, J. Electrochem. Soc., 164 (2017) E3429. 

[3] R. Väli, A. Jänes, T. Thomberg, and E. Lust, Electrochim. Acta, 253 (2017) 536. 



Novel organic linker precursors for MOF-derived highly efficient ORR 

cathode materials 
 

 

 

M. Alam,
a
 K. Ping,

a
 A. Braschinsky,

b 
R. Bhadoria,

a
 V. Mikli,

c
 A. Mere,

c
 S. Vlassov,d M. Kook,d M. Rähn,d V. 

Sammelselg,
b,d J. Aruväli,

b
 K. Tammeveski,

b
 N. Kongi,

b,
 P. Starkov

a,
 

 

a
Department of Chemistry & Biotechnology, TalTech–Tallinn University of Technology, 12618 Tallinn, Estonia 

b
Institute of Chemistry, University of Tartu, 50411 Tartu, Estonia 

c
Department of Materials & Environmental Technology, TalTech–Tallinn University of Technology, 19086 Tallinn, 

Estonia 

dInstitute of Physics, University of Tartu, 50411 Tartu, Estonia 

mahboob.alam@taltech.ee  

 

 

 

Preparation of functional materials often relies on the use of multiple starting materials – inorganic salts or 

organometallic precursors, nanostructured or sacrificial carbon supports, additives and dopants – with the examples 

of a single precursor-derived materials being much less well-known. Herein, we employ an electron-rich/carbon-rich 

heterobivalent scaffold by merging the catechol and imidazole units to prepare crystalline iron–organic framework. 

It gives direct access to a highly efficient ORR electrocatalyst material (Eon = 1.04 V, E1/2 = 0.85 V in 0.1 M KOH) 

alleviating the need for dopants or additives. We show that by purely altering the nature of the organic linker, we 

can further modulate the electrochemical properties of the catalyst materials derived from a single precursor. 
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