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Course description 

 
Course summary: 
This advanced course provides an in-depth coverage of the principles and applications of 
electrochemical processes for energy conversion and storage. The topics include thermodynamics, 
kinetics, mass and charge transport in electrochemical systems. The applications and energy conversion 
systems, such as fuel and electrolysis cells, photoelectrochemical cells, batteries, and hybrid systems, 
will be discussed. The course aims to provide PhD students with the knowledge necessary for careers 
in research. 
 
Course contents: 

1. Cell Thermodynamics and Potentials 
a) Electrochemical thermodynamics 
b) Equilibrium and electrochemical potentials 
c) Interfacial potentials 
d) Junction potentials 
e) Formal potentials and reference electrodes 
f) Temperature and pressure dependence 

2. Electric Double Layer 
a) Ideally polarizable electrodes 
b) Models of the electric double layer 
a) Specific adsorption 
b) Double layer effects on reaction kinetics 

3. Electrode Kinetics 
a) Phenomenological Butler-Vollmer kinetics 
b) Microscopic Marcus theory 
c) Multi-step reactions 

4. Electrokinetic and Electrocapillary Phenomena 
a) Electroosmosis 
b) Electrophoresis 
c) Electrocapillary motion 

5. Thermodynamics and Transport in Electrolyte Solutions 
a) Activities 
b) Dilute electrolytes and Debye-Hückel theory 
c) Transport laws 
d) Diffusion, conductivity, transference numbers 
e) Concentrated electrolytes 

6. Transport in Solid State 
a) Equilibrium thermodynamics in real solids 
b) Irreversible thermodynamics and kinetics in solids 
c) Phenomenological diffusion coefficients 
d) Charge mobility 
e) Concentration profiles 

7. Mass and Charge Transfer in Electrochemical Systems 
a) Mass transfer equations 
b) Electroneutrality  
c) Migration and diffusion at the electrode surface 
d) Convective transport 
e) Concentration overpotential 

8. Porous Electrodes 
a) Microscopic description 



b) Mass transfer 
c) Reaction rate non-uniformity 
d) Applied aspects 

9. Electrochemical Impedance 
a) Equivalent AC circuits 
b) Kramers-Kronig relations 
c) Instrumentation 
d) Physical modeling 

10. Photoelectrochemistry 
a) Semiconductor-electrolyte junction 
b) Photoelectrochemical cells 
c) Surface photocatalysis 
d) Electrochemiluminescence and electrochromism 

11. Ion Insertion Systems 
a) Binary and tertiary electrodes near equilibrium 
b) Redox and insertion reaction potentials  
c) Single- and two-phase reactions 
d) Types of insertion electrodes 

12. Ion Batteries 
a) Ion insertion battery materials and systems 
b) Electrode conversion (alloying) battery materials and systems 
c) Applied aspects of electrochemical batteries 

13. Flow Batteries 
a) Flow battery structure and components 
b) Redox and redox-mediated processes 
c) Applied aspects of flow batteries 

14. Fuel and Electrolysis Cells 
a) Classification of fuel and electrolysis cells 
b) Structure and components 
c) Electrocatalysis 
d) Electrolytes and membranes 
e) High- and low-temperature systems 

15. Hybrid Electrochemical Energy Conversion Systems 
a) Electric double layer capacitors 
b) Pseudocapacitance and supercapacitors 
c) Applied aspects of hybrid energy conversion systems 

16. Additional aspects of electrochemical energy conversion 
a) Biological electrochemical energy conversion systems 
b) Techno-economics of electrochemical energy conversion 
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