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Summary

The course is the continuation of Interfacial Electrochemistry of Metals and Semiconductors for Energy Conversion and
Storage 1 a## Fundamentals (CH-G1-603) and is focused, based on the material presented on the latter course, on the
description of advanced electrochemical theories and their applica

Content

1) Application of irreversible thermodynamics to describe transport phenomena in electrolytes and to determine the
diffusion potential at the contact between two electrolytes.

2) Determination of electrode potentials by potentiometric and voltammetric methods. Reference electrodes in
aqueous and non-aqueous solutions.

3) Doping of oxide semiconductors used in photoelectrochemical systems.

4) Construction and interpretation of electrode potential vs. pH (Pourbaix) diagrams

5) Application of electron and hole transport and physical kinetics concepts to processes at the electrode side of
the semiconductor-electrolyte interface in conjunction with electrochemical reactions, in the dark and under irradiation.
6) Kinetics of multistep electrode reactions. Detailed description of some reactions of interest to electrochemical

energetics including these occurring in water electrolysers and hydrogen-oxygen fuel cells, oxidation of organic
compounds, and carbon dioxide reduction. Heterogeneous electrocatalysis.

7) Detailed description of the p-n diode equation. Contemporary research in photoelectrochemical research
incorporating illuminated p-n junctions (photoelectrochemical diodes).

8) Definitions of solar-to-chemical energy conversion efficiency in photoelectrochemical systems

9) Work function in electrochemistry and absolute electrode potential.

10) Double layer theories at metal and semiconductor electrodes. Double layer effects in electrode kinetics.
Thermodynamics of the semiconductor oxide-electrolyte interface.

11) Electron transfer theories at metal and semiconductor electrodes according to the Marcus-Gerischer model.
12) Surface electrochemistry: electrodeposition at metal electrodes, anodic metal dissolution, kinetics at chemically
modified electrodes and their application to batteries and electrochemical supercapacitors, electrochemistry of
electronically conducting polymers.

13) Application of electrode kinetic equations to the description of batteries and fuel cells.

14) Enzymatic and microbial biofuel and electrolytic cells, including these including photoelectrodes.

15) Dye-sensitized electrodes for electricity and solar fuel generation, analysis of recent recent research.
Examination: Written examination, homework assignments and one term paper.
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Electrochemistry, Energy Conversion, Thermodynamics, Kinetics, Photoelectrochemistry

Learning Prerequisites

Recommended courses

Undergraduate-level physical chemistry.
CH-G1-603
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« Instrumental methods in electrochemistry / Robinson

« Electrochemistry at semiconductor and oxidized metal electrodes / Morrison

» Semiconductor photoelectrochemistry / Pleskov

 Electrochemistry at metal and semiconductor electrodes / Sato

« Sustainable and green electrochemical science and technology / Scott

* An introduction to the physics and electrochemistry of semiconductors / Sharon
* Modern Electrochemistry 2nd. ed. / Bockris

» Modern electrochemistry : an introduction to an interdisciplinary area / Bockris
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