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This is an elective course designed for graduate students major in chemistry and material chemistry and
senior undergraduate students major in chemistry. The objectives are to help students to build up the
knowledge frame of the theory in electrochemistry, understand the physical and chemical principles of
electrode processes, grasp the basic experimental methods for electrochemical measurement and analysis,
learn the latest progresses in the applications of electrochemistry in the fields of energy storage and
conversion and degradation of pollutant substances, gain a good basis for the future research in the
related fields.
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Course Contents

Section 1 A brief introduction to electrode processes
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The application of electrode processes in energy storage, synthetic chemistry
and analytical chemistry.

The concept of supercapacitors, batteries, fuel cells and electrolysis cells.
Faradaic process and charging of electric double layer.

Relationship between Faradaic current and the rate of electrode reaction.

Section 2 Thermodynamics and electrode potential
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Relationship between potential and reaction energetics.

Electrode reaction and electrode potential.

Nernst equation: Relationship between concentration and electrode potential.
Reference electrode and three-electrode system.

Overpotential.

Section 3

Properties of electrode-solution interface
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Theory development of electric double layer model.
Potential of zero charge.

Section 4

Mass transport in solution near electrode
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Poisson-Nernst-Planck #5411

Convection, diffusion and migration.

Steady state process formed by convection and diffusion.
Rotating disk electrode.

Poisson-Nernst-Planck simulation.

Section 5

Kinetics of electron transfer
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Butler-Volmer model.

Exchange current density.

Microscopic mechanism of electron transfer between electrode and species in
electrolyte.

Section 6

Multi-step reactions
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Rate determining step, reversible steps before rate determining step and
reaction order.

Apparent Tafel slope.

Section 7

Basic potential step methods
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Chronoamperometry.
Potential step method.
Establishment of steady state voltammetry.
Ultramicroelectrodes.

Section 8

Potential sweep methods
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Cyclic voltammetry.

Influence of double layer capacitance and resistance of electrolyte solution.
Reversibility of electrode reactions.

Section 9 Electrochemical catalysis
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Hydrogen evolution reaction and hydrogen oxidation reaction.
Oxygen evolution reaction and oxygen reduction reaction.
COz reduction reaction.

Porous electrode and gas diffusion electrode.

Section 10 An introduction to impedance methods
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Nyquist &,

Equivalent impedance of electrolysis cells.

The influences of reaction on electrode surface and diffusion on impedance.
Nyquist plot.
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Course Assessment

& 20%; “FEF/ENL 60%; PREENUH CGEREICHR 10%, @3RS 10%)
Attendance 20%, Assignments 60%, Project (Presentation 10%, Report 10%)
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Textbook and Supplementary Readings

1. Electrochemical Methods, Fundamentals and Applications, Second Edition, A. J. Bard, L. R. Faulkner,
Wiley, 2001.

2. WIS, ettt &, Blarliikgt, 2002.




