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COURSE SYLLABUS

Course Title :  Advanced Electrochemistry Experimental Analysis Techniques

Credits / Hours 3

Course

[JRequired [JElective
Number

Brief Course Description& Curriculum Objective:

The object of this course is to learn about the basic and advanced experimental electrochemistry
analysis method for different electrochemical systems. Those experimental methods can be used
to study active materials from the lithium ion battery, fuel cell, and supercapacitors. The
theoretical and experimental topics will be arranged for the graduate students to further
understand different types of the electrochemical analysis techniques more clearly.

Course Topics

Topic

Content

Introduction
(1-Chapter 1)

I-V curves

Mass transport limitation

Capacitance at the metal/solution interface
Equivalent circuit representation

Potentials of Phases
(1-Chapter 2)

Driving force

Electrochemical potential
Equilibrium of two phases in contact
SHE scale

Fundamental  Measurement in
Electrochemistry
(1-Chapter 3)

Measurement of current and potential
Cell voltage

Non-polarizable counter electrode
Three-electrode system

Potential drop in a three-electrode cell

Electrode Kinetics
(1-Chapter 4)

Current density vs. reaction rate
Methods of measurements

RDE

The physical meaning of reversibility

Single-Step Electrode Reaction
(1-Chapter 5)

Over-potential
Equations of electrode kinetics
Tafel equation

Symmetry factor
Marcus theory of charge transfer
Mechanism

Multi-Step Electrode Reaction Transfer coefficient

(1-Chapter 6) Tafel slope

Reactions order

Examples of Multi-Step Electrode
Reaction
(1-Chapter 7)

Hydrogen evolution reaction
Oxygen evolution reaction
joand b
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. . 1. Double layer structure
lonic Double-Layer Capacitance,
(Ca) 2. Helmholtz model
. 3. Gouy and Chapman model
(1-Chapter 8)
4. Stern model
Nanotechnology and i i
) 1. Effect of size and phase transformation
Electrocatalysis . . . .
2. Particle size on catalytic activity
(1-Chapter 10)
1. Galvanostatic method
i i 2. Potential-step method
Experimental Techniques (1)
3. Current-step method
(1-Chapter 14) )
4. Microelectrode
5. Reduction solution resistance
1. Linear potential sweep (LPS) and cyclic voltammetry
Experimental Techniques (2) (CV)
(1-Chapter 15) 2. Solution of the diffusion equation
3. Uses and limitation of LPS and CV
1. Introduction EIS
Experimental Techniques (3) 2. Graphical representation
(1-Chapter 16) 3. Effect of mass transfer limitation
4. Warburg impedance
Electrochemical Quartz Crystal|1. Introduction and basic properties
Microbalance (EQCM) 2. Equation of the QCM
(1-Chapter 17) 3. Use of the EQCM as a microsensor
1. Electroplating
) 2. Metal deposition
Electroplating N
3. Current distribution
(1-Chapter 19) .
4. Throwing power
5. Mechanism of ion transfer
1. Battery and Fuel cell
Energy Conversion and Storage 2. Polarity of battery
(1-Chapter 20) 3. Supercapacitors
4. Hybrid super-capacitors




