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ELECTROCHEMISTRY
Title of the
Course
Paper No. Elective 11
Category Elective | Year I | Credits | 4 | Course 424E1C
Semester | [ Code
Instructional Lecture | Tutorial | Lab Practice Total
hours per week 4 1 - 5
Prerequisites Basic knowledge of electrochemistry

Objectives of the
course

To understand the behavior of electrolytes in terms of conductance,
ionic atmosphere, interactions.

To familiarize the structure of the electrical double layer of different
models.

To compare electrodes between current density and over potential.

To discuss the mechanism of electrochemical reactions.

To highlight the different types of over voltages and its applications in
electroanalytical techniques.

Course Outline

UNIT-I: Ionics: Arrhenius theory -limitations, van’t Hoff factor and its
relation to colligative properties. Deviation from ideal behavior. Ionic
activity, mean ionic activity and mean ionic activity coefficient-concept
of ionic strength, Debye Huckel theory of strong electrolytes, activity
coefficient of strong electrolytes Determination of activity coefficient
ion solvent and ion-ion interactions. Born equation. Debye-Huckel
Bjerrum model. Derivation of Debye-Huckel limiting law at appreciable
concentration of electrolytes modifications and applications.
Electrolytic conduction-Debye-Huckel Onsager treatment of strong
electrolyte-qualitative and quantitative verification and limitations.
Evidence for ionic atmosphere. Ion association and triple ion
formations.

UNIT-II: Electrode-electrolyte interface: Interfacial phenomena -
Evidences for electrical double layer, polarizable and non-polarizable
interfaces, Electrocapillary phenomena - Lippmann equation electro
capillary  curves.  Electro-kinetic = phenomena electro-osmosis,
electrophoresis, streaming and sedimentation potentials, colloidal and
poly electrolytes. Structure of double layer: Helmholtz -Perrin, Guoy-
Chapman and Stern models of electrical double layer. Zeta potential
and potential at zero charge. Applications and limitations.

UNIT-III: Electrodics of Elementary Electrode Reactions: Behavior
of electrodes: Standard electrodes and electrodes at equilibrium. Anodic
and Cathodic currents, condition for the discharge of ions. Nernst
equation, polarizable and non-polarizable electrodes. Model of three
electrode system, over potential. Rate of electro chemical reactions:
Rates of simple elementary reactions. Butler-Volmer equation-
significance of exchange current density, net current density and
symmetry factor. Low and high field approximations. symmetry factor
and transfer coefficient Tafel equations and Tafel plots.

UNIT-IV: Electrodics of Multistep Multi Electron System: Rates of
multi-step electrode reactions, Butler - Volmer equation for a multi-
step reaction. Rate determining step, electrode polarization and
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depolarization. Transfer coefficients, its significance and determination,
Stoichiometric number. Electro-chemical reaction mechanisms-rate
expressions, order, and surface coverage. Reduction of 13', Fez+, and
dissolution of Fe to Fe*". Overvoltage - Chemical and electro chemical,
Phase, activation and concentration over potentials. Evolution of
oxygen and hydrogen at different pH. Pourbiax and Evan’s diagrams.

UNIT-V: Concentration Polarization, Batteries and Fuel cells:
Modes of Transport of electro active species - Diffusion, migration and
hydrodynamic modes. Role of supporting electrolytes. Polarography-
principle and applications. Principle of square wave polarography.
Cyclic voltammetry- anodic and cathodic stripping voltammetry and
differential pulse voltammetry. Sodium and lithium-ion batteries and
redox flow batteries. Mechanism of charge storage: conversion and
alloying. Capacitors- mechanism of energy storage, charging at constant
current and constant voltage. Energy production systems: Fuel Cells:
classification, alkaline fuel cells, phosphoric acid fuel cells, high
temperature fuel cells.

Extended
Professional
Component (is a
part of internal
component only,

Questions related to the above topics, from various competitive
examinations UPSC / TRB / NET/ UGC-CSIR / GATE /TNPSC others
to be solved

(To be discussed during the Tutorial hours)

Not to be included

in the external

examination

question paper)

Skills acquired Knowledge, Problem solving, Analytical ability, Professional

from this course Competency, Professional Communication and Transferable skills.
Recommended 1. D. R. Crow, Principles and applications of electrochemistry,
Text 4thedition, Chapman & Hall/CRC, 2014.

2. J. Rajaram and J.C. Kuriakose, Kinetics and Mechanism of
chemical transformations Macmillan India Ltd., New Delhi, 2011.
3. S. Glasstone, Electro chemistry, Affiliated East-West Press, Pvt.,
Ltd., New Delhi, 2008.
4. B. Viswanathan, S. Sundaram, R. Venkataraman, K. Rengarajan
and P.S. Raghavan, Electrochemistry-Principles and applications,
S. Viswanathan Printers, Chennai,2007.
5. Joseph Wang, Analytical Electrochemistry, 2™ edition, Wiley,
2004.

Reference Books

1. J.O.M. Bockris and A.K.N. Reddy, Modern Electro chemistry,
vol.1 and 2B, Springer, Plenum Press, New York, 2008.

2. J.O.M. Bockris, A.K.N. Reddy and M.G. Aldeco Morden Electro
chemistry, vol. 2A, Springer, Plenum Press, New York, 2008.
3. Philip H. Rieger, Electrochemistry, 2™ edition, Springer, New

York, 2010.

4. L.I. Antropov, Theoretical electrochemistry, Mir Publishers, 1977.

5. K.L. Kapoor, A Text book of Physical chemistry, volume-3,
Macmillan, 2001.
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Website and 1. https://www.pdfdrive.com/modern-electrochemistry-e34333229.
e-learning source

Course Learning Outcomes (for Mapping with POs and PSOs)

Students will be able:

CO1: To understand the behaviour of electrolytes in solution and compare the structures of
electrical double layer of different models.

CO2: To predict the kinetics of electrode reactions applying Butler-Volmer and Tafel
Equations.

CO3: To study different thermodynamic mechanism of corrosion.

CO4: To discuss the theories of electrolytes, electrical double layer, electrodics and
activity coefficient of electrolytes.

COS: To have knowledge on storage devices and electrochemical reaction mechanism.

CO-PO Mapping (Course Articulation Matrix)

PO1 | PO2 | PO3 | PO4 | POS | PO6 | PO7 | POS | PO9 PO10
COo1 S S S S M S S S S M
CO2 M S S S S M S S S S
CO3 S S M S S S S M S S
CO4 M S S S S M S S S S
CO5 M S M S S M S M S S
3 — Strong, 2 — Medium, 1 - Low
Level of Correlation between PSO’s and CO’s

CO /PO PSO1 PSO2 PSO3 PSO4 PSO5
CO1 3 3 3 3 3
CO2 3 3 3 3 3
CO3 3 3 3 3 3
CO4 3 3 3 3 3
CO5 3 3 3 3 3
Weightage 15 15 15 15 15
Weighted percentage of Course

Con%ributi[:)n to Pog 3.0 3.0 3.0 3.0 3.0

3 — Strong, 2 — Medium, 1 — Low
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