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Objective/s

e Describe a partial molar property and determination of the
properties of mixtures.

e Discuss the concepts of fugacity to the Van der Waals gases

e Explain the special nature and properties of solid surfaces and
their specific interaction with environment

e Provide the factors that contribute to the properties of
macromolecules

e Discuss the aggregation of particles by self-assembly

Intended Learning
Outcomes

e Determine thermodynamic properties of a given system

e Solve problems related to single and multi-phase chemical
systems

Describe the surface orientations

Discuss the electronic structure of solid surfaces
Distinguish categories of adsorption of solid surfaces
Describe over layer structures

Apply the surface science techniques to characterize solid

surfaces and the adsorption of molecules at surfaces
Explain mechanisms and kinetics involved with different types
of polymerization

e Identify the forces responsible for self-assembly

Course Contents

Advanced Thermodynamics

e Brief resume of basic concepts in thermodynamic
principles and laws: zeroth, first, second and third law of
thermodynamics.

e Thermodynamic relationships for systems in equilibria:
Gibbs-Duhem relationship, Gibbs-Helmoltz relationship,
Maxwell relationship, thermodynamic equation of
states, specific heat capacities and their relationship,
Joule-Thomson coefficient.

e Partial molar quantities and its physical significance:
partial molar free energy and its variation with
temperature and pressure, Gibbs free energy and
entropy of mixing of ideal gases, partial molar volumes,
method of determination of partial molar volumes

e Phase transitions: phase equilibrium, phase diagrams of
pure substances, thermodynamic description of phase
transitions and Clapeyron-Clausius equation

e Fugacity and activity: variation with temperature and
pressure, graphical method for the determination of




fugacity, fugacity of a real gas and Van der Waals gases,
fugacity species in gas mixtures, Duhem-Margules’
equation

Advanced Surface Chemistry

e Description of Solid Surfaces: Ideal single crystal
surfaces, surface free energy, reconstruction of the clean
surface

e Electronic Structure of Solid Surfaces: Free Electron
model, work function, surface states

e Adsorption on Solid Surfaces: Physisorption, work
function  change induced by  physisorption,
chemisorption, potential energy profiles for
chemisorption, work function changes induced by
chemisorption, covalent bonding, lateral interactions
between adsorbed species, adsorbate-induced surface
reconstruction

e C(rystallographic description of overlayer structure:
Matrix notation, Wood’s Notation

e Surface Science Techniques: Spectroscopy, microscopy
and diffraction

e Heterogeneous catalysis: Trends in catalytic reactivity of
metals, selectivity, catalytic promoters and poisons,
geometric and electronic factors

e Kinetic models for surface reactions: Langmuir-
Hinshelwood mechanism, Eley - Rideal mechanism

Macromolecules and Aggregates

e Molar mass: Types of molar mass, methods of
determination of molar mass, degree of polymerization

e Polymerization: Synthesis, characterization, Kinetics,
structure and properties of Step growth, free radical
addition, cationic, anionic and co-polymerization

e Self-assembly:  Colloids, micelles and biological
membranes, surface films, nanofabrication with self-
assembled monolayers

Teaching learning
Methods/Activities

Lectures, tutorial discussion, small group assignment, home-
work assignments, e-learning, online learning

Evaluation/Assessment
Strategy

In-course Assessment End-of-course Examination

30% 70 %
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