
Sub-area - Inorganic chemistry 
 
The areas of Ph.D qualifying in inorganic chemistry should cover the topics of inorganic 
chemistry such as, coordination chemistry, reactions, kinetics and mechanism; advanced 
organometallic chemistry, bonding models in inorganic chemistry, inorganic chains, rings, cages 
and clusters; group theory and its applications to crystal field theory, molecular orbital theory 
and spectroscopy (electronic and vibrational); inorganic chemistry in biological systems. It may 
contain the basics of solid state chemistry, comprehensive survey of different synthesis 
techniques, properties and their structural-property relationship of solid materials; introduction to 
special nanomaterials, ceramics, polymers, biopolymers and nanocomposites; thermal and 
mechanical properties of nanomaterials; nanocomposites in hydrophobic applications; recent 
advances in material science and technology. A comprehensive survey of the catalytic processes 
along with the fundamental aspects of the catalyst design and evaluation; several classes of 
heterogeneous industrial catalysts; their preparation, characterization and applications, recent 
developments in catalysis, application of nanomaterials in catalysis could be covered. 
Bioinorganic chemistry, fundamentals of toxicity and detoxification, chelating agents and metal 
chelates as medicines. Advanced spectroscopic techniques used in chemistry. Some topics in 
environmental chemistry, like green chemistry, ozone chemistry, effect of SOx and NOx as 
pollutants, water pollution and treatment, organochlorine and organophosphate pesticides, eco-
system effects, toxic chemicals – Effect of dioxins, polychlorinated biphenyls (PCBs) and 
species of metals such as lead, mercury, cadmium etc. 
  



Sub-area - Analytical chemistry 
 

The areas of Ph.D qualifying in analytical chemistry should cover principle, techniques and 
applications of conventional methods of gas chromatography, ion chromatography, high 
performance liquid chromatography (HPLC), mass spectrometry (ionization techniques, various 
mass-spectrometer, tandem mass-spectrometry, ion cyclotron resonance), electroanalytical 
chemistry, thermo analytical techniques (TGA and DSC), atomic absorption techniques, sample 
preparation and injection techniques (including flow injection analysis) for analysis of chemical 
and biological contaminants (environmental analytical chemistry); bio-analytical techniques such 
as fluorescence and chemiluminescence, electrophoresis, miniaturized (micro/nano) analytical 
devices, lab on chip techniques and their applications. It will also include data analysis, classical 
analysis and separation techniques. Various spectroscopic techniques included will be rotational 
spectroscopy (rotational energy levels for various systems, determination of structural 
parameters from rotational spectroscopy, distortion constants), nuclear magnetic resonance 
spectroscopy (Fourier transform NMR, NOE, Multipulse methods, 2D-NMR), vibrational 
spectroscopy (normal mode description, symmetry of normal modes, transition moment 
integrals, functional group determination, overtones, anharmonicity), electron absorption 
spectroscopy of organic and inorganic compounds (application of group theory, selection rules, 
Franck-Condon factor), electronic paramagnetic spectroscopy/nuclear quadrupole resonance 
spectroscopy/Mossbauer spectroscopy (theory and important applications), determination of 
magnetic properties, photoelectron spectroscopy, microscopic techniques (TEM-STM-AFM), X-
Ray crystallography. Environmental analytical chemistry - wastewater treatment and evaluation 
of analytical parameters such as COD, BOD, etc, speciation. Radioanalytical techniques such as 
liquid scintillation counting, isotope dilution analysis and neutron activation analysis. 
 
 

  



Sub-area - Physical chemistry 
 
The laws of thermodynamics, applications to phase equilibrium, reaction equilibrium, and 
electrochemistry; review of ensembles, fluctuations, Boltzmann statistics, quantum statistics, 
ideal gases and chemical equilibrium, imperfect gases, distribution function theories and 
perturbation theories of classical liquids, electrolyte solutions, kinetic theory of gases, continuum 
mechanics, Boltzmann equation, transport processes in gases and Brownian motion, introduction 
to time-correlation function formalism. 
 
Principles and techniques of quantum mechanics, applications to atomic and molecular structure 
and spectroscopy, molecular interactions, macromolecules, solid state; groups, subgroups and 
classes: definitions and theorems, molecular symmetry, character tables, wave functions as bases 
for irreducible representations, direct product, symmetry adapted linear combinations, symmetry 
in molecular orbital theory, hybrid orbitals.  
  
Molecular motion in gases and liquids, reaction rate laws, mechanisms and rate theories of 
complex reactions, molecular reaction dynamics, surface processes, electron transfer dynamics. 
 
Solid state chemistry, different synthesis techniques, introduction to special nanomaterials, 
ceramics, polymers, biopolymers and nanocomposites, thermal and mechanical properties of 
nanomaterials, nanocomposites in hydrophobic applications, recent advances in material science 
and technology. 
 
Electronic absorption spectroscopy, optical rotatory dispersion and circular dichroism, 
vibrational rotational spectroscopy, magnetic resonance techniques, multipulse methods, 
Mossbauer spectroscopy, magnetism, ionization methods: mass spectrometry, ion cyclotron 
resonance, photoelectron spectroscopy; electron microscopy technique, X-ray fluorescence and 
near edge structure, X-ray crystallography; fluorescence and phosphorescence, physical 
properties of molecules after photoexcitation, photochemical tools and techniques, fluorescence 
decay time measurement and analysis, flash photolysis, fundamental properties of laser light, 
principles of laser operation and applications.  
 
Nuclear chemistry and its applications. 
  



Sub-area - Organic chemistry 
Covers all major topics of organic chemistry at advanced level and current research fields. This 
includes total synthesis, reagents for organic synthesis, synthetic method development, catalysis, 
organometallic chemistry, heterocyclic chemistry, green chemistry, natural product chemistry, 
medicinal chemistry, organic photochemistry, bio-organic chemistry, stereochemistry, 
spectroscopy-basic principle and applications, separation techniques, supramolecular chemistry,  
organic smart materials, dyes and pigments, organic polymers, drug discovery and developments 
and, organic chemistry in industry. However, “organic chemistry” is not limited to above 
mentioned topics only but includes other newly developed areas of organic chemistry. 
  



 Sub-area – Theoretical and computational chemistry 

The areas of Ph.D qualifying in theoretical and computational chemistry should cover three 

broad area’s Electronic Structure Theory, Chemical Applications of Group Theory and computational 

material science. Topics to be included in these three area’s will be  

Electronic Structure Theory : Operators and Matrix elements, Matrix eigenvalue problem, linear and 

non-linear simultaneous equations, Hartree-Fock theory, Spin-adaptation, spin-contamination in 

unrestricted Hartree-Fock theory, Configuration interaction theory, projection versus linear variation 

method, size-consistency and size-extensivity in truncated CI, Davidson's correction, pair-coupled-pair 

theories, many-body perturbation theory, diagrammatic tecnhique for deriving equations, coupled-cluster 

theory, perturbative analysis of CC iterations, comparison with CI, Density functional theory, N-

representability and V-representability, Thomas-Fermi and related models, Hohenberg-Kohn theorem, 

Levy constrained search formulation, Kohn-Sham Orbitals and Kohn-Sham equations. 

Chemical Applications of Group Theory: Basic concepts of groups, Molecular symmetry, point-groups 

and character tables, Applications in quantum chemistry – symmetry adapted linear combination of 

orbitals, vanishing integrals, spectroscopic selection rules for rotational, vibrational and electronic 

transitions, applications in physical properties – dipole moments, optical activity, etc. 

Computational Material Science: Modern materials modeling including quantum chemical 

methods, density functional theory, semi-empirical and classical approaches, statistical 

mechanics, atomic-scale simulations. Application of density functional methods to hybrid, 

multifunctional and nanomaterials. Methods for analyzing electronic (optical), structural and 

transport properties of these materials. 

This topic will also include computational photochemistry and reaction dynamics of organic and 

inorganic systems, molecular simulation, thermodynamic and transport properties of liquid 

mixtures, computational statistical mechanics and numerical methodologies. 

 

 


