
Ph.D. Entrance Test 
Syllabus for Chemistry 

 
Part A 

 
The syllabus of the Entrance Test shall be prepared by the respective departments 
and cover the portions of general science, quantitative reasoning, analysis, research 
methodology and basic background of the subject. 

 
Part B 

INORGANIC CHEMISTRY 

Atomic structure, Chemical bonding, Transition & Inner Transition elements and 
coordination compounds: structure, bonding theories, spectral and magnetic 
properties, reaction mechanisms, Organometallic compounds: synthesis, bonding 
and structure, and reactivity. 

Organometallics in homogeneous catalysis. Bioinorganic chemistry: photosystems, 
porphyrins, metalloenzymes, oxygen transport, electron- transfer reactions; 
nitrogen fixation, metal complexes in medicine. Characterization of inorganic 
compounds by spectroscopic and microscopic techniques. 

PHYSICAL CHEMISTRY 

Thermodynamics: First, second and third law of thermodynamics, concept of 
partial molarquantities. Thermodynamic probability and entropy, distribution laws: 
Maxwell-Boltzmann, Bose Einstein and Fermi-Dirac, concept of partition function: 
rotational, translational, vibrational and electronic partition functions of diatomic 
molecule, Gibb’s paradox. Chemical kinetics: Empirical rate laws and temperature 
dependence; complex reactions; steady state approximation; collision and 



transition state theories of rate constants; unimolecular reactions; enzyme kinetics; 
salt effects; catalysis; unimolecular and bimolecular surface reaction. 
Electrochemistry: Nernst equation, redox systems, electrochemical cells; Debye-
Huckel theory; electrolytic conductance, Kohlrausch’s law and its applications; 
conductometric and potentiometric titrations. Quantum mechanics: Postulates; 
operator algebra; exactly-solvable systems: particle-in-a-box, harmonic oscillator 
and the hydrogen atom, tunneling. Approximate methods of quantum mechanics: 
Variational principle; perturbation theory up to second order in energy; 
applications. Chemical bonding in diatomics; elementary concepts of MO and VB 
theories; Huckel theory for conjugated π-electron systems. Group theory: 
symmetry elements; point groups; character tables; selection rules. Molecular 
spectroscopy: Rotational and vibrational spectra of diatomic molecules; electronic 
spectra; IR and Raman activities–selection rules; basic principles of NMR. 
Polymer chemistry: Molar masses; kinetics of polymerization, Controlled 
polymerization techniques. 

ORGANIC CHEMISTRY 

Principles of stereochemistry: Configurational and conformational isomerism in 
acyclic and cyclic compounds; stereogenicity, stereoselectivity, enantioselectivity, 
diastereoselectivity and asymmetric induction. Aromaticity: Benzenoid and non-
benzenoid compounds – generation and reactions. Common named reactions and 
rearrangements. Organic transformations and reagents: Functional groups inter 
conversion including oxidations and reductions; common catalysts and reagents, 
Chemo, regio and stereoselective transformations. Concepts in organic synthesis: 
Retrosynthesis, disconnection, synthons, linear and convergent synthesis, 
umpolung of reactivity and protecting groups. Asymmetric synthesis: Chiral 
auxiliaries, methods of asymmetric induction, determination of enantiomeric and 
diastereomeric excess; enantiodiscrimination. Pericyclic reactions: 
electrocyclisation, cycloaddition, sigmatropic rearrangements and other related 
concerted reactions. Principles and applications of photochemical reactions in 
organic chemistry. Synthesis and reactivity of common heterocyclic compounds, 
structure determination of organic compounds by IR, UV-Vis, 1H & 13C NMR 
and Mass spectroscopic techniques. 
 


