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Section 1: Physical Chemistry

Structure: Postulates of quantum mechanics. Time dependent and time independent
Schiwdinger equations. Bom interpretation. Particle n a box. Hamonic oscillator. Rigid
rotor. Hydrogen atom: atomic orbitals. Multielectron atoms: orbital approximation.
Vanation and fiust order perturbation techniques. Chemical bonding: Valence bond
theory and ICAO-MO theory. Hybrd orbitals. Applications of ICAO-MOT to Hot, Ho and
other homonuclear diatomic molecules, heteronuclear diatomic molecules like HF, CO,
NO, and to simple delocalzed n— electron systems. Hiickel approximation and its
application to annular n — election systems. Symmetry elements and operations. Point
groupsand charactertables. Origin of selection rules forrtational, vibrational, ele c tro nic
and Raman spectroscopy of diatomic and polyatomic molecules. Enstein coefficie nts.
Relationship of transition moment integral with molar extinc tion coefficient and oscilator
strength. Basic principlesofnuclearmagnetic resonance: nuclearg factor, c hemic al shift,
nuclearcouplng.

Equillbrium: Iaws of thermodynamics. Standand states. Thermoc hemistry. Thermodynamic
functions and their relationships: Gibbs-Helmholtz and Maxwell relations, van’t Hoff
equation. Crteria of spontaneity and equiibrium. Absolute entropy. Partial molar
quantities. Thermodynamics of mixing. Chemical potential. Fugacity, ac tivity and ac tivity
coefficients. Chemical equilbrnia. Dependence of equilbrnum constant on temperature
and pressure. Non-ideal solutions. Ionic mobility and conductivity. Deb ye -Hiic kel limiting
law. Debye-Hickel-Onsager equation. Standard electrode potentials and
electrochemicalcells. Potentiometric and conductometic titrations. Phase rule. Clausius-
Clapeyron equation. Phase diagram of one component systems: COz, HO, S two
component systems: liquid-vapour, Lquid-liquid and solid-liquid systems. Factional
distillation. Azeotropes and eutectics. Statistical thermodynamics: microcanonical and
canonical ensembles, Boltzmann distnbution, parition functions and themodynamic
propetties.

Kinetics: Tansition state theory: Eyring equation, themmodynamic aspects. Potential
energy sufacesand classicaltrajectones. Hementary, parallel, opposing and consec utive
reactions. Steady state approximation. Mechanisms of complex reac tions. Unimolecular
reactions. Knetics of polymernzation and enzyme catalysis. Fast reaction kinetics:
relaxation and flow methods. Kineticsof photochemicaland photophysical processes.

Surfaces and Intefaces: Physisorption and chemisomption. langmuir, Feundlich and BET
iso the ms. Surface catalysis: [angmuirHnshelwood mechanism. Surface tension, visc o sity.
Self-assembly. Physical c hemistty of colloids, micellesand macromolecules.

Section 2: Inorganic Chemistry

Main Group Hements: Hydrides, halides, oxides, oxoacids, nitride s, sulfides — shapes and
re ac tivity. Struc ture and bonding of boranes, carboranes, silicones, silicates, boron nitride,
borazines and phosphazenes. Allotiopes of carmon. Chemistrty of noble gases,
pseudohalogens, and intethalogen compounds. Acid-base concepts.

THansition Hements: Coordination ¢ he mistry — struc ture and isomersm, theornes of bonding
(VBL CFL and MO'D. Energy level diagrams in varous crystal fields, CFSE applications of
CFT Jahn-Tellerdistortion. Hec tronic spectra of transition metalcomplexes: spectroscopic
term symbols, selection rles, Orgel diagrams, charge-transfer spectra. Magnetic
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properties of transition metal complexes. Reaction mechanisms: knetic and
thermodynamic stability, substitution and redox reac tions.

Ianthanides and Actinides: Recovery. Periodic properties, spectra and magnetic
propertties.

Organometallics: 18-Hection rule; metal-alkyl, metal-carbonyl, metal-olefin and metal-
catbene complexesand metallocenes. Huxionality n organometallic complexes. Typesof
organometallic reactions. Homogeneous catalysis - Hydrogenation, hydroformylation,
acetic acid synthesis, metathesis and olefin oxidation. Heterogeneous catalysis - Fisc her
Topsch reaction, Ziegler-Natta polyme riza tion.

Radioactivity: Decay processes, half-life of radioactive elements, fisson and fusion
processes.

Bioinorganic Chemistry: on (Na+ and K) transport, oxygen binding, transport and
utilization, electron transfer reactions, nitrogen fixation, metalloenzymes containing
magnesium, molybdenum, iron, cobalt,copperand zinc.

Solids: Crystal systems and lattices, Miller planes, crystal packing, crystal defects, Bagg’s
law, ionic crystals, structures of AX, AXp, ABX3 type compounds, spinels, band theory,
metals and semiconductors.

Instumental Methods of Analysis: UV-visble spectiophotometry, NMR and ESR
spectroscopy, mass spectrometry., Chromatography including GC and HPIC.
Hectroanalytical methods- polarmgraphy, cyclic voltammetry, ion-selective electrodes.
The moanalytical methods.

Section 3: Organic Chemistry

Stereochemistry: Chirality of organic molecules with or without chiral centres and
determination of their absolute configurations. Relative stereochemistry in compounds
having more than one stereogenic centre. Homotopic, enantiotopic and diastereotopic
atoms, groups and faces. Stereoselective and stereospecific synthesis. Conformational
analysis of acyclic and cyclic compounds. Geometrc al isomernsm. Configurational and
conformational effects, and neighbourng group participation on reactivity and
sele c tivity/ sp e c ific ity.

Reaction Mechanisms: Basic mechanistic concepts — kinetic versus thermodynamic
control, Hammond’s postulate and Curtin-Hammett principle. Methods of dete mining
reaction mechanisms through identification of products, mtermediates and isotopic
labeling. Nucleophilic and electrophilic substitution reactions (both aromatic and
aliphatic). Addition reactions to carbon-carbon and carmbon-heteroatom (N,0) multiple
bonds. Himination reactions. Reactive intemediates — carbocations, carbanions,
carbenes, nitrenes, arynes and free radicals. Molecularreamangements involving electron
deficient atoms.

Organic Synthesis: Synthe sis, re ac tions, me chanisms and selec tivity nvo lving the following
classes of compounds — alkenes, alkynes, arenes, alcohols, phenols, aldehydes, ketones,
carboxylic acids, esters, nitrile s, halide s, nitro compounds, aminesand amides. Uses of Mg,
Ii Cu, B, 7Zn and Sibased reagents in organic synthesis. Carbon-carbon bond formation
through coupling reactions - Heck, Suzuki, Stille and Sonogoshira. Concepts of multiste p
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synthesis - retrosynthetic analysis, strategic disconnections, synthons and synthe tic

equivalents. Umpolung reactivity — formyl and acyl anion equivalents. Selec tivity in
organic synthesis — chemo-, regio- and stereoselectivity. Protection and deprotection of
func tional groups. Concepts of asymmetric synthesis — resolution (including enzymatic),
desymmetrzation and use of chiral auxiliaries. Catbon-cartbon bond forming reactions
thmugh enolates (including born enolates), enamines and silyl enol ethers. Michael
addition reaction. Stereoselective addition to C=0 groups(Cram and Felkin-Anh models).

Percyclic Reactions and Photochemistry: Hectiocyclic, cycloaddition and sigmatropic
reactions. Orbital conelations - FMO and PMO treatments. Photoc hemistry of alkenes,
arenes and carbonyl compounds. Photooxidation and photoreduction. Di-T-methane
reamangement, Barton reac tion.

Heterocyclic Compounds: Structure, preparation, properties and reactions of furan,
pymole, thiophene, pyndine, indole, quino line and iso quino line .

Biomolecules: Structure, properties and reactions of mono- and disacchardes,
physicochemical properties of amino acids, chemical synthesis of peptides, structural
featuresofproteins, nucleic acids, steroids, terpenoids, cartenoids, and alkaloids.

Spectroscopy: Applications of UV-visible, IR, NMR and Mass spec trome try in the structural
determination of organic molecules.



