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I. General English including Grammar - 05 marks 

 

II. General Knowledge, Current Affairs and Events of National and           

International Importance  

 

- 10 marks 

 

III. Logical Reasoning and Analytical Ability - 10 marks 

 

IV. Core: - 50 marks 

Non-Aqueous Solvents: Factors justifying the need of Non Aqueous solution Chemistry and 

failure of water as a Solvent. Solution chemistry of Sulphuric acid: Physical properties, Ionic self 

dehydration in H2SO4, high electrical conductance in spite of high viscosity, Chemistry of 

H2SO4 as an acid, as an dehydrating agent, as an oxidizing agent, as an medium to carry out 

acid-base neutralization reaction. Liquid BrF3: Physical properties, solubilities in BrF3 , self 

ionization, acid base neutralization reactions, solvolytic reactions and formation of transition 

metal fluorides. 

Inorganic Hydrides: Classification, preparation, bonding and their applications. Transition 

metal compounds with bonds to hydrogen, carbonyl hydrides and hydride anions. Classification, 

nomenclature, Wade’s Rules, preparation, structure and bonding in boron hydrides 

(boranes),carboranes, metalloboranes and metallocarboranes. 

Group theory: The concept of group, Symmetry elements and symmetry operations, 

Assignment of point groups to Inorganic molecules, Some general rules for multiplications of 

symmetry operations, Multiplication tables for water and ammonia, Representations (matrices, 

matrix representations for C2V and C3V point groups irreducible representations), Character and 

character tables for C2V and C3V point groups. Applications of group theory to chemical 

bonding (hybrid orbitals for σ-bonding in different geometries and hybrid orbitals for π-bonding.  

Application of Group Theory in Vibrational Spectroscopy: A brief idea about Infrared and 

Raman scattering spectroscopy. Vibrational modes as basis of group representations w.r.t. SO2, 

POCl3, PtCl4 and Mutual exclusion principle, Classification of vibrational modes 

Atomic Spectroscopy: Energy levels in an atom, coupling of orbital angular momenta, coupling 

of spin angular momenta, spin orbit coupling, spin orbit coupling p2 case, Determining the 

Ground State Terms-Hund’s Rule, Hole formulation (derivation of the Term Symbol for a closed 

sub-shell, derivation of the terms for a d2 configuration), Calculation of the number of the 

microstates. 

Magnetochemistry: Origin of Magnetic moment, factors determining paramagnetism, 

application of magnetochemistry in co-ordination chemistry (spin only moment, Russell 

Saunder’s coupling, quenching of orbital angular moment, orbital contribution to a magnetic 

moment) in spin free and spin paired octahedral and tetrahedral complexes. Magnetic 

susceptibility (diamagnetic, paramagnetic), magnetic moments from magnetic susceptibilities, 

Van Vlecks formula for magnetic susceptibility, temperature dependence of magnetic 

susceptibility. 

Photoelectron Spectroscopy: Basic principle, photoionization process, ionization energies, 

Koopman’s theorem, ESCA, photoelectron spectra of simple molecules, (N2, O2 and F2) 

Photoelectron spectra for the isoelectronic sequence Ne, HF, H2O, NH3 and CH4 , chemical 

information from ESCA, Auger electron spectroscopy – basic idea. 

Nuclear Chemistry: Nuclear binding energy and stability, nuclear models (nuclear shell model 

and collective model). Nuclear reactions: types of reactions, nuclear cross-sections, Q-value. 

Natural and artificial radioactivity, radioactive decay and equilibrium, Nuclear fission-fission 

product and fission yields, Nuclear fusion. Radioactive techniques: Tracer technique, (neutron 

activation analysis), Counting techniques such as G.M. Ionization and proportional counters. 

 

 

 

 

 

 



Homogeneous Transition metal catalysis: General considerations, Reason for selecting 

transition metals in catalysis (bonding ability, ligand effects, variability of oxidation state and 

coordination number), basic concept of catalysis (molecular activation by coordination and 

addition), proximity interaction (insertion/inter-ligand migration and elimination, 

rearrangement). Phase transfer catalysis. Homogeneous hydrogenation of unsaturated 

compounds (alkenes, alkynes, aldehydes and ketones). Asymmetric hydrogenation. 

 

 

Some important homogeneous catalytic reactions:- Ziegler Natta polymerization of ethylene 

and propylene, oligomerisation of alkenes by aluminumalkyl, Wackers acetaldehyde synthesis, 

hydroformylation of unsaturated compounds using cobalt and rhodium complexes, Monsanto 

acetic acid synthesis, carboxylation reactions of alkenes and alkynes using nickel carbonyl and 

palladium complexes. Carbonylation of alkynes (acetylene) using nickel carbonyls or Palladium 

complexes 

 

Metal-metal bonding in carbonyl and halide clusters:- Polyhedral model of metal clusters, 

effect of electronic configuration and coordination number, Structures of metal carbonyl clusters 

of three atoms M3(CO)12 (M=Fe, Ru & Os), Four metal atoms (tetrahedra) [M4(CO)12 {M= 

Co, Rh &Ir}] and octahedron of type M6(CO)16 [M= Co & Rh], and halide derivatives of 

Rhenium (III) triangles, metal carbonyls involving bridged-terminal exchange and scrambling of 

CO group.  

 

Transition Metal-Carbon multiple bonded compounds:-Metal carbenes and carbines 

(preparation, reactions, structure and bonding considerations). Biological applications and 

environmental aspects of organometallic compounds, Organometallic compounds in medicine, 

agriculture and industry 

 

 
Note: 

 

Duration for C.B.R.T :              90 Minutes 

 

Maximum Marks for C.B.R.T :  75 Marks 
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