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THE UNIVERSITY OF BURDWAN 
  

Syllabus for 3-Year Degree Course in Chemistry (Honours) 
(Effective from 2005-2006) 

 
Total Marks: 800 

Theoretical: 600           Practical: 200 
 

PART I 
 
Theoretical*         Marks 
 
Paper I:          Inorganic       50 
Paper II:         Organic        50    
Paper III:        Physical       50 
 
Practical# 

 
Paper IV:        Organic       50 
    
------------------------------------------------------------------------------------------------------ 
        Total:            200 
 
Practical#         Marks 
Organic qualitative        30 
Organic preparation        15 
Laboratory note-book + Viva-voce      05 

 
 

PART II 
 
 
Theoretical*         Marks 
 
Paper V:          Inorganic       50 
Paper VI: Organic       50    
Paper VII:        Physical       50 
 
Practical## 

 
Paper VIII: Inorganic       50    
------------------------------------------------------------------------------------------------------ 
        Total:            200 
 
Practical##         Marks 
Inorganic qualitative        40 
Laboratory note-book + Viva-voce      10 
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PART III 
 
Theoretical*         Marks 
 
Paper IX:         Inorganic                100 
Paper X: Organic                100    
Paper XI:         Physical                100 
 
Practical### 

 
Paper XII:                  100    
------------------------------------------------------------------------------------------------------ 
        Total:           400 
 
Practical###         Marks 
Inorganic quantitative        35 
Physical experiment        50 
Viva-voce         10 
Laboratory note-book        05 
 
 
*Examinations of 50 Marks paper are of two-hour duration and those of 100 Marks paper, four-
hour duration on same day in each case. 
##Examination is of six-hour duration on same day. 
###Examination is of two six-hour duration spread over two days: First day (six-hour) – 
Inorganic; Second day (six-hour) – Physical. 
 

Part I 
 

Theoretical 
 

Paper I                                                                                                                 Full Marks: 50 
Inorganic 

 
1.  Atomic structure and chemical periodicity 
X-ray spectra and atomic number, hydrogen spectra and Bohr’s theory, Sommerfeld’s theory and 
new energy states (derivation excluded), quantum rules and quantum numbers, Pauli exclusion 
principle (antisymmetry principle), Hund’s rule, Aufbau principle, qualitative description of s, p 
and d orbitals                                                                                                                (7 lectures) 
Periodic classification of elements and modern form of Periodic Table (Groups 1 to 18), 
periodicity of properties: atomic radii, ionic radii, covalent radii, van der Waals radii, ionisation 
energy, electron affinity, electronegativity (Pauling, Mulliken-Jaffe, Allred and Rochow scales), 
ionic potential, work function                                                                                       (8 lectures) 
 
2.  Chemical forces and molecular structure 
Ionic bond, covalent bond (octet rule and expanded octet), dative bond, retrodative bond, 
hypervalence, metallic bond, deformation of ions and Fajan’s rules, hydrogen bond, weak 
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interactions in covalent bond (van der Waals’ forces), resonance, bond polarity and dipole 
moment                                                                                                                           (8 lectures) 
Overlap (symmetry and energy permitted) of orbitals and bond formation, hybridisation, hybrid 
orbitals (sp, ds, sp2, sp3, d3s, dsp2, d2sp3, sp3d; qualitative approach), σ-bond, π-bond, μ-bond, δ-
bond, banana bond (3c-2e), bond multiplicity and bond strength, valency bond (qualitative), 
molecular orbital (qualitative idea on homo-/hetero-nuclear diatomic molecules), prediction of 
shapes of molecules and VSEPR theory                                                                      (10 lectures) 
 
3.  Coordination chemistry: preamble 
Werner’s theory and new horizon, ligand and denticity, double salt and complex salt, ligand 
classification and ligational mode: classical and non-classical; σ-donor, (σ+π)-donor, σ-donor 
with  π-acceptance and stabilisation of metal oxidation states; π-complexing and π-acidic; 
bridging (end-on and end-to-end) and chelating including trans-chelate, chelate effect; 
innermetallic and sequestering; flexidentate; innocent and non-innocent, macrocylic and 
organometallic ligand; Schiff-bases                                                                             (10 lectures) 
 
IUPAC Nomenclature                                                                                                    (2 lectures) 
 
4.  Acids and bases  
Bronsted-Lowry, Lux-Flood, Lewis and Usanovich concepts; acid-base adduct and Gutmann’s 
rules; Pauling’s rules for oxoacid strengths, Goldschmidt classification; solvent acidity and 
basicity; Drago-Wayland equation; donor number and acceptor number; pH-scale , Hammette 
acidity function; super acid, solid acid, surface acidity,  factors affecting acidity and basicity and 
variation in periodic table                                                                                               (6 lectures) 
Soft and hard acids and bases; Pearson’s HSAB principle; pictorial diagram of Frontier orbitals          
                                                                                                                                        (2 lectures) 
5.  Redox processes                                                                                                       
 Standard electrode potentials, Latimer diagram (emf-diagram), formal potential; influence of 
pH, complex formation and precipitation reaction on formal potential and on other unusual 
reactions; disproportionation, comproportionation                                                        (6 lectures) 
 
 
 
Paper II                                                                                                                 Full Marks: 50 
                                                          Organic 
 
1. Nomenclature (both trivial and IUPAC)                                                               (4 lectures) 
 
2. Tetracovalency of carbon, hybridisation of carbon- sp3, sp2, sp, formation of C-C, C=C, C=C, 
C-O, C=O bonds. Bond length, bond strength (bond energy and bond dissociation energy), bond 
angle and their variation in carbon compounds involving sp3, sp2and sp hybridised carbon atoms. 
Orbital pictures of methane, ethane, ethene, ethyne, allene. Shapes of molecules.      (7 lectures) 

                        
3. Localised and delocalised bonds, inductive effect, field effect, electromeic effect, conjugation, 
resonance, hyperconjugation, steric assistance and steric inhibition of resonance. Tautomerism, 
aromaticity, Huckels rules, aromatic, nonaromatic and antiaromatic compounds, non- benzenoid 
aromatic compounds(application of Huckel’s rule).                                                     (8 lectures)                           
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4. Polar and nonpolar character of carbon-carbon and carbon-heteroatom bonds. Qualitative idea 
of dipole moment and its application in aliphatic and aromatic compounds. Inter- and intra- 
molecular forces and their effects on physical and chemical properties of molecules.  (6 lectures)                         

 
5. Homolysis and heterolysis of bonds: generation, structure and reactivity of carbocations 
(carbenium and carbonium ions), free radicals, carbenes, benzynes, ylides. Nonclassical 
carbocation.                                                                                                                    (7 lectures)                

 
6. Organic reaction mechanism: (i) classification of reagents: nucleophiles, electrophiles, free 
radicals; regioselective and chemoselective reactions. Chemoselective reagents. (ii) 
thermodynamics and kinetics of organic reactions. Energy profiles — intermediates and 
transition states. Hammond postulate, principle of microscopic reversibility. Kinetically 
controlled and thermodynamically controlled reactions. (iii) Some methods of determination of 
organic reactions: study of intermediates, catalysis, nonkinetic, and kinetic studies with 
isotopes(primary and secondary kinetic isotope effects), kinetic and stereochemical studies. 
Crossover experiments. (iv) Free radical substitution reactions. SN1, SN2, SNi , SN1’ , SN2’ , SNi’ 
reactions. Neighbouring group participation in substitution reactions.                        (20 lectures) 

 
7. Stereochemistry of carbon compounds: concept of constitution, configuration   and 
conformation of organic molecules. Dihedral angle and angle of torsion-gauche, eclipsed and 
staggered arrangement. Synperiplanar, synclinal, anticlinal, antiperiplanar conformations. 
Conformation-energy diagram: ethane, propane and butane. Conformers of ethane, propane and 
butane. Stereochemical representation: Fischer, Newman, Sawhorse, Flying-wedge and their 
interconversions. Stereogenacity and chirality. Symmetry operations and Symmetry operators. 
Plane(σh, σv, σd), centre, simple and alternating axis of symmetry. Symmetry number. 
Cofigurational  nomenclature: D/L, R/S, erythro/threo. Enantiomer, diastereomer, mesomer and 
racemic mixture. Optical activity and optical isomerism, optical rotation (specific & molecular 
rotation), optical purity (enantiomeric excess). Resolution of optical isomers.          (12 lectures) 
                                                                                                                                 
 
 
Paper III                                                                                                           Full Marks: 50 

 
                 Physical 
 
1. Kinetic Theory  
Idea of distribution functions. Properties of Gamma functions; transformation properties for 
Cartesian to polar coordinates. Maxwell’s speed and energy distributions (derivations for 1, 2 
and 3 dimensions); distribution curves; different types of speeds and their significance. 
Frequency of collisions against a surface; frequency of binary collisions; mean free path. 

(10 lectures) 
2. Principles of Thermodynamics  
System and surroundings, walls; reversible and irreversible processes; isothermal, adiabatic and 
other processes; work. Partial and total derivatives; exact differentials and state functions. 
Definitions of thermodynamic functions: zeroth law (T), first law (U) and second law (S); other 
functions like H, A and G. Carnot’s cycle and theorems; changes of thermodynamic functions in 
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various processes. Irreversibility and entropy. Importance of H in thermochemistry. Maxwell’s 
relations.                                                                                                                   (20 lectures) 
 
3. Thermodynamics of Chemical Equilibrium       
Conditions of spontaneity and equilibrium. Degree of advancement and Le Chatelier principle; 
Van’t Hoff isotherm, isobar and isochore.                                                                   (5 lectures) 

 
4. Reaction Kinetics I       
Order and molecularity; determination of order (fractional life and method of isolation). Kinetics 
of zero, first and second order reactions; consecutive, reversible first order and side reactions. 
Arrhenius equation and activation energy. Concept of steady state with reference to hydrogen-
bromine chain reaction (thermal).                                                                                 (10 lectures) 

 
5. Properties of Ionic Solutions I  
Ostwald’s dilution law; pH and Kw; buffer solution and buffer capacity; hydrolysis and 
hydrolysis constant of salts; indicators: types (acid-base and redox) and functions.   (10 lectures) 

 
6.  The Boltzmann Distribution        
Mathematical and thermodynamic probability. Entropy and probability; Boltzmann distribution 
(excluding derivation) for non-degenerate and degenerate cases; application to barometric 
distribution formula.                                                                                                     (5 lectures) 
                                                                                                                                       
    

Practical  
 

Paper IV                                                                                                                Full Marks: 50 
 

Organic 
 

Qualitative (30 marks) 
 
Examination of solid organic compound in respect of the following points: 
 
(a) Detection of elements such as N, Cl, Br, I and S in the given substance. 
(b) Determination of melting point of given sample. 
(c) Detection of functional groups present, such as, carbonyl, carboxyl, phenolic –OH, nitro, 

amino, amide, unsaturation, anilide, carboalkoxy (hydrocarbons excluded). 
(d) Preparation of derivative and determination of melting point. 

 
 
Manner of reporting and distribution of marks: 
 
1. Physical characteristics                                                 …      1 mark 
2. Melting point (± 5°)                                                      …      2 marks 
 
3. Preliminary tests, e.g. burning, litmus paper test, permanganate test, bromine-water test, 

soda-lime test                                                                 …    2 marks 
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4. Detection of special elements                                       …     3 marks 
 
5. Solubility test (water, 5%NaOH, 5%NaHCO3 , 5%HCl, conc. sulphuric acid)  
      with conclusion                                                              …     3 marks 
 
6. Detection of functional groups : 

Presence or absence to be shown                                   …    10 marks 
Confirmation of one group                                             …    1  mark 

7. Preparation of derivative, including its melting point,  …    4 + 2 marks 
8. Conclusion                                                                     …    2  marks 
 

Preparation (15 marks) 
 

1. Hydrolysis of ester: preparation of benzoic acid from ethyl or methyl benzoate 
2. Hydrolysis of amide/ imide : preparation of phthalic acid from phthalimide 
3. Oxidation with permanganate, Preparation of benzoic acid from benzyl-chloride 
4. Preparation of the following compounds: nitrobenzene, p-nitroaniline from actanilide, benzyl 

alcohol from benzaldehyde, benzal-acetophenone, p-bromoaniline, o-chlorobenzoic acid, 
aspirin, m-nitroaniline. 

 
 

PART II 
 

Theoretical 
 
Paper V                                                                                                                Full Marks: 50 

Inorganic 
1. Coordination chemistry: synthesis and stereochemistry   
Synthesis of coordination complexes and its strategies: Internal parameter (choice of metal and 
ligand; synergic effect), external parameter (temperature, pressure, reagent, aerobic/anaerobic, 
etc); different stereochemistries (with coordination number 2 to 8) and their distorted varieties, 
different types of isomerism and enumeration of isomers; resolution of optical isomers; 
coordination polymers                    (6 lectures)                            

 
2. Inorganic solids  
Close-packing: hcp (ABAB…. type), ccp (ABCABC…..type); holes: cubic, tetrahedral and 
octahedral; radius ratio principle and different polyhedra; structures of MX (NaCl, CsCl and 
ZnS) , MX2 (CaF2, SiO2, TiO2)/M2X (Na2O), MX3 (AlF3) type solids; Born-Haber cycle, lattice 
energy, Madelung constant and its implication, structure of simple silicates, metallic structure, 
alloy structure, B-zone                                                                                                (10 lectures) 
 
3. Non-transition elements and their compounds  
Chemistry of the following non-transition elements (Groups 1, 2, 13, 14, 15, 16, 17 and 18) is to 
be studied in the light of the principle enumerated in Paper I in Part I syllabus and items 1 and 2 
above. These studies will cover a comprehensive comparative accounts of physical and chemical 
behaviours of elements and their compounds (in different valency states), structure and 
electronic structure, reactivity in aqueous and non-aqueous solutions as also the extraction 
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procedures (outline only) of the elements (with terrestrial abundances) and preparation/synthesis 
of compounds, uses of elements and their compounds. Periodicity, aperiodicity, diagonal 
relationship, d-orbital participation leading to pecularity are also to be stressed (total 44 
lectures). 
a)  Group 1 
Hydrogen and its isotopes, ortho- and para- hydrogens, atomic hydrogen, different bonding 
patterns of hydrogen, different types of hydrides 
Alkali metals and their ions, chemical reactivity, solutions in liquid ammonia and other solvents, 
hydrides, halides, oxides, peroxides, superoxides, suboxides, hydroxides, oxoacids and their 
salts, complexes, crowns, crypts                                                                                    (5 lectures) 
b)  Group 2 
Alkaline earths and their ions, chemical reactivity, halides, hydrides, oxides, hydroxides, oxoacid 
salts, complexes (aquo, oxo, fluoro, acetato, hydride, macrocycle) with special emphasis on 
beryllium, magnesium and calcium.                                                                               (4 lectures) 
c)  Group 13 
Borides, boranes, boron halides, boron oxides and oxoacids, borates, boron nitrides 
Al, Ga, In, Tl : Properties of elements and their compounds, chemical trends, hydrides, halides, 
oxides, hydroxides, aluminates.                                                                                     (5 lectures) 
d)  Group 14 
Different allotropic forms, carbides, hydrides, halides, oxohalides, oxides, chalgonides, freons, 
fullerenes, silicones, silane,  silica, silicates (elementary idea, formulation from structure).                     
                                                                                                                                       (7 lectures) 
e)  Group 15 
Atomic and physical properties, halides (penta-, tri- and lower), hydrides, oxides, oxoacids with 
special reference to N and P; inertness of N2, nitrides, azides, nitrido compounds, liquid NH3 as a 
solvent, structure of molecular phosphorus, phosphides, phosphates, phosphonitrilic compounds; 
different N, P, As  donor ligands and their complexes.                                                 (6 lectures) 
f)  Group 16 
Atomic and physical properties, halides, oxohalides, hydrides, oxides, oxoacids, thioacids, 
molecular oxygen as ligand, ozone, hydrogen peroxide, peroxosulphates, allotropes of S and 
their structures (S6, S8, S10, S12, Sx,), polythionates, polysulphides, sulphur-nitrogen compounds 
(simple ones), SO2 as solvent.                                                                                         (6 lectures) 
g)  Group 17 
Atomic and physical properties clatharates; pecularities of fluorine; hydrogen halides, HF as 
solvent, metal halides and interhalogen compounds, polyhalide anions, polyhalonium cations, 
oxides, oxoacids and their salts, pseudohalogen, basic properties of halogens and their 
coordination compounds.                                                                                                (7 lectures) 
h)  Group 18 
Compounds of the elements: synthesis, structure, bonding (VB and VSEPR) and reactivity 
(hydrolysis and related reactions) of noble gas compounds; clatharates.                      (4 lectures) 

 
  

Paper VI                                                           Full Marks: 50  
Organic 

 
1.  Reaction mechanism: Electrophilic addition to C-C multiple bonds. Nucleophilic addition to 
carbonyl and subsequent reactions, nucleophilic substitution at carbonyl(of carbonylic acids and 
derivatives)-tetrahedral mechanism, addition vs. substitution, Aromatic electrophilic substitution: 
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orientation and reactivity. Aromatic nucleophilic substitution cine substitution, ipso substitutions. 
Elimination reactions: E1, E2 & E1CB, elimination vs. substitution                       (20 lectures)                               

 
2.  Stereochemistry of carbon compounds: Elementary idea about conformational analysis 

cyclohexane and its mono- and di- substituted derivatives (chair, boat and twist boat forms). 
Chirotopicity and achirotopicity. Pseudochirality (Pseudoasymmetry). Prochirality. 
Enantiotopic, diastereotopic and homotopic atoms and faces in organic molecules. 
Stereoisomerism of molecules of the types: AA, AB, ABA. Molecules with chiral axis: 
allenes, spiro, cycloalkadienes. Atropisomerism. Geometrical isomerism (diastereomerism) of 
molecules with C=C, C=N(oximes) and simple cyclic molecules. Cis/trans, E/Z nomenclature. 
Strains in molecules (angle strain, bond strain, torsional strain, steric strain). Steric factor & 
stereoelectronic factor. Stereoselective & stereospecific synthesis (only definitions). 

                                                                                                                                       (12 lectures)                         
 

3. Synthesis, physical properties and reactions of following classes of compounds: (i) 
Alkanes, alkenes, alkadienes and alkynes. (ii)Aromatic hydrocarbons including polynuclear 
hydrocarbons naphthalene, anthracene and phenanthrene. (iii) alkyl and aryl halides, vinyl, allyl 
and benzyl halides. (iv) Hydroxy compounds: aliphatic and aromatic alcohols and phenols 
including polyhydroxy phenols. Ethers. (v) Aliphatic and aromatic carbonyl compounds 
(aldehydes & ketones), α,β-unsaturated carbonyl compounds, quinones.  (vi) Aliphatic and 
aromatic carboxylic acids and their derivatives- esters, amides, acid halides and anhydrides. (vii) 
Phenolic acids. (viii) Aliphatic and aromatic nitrogen compounds: amino compounds, nitro 
compounds, nitroalkanes, alkyl nitriles, aromatic diazonium compounds, diazomethane. (ix) 
Nitro phenols, aminophenols, nitroanilines, amino carboxylic acids. (x) Sulphonic acids.   

(28 lectures) 
4. Some reactions which may be studied from their nature of reactivity under general mechanism 
of reactions or under appropriate class of compounds: Saytzev and Hofmann elimination 
reactions, Wittig reaction, Meerwein-Pondorf-Varley reduction, Aldol reaction including 
directed aldol reaction, Cannizzaro reaction, Reformatsky reaction, Mannich reaction, Darzen’s 
glycidic ester synthesis, Perkin reaction, Benzoin condensation , Claisen condensation, Stobbe 
reaction, Michael reaction, Dieckman reaction, Acyloin codensation, Pinacol-Pinacolone 
rearrangement, von Richter reaction, Friedel Crafts reaction, Haworth synthesis, Huben-hoesch 
reaction, Manasse reaction, Kolbe reaction, Reimer-Tiemann reaction. 

                                    (***)  
(***) Lecture number is not mentioned as it is part of section 6 in Paper II of Part-I syllabus and 
sections 1 and 3 of this Paper.  
 
 
 
Paper VII                                                               Full Marks: 50 
 

Physical 
1. Properties of Gases       
Viscosity: mechanism, temperature and pressure dependence, relationship with mean free path. 
Nature of imperfect gases with reference to van der Waals and virial equations of state; 
Amagat’s and Andrews’ curves; continuity of states; critical constants; Boyle temperature; 
reduced equation of state. Vapour density and limiting density.                                (12 lectures) 
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2.   Properties of Liquids          
Viscosity of liquids: principles of determination (falling sphere, Poiseuille’s equation and 
Ostwald viscometer); temperature dependence. 
Surface energy and surface tension: temperature dependence; vapour pressure over a curved 
surface; conditions of convexity and concavity of meniscus; wetting. Principles of determination 
(capillary-rise and drop-weight methods).                                                                     (8 lectures) 
 
3.   Properties of Solids      
Unit cell, Bravais lattice; crystal system; packing in cubic crystals; Miller indices; Bragg’s 
equation and its applications; Frenkel and Schottky defects.                                     (10 lectures) 

 
4. Thermodynamics of two-phase equilibrium and dilute solutions  
Chemical potential; ideal and nonideal solutions; Raoult’s  and Henry’s laws. 
Clausius-Clapeyron equation and its applications. Osmosis; Nernst distribution law and its 
applications to various systems; principle of solvent extraction. 
Colligative properties: lowering of vapour pressure, ebullioscopy and cryoscopy. Van’t Hoff      
i-factor.                                                                                                                       (20 lectures) 

 
5.  Thermodynamics of general phase equilibrium  
Phase rule equation; phase diagram of water system. Miscibility (phenol-water and nicotine-
water) and distillation of completely miscible binary liquid mixtures; azeotropes. Steam 
distillation. Eutectic.                                                                                                 (10 lectures) 

 
 

Practical 
 
Paper VIII         Full Marks: 50 

Inorganic 
Qualitative (40 marks) 

 
Detection and analysis of mixtures containing not more than four radicals basic or acidic selected 
from the following: Basic radicals – silver, lead, mercury, bismuth, copper, cadmium, arsenic, 
antimony, tin, iron, aluminium, chromium, zinc, manganese, cobalt, nickel, calcium, strontium, 
barium, magnesium, sodium, potassium, ammonium and the acidic radicals – oxide, hydroxide, 
carbonate, chloride, bromide, iodide, sulphide, sulphite, sulphate, thiosulphate, chromate, 
phosphate, nitrate, nitrite, borate, silicate, fluoride, arsenite and arsenate (oxide, hydroxide and 
carbonate may not be counted among four radicals). Semi-micro method of analysis may be 
followed in qualitative analysis. The use of centrifuge machine, thioacetamide instead of H2S 
and spot tests for specific radicals should be introduced.  

Reporting of the systematic analysis of the samples for qualitative analysis should be under 
the following headings: 
1. Physical characteristics and solubility of the sample. 
2. Preliminary tests for basic and acid radicals:  only the positive test should be mentioned. 
3. Systematic analysis of the sample: (a) the group present should be clearly analysed, (b) the 

confirmatory tests should be reported. 
4. Preliminary tests for acid radicals: only the positive tests for acid radicals present, including 

spot tests, tests for acid radicals in presence of other interfering radicals. 
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Probable composition with proper justification. 
PART III 

 
Theoretical 

Paper IX         Full Marks: 100 
Inorganic 
Group A 

     
1. Coordination chemistry: bonding and stability, colour and magnetism 
Nature of metal-ligand bond, valence bond approach and its limitation, crystal field theory and 
its basic platform, d-orbital splittings in coordination number 2, 3, 4, 5 and 6, crystal field 
strength and factors affecting 10 Dq, CFSE and its calculation in different stereochemistries, 
weak field and strong field, low spin and high spin complexes, pairing energy, spin cross-over 
region  
Origin of colour in coordination complexes: LS coupling scheme, Laporte selection rule, spin 
selection rule, d-d transition, charge transfer transition (MLCT, LMCT), prediction of structure, 
stereochemistry and bonding 
Molecular magnetism :  different types (dia-, para-, ferro- and antiferro-) of molecular magnets, 
orbital and spin magnetic moments and their derivations, orbital contribution to spin moment, 
super-exchange, prediction of valence and stereochemistry from magnetic moment  (16 lectures) 
            
2. Fundamentals of inorganic reaction mechanism  
Introductory account, reaction profile, measurement of reaction rates, rate laws and mechanism, 
factors affecting rate laws and mechanism, substitution reaction in octahedral (CoIII) and square 
planar (PtII) complexes, cis effect and trans effect (elementary idea)                           (6 lectures) 

 
3. Synthesis, structure (using IR results) and reactions of π-acid complexes:  
i) carbonyl complexes: ν(CO) stretching frequency as diagnostic tool in the identification of 
ligational motifs (bridging, terminal) of carbon monoxide, π-acidity of CO, effect of coligands 
on ν(CO), basicity of bound CO, probing reactivity of bound CO   
ii) nitrosyl complexes: ν(NO) as marker in proposing different oxidation state (NO+, NO, NO-) of 
free and bound nitrogen monoxide, linear and bent NO, reactivity of bound nitrogen monoxide 
—  electrophilicity and nucleophilicity                                                                        (8 lectures) 

 
4. Transition elements and their compounds  
 Chemistry of the transition elements in Groups 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12  is to be studied 
in the light of the principle enumerated in Paper I, items 1 and 2 in Paper V and items 1-3 above 
in this paper as highlighted above. These studies will cover a comprehensive comparative 
accounts of physical and chemical behaviours of elements and their compounds (in different 
valence states), structure and electronic structure, stereochemistry and bonding, spectra and 
magnetism, reactivity and reaction pathways (stereoretentive and stereodynamic)  in aqueous and 
non-aqueous solutions as also the extraction procedures (outline only) of the elements (with 
terrestrial abundances) and preparation/synthesis of compounds, uses of elements and their 
compounds, periodicity and aperiodicity.                                                                  (25 lectures) 
                                                                                                                                  
5. Metal ions in living systems  
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Essential elements, toxic elements, classification of biological metal ions and ligands according 
to HSAB principle, basic reactions in biological systems and the role of metal ions, biological 
metal ions and their functions, toxicity of metal ions like Hg, As, Pb, Cd, Cu, use of chelating 
agents as drugs                                                                                                             (5 lectures) 
              

Group B 
 
3. Nuclear chemistry  
Introduction, different modes of radioactive disintegration and nature of radiation, law of 
radioactive disintegration, radioactive equilibrium, half life and average life periods; different 
radioactive series (natural and artificial), group displacement law, units and measurements of 
radioactivity 
 Isotope, isotone, isobar and nuclear isomer, separation of isotopes, applications of isotopes in 
medicine, chemical reaction pathways and dating techniques, effect of radiation on water, some 

pical radiometric estimation and radiometric titration ty
 Mass defect and binding energy, neutron-proton ratio and their role in determining the stability 
of the nucleus, concept of nuclear force and qualitative idea of liquid drop model, different types 
nuclear reactions, nuclear fusion and fission, calculation of fission energy from binding energy 

(22 lectures) 
4. Treatment of analytical data (error analysis) 
Significant figures, precision and accuracy, errors – systematic and random 
Mean, variance, standard deviation, different forms of standard deviations, sample and universal 
standard deviations 
 Qualitative idea about different frequency distribution, random errors and normal distribution, 
mathematical expression for normal distribution, calculation of area under normal distribution 
curve by numerical integration, relation between probability and area 
 Propagation of errors, general and specific cases, functions involving multiplication, division, 
exponential and logarithmic calculations 
 The t-distribution and application, confidence limit, significance testing, least-squares analysis, 
sensitivity and detection limit                                                                                    (15 lectures) 

                                                                                                     
5. Titrimetric analysis 
i)  Acid-base reaction Titration including polyprotic acids, mixture of monoprotic acids, acid-

base reactions in non-aqueous solvents – levelling effect, titration in basic solvents and in 
glacial acetic acid                                                                                                     (3 lectures) 

ii) Redox reaction  
Principles, feasibility of redox titrations, redox indicators, examples of various types of redox 
titrations like chromometry, permangonometry, iodometry, iodimetry etc.                (3 lectures) 
iii) Complexometric reaction  
Multidentate ligands, complexometric titrants, examples with EDTA, metal ion indicators, 
typical examples of EDTA titrations, masking and demasking agents                       (3 lectures) 
iv) Precipitation reaction                                                                                            
Precipitation titrations with a few typical examples like Vohlard titration, use of adsorption 
indicators                                                                                                                      (2 lectures) 
 
6. Instrumental methods 
i)  Electroanalytical                                                                                                         
Basic principle of high frequency titration, electrogravimetry                                     (2 lectures) 
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ii)  Spectrophotometric                                                                                                     
Principle and terminology, Lambert-Beer law, deviation from Lambert-Beer law, errors in 
spectrophotometric determination; some selective examples of spectrophotometric determination 
including analysis of multicomponent samples, spectrophotometric titration              (3 lectures) 

 
7. Separation techniques  
Solvent extraction, distribution ratio, basic principle of solvent extraction, extraction equilibria 
and effect of pH, simple applications : 
 Chromatography, basic principles of adsorption and partition chromatography, separation by 
column and paper chromatography, principle of ion-exchange separation, ion-exchange resin and 
their exchange capacity                                                                                                 (7 lectures) 
 

 
Paper X                                                                                                                   Full Marks: 100 

Organic 
Group A 

 
1. Organometallic chemistry: Grignard reagent, and use of lithium alkyl, lithium aluminium 
hydride, sodium borohydride, trimethylsilyl chloride and iodide.                               (4 lectures) 
 
2. Molecular rearrangement: Wagner-Meerwein, Birch reduction, Dakin, Bayer-Villiger, 
Beckmann, Hofmann, Lossen, Schmidt, Curtius, Benzil-Benzillic acid.                    (4 lectures) 
 
3. Dyes and drugs (preparation and uses): phenolphthalein, methyl orange, malachite green, 
alizarin, indigo. Antipyretics (paracetamol), analgesics(aspirin and phenacetin) and sulphadrugs 
(sulphanilamide and sulphaguanidine ).                                                                        (6 lectures) 

   
4. Alicyclic Compounds: preparation and structure of simple alicyclic compounds upto six 
membered ring. Strain theory in classical and modern theoretical approach, ease of ring 
formation. Physical properties with respect to dipole moment and acid strengths (cyclohexane 
system only). Following reactions in cyclohexane systems:E2 elimination, rearangement, SN1 & 
SN2 including NGP, oxidation (of cyclohexanols).                                                       (8 lectures)             

 
5. Heterocyclic compounds: synthesis, properties and uses of following heterocyclic 
compounds and their drivatives- furan, pyrrole, thiophene, pyridine, thiazole, pyrimidines, 
purines, quinoline, isoquinoline and indole.                                                                (12 lectures) 
                                                                                                                                      
6. Amino acids and proteins:  amino acids: essential and nonessential amino acids, isoelectric 
point, ninhydrin reaction, synthesis of glycine, alanine and tryptophan. Classification of proteins, 
geometry of peptide linkage, elementary idea about primary & secondary structures, C-terminal, 
N-terminal and their determination. Peptide synthesis: Merrifield synthesis.            (8 lectures) 
                                                                                                                                
7. Carbohydrate chemistry: chemisty of monosaccharides and disaccharides (including 
structure and configuration) —  D-glucose, fructose, galactose, xylose, arabinose and sucrose. 
Stepping up and stepping down of monosaccharides, conversion of aldose to ketose and vice 
versa. Mutarotation, epimerization, anomeric effect, elementary idea about starch and cellulose.                      
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                                                                                                                             (10 lectures) 
 

8. Alkaloids and Terpenes:  general studies of terpenes and alkaloids (including isolation), 
determination of structure of citral, geraniol, nerol, α-terpineol, piperin, ephedrine and coniine.                            
                                                                                                                                     (8 lectures)   
                                                                 
 

Group B 
 
9. Synthetic methodology including disconnection approach, synthon, synthetic equivlents, 
umpolung, one group disconnection of simple alcohols, olefins and ketones. Synthesis involving 
enolates and enamines with special reference to diethyl malonate and ethyl acetoacetate. 
Robinson annelation reaction.                                                                                   (18 lectures)   
                                                                                                                                                                  
10. Pericyclic reactions: Only FMO approach. Definition & classification, electrocyclic 
reactions(including Woodward-Hofmann selection rules): [4+2] thermal with special reference to 
Diels-alder reaction. Sigmatropic reactions: [1,j] and [i,j] shifts. Simple examples for [1,5] H 
shift. [3,3] sigmatropic shifts with reference to Cope and Claisen rearrangement.   (12 lectures)                            
                                                                                                                                                                   
11. Spectroscopy in organic chemistry:   

UV: electronic transitions with reference to σ--σ*, n--σ*, π--π*, n--π* transitions. 
Absorption maximum and absorption intensity, effect of solvent. Woodward rule with 
reference to conjugated dienes & trienes and α,β-unsaturated carbonyls including cyclic 
systems. 
IR: stretching and bending vibrations, Hook’s law, characteristic & diagnostic stretching 
frequencies, factors affecting stretching frequencies (H-bonding, electronic factor, ring size). 
Finger print region, diagnostic bending frequencies for benzene and its o-, m- and p- isomers. 
1H-NMR: nuclear spin, NMR- active nuclei, principle of proton magnetic resonance, 
chemically equivalent and nonequivalent protons. Chemical shift, upfield and downfield 
shifts. Shielding/deshielding of protons (systems involving C=C, C=O, C=C, benzene). Spin-
spin splitting with reference to CH3CH2Br, CH3CH2OH,  Br2CHCH2Br. Characteristic 1H-
NMR signals for simple molecules.                                                                                         
 
 
[application of all three spectroscopic methods in structure elucidation of simple organic 
molecules]                                                                                                              (18 lectures) 

             
                                                                                                                                              
12. Enzyme chemistry: enzyme: classification, nomenclature, coenzymes (representative 
examples from different classes). Metabolism (definition, catabolism & anabolism ). Catabolism 
of starch, glucose by glycolysis and the Krebs cycle. Simple treatment of enzyme action of 
proteolytic enzymes with special reference to chymotrypsin.                                        (7 lectures) 
                                   
                                                                                                                 
13. Elementary idea of nucleic acids and complementary base pairing, nucleosides, nucleotides. 
Idea about DNA and RNA.                                                                                           (5 lectures)                           
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Paper IX                                                                                                    Full Marks: 100 

Physical 
 

Group A 
 

1. Thermodynamics of Cells                                                   
Electrochemical cells. Half-cells (with types and examples). Nernst equation and standard 
electrode potentials. Gibbs-Helmholtz equation; standard cells; concentration cells; liquid 
junction potentials. Thermodynamic parameters of reactions from cell emf. Applications of 
Ag/AgCl, quinhydrone and glass electrodes; Potentiometric titrations.                       (10 lectures) 

 
2. Properties of Ionic Solutions II  
Activity and activity coefficient; mean ionic activity and activity coefficient. 
Ion atmosphere; electrophoretic and relaxation effects; Onsager equation (qualitative) and its use. 
Wien and Debye-Falkenhagen effects; Debye-Huckel theory (qualitative) and the limiting law; 
tests. Solubility of sparingly soluble salts and ionic strength of medium. 
Specific,equivalent and molar conductances: variation with temperature and concentration. 
Kohlrausch’s law; Walden rule; transport numbers and ionic mobilities (definitions and 
properties). Conductance measurements and solubility products. Principle of conductometric 
titrations.                                                                                                                       (20 lectures) 

 
3. Reaction Kinetics II  
Collision theory of bimolecular reactions; unimolecular reactions: Lindemann scheme. 
Transition state theory: free energy and entropy of activation. Primary kinetic salt effect. 
Catalysis: homogeneous and heterogeneous; acid-base and enzyme catalysis.  (14 lectures) 

 
4. Properties of interfaces  
Surface excess and Gibbs adsorption isotherm. Langmuir and Freundlich adsorption isotherms. 
Properties of colloids; mechanism of coagulation. Electrical double layer and zeta potential. 
Schulze-Hardy rule.  Idea of micelles and reverse micelles; solubilisation.   (8 lectures) 

 
5. Cryogenics  
Joule-Thomson effect; Nernst heat theorem and its implications; unattainability of absolute zero; 
Planck formulation of the third law; absolute and residual entropies.   (8 lectures) 

 
 
 

Group B  
 

6. Quantum Theory  
Wilson-Sommerfeld quantization rule: applications to Bohr atom, harmonic oscillator, rigid 
rotator and particle in a 1-dimensional box. 
Equipartition principle: limitations. Specific heat of solids: Einstein’s analysis. 
Photoelectric effect; de Broglie relation and energy quantizations in Bohr atom and box. 

(10 lectures) 
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7. Quantum Mechanics  
Idea of eigenvalue equation of the form ÂΨ = aΨ. Construction of Hamiltonian operator; 
solution of HΨ = EΨ for particle in a 1-d box: normalisation and orthogonality of Ψ, nodes in 
excited states, and calculation of average values like <x>, <x2>, <p> and <p2>. Demonstration of 
the uncertainty product inequality, ΔxΔp ≥ h/4π. Discussion on the uncertainty principle. 
The H atom problem: Hamiltonian in Cartesian and polar coordinates; separation of radial and 
angular parts; emergence of magnetic quantum number; mathematical forms of orbital functions 
(ns and np) and degeneracy; shapes of orbitals (s, p).                                                (14 lectures) 

    
8. Spectroscopy and photochemistry  
Einstein’s law; primary photophysical processes; potential energy diagram; Franck-Condon 
principle; fluorescence and phosphorescence; photochemical reactions, quantum yield; 
photosensitisation; photochemical equilibrium; dimerisation of anthracene. 
Alkali-metal spectra (S, P, D, F series): its origin, multiplicity of spectral lines, idea of spin 
quantum number; physical idea of spin-orbit coupling. 
Rotational (rigid rotator model) and vibrational (harmonic oscillator model) spectra of diatomics: 
frequency expressions, applications to estimate molecular parameters. 
Idea of n →π* and π→π* electronic spectra; conjugated polyenes and 1-d box model. 

(18 lectures) 
9. Dipole moment and intermolecular forces  
Induced and orientation polarisation: Debye and Clausius-Mossotti equations (with derivations). 
Dipole-dipole, dipole-induced dipole and van der Waals interactions in molecules. 
Realistic intermolecular potential energy diagrams.      (10 lectures) 

 
10. Properties of Macromolecules  
Addition and condensation polymers; degree of polymerisation; number and weight average 
molecular weights and their relation; kinetics of polymerisation (condensation and free-radical). 
Determination of molecular weights by osmometry and viscometry.   (8 lectures) 

 
 

[Note: Item 6 should precede item 8] 
 
 

Practical 
 

Paper XII         Full Marks: 100 
 
                                                              Inorganic Quantitative (35 marks) 
 
(A) Volumetric estimation using (i) redox and (ii) complexometric titration. 

(i) Redox titration using potassium permanganate, potassium dichromate and iodometry 
for the following metal ions : iron, copper, manganese, chromium, calcium, barium, 
lead and zinc. 

(ii) Complexometric titration using EDTA for the following metal ions : calcium, 
magnesium, iron and zinc. 
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(B) Gravimetric estimation using sintered glass crucible (Gooch crucible) of the following metal 

ions : copper as thiocyanate, nickel as dimethylglyoxime. 
 
(C) Estimation of binary mixtures containing the metal ions as mentioned in A and B. 

 
Physical Chemistry Experiment  (50 Marks) 

 
1. Surface tension of a liquid/solution by drop-weight and capillary-rise methods. 
2. Viscosity coefficient of a liquid/solution by Ostwald viscometer. 
3. Partition coefficient of a solute between two immiscible solvents (e.g. iodine in 

water/organic solvent; benzoic acid in water/benzene, etc). 
4. Equilibrium constant of the reaction KI + I2 = KI3. 
5. Solubility/solubility product in presence/absence of common ions and/or neutral 

electrolytes (e.g. Na-oxalate, Mg-carbonate, K-hydrogen tartarate, etc) 
6. Conductometric and potentiometric titrations of an acid or a base (acid may be 

monobasic/dibasic, and similarly for the base). 
7. Kinetics of decomposition of H2O2 and hydrolysis of ester. 
8. Verification of Beer’s law and finding strengths of unknown solutions by colorimetry; 

(also, colour matching principle to find unknown concentrations). 
 
 
Marks distribution: 
1. Theory and/or working equation with explanation of terms:                                   5 marks 
2. Presentation (data in tabular form, recording of temperature and mentioning proper units 
everywhere) :                                                                                                                10 marks 
3*. Correct calculations and/or graphs with proper choice of axes and their labelling, proper 
placing of points, drawing smooth curves with captions:                                           15 marks  
4*. Correctness of results and interpretation:                                                              20 marks 
 
[*Note: Actual break-up in respect of points 3 and 4 will depend on the nature of the 
experiments and will be decided by the Convener(s) of practical examinations] 
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