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M. Sc. Chemistry
I to IV Semester

Semester 1
Code Subject Credit Continuous End Total
Internal Semester
Assessment (CIA) | Exam. (ESE)
M-Chem-101 | Physical Chemistry I 5 30 70 100
M-Chem-102 | Inorganic Chemistry I 5 30 70 100
M-Chem-103 | Organic Chemistry I 5 30 70 100
M-Chem-104 | Physical & Inorganic 5 30 70 100
Chemistry Practical I
20 120 280 400
~
Semester 11
Code Subject Credit Continuous End Total
Internal Semester
Assessment (CIA) | Exam. (ESE)
M-Chem-201 | Physical Chemistry 1I 5 30 - 70 100
M-Chem-202 | Inorganic Chemistry II 5 30 70 100
M-Chem-203 | Organic Chemistry II 5 30 70 100
M-Chem-204 | Physical & Inorganic 5 30 70 100
Chemistry Practical 1T
20 120 280 400
Semester 111 :
Code Subject Credit | Continuous Internal End Total
Assessment (CIA) Semester
Exam. (ESE) -
M-Chem-301 | Physical Chemistry II1 S 30 70 100
M-Chem-302 | Inorganic Chemistry 111 5 30 70 100
M-Chem-303 | Organic Chemistry I S 30 70 100
M-Chem-304 | Organic Chemistry 5 30 70 100
Practical III
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Semester IV
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Code Subject Credit | Continuous Internal | End Semester | Total
: Assessment (CIA) | Exam. (ESE)
M-Chem-401 | Elective Physical 5 30 70 100
' Chemistry I-IV
M-Chem-402 | Elective Inorganic 5 30 70 100
Chemistry I-IV
M-Chem-403 | Elective Organic 5 30 70 100
' Chemistry I-IV
M-Chem-404 | Elective Physical, 5 30 70 100
‘ Inorganic & Organic
Chemistry Practical
20 120 280 400
Major Elective (optional) Papers
Subject Credit | Continuous Internal | End Semester | Total
Assessment (CIA) | Exam. (ESE)
Physical Chemistry Elective Papers
M-Chem-401 | Advance Statistical 5 30 70 100
(A) Thermodyanamics
M-Chem-402 | Advance Chemical 5 30 70 100
(A) Reaction Dyanamics
M-Chem-403 . | Advance Quantum 5 30 70 100
(A) Chemistry
M-Chem-404 | Physical Practical 5 30 70 100
(A)
Inorganic Chemistry Elective Papers
M-Chem-401 | Ligand Field Theory 5 30 70 100
(B)
M-Chem-402 | Reaction Mechanism 5 30 70 100
(B) and Supramolecular
Chemistry
M-Chem-403 . | Organotransition Metal 5 30 70 100
(B) Chemistry and Metal
clusters
M-Chem-404 | Inorganic: Practical 5 30 70 100
(B)
Organic Chemistry Elective Papers
M-Chem-401 | Organic Synthesis S 30 70 100
() -
M-Chem-402 | Chemistry of Natural 5 30 70 100
; © Products
M-Chem-403 | Medicinal Heterocyclic 5 30 70 100
©) Chemistry
M-Chem-404 | Organic Practical 5 30 70 100
©
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M.Se.(Chemistry)
Semester-I

M-Chem -101
Physical Chemistry

Time — 3 Hours Full Marks: 70

Part-A
Ten Multiple Choice Questions (Compulsory) 10 x 2=20 Marks
(Two Questions from each unit)

Part-B
Five Short Answer Question (Four to be Answered) 4 x 5=20 Marks
(One Question from each unit)

Part-C s
Three Long Answer Question (Three to be Answered) 10 x 3=30 Marks

(One Question from each unit)

Unit I: Classical Thermodynamics and Statistical Thermodynamics

Classical Thermodynamics: Brief review of concepts of laws of thermodynamics, free
energy, chemical potential and entropy, Concept of partial molar properties and their
significance—partial molar free energy, partial molar volume, partial molar heat content,
Determination of these quantities, Gibbs-Duhem equation, Concept of fugacity,
Determination of fugacity by graphical method and compressibility factor method,
Thermodynamics of Ideal and Non-ldeal solutions. Determination of Excess thermodynamic
function, GE, SE HEetc, Activity and activity coefficient: Determination of activity coefficient
by EMF and solubility method.

Statistical Thermodynamics: Objectives of statistical thermodynamics, Coneept of
“distributions”. Thermodynamic probability, Most probable distribution, Statistical
Mechanics for systems of independent particles and its importance in chemistry, Types of
statistics-Maxwell-Botzmann, Bose-Einstein and Fermi-Dirac statistics, Derivation of
distribution laws for the three types of statistics, Concept of Microstates and Macro states,
Partition Function (Definition and significance): Translational, rotational, vibrational and
electronic partition functions, Molecular partition functions, Relation between thermodynamic
functions (U, H,S,G and C,) and the partition functions. Applications of partition functions,
Lagrange’s undetermined multipliers, Stirling’s approximation, Heat capacity, behavior of

solids — chemical equilibrium const\%yrms of partition functions.
{




Unit II: Chemical Kinetics

Chemical kinetics, rate of reactions, factors influencing the rate of reaction. Kinetics of side
reaction, opposing reaction and consecutive reactions, Collision theory and Transition state
theory, Comparison of collision theory with transition state theory, Arrhenius equation-
characteristics, significance of activation energy, effect of temperature on rate of reaction.

Concept of Steady state kinetics, Chain reactions. Photochemical reactions between hydrogen
and bromine, hydrogen and chlorine. Comparative study of thermal and photochemical
hydrogen-halogen  reactions. = Mechanism  and  kinetics of  pyrolysis  of
acetaldehyde,decomposition of ethane and photo dimerisation of anthracene.

Unit III: Electrochemistry

Electrochemistry of solutions: Activity coefficients and ion-ion interactions, Physical
significance of activity coefficients, mean activity coefficient of an electrolyte and its
determination, Ionic strength, Derivation of Debye-Huckel theory for the problem of activity
coefficients, Debye-Huckel limiting Law, Debye-Huckel equation for appreciable
concentration, Debye-Huckel-Onsagar conductance equation and its extension to ion
solvent interactions.

Overpotential, exchange current density, Derivation of Butler-Volmer equation, Tafel Plot.
Electrocatalysis: Definition and Influence of various parameters. Polarography, Ilkovic
equation, half wave potential and its significance.

Unit I'V: Solid State Chemistry and Surface Chemistry

Solid State Chemistry

X-ray diffraction by crystals, Bragg’s law, assignment of lines, diffraction pattern of a
primitive cubic lattice, space group extinctions, Scattering factor and structure factor,
intensities from atomic positions for BCC and FCC lattices, Ewald’s sphere of reflection,
Reciprocal Lattice concept, Electron density function, Fourier transform of the structure
factor.

Surface Chemistry

Surface tension, capillary action, Review of adsorption curves, Adsorption-desorption,
Adsorption forces, Heat of adsorption- Types, Measurements of heat of -adsorption
(Calorimetric and Clausius-Clapeyron method),Measurement of adsorption isotherms,
(Volumetric and Gravimetric methods), Determination of entropy of adsorption, Electrostatic
adsorption, adsorption indicators and their applications. Surface active agents and their
classification, micellization, hydrophobic interaction, critical micellar concentration (CMC),
factors affecting CMC of surfactants, counter ion binding to micelles, thermodynamics of
micellization-phase separation and mass action els, solubilization, micro emulsions,
reverse micelles. e )




Unit V: Quantum Chemistry

Introduction to quantum mechanics, Postulates of quantum mechanics, Schrédinger wave
equation, Concepts of Operators: Laplacian, Hamiltonian, Linear and Hermitian operators,
Commutation of operators, Normalization and orthogonality of wave functions, Average
(expectation) values, Heisenberg’s Uncertainty principle, Eigenfunctions and Eigenvalues.
Physical Interpretation of wave function.

Solutions of Schrodinger wave equation for a free particle, particle in a ring, particle in a three
dimensional box, Quantum mechanical degeneracy, tunneling (no derivation),Application of
Schrédinger equation to harmonic oscillator, rigid rotator, Solution of R, ®, @, equation,
Angular Momentum operators and their properties, Eigen functions and Eigen values of
angular momentum, Ladder operator method for angular momentum.

Hydrogen atom in spherical polar co-ordinates, Total wave function of hydrogen atom,
Quantum numbers and their characteristics, List of wave functions for few initial states of
hydrogen like atoms, Diagrams of radial and angular wave functions, Radial and angular
distribution function and their significance, Electron spin #8tern-Gerlach experiment), spin-
orbital, symmetry and anti-symmetry and Pauli-exclusion principle.

SUGGESTED BOOKS:

1. Molecular thermodynamics by Donald A. Mc Quarrie. John D. Simon University
Science Books California.

2. Thermodynamics by Rajaraman and Kuriacose. East-West Press.

3. Statistical Thermodynamics by M. C. Gupta.Wiley Eastern Ltd.

4. Elements of Statistical Thermodynamics by Leonard K. Nash (Courier Corporation).

5. Elements of Classical and Statistical Thermodynamics, L. K. Nash, Addison-

Wiley.

Thermodynamics, Statistical Thermodynamics and Kinetics by Thomas Engel &

Philip Reid. Pearson Education inc.

Modern Electrochemistry Vol-1 and II by J. O. M Bockris and A. K. N. Reddy.

Plenum New York. :

Electrochemistry, Principles and applications by Edmund, C. Potter. Cleaver-Hume

Press London.

Principles and applications of Electrochemi ty by D. R. Crow, Chapman and

Hall, Londqn.
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10. Solid State Chemistry by A.R. West, John Wiley, N.Y. __//T
11. Onantum Chemistrv hv ND.A. McOuarrie Viva. New T’félhi.



M.Sc. (Chemistry)

Semester-I
M-Chem -102
Inorganic Chemistry

Time — 3 Hours Full Marks: 70

Part-A
Ten Multiple Choice Questions (Compulsory) 10 x 2=20 Marks
(Two Questions from each unit)

Part-B
Five Short Answer Question (Four to be Answered) 4 x 5=20 Marks
(One Question from each unit)

Part-C

A
Three Long Answer Question (Three to be Answered) 10 x 3=30 Marks

(One Question from each unit)

Unit I: Stereochemistry and Bonding of compounds of main group

VSEPR model, shapes of molecules-CIFs, ICly, TeFs, Iy, TeClg™, XeFs, SbCls”, 1F,, ReFs,
XeFg”, TaFg”, Bent rules and energetics of hybridization; electronegativity and partial ionic
character; Bonds- Multicenter, Synergic and Agostic bonding, Some simple reactions of
covalently bonded molecules, electron deficiency and structural aspects of boranes,
carboranes, Wade’s rule, Metal — Metal multiple bonding. Molecular orbital theory: LCAO
and MO diagrams of heteronuclear diatomic (CO, NO, HF, ICl) and triatomic molecules (CO,
and NO,).

Unit II: Nuclear Chemistry

Shell Model, liquid drop model, Nuclear reactions and their types, Nuclear reaction cross —
section, Fermi gas model, Collective model and Optical model. Detection and measurement of
radiation, G.M. and Scintillation counters, Nuclear reactors. Application of radio isotopes,
Tracer technique, neutron activation analysis, isotopic dilution method, radiation hazards.

Unit III: Chemistry of Lanthanides and Actinides

Position in the periodic table, oxidation states and their stability, Lanthanide and Actinide
contraction, Magnetic and Spectral properties, Separation technique (lon exchange and
Solvent extraction). Transuranic elements, Synthesis and Chemistry of Np and Pu, Separation
of Pu from Spent fuel. The minerals of lanthanides and actinides and their occurrence in India.
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Unit IV: Group theory and its applications

Classification of molecules into point groups. Defining properties of a mathematical group,
Symmetry operation of a molecule as elements of a mathematical group, subgroups, concept
of conjugate and class, similarity transformation.

Unit V: Matrix representations for symmetry operations

Reducible and Irreducible representations Character. The Great orthogonality theorem
(derivation not required). Consequences of orthogonality theorem, character
table,construction of Character table for Cyy and Cs,, Direct product, reduction formula. Wave
functions as bases of irreducible representations (p — and d- orbitals),

Symmetry: Intrared and Raman’s spectroécopy. SALCs, Projection operators, Illustrative
examples. Hybridisation and its application, M.O. using group theory

SUGGESTED BOOKS:

1. Chemical Application of group Theoryby Cotton, F.A. M’Tey Interscience : N.Y.

2. Chemical Group Theory and symmetry in chemistry by Gurdeep Raj, Ajay Bhagi&
Vinod Jain.

3. Elements of Nuclear Chemistry by H.JAmikar. Wiley Eastern Ltd.

The chemistry of the Actinides elements by Joseph J. Katz & G.T. seaberg.

5. Problems in structural Chemistry by Hatfield W.F & Palmer, R.A.W.A Benjamin,
Inc. N.Y.

6. Textbook of inorganic chemistry by Sodhi, G. S.Viva books Pvt. Ltd.
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M.Sc. (Chemistry)
Semester-I
M-Chem -103
Organic Chemistry

Time — 3 Hours Full Marks: 70
Part-A
Ten Multiple Choice Questions (Compulsory) 10 x 2=20 Marks
(Two Questions from each unit)
Part-B
Five Short Answer Question (Four to be Answered) 4 x 5=20 Marks
(One Question from each unit)
Part-C -~
Three Long Answer Question (Three to be Answered) 10x 3=30 Marks

(One Question from each unit)

UnitI: -

(a) Nature of Bonding in organic Molecules: Delocalized Chemical Bonding — conjugation,
cross conjugation, resonance, hyper- conjugation, tautomerism. Bonding in fullerenes.
Aromaticity in benzenoid and non — benzenoid compounds, Huckel’s rule, energy level of
molecular orbitals; anti — aromaticity, PMO theory and its applications. Chemistry of
tropones, tropolones, azulenes, metallocenes and annulenes.Bonding in addition compounds,
crown ether complexes , inclusion compounds, cyclodextrins and catenanes. :

(b) Aromatic substitution:

i) Aromatic electrophilic Substitution: The arenium ion mechanism, orientation and reactivity,
energy profile diagrams. The ortho / para ratio, ipso attack, orientation in other ring systems.

ii) Aromatic nucleophilic Substitution: The SyAr, Syl and benzyne mechanism. Reactivity:
effect of substrate structure, leaving group and attacking nucleophile.

Unit II:

Stereochemistry: Chirality, molecules with more than one chiral center, threo and erythro
isomers, specific rotation, racemisation, methods of resolution, enantiotopic and
diastereotopic atoms & groups, stereospecific and stercoselective synthesis, asymmetric
synthesis.

Axial chirality: optical activity of biphenyls, allens, alkylidene cycloalkanes and spiranes,
Planar chirality: optical activity of ansa compound and cyclophanes. Chirality due to helical
shape. Stereochemistry of compounds containing nitrogen, sulphur and phosphorus.
Conformation due to.rotation about C-C single bondin acyclic molecules. Conformation of
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cyclohexanes (monosubstituted and disubstituted) and decalins, effect of conformation on
reactivity of acyclic and cyclic molecules.”

Unit III:

Reaction Mechanism: Structure and Reactivity: Types of mechanism, types of reactions,
thermodynamic and kinetic requirements, kinetic and thermodynamic control, Hammond’s
postulate, Curtin — Hammett principle, Potential energy diagram, Transition states and
reaction intermediates, methods of determining mechanisms, isotope effect, Hard and soft
acids and bases. Generation, structure, stability and reactivity of free radicals carbenes and
nitrenes. Hammett equation and linear free energy relationship, substituent and reaction
constants.

UnitIV:

(a) Addition to C=C and C = C bonds: Mechanistic and stereochemical aspects of addition
reactions involving electrophile, nucleophile and free radicals, regio selectivity, orientation
and reactivity. Addition to cyclopropane ring. Hydrogenafton of double and triple bonds,
Oxymercuration — demercuration, Hydroboration-oxidation, lodolactonization, Prevost
reactions (dry and wet methods). Addition of carbenes, Simmons- Smith reaction,
Epoxidation, sharpless asymmetric expoxidation. Michael Addition.

(b)- Addition to C= O bond: Mechanism of metal hydride reduction of saturated and
unsaturated carbonyl compounds, acids, esters. Wittig reaction. Wadsworth-Emmons
reaction. Aldol condensation, Knoevengel reaction, Claisen reaction, Mannich reaction,
Benzoin condensation, Perkin reaction and Stobbe reaction. Robinson annulations reaction.
Cram’s rules of diastereo selection. Stork enmine synthesis, concept and application of
Umpolung - use of propane-1, 3-dithiol. Sulphurylides.

(¢) Elimination reactions: The E1, E2 and E1CB mechanisms and stereochemistry of these
reactions in acyclic and cyclic molecules. Effect of substrate structure, strength of the bases
used, leaving groups and the reaction medium on E1, E2 and E1CB reactions. Mechanism and
orientation in pyrolytic eliminations (E; reactions) of: Esters of carboxylic acid, methyl
xanthate(Chugaev reaction), tertiary amine oxides(Cope élimination), Sulphoxides and
selenoxides. Shapiro reaction and Peterson’s reaction for synthesis of alkanes.

d) Aliphatic nucleophilic Subsitution: Sy1, Sy2 and Syi reactions, their mechanism and
Steriochemistry. Distintion between SylI and Sy2 reaction by isotopic labeling.
Nucleophilicity versus  basicity. Neighboring group participation: stereochemistry and
anchimeric assistance. Nucleophilic acyl substitution: Hydrolysis of esters of carboxylic acid -
Bac2 and Aac2 mechanisms.

Unit V:

Free radical reactions: Free radical substitution mechanism, mechanism at an aliphatic and
aromatic substrates and at bridgehead. The effect of solvent on reactivity. Allylic
halogenation. Oxidation of aldehydes to carboxylic acids, €6upling of alkynes and arylation
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of aromatic compounds and active alkenes by diazonium salts, Sandmeyer reaction,
Hunsdiecker reaction, Suzuki reaction.

SUGGESTED BOOKS:
1. Advanced Organic Chemistry: Reactions, Mechanism and Structure by Jery March. John
Wiley.

2. Advanced Organic Chemistry (Parts A & B) by F.A. Carey and R.J. Sundberg, Plenum
Press.

3. Stereochemistry of Organic Compounds by D. Nasipuri. New Age International.
4. Reaction Mechanism in Organic Chemistry by S.M. Mukherji and S.P. Singh. Macmillian.

5. Principles of Organic Synthesis by R.O.C Norman and J.M. Coxon, Blackie Academic &
Professional.

6. Stereochemistry of Organic Compounds by D. Nasipuri, Waley Eastern Ltd., New Delhi.




M. Sc. (Chemistry)
Semester-I
M-Chem-104
Physical Lab Course (General)
Time — 6 Hours Full Marks: 70

1. Water equivalent of calorimeter and determination of
i. Heat of solution of potassium nitrate.
ii. Heat of neutralization of strong acid and strong base.
iii. Heat of solution of oxalic acid from solubility measurement.
iv. Basicity of polybasic acids.
. Molecular weight of a non-electrolyte by Ebullioscopic method.
. Molecular weight of a non-electrolyte by cryoscopic method.
. Saponification of ethyl acetate with sodium hydroxide by chemical method.
. Comparison of acid strengths through acid catalyzed methyl acetate hydrolysis.
. Energy of activation of acid catalyzed hydrolysis of methyl acetate.

N OV AW

. Distribution coefficient of-
(a) Acetic acid
(b) Benzoic acid between water and Benzene by partition method.

8. Determination of specific and molecular rotation of sucrose in different concentrations
and to determine the concentration of given solution.

9. Rate constant of acid catalyzed hydrolysis of sucrose/Cane suger by polarimetric method.
10. Conductometric Experiments:

Determination of-

i. Dissociation constant of acetic acid.

ii. Equivalence point between acid-base titration of NaOH with HCl solutions.

iii. Equivalence point between a mixture of HCl and CH;COOH with NaOH.

iv. Solubility product (Ks,) of sparingly soluble salt, e.g. AgCl, BaSO4
11. Potentiometric Experiments-

Determination of-

i. EMF of concentration cell

ii. pH of a given solution using hydrogen electrode and quinhydrone electrode

iii. Equivalence point in Acid-Base titration

iv. Equivalence point in precipitation titration (AgNO3vrsNaCl).
12. Determination of pH of a Buffer solutions
13. Preparation of colloidal solution of

i. As;S; Sol.

ii. Fe(OH)3 Sql. 50 Marks
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14. Viva-Voce 10 Marks
15. Record of Practical Note Book 10 Marks
SUGGETED BOOKS :

1. Findlays practical physical chemistry revised by P. B. Levitt, Longman’s London.

2. Experiments in Physical Chemistry by Shoemaker and Garland, McGraw Hill
International Ed.

3. Practical Physical Chemistry by B. Viswanathan& P.S. Raghwan, Viva Books Pvt.

Ltd., New Delhi.

Experiments in Physical chemistry by J.C. Ghosh, Bharti Bhawan, Patna.

Advanced Practical Physical Chemistry by J. B. Yadav, Goel Publications Meerut.

Senior Practical Physical Chemistry by B. C. Kosla, Simla Printers New Delhi.

Experimental Physical Chemistry by Daniel et al., McGraw'Hill, New York.

Practical Physical Chemistry by A.M James and P. E. Pritchard, Longman’s Group

Ltd.

9. Experimental Physical Chemistry by Wilson, Newcombe & others, Pergamon
Press, New York.

10. Experimental Physical Chemistry by R. C. Behra and B Behra, Tata McGraw,
New Delhi.

11. Experimental Physical Chemistry by V. D. Atavale and ParulMathur, New Age
International, New York.

12. Physical Chemistry Laboratory Principles and Experiments by H. W. Salberg J. L
Morrow, S. R. Cohen and M. E. Green Macmillan publishing Co .new York.

13. Practical’s in physical chemistry : A. Modern Approach by P.S Sindhu, Mac. Milian
Publishers Delhi (2006).
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M. Sc. (Chemistry)
Semester-I
M-Chem-104
Inorganic Lab course (General)
Time — 6 Hours Full Marks: 70
1. Micro and Semi micro qualitative analysis of mixtures containing two anions, two

w

common cations and one less familiar elements: Cr, Mo, W, V and Mn

Qualitative analysis: To analyse quantitatively two constituent ions of the following

estimated using EDTA.:

(a) Cu, Zn

(b) Ni, Fe

(c) Ca, Mg

(d) Al, Mg.
Inorganic Preparations >

(a) Pot. trioxalatoferrate (III)

(b) Pot. trioxalatochromate (III)

(c) Diaquodioxalatochromate (III)

(d) Hexaminenickel (II) chloride 50 Marks

4. Viva-Voce A 10 Marks

5. Record of Practical Note Book 10 Marks

SUGGESTED BOOKS:

I

Vogel’s Text book of Qualitative Chemical Analysis by J. Bassett, G. H. Jeffery and J.
Mendham, ELBS.

Vogel’s text book of Quantitative Chemical Analysis, th Edition by J. Bassett, G. H.
Jeffery and J. Mendham, and R. C. Denny, Longman Scientific and Technical.

Inorganic Semimicro Qualitative Analysis by V. V. Ramanujam; The National Pub. Co.
Practical Inorganic Chemistry by G. Marr and B. W. Rockett, Von Nostrand Reinhold

Co., London. 3 M/V )
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M.Sc. (Chemistry)
Semester-1I
M-Chem-201
Physical Chemistry
Time: 3 Hours Full Marks: 70
Part-A
Ten Multiple Choice Questions (Compulsory) 10 x 2=20 Marks
(Two Questions from each unit)
Part-B
Five Short Answer Question (Four to be Answered) 4 x 5=20 Marks
(One Question from each unit)
Part-C -
Three Long Answer Question (Three to be Answered) 10 x 3=30 Marks

(One Question from each unit)

Unit I: Quantum Chemistry — Approximate methods and Chemical Bonding

Approximate methods: The Variation theorem; linear variation principle; Perturbation
theory (first order and non-degenerate); Applications of variation method and perturbation
theory to Helium atom. Chemical Bonding: Born-Oppenheimer approximation; Valence bond
(VB) and Molecular orbital (LCAO) treatment (MO) of hydrogen atom; Comparison of MO
and VB treatments; Configuration interactions; Extension of MO treatment to homo nuclear
and hetero nuclear systems; Hiickel Molecular Orbital Theory/Method (HMO), Application to
7 system-ethylene, Allyl system, Butadiene, Cyclopentadienyl & benzene system. Calculation
of properties-delocalization energy, electron density bond order, free valence; Introduction to
Extended Hiickel Theory. :

Unit II: Electronic Properties and Band Theory

Electronic structure of solids- band theory, Refinement to simple band theory; Band structure
of metals, insulators and semi conductors; Intrinsic and extrinsic semiconductors; Doped semi
conductors; p-n junctions; Light Emitting Diode (LED): Principle and applications, Blue
LED, Nanoscope.

Unit III: Superconductors

High-T, Oxide Superconductors: Structural features of cuprate superconductors. 1-2-3 and
2-1-4 cuprates; structure; Normal state properties: anisotropy and temperature dependence of
electrical resistance; Superconducting state: heat capacity, coherence length, relation between
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Tc and hole concentration in cuprates; mechanism of superconductivity in cuprates.
Applications of high Tc-cuprates. Ceramics composites and nanomaterials.

Organic Materials: Conducting organics-Metals from molecules, charge transfer materials
and conducting polymers; Organic superconductors; Fullerenes. Molecular ferromagnets and
ferroelectrics; Liquid crystals: mesomorphic behavior, optical properties of liquid crystals,
display devices.

Unit IV: Conducting Polymers and Solid State Chemistry

Electrical ~ conducting  polymer:  Conducting polymers-Polyacetylene ~ (PA),
Polyparaphenylene (PPP), Polyaniline' (PANI), Polyphenylene sulfide (PPS), Polypyrrole
(PPY)-mechanism of conduction and applications.

Solid State Chemistry: Perfect and Imperfect crystals, intrinsic and extrinsic defects point
defects, line and plane defects, vacancies-Schotty defects and Frenkel defects.
Thermodynamics of Schotty and Frenkel defect formation;®olour centers, non-stoichiometry
defects.

Unit V: Electrochemistry-Corrosion and Cyclic Voltammetry

Corrosion: Scope and economics of corrosion, causes and types of corrosion, electrochemical
theories of corrosion, kinetics of corrosion (corrosion current and corrosion potential).
Corrosion measurements (weight loss, OCP measurement, and polarization methods), units of
corrosion rate, passivity and its breakdown, Corrosion prevention (electrochemical, inhibitor
and coating methods).

Cyclic Voltammetry: Cell design, instrumentation, current-potential relation for linear sweep
voltammetry (LSV), cyclic voltammetry, interpretation of voltammograms.

SUGGESTED BOOKS:

1. Physical Chemistry by P. Atkins and J. D. Paula, 9™ Ed., Oxford University Press.

2. Quantum Chemistry by D.A. McQuarrie Viva, New Delhi.

3. Quantum Chemistry by J.P. Lowe & K. Peterson, Academic Press.

4. Elementary Quantum Chemistry by F.L., Pilar, Dover Publication, N.Y.

5. Principles of Quantum Chemistry by Ram Yatan Prasad, Foundation Books, New Delhi

2015.

Introduction to Quantum Chemistry by A. K. Chandra, Tata McGraw Hill.

Quantum Chemistry by Ira N. Levine, Prentice Hall, New Jersey.

Quantum Chemistry by R. K. Prasad, New Age International.

Quantum Chemistry through problems and solutions by R. K. Prasad, New Age
International.

10. Introduction to Solids by L.V. Azaroff, Tata McGraw-Hill, New Delhi.
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1
12.

13:
14.
15.
16.
17
18.
19;
20.
21,
22,
23,
24.
25:
26.
27,
28.
29

30.

3.

W L (Va\\‘/) o /W

Solid State Chemistry by A.R. West, John Wiley, N.Y.

New Directions in Solid State Chemistry by C.N R. Rao and J. Gopalkrishnan,
Cambridge Univ. Press.

Superconductivity Today by T. V. Ramakrishnan and C.N.R. Rao,Wiley Eastern Ltd.,
New Delhi.

Designing the Molecular World: Chemistry at the Frontier by P. Ball, Princeton Univ.
Press.

An Introduction to Solid State chemistry by E. More and L. Smart, Chapman &
Hall.

Crystal Structure Determination by W. Massa, Springer.

Principles of Solid State by H.V. Kerr, Wiley Eastern Ltd.

Text book of Polymer science by F.W. Billimeyer, Wiley-Interscience, N.Y.

Introduction to polymers by R.J. Young & P.A. Lovell, Chapman and Hall.

Modern Electrochemistry (Vol.1,,2A and 2B) by Bockris and Reddy, Plenum,
NY.

Polarography and Allied Techniques by V SuryanarayanaRao Universities Press
(India) Pvt. Ltd., Hyderadad.

Basic concepts of Analytical Chemistry by S M Khopkar, New Age Internatonal
Publishers, third edition, New Delhi, 2008.

Electrochemical Methods- Fundamentals and Applications, 2"Ed. by A J Bard and L
R Faulkner, John Wiley & Sons Inc., New York.

Chemical and Electrochemical Energy systems by Narayan and Viswanathan,
Hyderabad, Universities Press (India) Pvt. Ltd., Hyderadad.

Understanding Batteries, RM Dell and DAJ Rand, Fuel cells and their applications by
Karl kordesh, gunter,Simader, VCH-Weinheim, Cambridge.

Fundamentals of electrochemical deposition by Milan Paunovic and Mordechay
Schlesinger, Wiley- interscience publications, New York.

Electrodeposition and Corrosion Control by J. M. West, J. Wiley W. Reviseded.
Corrosion Handbook, Electrochemical Society Series, John Wiley and Sons.
Electrochemistry and corrosion science by Nestor Perez, Springer (India) Pvt. Ltd.
Principles and Prevention of Corrosion by D. A. Jones, Macmillan Publ. Co. _
Bioelectrochemistry: Fundamentals, experimental techniques and application by P. N.
Bartlett, Wiley& Sons.

Synthetic organic Electrochemistry by A M Fry, 2™ ed., Wiley.
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M.Sc. (Chemistry)
Semester-11
M-Chem-202
Coordination chemistry

Time — 3 Hours Full Marks: 70

Part-A
Ten Multiple Choice Questions (Compulsory) 10 x 2=20 Marks
(Two Questions from each unit)

Part-B
Five Short Answer Question (Four to be Answered) 4 x 5=20 Marks
(One Question from each unit)

Part-C
Three Long Answer Question (Three to be Answered) =% 10 x 3=30 Marks

(One Question from each unit)

Unit I: Magnetic Behavior of Substances

The orbital and spin effects on paramagnetism. Derivation of Russel /Saunder’s terms, spin —
orbit interaction, Magnetic moment for large and small multiplet width, Quenching of orbital
contribution, Magnetic properties of complex compounds.

Unit II: Bonding in Coordination Compounds

Crystal Field theory, d- orbital splitting in cubic and non- cubic ficlds. Measurement of 10 Dq
and factors affecting it. Splitting of S, P, D and F terms in Octahedral and Tetrahedral
Symmetry, Limitation of C.F.T.

Evidences in support of covalent bonding in Transition metal complexes, M.O. Theory for
MLg¢n" with 6 and 7 bonding ligands using symmetry arguments, Magnetic properties and
charge transfer spectra on the basis of M.O. model. :

Unit III: Spectral, Structural and Thermodynamic aspects of Crystal Field theory

Electronic Spectra: Selection rules for d-d transitions, and its breakdown .Electronic Spectra
of d',d%,d*nd &’ systems. Spectro chemical series.Crystal field effect on ionic radii of 3d ions,
Jahn Teller distortion, Thermodynamic effects, Lattice energy and Hydration energy of
octahedral complexes of 3d series, Site selection in normal and inverse spinel structure.
Stepwise and overall stability constants, Determination of stability constant by Bjerrum and

emf methods, Job’s continuous variation method.
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Unit IV: Substitution reaction in Transition Metal Complexes

Nature of substitution reaction. Lability and inertness of complexes, D, A, Id and Ia
mechanisms, Substitution reaction in octahedral Co (III)complexes. Acid and base hydrolysis
Sx'CB hydrolysis, factors governing the rate of reaction, substitution without cleavage of
metal — ligand bond. Mechanism of substitution reaction of Square planar complexes of Pt
(IT). Trans effect, Theories of trans effect.

Unit V: Metal Carbonyls and Nitrosyls

Mononuclear and polynuclear carbonyls and their structures. Nature of M — C -O bonding.
Preparation of metal carbonyls and their reactions, vibrational spectra of metal carbonyls.

Metal nitrosyls — bonding and structure. Metal carbonyl — nitrosyl complexes. Metal carbonyl
hydrides.

SUGGESTED BOOKS:

1. Elements of Magneto chemistry by R.L. Dutta & A. Syamal, Affilated East — West
Press Pvt. Ltd. New Delhi.

2. Concept and Model of Inorganic chemistry by BodieDouglus, Drl Mc Daniel, John
Alexander, John Wiley & Sons Inc. New York

3. Inorganic Chemistry, Principles and structures and reactivity by James E. Huheey&
Ellen A. Ketter, Pearson Education Asia.

4. Concise Co-ordination chemistry by R. Gopalan & V. Ramalingam,Vikas Publication
House.

5. Selected Topic in Inorganic Chemistry by Mallick, Madan &Tuli.

6. Mechanism of Inorganic Reactions by F. Basalo and R. G. Pearson, Wiley Eastern Ltd.,
New Delhi.

7. Inorganic Chemistry by D. F. Shriver and P. W. Atkins, ELBS, London.

8. Advanced Inorganic Chemistry by F. A. Cotton and G. Wilkinson, John Wiley & Sons,

New York.
9. Electronic Absorption Spectroscopy and Related Techniques by D.N. Sathyanarayana,

Universities Press (India) Ltd., Hyderabad. W
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