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JYOT1 VIHAR, BURLA
Sambalpur {Odisha), PIN- 768 019

% PHONE and Fax:0663-2430806
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Urgent ..( Both by post and by e- mail)
C
No. ] 3 O __/ Acd.l Dated: (() b/‘*O 2*/1{}
To
The Principals,
Government College,
Sundargarh .

Sub: M.Sc. Chemistry syllabus effective from the Academic Session 2016-17.

Ref :- This office letter No 5735(4) / Acd.-I ( BOS) dated 30.7.16 .
Sir,

In continuation to the letters and the subject cited above, | am directed to intimate you that
the Vice- Chancellor has been pleased to approve the syllabus for M.Sc. Chemistry Courses as
per Course Credit Semester Examinations under 6 (15) of 0.U. Act -1989 giving it effect from the
Academic Session, 2016-17. The detail Courses of Studies is enclosed herewith for your reference
and necessary action.

This may kindly be noted that it is the i.aal syllabus for M.Se. Chemistry Courses as
per Course Credit Semester system fron. t..¢ Academic Session, 2016-17. It may be made
available to teachers and students concerned. Further you are requested to ensure teaching
of the courses in your colleges accordingly.

Any error and omission etc. may kindly be intimated to this office.

. Any queries on the matter may be made through e-mail: coesuniv@gmail.com.
Thanking you,

Y ours faithfully,

(,L\ Y e
i}g)ntroller of Examinations

Encl:- As above
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Memo No. (Z g / /Acd.-{(BOS), dtd. O %*02‘] :Z

Copy forwarded with enclosure for information and necessary action to:
The Chairman, Post Graduate Council, Samhaipur University.
The H.0.D., P.G. Department of Chemist.y , Sambalpur University, Jyoti Vihar .
The Director, College Development Council, Sambalpur University.
The Director, Directorate of Distance and Continuing Education, Sambalpur University.
The Co-ordinator, Private Examination Cell, Sambalpur University.
Asst. Registrar (Examination), Sambalpur University.
Programmer, University Computer Unit, Sambalpur University.
Asst. Controller of Examinations, Sambalpur University.
Section Officer / Assistant —in- Charge, e — Governance Cell, Sambalpur University with
request to provide all the materials in the official web- site accordingly.

. Section Officers, Computer Unit, E.G.-lli, E.C.- lll ,EC- VI Sections.
11.

Five spare Copies for Academic-I Sections with enclosure.
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Copy forwarded without enclosure 2 nformation and necessary action to:

The Dy. Director, e — Governance Cell, Sambalpur University with request for needful
to provide all the materials in the official web- site accordingly.

P.A. to the Vice- Chancellor, Sambalpur University.

P.A. to the Registrar, Sambalpur University.

P.A. to the Controller of Examinations, Sambalpur University.
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CHOICE BASED CREDIT SYSTEM
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M. Sc. SEMES1 2R SYLLABUS

CO‘;%SE COURSE TITLE CREDITS

1* SEMESTER
CHI-401 GROUP THEORY, SOLID STATE & NUCLEAR CHEMISTRY 03
CHI-402 TRANSITION METAL CHEMISTRY 03
CHO-403 STRUCTURE AND REACTIVITY 03
CHO-404 STEREOCHEMISTRY 03
CHP-405 THERMODYNAMICS 03
CHP-406 DYNAMICS 03
CHI-407 INORGANIC GENERAL PRACTICAL-| 02
CHO-408 ORGANIC GENERAL PRACTICAL-| 02
\ TOTAL 22

2" SEMESTER
CHI-411 METAL n-COMPLEXES AND CLUSTERS 03
CHI-412 BIO-INORGANIC CHEMISTRY 03
CHO-413 ORGANIC REACTION ME: . ANISM - | 03
CHO-414 ORGANIC REACTIC , ECHANISM - Ii 03
CHP-415 QUANTUM CHEMISTRY 03
CHP-416 SURFACE CHEMISTRY 03
CHI-417 INORGANIC GENERAL PRACTICAL-I 02
CHO-418 ORGANIC GENERAL PRACTICAL-II 02
TOTAL 22

3rd SEMESTER
CHI-501 INSTRUMENTAL METHODS OF ANALYSIS 03
CHI-502 INORGANIC REACTION DYNAMICS 03
CHO-503 NATURAL PRODUCTS & SPECTROSCOPY 03
CHO-504 PERICYCLIC REACTION, PHOTOCHEMISTRY & REAGENTS 03
CHP-505 STATISTICAL MECHANICS 03
CHP-506 SPECTROSCOPY-1 03
CHP-507 PHYSICAL GENERAL PRACTICAL-I 02
CHP-508 PHYSICAL GENERAL PRACTICAL-II 02
- TOTAL 22

4" SEMESTER (Industrial Chemistry as Elective)

CHIn-541 MATERIAL AND ENERGY  LANCE’ 03
CHIn.542 INDUSTRIAL POLLU . N AND ITS MANAGEMENT 03
CHIn-543 INDUSTRIAL PROCESSE 03
CHIn-544 CHEMISTRY OF MATERIALS 03
CHIn-545 INDUSTRIAL PRACTICAL 02
CHIn-546 INDUSTRIAL PROJECT 02
CHin-541 MATERIAL AND ENERGY BALANCE 03
CHR-551 REVIEW WORK 02
CHS-552 SEMINAR 02
CHC-553 COMPUTER APPLICATION IN CHEMISTRY 02
CHC-554 PRACTICAL ON COMPUTER IN CHEMISTRY 02
i TOTAL 24




FIRST SEMESTER

CHI-401: GROUP THEORY, SOLID STATE & NUCLEAR CHEMISTRY 3 credits
UNIT-I: GROUP THEORY

Symmetry elements and symmetry operation. Matrix representation of symmetry

operation. Groups, subgroup, classes and group multiplication table. Point groups and

their deduction by flow chart method, Study of C,, Cnv, Can, Sni Pny Dans Dinar T, On, Dan
and C., point groups with examples, Group theoretical representation (reducible and
irreducible representation), Ortheoan:lity theorem (qualitative explanation only),

Deduction of group theoretical rules . from orthogonality theorem, Character tables

(explanation and significance); .¢ struction of character tables for C,,, Cay, C4 D4, and

D.;, groups, Direct product, Reducti. « formula to reduce a reducible representation.

UNIT-II: SOLID STATE CHEMISTRY

(a) Crystal lattice, Crystal planes, Miller indices, Bragg's law, Determination of crystal
structure (NaCl, KCI), Structure of elements and compounds.

(b) Bonding in Solids: Van der waal's force, force of covalency, bonding in ionic
solids, Born-Harber cycle, theoretical evaluation of lattice energy, imperfections in
solids, Schottky and Frenkel defects.

UNIT-11I: NUCLEAR CHEMISTRY

(a) General characteristics of radioactive decay, Decay Kinetics, Parent-daughter
decay growth relationship, a-decay, B-decay & y-emission.

(b) Berthe's notation, Types of nuclear reaction, Conservation in nuclear reactions,
Reaction cross-section, the compound nucleus theory.

(c) Nuclear fission, Process of nuclear fission, Fission fragments and their
mass distribution, Charge distribution, lonic charge of fission fragments, Fission
energy, Fission cross-sections and thresholds, Fission neutrons, Theory of
nuclear fission. Fission.

BOOKS: Unit-l : Group Theory by F.A.Cotton

Unit-1l © Solid State Chemistry by D.r. nakravarty.

Unit-Hll: Nuclear Chemistry by J -« iker.

CHI-402: TRANSTION METAL CHEMISTRY 3 Credits
UNIT-! THEORIES OF METAL-LIGAND BONDING

a. Crystal field theory (CFT): Splitting of d-orbital under the influence of octahedral,
tetrahedral, tetragonal, square planar, trigonal bipyramidal and square pyramidai
fields, Streochemical and thermodynamic effect of CF splitting, CFSE and Jahn-
Teller effect.

b. Molecular orbital theory (MOT). Sigma bonding in octahedral complexes:
Classification of metal valence orbitals into sigma symmetry, formation of ligand
group orbitals (LGOs) of sigma symmetry, Formation of molecular orbitals of sigma
symmetry, construction of molecular orbital energy level diagram involving only
sigma bond contribution from ligands, pi bonding in octahedral complexes,
Classification of metal valence orbital into pi symmetry, Formation of LGOs of pi
symmetry. Formation of pi MOs and construction of molecular orbital energy level
diagram invelving sigma and pi contribution from pi donor ligands, Sigma and pi
bonding in tetrahedral complexes.

c. Ligand field theory (LFT) and adjusted Crystal field theory (ACFT).

W




UNIT-II

COMPLEX EQUILIBRIA AND TERM DIAGRAM

a. Complex Equilibria; Types of complex equilibria in solution and types of complex
equilibrium constant (stability constant), The complex formation  functions,
Determination of stability constant by spectrophotometric method and pH titration
method, Stabilization of unusual oxidation state.

b. Term Diagram: Russell-Saunders or L-S coupling scheme, Term symbols and their
derivation by Pigeon-Hole diagram especially for p" and d" configuration, Inter-
electron repulsion parameters and spin-orbit coupling parameters, The effect of
weak crystal field on S, P, D, F, G, H and | terms, Orgel diagram for d' to d°
configuration, Term interaction and the energies of the levels.

¢c. Correlation diagram: Strong field configuration of On symmetry, the method of
descending symmetry, correlation diagram for d” and d’confuguration, Tanabe-
Sugano diagram(qualitative explanztinn and significance ).

UNIT-II ELECTRONIC SPRCTRAL ANL . \GNETIC PROPERTIES OF METAL COMPLEXS

a. Electronic spectral properties of metal complexes. Introduction, types of
experimental recording of the spectra, selection rules (mechanism of electronic
transition, orbital selection rule, Laporte rule or purity selection rules, spin selection
rule), Relaxation of selection rules (departure from cubic symmetry d-p mixing
vibronic coupling), Nature of electronic spectral bands with respect to band intensity
and bandwidth, Classification of electronic spectra. Ligand field spectra of
octahedral and tetrahedral complexes and evaluation of Dg, B’ and beta(B)
parameters for the complex with T, ground state and A; ground state,
Spectrochemical and nephlelauxetic series, charge transfer spectra.

b. Magnetic properties of metal complexes: Origin of magnetic behavior, concept of
magnetic susceptibility, dia, para, ferro and antiferro magnetism, magnetic moments
from multiple width cases, quenching of orbital magnetic moment by crystal field,
spin-orbit coupling and anomalies magnetic moments, Spin-crossover in
coordination compounds.

BOOKS: 1. Theoretical Inorganic Chemistry : M. C. Day and J. Selbin

2. Advanced Inorganic Chemistry  F. A Cotton and G. Wilkinson

3. Introduction to Ligand Field : B. N. Figgs
CHO-403: | STRUCTURE AND REACTIVITY -~ 3 credits
UNIT-I: NATURE OF BONDING IN ORC 41 'C MOLECULES

Delocalized chemical bonding, - Sonjugation, Cross conjugation, Resonance,

Hyperconjugation, Bonding in fullerenes, Tautomerism. Aromaticity in benzenoid and

non-benzenoid compounds, Alternant and non-alternant hydrocarbons, Huckel's rule,

energy levels of pi-molecular orbitals of simple systems, Annulenes, Anti-aromaticity,

Homo-aromaticity, Bonds weaker than. covalent-addition compounds, Crown ether

complexes and cryptands, Inclusion compounds, Cyclodextrins, catenanes and

rotaxanes. ‘
UNIT-II: REACTION MECHANISM: STRUCTURE AND REACTIVITY

Types of mechanisms, Types of reactions, Thermodynamic and kinetic requirements,
Kinetic and thermodynamic control, Hammond’s postulate, Potential energy diagrams,
Trar3,sition states and intermediates, Methods of determining mechanisms, Hard and
soft acids and bases,

Effect of structure on reactivity: Resonance and field effects, Steric effect, Quantitative
treatment, The Hammett equation and linear free energy relationship, Substituent and
reaction constants, Taft equation.




UNIT-L:
(@)

(b)

BOOKS:

REACTION INTERMEDIATE
Non-classical carbocations, Free radicals, Carbenes, Nitrenes, Arynes,
GENERAL DISCUSSION ON THE FOLLOWING

Solvent effect, Isotope effect, Kinetic salt effect, Stereoselective, Regioselective,
Stereospecific and Regiospecific reactions, Stereo electronic factors in transition state
stability.

1. Advanced Organic Chemistry: Reaction Mechanism and Jerry March
Structure (Wiley Eastern Limited)

2. Physical basis of organic chemistry (Wiley Eastern Limited). N. Isaac

3. Mechanism and theory in orgai.c chemistry (Harper Row Lowry and
Publishers, New York) Richardson
4. Organic Chemistry Morrison and Boyd

CHO-404:

STEREOCHEMISTRY 3 credits

UNIT-I:

UNIT-II:

UNIT-11I:

BOOKS:

Chirality, Fischer projection and R and S notations, Threo and erythro nomenclature, E
and Z nomenclature, Opticali isomerism in biphenyis and allenes, Concept of
Prostereocisomerism and Assymetric synthesis (including enzymatic and catalytic
nexus), Conformation of a few acyclic molecules (alkanes, haloalkanes), Conformation
of cyclic systems having one and two sp2 carbon atoms.

Dynamic stereochemistry: Conformation and reactivity, Selection of substrates,
Quantitative correlation between conformation and reactivity, (Weinstein-Eliel equations
and Curtin-Hammett principles), Conformational effects on stability and reactivity in
acyclic compounds (ionic elimination, intramolecular rearrangements, NGP) and in
cyclic systems, (Nucleophilic substitution reaction at ring carbon, Formation and
Cleavage of epoxide rings, Addition reactions to double bonds, Elimination reactions).

Molecular dissymmetry and chiroptical properties, Linearly and circularly polarised
lights, Circular birefringence and circular dicroism, ORD, Plane curves, Cotton effect,
Rotatory Dispersion of ketones, Axial haloketone rule, the Octane rule. Helicity rule,
Lowe’s rule, Emperical rule involving .- Zenzene chromophore.

.~

1. Stereochemistry of organic coi jpounds . D. Nashipuri.
2. Stereochemistry : Kalsi
3.  Stereochemistry . Elliel

CHP-405:

THERMODYNAMICS ) 3 Credits

UNIT-1:

UNIT-II

CLASSICAL THERMODYNAMICS

Brief resume of the concepts of laws of thermodynamics, Free energy, chemical
potential and entropy, Third law of thermodynamics and determination of entropy,
Entropy and probability, Boltzmann-Planck equation, Partial molar properties (partial
free energy, molar volume and molar heat content), Their significance and
determination. Concept of fugacity and its determination.

THERMODYNAMICS OF LIVING SYSTEMS

Biognergetics and thermodynamics, Phosphate group transfer and ATP, Biological

oxidation-reduction reactions.
W




UNIT-II

NON-EQUILIBRIUM THERMODYN/ VICS

Microscopic reversibility, Entropy productions and irreversible process, Different types
of forces and fluxes, Steady states & Cross phenomena, Phenomenological equations,
Onsager reciprocity theorem, Chemical Reactions.

CHP-406: DYNAMICS 3 Credits

UNIT-I: CHEMICAL KINETICS
Theories of reaction rates, Collision tneory, Transition state theory, Arrehenius equation
and the activated complex theory, Reaction between ions, Salt effect, Steady-State
Kinetics, Kinetic and Thermodynamic concept of Reactions, Treatment of unimolecular
reaction ( Lindemann-Hinshelwood and Rice-Ramspeger-Kassel-Marcus (RRKM)
theories), Dynamic chain ( H, + Bry reaction, pyrolysis of CH3;CHO, Decomposition of
ethane).

UNIT-II: CATALYTIC & FAST REACTION
Kinetics of Catalytic Reactions: Acid-base Catalysis, Enzyme Catalysis, Heterogeneous
Catalysis.
Fast reactions: General feature, Study of Fast reactions by relaxation, Stopped flow and
Flash photolysis.

UNIT-111: ELECTROCHEMISTRY
Interionic attraction theory and Debye-Huckel treatment, Derivation of Onsager limiting
law and its verification and modification, Activities, activity coefficients, Debye-Huckel
treatment, Debye-Huckel-Bronsted equation, Salt effect, Determination of activity
coefficients from solubility method, lon association, Determination of thermodynamic
dissociation constant of weak electrolytes by Shedlovsky method and by EMF method,
Aminoacid, hydrogen ion concentration, Ampholytes, Isoelectric points.

BOOKS: 1. Text Book of Physical Chemistry Vol-1-4 - K.L. Kapoor
2. Physical Chemistry ‘ - D.N. Bajpai
3. Physical Chemistry » AW, Atkins
4. Physical Chemistry Through Problems : Dogra & Dogra
5. Chemical Thermodynamics . Rastogi & Mishra
6. Thermodynamics for Chemists : 8. Glasstone
7. Molecular Thermodynamics : McQuarrir & Simon
8. Principle of Biochemistry - A.lL. Lehninger
9. Electrochemistry ‘ . S. Glasstone
10. Modern Electrochemistry Volume l : Bookris & Reddy
11. Chemical Kinetics ‘ : KJ. Laidler
12. Reaction Kinetics : Pilling & Seakins

CHI-407: INORGANIC GENERAL PRA( .. AL 2 Credits

¥ Analysis of an inorganic mixture ccjtaining not more than 6 radicals. The mixture will

include rare earth like Tungstate, Vanadate, Molybdate and Cerium (IV). insoluble
matters and other interfering radicals will also be included. Organic radicals are
excluded.

CHO-408: ORGANIC GENERAL PRACTICAL-I 2 Credits

Isolation and identification of multi-functional compounds in a mixture of two organic
compounds.




SECOND SEMESTER

CHI-411:

METAL w-COMPLEXES AND CLUS™ "8 3 credits

UNIT-I

UNIT-1I

UNIT-11

BOOKS:

CARBON MONOOXIDE COMF .;L “ES

Metal carbonyls, structure and bc iding, vibrational spectra of metal carbonyls for
bonding and structural elucidation, important reaction of metal carbonyls, carbonylate
anions and carbonylate hydride, ‘carbonyl halides and related compounds. Nature of
M-C bond in carbonyls. :

COMPLEX OF CARBON MONOXIDE ANALOGS

(a) Preparation, bonding and important reaction of transition metal complexes with
isocyanide, cyanide, dinitrogen, carbon disulphide and nitrogen monoxides.

(b)y  Transition metal to carbon multiple bonded: compounds chemistry of carbenes,
carbynes.

METAL CLUSTER AND POLYACIDS

(a) Metal cluster. Occurrence of metal-metal bonds in metal complexes, Bonding in
metal cluster. Metal carbonyl type clusters. Anionic and hydride cluster. Method of
synthesis, super large cluster, electron counting in medium size cluster (Wade's
rule, Capping rule), Isolable relationship, cluster of Fe, Ru, Os groups. Cluster of
Co, Rh, Ir groups. Cluster of Ni, Pd, Pt groups. Catalysis by cluster.

(b} Isopoly and heteroply acids and =="x

Advance Inorganic Chemisuay. =.A. Cotton, G. Wilkinson & C. Murillo (6" edition) .
Inorganic Chemistry: J.E. Helay, Harper and Row

Comprehensive Coordination Chemistry : Eds. Wilkinson, Gillarsand

Modern Aspect of Inorganic Chemistry :Emelius and Sharpe

AW~

CHI-412:

BIO-INORGANIC CHEMISTRY 3 credits -

UNIT-I

UNIT-I1

UNIT-11

TRANSPORT AND STORAGE OF METALS

Metal ions in biology with special reference to Na , K, Mg, Ca, Fe, Zn, Co and Mo, The
transport mechanism, Transport and storage of alkali and alkaline earth metal,
Transport by neutral macrocycle, Transport by anionic carriers, sodium/potassium
pump, calcium pump, icnophores and their role as ion carrier, transport and storage of
iron, Ferritin, transferrin(siderophilin), siderophores, Storage of copper and zinc, metello
thioneines, transport of copper and zinc.

METALLOPORPHYRINS AND IRON-SULPHUR PROTEIN

a. Iron porphyrins (Heme proteins): Hemoglobin (Hb), Myoglobine (Mb) their behavior
as oxygen carrier and oxygen uptake protein, O, affinity cooperativity and Bohr's
effect, Heme protein as electron carrier with particular reference to reference to
cytochrome-c and cytochrome-450, and cytochrome oxydase.

b.  Magnesium porphyrins (Chior.  ,iy. Photosynthesis, the light and dark reaction
(Calvin cycle).

¢.  Non-heme iron-suiphur proteir, is electron carrier, rubredoxins and ferredoxins.

METALLOENZYMES

Pretiminary idea about enzyme, co-enzyme and metalloenzyme, Enzyme-substrate
binding problem, The Michaelis-Menten's equation,. carboxypeplidase, carbonic
anhydrase and their biological significance, oxydases, nitrogenases and its role in
nitrogen fixation, Interchangeability of zinc and cobalt enzyme

o




BOOKS: 1. Basic Inorganic Chemistry (3™ ed) : Cotton ,Wilkinson & Gaus

2. Inorganic chemistry (4™ Ed) : Huheey, Keiter & Keiter

3. Bicinorganic and Suparmolecular Chemistry. Bhagi,G.R.Chatwal

4. Bio-Inorganic chemistry : E.Ochiai

5. Bio-inorganic chemistry - R.W.Hay

CHO-413: ORGANIC REACTION MECHANISM -1 3 credits

UNIT-I The Sy2, Syt, mixed Syl and € 2 and SET mechanisms. The neighbouring group

mechanism, Neighboring grou; i articipations by sigma and pi bonds, anchimeric
assistance. Classical and noncla: .ical carbocations, phenonium ions, norbornyl
system, common carbocation rearrangements, application of NMR spectroscopy in the
detection of carbocations. The Syl mechanism. Nucleophilic substitution at an allylic,
aliphatic trigonal and a vinylic carbon. Reactivity effects of substrate structure, attacking
nucleophile, leaving group and reaction medium, phase transfer catalysis, ambident
nucleophile, regioselectivity.

UNIT-i a. Alipahatic Electrophilic Substitution mechanism: Sg1, Sg2 and S¢' mechanisms,
Effect of substrate, leaving group and solvent, Reactions (hydrogen exchange,
migration of double bonds, keto-enol tautomerism, halogenation, aliphatic
diazonium coupling, Stork-enamine reaction).

b. Aromatic electrophilic substitution mechanism: Structure reactivity relationship in
mono-substituted benzene, ring isocmer proportions, orientation in benzene ring
with one or more than one substituent, Orientation in other ring systems, Vilsmeir
- Haack reaction, Pechmann reaction.

UNIT-lI a. Aromatic Nucleophilic Substitution mechanism: Introduction, to different
mechanisms, Aromatic nucleophilic substitutions (SyAr, Sy1 aryne), Effect of
substrates, leaving groups, and nucleophile, Reactions: Nucleophilic
displacement in areno-diazonium <alts by different nucleophiles, Chichibabin
reaction. ‘

b. Free radical Substitution: Re.*~tion  at sp2 carbon, Reactivity in aliphatic
substrates, Reactivity at bridge head position, Reactivity in aromatic substrates.

BOOKS: 1. Advanced Organic-Chemistry::Reaction Mechanism and Structure Jerry
(Willey Eastern Limited) . March

2. Organic Reaction Mechanism Kalsi

CHO-414: | ORGANIC REACTION MECHANISM — I 3 credits

UNIT-I a. Addition to carbon-carbon muitiple bonds, Electrophilic, Nucleophilic and Free
radical addition, Orientation and Reactivity, Addition to cyclopropanes, Reactions:
Hydroboration, Michael reaction, Sharpless Asymmetric epoxidation:

b. Addition to carbon-heteroatom multiple bonds: Mechanism and reactivity,

@ Reactions: Mannich reaction, LiAlH, reduction of carbonyl compounds, acids,
esters, nitriles, addition of Grignard reagents - Reformatsky reaction, Aldol
condensation, Knoevenagel condensation, Perkin reaction, Tollens reaction,
Wittig reaction, Prins reaction, Benzoin condensation.

UNIT-I Elimination mechanism: E,, E, E,C" .4 E,CB mechanisms, Orientation, Effect of

substrate, base, leaving group &~ medium, Qrientation of double bond, Sayetzeff and
Hoffman rules, Pyrolytic elimina. .or ~eaction, Oxidative elimination (oxidaton of alcohol
by chromium, Moffatt oxidation). . <eactions: Cleavage of quaternary ammonium
hydroxides, Chugaev reaction, Shapiro reaction.




' UNIT-iil

REARRANGEMENTS

General mechanistic considerations — nature of migration, migratory aptitude, memory
effects.

A detailed study of the followiny rw wrrangements, Wagner-Meerwein, Favorskii, Arndt-
Eistert synthesis, Neber, Beckmar.n, Hofmann, Schmidt, Lossen, Curtius, Baeyer-
Villiger, Shapiro reaction, Von-Ritcher, Sommelet-Hauser rearrangement.

BOOKS: 5. Advanced Organic Chemistry. Reaction Mechanism and Structure Jerry
(Willey Eastern Limited) v March
6. Organic Reaction Mechanism Kalsi
7. Physical Basis of Organic Chemistry (Wiley Eastern Limited) N. Isaac
CHP-415: QUANTUM CHEMISTRY 3 credits
UNIT- EXACT QUANTUM MECHANICAL RESULTS
The Schrodinger equation and the postulates of quantum mechanics, Elementary
application of the Schrodinger equation, Particle in a box, Harmonic oscillators, Rigid
rotator and hydrogen atom.
UNIT-1I APPROXIMATE METHODS & ANGULAR MOMENTUM
The variation theorem, Time independent perturbation of non-degenerate systems,
Application of Variation Method and Perturbation Theory to the He atom.
Ordinary angular momentum, generalized angular momentum, Eigen functions for
angular momentum, Addition of anau'sr momentum, Spin antisymmetry and Pauli-
Exclusion principles.
UNIT-lI HUCKEL MOLECULAR ORBIT . "HEORY
Huckel theory of conjugated system (Ethylene, Allyl systems, butadiene, cyclopropenyl,
cyclobutadiene, bicyclobutadiene, Hi', Hs and Hy), Calculation of bond order, charge
density, free valence index, Application of group theory for the simplification of MO
determinants of 1,4- butadiene and naphthalene.
CHP-416: SURFACE CHEMISTRY 3 credits
UNIT-I PHASE RULE
Concept of Equilibrium between phases, Derivation of phase rule, Ideal Solution, Liver
Rule, Brief concept on one and two component system, Application of phase rule to three
component systems of both solids and liquids. .
UNIT-1I ADSORPTION
Surface tension, Capillary action, Adsorption, types of adsorption, Gibbs adsorption
isotherm, Freundlich's adsorption isotherm, Langmuir's adsorption isotherm and its
limitations, BET adsorption isotherm and its applications, Heat of adsorption, estimation
of surface areas of solids from solution adsorption studies, Brief concepts on micelle,
reversed micelle and microemulsions.,
UNIT-1lI MACROMOLECULES
Polymer-definition, Types of = ~olymer, Number average and weight average
¥ macromolecules, determinatior ¢ molecular weights of macromolecules (Osmometry,
Viscometry, Diffusion and Light sc: (ering method), Kinetics of polymerization, Donnan
Effect, Stereochemistry of polymerization.
BOOKS: 1. Text Book of Physical Chemistry Vol-1-4 - K.L. Kapoor
2. Physical Chemistry - D.N. Bajpai
3. “'Physical Chemistry - A.W. Atkins
4.  Physical Chemistry Through Problems : Dogra & Dogra
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5. Physical Chemistry Principles & Problemis  : Jain & Jabuhar

6. Introductory Quantum Chemistry - AK. Chandra

7.  Molecular Quantum Mechanics : P.W. Atkins

8. Notes on Molecular Orbital Calculations . J.D. Roberts

9. Polymer Science . Gowariker, Viswanathan

& J. Sreedhar

CHI-417:

INORGANIC GENERAL PRACTICAL-N

2 Credits

1. Principle of estimation of the main constituents of Brass and Portland Cement.

(a) Estimation of Ca and Mg in a given solution prepared from a sample of
cement by EDTA method .

(b) Estimation of Cu and Zn in a given solution prepared from a sample of
Brass.

Determination of MnO; in pyrolusite.

3. Preparation and cheracterisation of the following inorganic compounds:

(i} Tetramminecupric sulphate {Cu{NH3)4]S0, .HYO
(i) Sodium cobaltinitrite , Nz , L {NOp)e]

(iii) Potassium chromioxalate , K3, Cr{C;04)3).

CHO-418:

ORGANIC GENERAL PRACTICAL-H 2 Credits

Preparation of benzoin, benzil and benzillic acid from benzaldehyde.
Preparation from p-idotoluene from p-toluidene.
Preparation of ethyl acetoacetate from ethyl acetate.

Estimation of nitrogen by Kjeldahl method.

Dibenzalacetone from benzaldehyde.

1

2

3

4

5. Estimation of keto group by gravimetric method.

6

7. Cannizaro reaction — 4-chloro benzaldehyde as substrate.
8

Grignard reaction — syntheéis of tripheny! methanol from benzoic acid.
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THIRD SEMESTER

CHI-501: INSTRUMENTAL METHOD OF ANALYSIS 3 credits

UNIT-I SPECTROSCOPICAL METHOD
(a) Atomic absorption and Flame emission spectral method and their application in |
quantitative analysis.
(b) Molecular absorption and emission spectroscopy in quantitative analysis.
(c) Light scattering technique including ne'phlometry and Raman spectroscopy.
UNIT-II ELECTROANALYCTICAL METHOD

Polarography: Basic principle, instrumentation, theory of current-voltage curve, Theory of
diffusion current, llkovic equation, polarography wave and half wave potential.
Application of polagoraphy. Cyclic volotametry anodic stripping voltametry, amperometry,
conductrometry and ion selective electrodes.

UNIT-II THERMO ANALYTICAL METHODS
Thermogravimetric analysis (TGA. . nnciple, instrumentation, factors affecting TGA
curve, derivative thermog . retric  analysis (DTGA) and application of

thermogravimetric analysis, Diifere qtial thermal Analysis (DTA), instrumentation of DTA
and application of DTA, Simultaneous study of TGA, DTA with examples. Differential
scanning calorimetry (DSC) and thermometric titration.

BOOKS: 1. Instrumental Method of Analysis - H. Willard, L. Merritt, J.
Dean & F. Settie
2. Analytical Chemistry (Theory and Practical) : U.N.Dash

3. Quantitative Analysis : AlllVogel
CHI-502: INORGANIC REACTION DYNAMICS 3 credits
UNIT-I: MECHANISM  OF SUBSTITUTION REACTIONS OF OCTAHEDRAL  Co(ill)
COMPOUNDS

1. The nature of substitution reactions, Kinetic Application of Crystal Field Theory.

2. Acid hydrolysis of octahedral Co (H) complexes with reference to effect of charge,
chelation, steric crowding & effects of leaving group.

3.  Base hydrolysis of octahedral Co(lll) complexes: Conjugate base mechanism, Test
of conjugate base mechanism.

4.  Anation_reaction.

5 Substitution reaction with out cleavage of metal-ligand bond.

UNIT-II MECHANISM OF SUBSTITUT!” 'REACTIONS OF Pt (Il) COMPLEXES

1. Trans Effect and its synthetic . pplications, Theories of Trans Effect (Polarization &
7 -bonding Theories)

2. Effect of the following in determining the mechanism: Rate law and reaction profile,
Trans effect, Effect of leaving group, Steric effect, Effect of charge, Electrophillic
catalysis, Effect of nucleophile and Effect of temperature.

v 3, Trans Effect and its synthetic applications, Theories of Trans Effect (Polarization &
n -bonding Theories).
4. Effect of the following in determining the mechanism: Rate law and reaction profile,
Trans effect, Effect of leaving group, Steric effect, Effect of charge, Electrophillic
catalysis, Effect of nucleophile and Effect of temperature.

/\J},)«%



UNIT-11I

BOOKS:

ELECTRON TRANSFER REACTIONS

Introduction, electron tunneling hypothesis, Marcus-Hush theory, atom transfer
reactions, one and two electron transfer, inner sphere and outer sphere reaction,
electron transfer through extended bridges and the hydrated electron.
1. Mechanisms of Inorganic R* = tinns : F. Basolo and R.G. Pearson

2. Inorganic Chemistry : Cotton and Wilkinson (4th Ed)

CHO-503:

NATURAL PRODUCTS AND SPECTROSCOPY 3 credits

UNIT-I

UNIT-!I

UNIT-III

BOOKS:

(a) Alkaloids: Morphine (Structure elucidation, Synthesis, Molecular rearrangement
and Stereochemistry)

(b) Steroid: Cholesterot (Structure elucidation, Synthesis).
(¢) Terpenes: Abietic acid (Structure elucidation, Synthesis).

NMR: Magnetic properties of nuclei, Theory of magnetic nuclear resonance with special
reference to proton, Instrumentation, Chemical shift, Simple spin-spin interaction,
Shielding effects, Diamagnetic anisotropy, NOE, °C, *N, °F, *'P NMR (preliminary idea).

(a) Mass spectrometry: Introduction, Mass spectrum, Determination of molecular
formulae, Parent peak, Base peak, Use of molecular fragmentation, Mass spectra
of some ¢lasses of compounds (hydrocarbons, alcohols, phenols, ketones,
aldehydes, acids and esters)

(b) Problems involving UV, IR, NMR and Mass spectroscopy.

Chemistry of Natural products ‘ : Sharma and Agrawal
Organic Chemistry Il , L. Finar

Spectroscopic Identification of C ganic Compounds  : Silverstein &
Basselor

CHO-504:

PERICYCLIC REACTION, PHOTOCHEMISTRY AND REAGENTS| 3 credits

UNIT-1

UNIT-1I

©

UNIT-1

Pericyclic reactions: Molecular orbital symmetry, Frontier orbitals of ethylene, 1,3-
butadiene, 1,3,5-hexatriene and allyl system. Classification of pericyclic reactions.
Woodward-Hoffmann Correlation diagrams. FMO and aromatic transition state concept.
Electrocyclic reactions - Con-rotatory and dis-rotatory motions, 4n, 4n+2 and allyl
systems. Cycloaddition reactions - Supra- and Antara-facial additions, 4n and 4n+2
systems, 2+2 additions of ketenes, 1,3 dipolar cycloadditions and cheletropic reactions.
Sigmatropic rearrangements - Supra and Antara-facial shifts of H, Sigmatropic shift of
carbon moieties, 3,3- and 5,5- sigmatropic rearrangements, Claisen, Cope and aza-Cope
rearrangements. Fluxional tautomerism. Ene reaction.

a. First order Photochemical processes Light absorption, Fluorescence and
Phosphorescence.

b.  Photo reactions: Dissociation, Reduction, Isomerisation, Cycloaddition, Paterno-
Buchi reaction, Norrish type ! and Il reactions, Di-pi-methane reaction,
Photochemistry of arenes.

Reagents in organic synthesis: « ilman's reagent, Lithium dimethyl cuprate, Lithium
diisopropyl amide, DCC, 1,3-Dithiane, Trimethyl sillyl iodide, Tri-n-butyl tin hydride,
Osmium tetroxide, Selenium dioxide, Phase transfer catalysis (Crown ether, Merrifield
resin, Wilkinson's catalyst), Dichloro dicyano benzoquinone (DDQ).




BOOKS: 1. Conversion of Orbital Ssymmetry : Woodward & Hoffman
2. Organic Reactions and Orbital Symmetry - Gilchrist and Storr
3. Mechanism and Theory in Organic Chemistry : Lowry & Richardson
4. Basic Principles of Organic Chemistry : Roberts & Casserio
CHP-505: STATISTICAL MECHANICS ‘ 3 Credits
UNIT- CLASSICAL AND QUANTUM STATISTICAL MECHANICS
Concept of probability, Starling approximations, Most probable distribution, System,
Phase Space, u-Space, Y-Space, Liouville's Theorem, Statistical Equilibrium, Brief
Concepts on Ensembles, Canonical, Grand Canonical and Micro-canonical ensembles.
Bose-Einstien statistics, Fermi-Dirac statistics and Maxwell-Boltzmann statistics,
Comparison of the statistics and application to the radiation and electron gas in metal.
UNIT-II PARTITION FUNCTIONS
Significance of partition function, Calculation of thermodynamic properties and
equilibrium constant in terms of , .lon functions, Evaluation of transnational,
vibrational and . rotational par'”' n ftunction for monoatomic and polyatomic ideal
gases, electronic partition funct.or.
UNIT-lI STATISTICAL THERMODYNAMIC PROPERTIES OF IDEAL GASES & SOLIDS
Introduction, Ideal Monoatomic Gas, Thermodynamic Function of Monoatomic Gas,
Diatomic Gases, The residual Entropies.
Some thermal characteristics of crystalline solids, Classical treatment of solids,
Einstein Model, Debye Modification, Limitation and modification of Debye theory,
Complex solids, Electronic Heat Capacity of Solids.
CHP-506: SPECTROSCOPY-! 3 Credits
UNIT-I: ATOMIC SPECTROSCOPY
The electromagnetic spectrum, A general discussion on various molecular excitation
processes, Spectra of hydrogen and hydrogen like atoms, alkali metais spectra, L-S
coupling, Term symbols, Space quantisation, Zeeman effect, Stark effect, Paschen-
Back effect.
UNIT-1I VIBRATIONAL AND ROTATIONAL SPECTROSCOPY
Molecular Spectra of Diatomic Gases Classification of molecules, Rotational Spectra,
Vibrational Spectra, Vibrational-Rozwr o 1al Spectra, P, Q and R Branches.
UNIT-1lI RAMAN SPECTROSCOPY
Theory of Raman spectra, Rotational Raman spectra, Vibrational Raman spectra,
Rotational-Vibrational Raman specltra, comparison with IR spectra.
BOOKS: 1. Text Book of Physical Chemistry Vol-1-4 : K.L. Kapoor
2. Physical Chemistry : D.N. Bajpai
v 3 Physical Chemistry . AW, Atkins
4, Physical Chemistry Through Problems  : Dogra & Dogra
5. Physical Chemistry Principles & Problems : Jain & Jabuhar
6. Statistical Thermodynamics - M. C. Gupta
7. Fundamentals of Statistical Mechanics  : B.B. Laud
8. Spectroscopy Vol. I &I * Walker & Straw
9. *  Fundamentals of Molecular Spectroscopy : C.N. Banwell
10.  Fundamentals of Molecular Spectroscopy . G.M. Barrow

i




CHP-507:

PHYSICAL GENERAL PRACTICALA 7 Credits

1.

NOoO ok W

Determination of ionization Constants of weak acids and verification of Oswald's
Dilution law.

Verification of Onsager's Limiting law.

Conductometric titration of a mixture of HCI+CH;COOH with NaOH

Determination of solubility product of BaSOy..

Potentiometric titration of strong acid with strong base.

Verification of Beer's Lambert Law and unknown concentration determination.
Verification of additivity rule spectrophotometrically.

CHP-508:

PHYSICAL GENERAL PRACT ., "I 2 Credits

BOOK:

1.

N o oA N

Determination of temperature cc sfficient and energy of activation of hydrolysis of
ethyl acetate.

To determine the rate constant of base hydrolysis of ester titrometrically.

To study the complex formation between ammonia and Cu*2

To study of an equilibrium Kl + I = Klj.

To study the simultaneous":e‘quilibria in benzoic acid - benzene water system.
Determination of unknoWn‘ldektrosessblution by polarimetry

Study of inversion of cane sugar in acid medium by polarimetry.

Experimental' Physical Chemistry -~ | : Das and Behera




FOURTH SEMESTER

CHin-541:

MATERIAL AND ENERGY BALANCE 3 Credits

UNIT-I:

UNIT-II:

UNIT Il

BOOK:

MATERIAL BALANCE

(a) Material Balances Without Lt emical Reactions: Process Flow-Sheet, Material
‘Balances, Recycling  rations, Material Balances of Unsteady State
Operations.

(b) Material Balances Involving Chemical Reactions, Definition of Terms,
Electrochemical Reactions, Recycling, Parallel and Bypassing Operations,
Metallurgical Applications

ENERGY BALANCES

Energy and Thermo-Chemistry, Energy Balances, Heat Capacity, Heat Capacity of
Gases at Constant Pressure, Sensible Heat Changes in Liquids, Heat Capacity of
Gaseous Mixtures, Latent Heats, Enthalpy Changes During Phase Transfers
Accompanied by Sensible Heat Changes, Enthalpy Changes Accompanying Chemical
Reactions, Effect of Temperature on Heat of Formation, Heat of Reaction, Adiabatic
Reactions, Effect of Pressure on Heat of Reaction, Thermochemistry of Mixing
Process, Dissolution of Solids, Liquid-Liquid Mixtures, Heat of Solution by Partial Molal
Quantities.

STOICHIOMETRY AND UNIT OPERATIONS

Distillation, "Absorption and Stripping, Extraction and Leaching, Crystallisation,
Psychrometry, Drying, Evaporation, Less Conventional Operation

Stochiometry: B 1 Bhatt and S. M Vioia (Tata McGraw Hill, New Delhi)

CHIn-542:

INDUSTRIAL POLLUTION ANDIT MANAGEMENT 3 Credits

UNIT-I:

UNIT-II:

UNIT-1II:

AIR POLLUTION AND ITS CONTROL

Concept of atmosphere, sources and classification of air pollutants, some important air
pollutants. (8O,, NO,, CO,, Fluoride, hydrocarbon etc.) and their effects (acid rain,
photochemical smog, green house effect, ozone layer depletion), characterization of
gas emission from some major industries (Steel, aluminium, paper, fertilizer and
thermal power station), sampling, analytical and instrumental techniques used for air
quality monitoring, ambient air quality and permissible limits, prevention and methods
for control of air pollution.

N

WATER POLLUTION AND ITS MANAGEMENT

Sources and classification of water pollutants (suspended solids, oil, heavy metals,
radioactive materials, microorganism) and their effects.) Sampling, analytical and
instrumental methods used for physical, chemical and biological characterization of
waste water from major industries (Steel, pulp and paper, textile, tannery, sugar and
fertilizer), standard water quality and permissible limit, control of water polluticn by
primary, secondary and tertiary methods and treatment options for some industrial
(paper, textile, tannery, steel) waste water.

SOLID WASTE POLLUTION AND %'+ . AGEMENT

Sources and characterization . ¢ 'lid wastes, hygienic problem, different methods for
solid waste disposal and manage! ant (Hug feeding, open dumps, ocean dumping,
sanitary land fillings, incineration and pyrolysis, composting, recycle and reuse).







