Structure of M.Sc. Il and IV: Inorganic Chemistry

Course no. Course name Credits

Semester |l Compulsory courses

DC 320 Coordination and Bioinorganic Chemistry-I| 5 Credits

DC 321 Inorganic Reaction Mechanism and Photocheyni§ 5 Credits

DC 322 Organometallic Chemistry and HomogengobsCredits
Catalysis

DC 323 Solid state Chemistry and Characterization| 4Credits
Analytical Methods

DC 328 Inorganic Chemistry Practicals | 4 Credits

DC 329 Inorganic Chemistry Practicals 4 Credits

Semester IV Compulsory courses

DC 420 Inorganic Polymers and Heterogenous Cagalysi | 6 Credits

DC 421 Inorganic Materials 6 Credits

Optional course
DC 424 Inorganic Application in Industry and Mediei 4 Credits
Compulsory course
DC 428 Project 7credits
Total | 50 credits




Department of Chemistry
University of Pune

M. Sc (Inorganic Chemistry) Syllabus under the ttregstem at Department of Chemistry,
University of Pune, Pune 411007 is effective far #tademic year 2010.

The M. Sc. course in Chemistry for two years wahsist of 100 credits. Each semester will
run for 15 weeks. We will have 70 credits for theand 30 for practicals and project work.

The proposed structure for M. Sc. Semester Ill{AoKganic Chemistry) is the following:

Semester 3:

DC-320: Coordination and Bioinorganic Chemistry-1l (5 credits & 60 lectures)

DC-321: Inorganic Reaction Mechanism and Photockeyn(5 credits & 60 lectures)

DC-322: Organometallic Chemistry & Homogeneous (yais (5 credits & 60 lectures)

DC-323: Solid state Chemistry and Characterizabyp@nalytical Methods (4 credits &
48 lectures)

Semester 4:

DC-420: Inorganic Polymers and Heterogeneous Cata{¢ credits & 72 lectures)

DC-421: Inorganic Materials (6 credits & 72tlares)

DC-424: Inorganic Application in Industry and Meidie (4 credits & 48lectures)
(OPTIONAL)

Practicals

DC-328: Inorganic Chemistry Practicals | (4 credit7.5 weeks)
DC-329: Inorganic Chemistry Practicals 1l (4 ctedi-7.5 weeks)
DC-428: Project Work (7 credits, ~13.5 weeks)



DC-320 : Coordination and Bioinorganic Chemistry-Il (5 credits and 60 lectures)

Section |

Coordination Chemistry (30 Lectures)

1. Theoretical and Practical aspects of MagnetisrmiCoordination Complexes [15]
i) Determination of state functions of R-S terms oéidd j, transition metal ions.
i) Derivation of Van Vleck’s expression apg.oformula, Quantization of orbital
contribution in d ion and quenching in cubic crystal field.
iii) Magnetic moments based on crystal field ground t&enturbation Theory and its
application, Spin orbit coupling operator for matinsusceptibility and magnetic
moment of T terms and A, E terms .
iv) Anomalous magnetic moments in magnetically diluté @oncentrated system in
various symmetrical environments of coordinatiomptexes.
2. Electron Paramagnetic Resonance Spectroscopy (EP [6]
i) Theory and Instrumentation of EPR.
i) Spin Hamiltonian, Isotropic and anisotropic EPRc$fze Magic Pentagon rule.
i) Applications of EPR spectroscopy: 1) Structurakdaination of Inorganic
complexes. 2) Applications metalloproteins, Fe, Cu.
3. Nuclear Quadruple Resonance (NQR) [4]
)] Principle selection rule for NQR.
i) Factors for splitting of quadruple energy levelNQR, Effect of Magnetic Field.
iii) Application of NQR: Structural information from NQR

4. Cyclic Voltammetry (CV) [5]
i) Principle of Cyclic Voltammetry, typical featureE@V curve, CV advantages and
disadvantages.
i) Instrumentation

iii) Electrolytes
iv) Application of CV technique a) Inorganic Compouiti©rganic Compounds.
Books:

=

“Magnetism and Transition Metal Complexes”, F. Eat¥s and D. J. Machin
(Chapman and Hall) London (1973).

“Introduction to Magnetochemistry”, A. Earnshaw,a8iemic Press, (1968).
Elements of Magnetochemistry, R. L. Dutta and Aar8gl, Affiliated East/West
Press Pvt. Ltd. 2007.

4. “Physical Methods in Chemistry”, R. S. Dragd8¥Edition) (1977).

5. “Electrochemistry for Chemists”, D. T. Sawyer, Atfkowak, J. L. Roberts JI"2
Edition, John Wiley, Inc. New York, 91995).

w N



Section I

Bioinorganic Chemistry (30 Lecturg)

1. Recapitulation of Biological Roles of Metals & Ligas (3L)

a) Structural Information

b) Metal Activity, Specificity & Selectivity

c) Biochemical Evolution of Metals in Biological Syste

. Biological Chemistry of Iron (7L)
a) Transport of Iron

b) Hemoglobin & Myoglobin (including their model comyoads)

c) Storage & Transport Proteins of Iron viz,. Ferr@i ransferrin

d) Cytochromes

e) lron-Sulfur Proteins

. Biochemistry of Cobalt (3L)

a) B12 Coenzymes and Model compounds

b) Actions of Cobalmins & Cobinamides

c) Adenosylcobalmin as a Coenzyme

d) Ribonucleotide reductase

e) Methylcobalmin as cofactor

. Biological Chemistry of Copper (7L)
a) Typel, Il &1l

b) Blue Copper Proteins (Plastocyanins Azurins & Bluedases)

c) Models of Blue Copper Compounds

d) Non-blue copper proteins e.g. Tyrosinase, Galadibsdase, SOD etc.

. Biological Chemistry of Molybdenum (3L)
a) Antagonism between Cu & Mo

b) Mo cofactors

c) ESR Spectra features

d) Hydroxylase Enzymes

. Biological Chemistry of Vanadium and Chromium (2L)



a) Vanadium proteins including bromoperoxidases
b) Glucose Tolerence Factor
c) Vanadium Nitrogenase
7. Biological Chemistry of Zinc (5L)

a) Carboxypeptidase and Carbonic anhydrase enzymes

Books :

1. Bioinorganic Chemistry : A Short Course —Rosett®bat-Malone, Wiley
Interscience, 2002.

2. Biological Inorganic Chemistry —An Introduction, Bert Crichton, Elsevier
Science, 2007

3. The Biological Chemistry of the Elements- The lraorig Chemistry of Life
J.J.R.Frausto da Silva and R.J.P.Williams Clarerittess, Oxford,1991.

DC- 321: Inorganic Reaction Mechanism and Photo@mistry ( 30 lectures)

Section |

1. Types of Mechanisms: Basic concepts as stahiht lability, stability constants;
HSAB principle, chelate effect, Macrocyclideadt; Ligand transfer and electron
transfer reactions in coordination compoumaksmate and stoichiometric mechanism
of ligand substitution.

2. Substitution in square planar complexes: tedfest, trans series, applications of trans
effect.

3. Substitution in octahedral complexegl SSy2 SYICB mechanisms, racemization in
coordination compounds, steric effects on su®ons.

4. Electron Transfer reactions: Potential eneliggrdms as a conceptual tool, Marcus
equation, Types of and factors affecting etectransfer reactions.

5. Inner and Outer sphere reactions.

Books:

1. “Comprehensive Coordination Chemistry”, Pergat@oWilkinson, R. D. Gillard and
J. A. McCleverty, , Vol. 1, pp 281-322, 33193885-411, 415-458 (Chapt. 7.4) and



463-471, (1987).

2. “Inorganic Chemistry”, D. F. Shriver, P. W. Atis and C. H. Langford, 2nd edn.
Oxford, Chapt.15, p.559, (1994).

References:

1. “Inorganic Chemistry — Principles of Structared Reactivity”, J. E. Huheey, E. A.
Keiter and R. L. Keiter,"%edn. Harper Collins College Publ. New York,
Chapt.13, p.537-76, (1993).

1. “Mechanism of Inorganic Reactions in Solution — itroduction”, D. Benson,

McGraw — Hill Chapt.15, p.465, (1968).

3. “d- and f- block Chemistry”, C. J. Jones, p, 88 and 122. Tutorial Chemistry Texts,
E. W. Abel (Ed.), Royal Society of Chemist@ambridge (2001).

4. “Basic Inorganic Chemistry”, F. A. Cotton and@ilkinson, Wiley Eastern Ltd., New
Delhi p.154, (1990).

Section Il

Inorganic Photochemistry and Reaction types (3@ctures)

1. Photochemical Reactions: Prompt and delayed reegtiQuantum yield,
Recapitulation of fluorescence and phosphorescétiedochemical reactions by

irradiating at d-d and charge transfer bands. Ttians in metal-metal bonded systems.

Photochemical reactions involving chlorophyll. Kiies of excited state processes.

(8)

2. Other Reaction types: Oxidative addition, Reducélmnination reactions, Methyl
migration and CO insertion reactions. (2)

3. Reactions of coordinated ligands:

i)Non-chelate forming reactions: Reactdmonor atoms( Halogenation of
coordinated N atoms, Alkylation of coordinated $ &hatoms, Solvolysis of
coordinated phosphorus atoms). Reactions of nooydaioms
(nucleophilic behaviour of the ligardkctrophilic bahaviour of the ligand).

i) Chelate ring forming reactions: (reacts predominantly involving
thermodynamic template effects, reactions predomiypanvolving kinetic affects).

iii) Chelate modifying reactions
(12)



4. Isomerization reactions of thermal and photochehtygees involving four
coordinated and six coordinated metal complexdaBand ray Dutta twist.
4)
5. Solid State reactions: Types of solid-state reast@&nd their kinetics and mechanisms.

(4)

Books:

1. Inorganic Chemistry, D.F.Shriver, P.W.Atkins andH@C.angford, Oxford, 2nd.
edn. 1994.

2. An Introduction to Inorganic Chemistry by K.F.Put@nd J.C.Kotz, Saunders
1990, Chapter 14.

3. Comprehensive Coordination Chemistry, Vol.1. G \widon (Ed) Wiley, New
York, 1967.

4. Inorganic Chemistry by J.E.Huheey, E.A.Keiter ant.Reiter 4th edn. Harper
Collins, 1993

5. Mechanisms of Inorganic Reactions, by C.F.BasotbRut.Pearson, Wiley,
New York, 1967.

DC-322: Organometallic Compounds & Homogeneous Calgsis (5 credits & 60
lectures)

Section | :
Organometallic Chemistry ( 30 lectures)

1. Introduction, definition and scope of organoriet&hemistry 4)
a) valence electron count
b) 18 and 16 electron complexes

2. d-block carbonyls : 4)
a) coordination modes
b) characterization
c) synthesis
d) reactions
e) carbonyl metallates
f) ligands related to CO

3.0-organyls : Synthesis, bonding, Properties aqdieions of 4)

a) alkyls
b) aryls
c) alkenyls
d) acyl
e) alkynyls



4. Metal-Carbon multiple bonded compounds : Sysithdonding, Properties and

applications of (2)
b) carbenes
c) carbines

5.M-complexes (2)
a) alkenes

b) d—and polyenes

6.n"-C,R, carbocyclic polyenes : Synthesis, bonding, Pttgeand applications
of ©6)

a) allyls n*CsRs

b) pentadienyls)®>-CsR;

c) cyclopropenyls)®-CsRs

d) cyclobutadieneg”®-C4R4

e) cyclopentadienyls’-CsRs

f) arenas)®-CsRs

g) cycloheptatrienyls)’-C/R;

h) cyclooctatetraenes.

7. Metal-Metal Bonds and Transition Metal atom tdus (2)
8. Transition Metal organometallic intermediate®iganic synthesis (6)

a) nucleophiles

b) electrophiles

C) migration

(d) protective reagents

Books:

1. Inorganic Chemistry 3rd edn. D.F.Shriver arM/RAtkins, Oxford University Press,
1999, Chapter 16.

2. Organotransition Metal Chemistry, Anthony H,HRoyal Society of Chemistry,
Tutorial Chemistry Text, 2002. Chapters Y to

3. Organometallics: A concise Introduction, CBltebroicn and A Salzer, VCH,
Chapters 12 to 16.

4. Organotransition Metal Chemistry: Applications tog@nic Synthesis, S.G.Davies,
Pergamon 1982.



Section —lI

Homogeneous Catalysis (30 lectures)

1.

Introduction to Catalysis, basic principles: Integpof Kinetics and thermodynamics in
chemical reactions and the role of catalysts. Dt&im of activity, selectivity in catalysis;
homogeneous vs. heterogeneous catalysis; import@inbemogeneous catalysis in the
synthesis of high value chemicals.

Characteristics of central metal ions and influeofcattached ligands on catalytic activity;
important properties of ligands, elementary stdpgportant reaction types: Oxidative
addition and reduction; elimination, insertion (naitpry) reactions3-hydride elimination,
nucleophilic attack, catalytic cycle; catalyticeninediates and their identification through
spectral techniques (IR, ESR, NMR....).

What are the reactions that olefins undergo? Hy&lmagon of olefins; Wilkinson's
catalyst; catalytic cycle. Asymmetric hydrogenat{&mantio-slective hydrogenation).
Other reactions of alkenes: Isomerization, diméiora oligomerization, hydrocynation
and metathesis reactions: Common reactive intemtesliExamples of Shell higher olefin
process, DuPont Adiponitrile process.

Carbonylation reaction: methanol to acetic acidcpss and the catalysts employed in
BASF and Monsanto processes. Carbonylation of a&&and other substrates for making
industrially important chemicals.

Hydroformylation: Cobalt and Rhodium complexes, ibie of phosphine ligands in regio
selective formation of linear aldehydes. Markovnwilemd anti-Markovnikov addition and
mechanisms.

Polymerization: Catalytic cycle for alkene polynzation; Metallocene catalysts,
structure, special features and advantages of loegae catalysts; mechanism of
polymerization and stereocontrol by metallocenalgats.

Oxidation reactions; Wacker oxidation, metal-cataty liquid phase oxidation
(cyclohexane, p-xylene); epoxidation of propyler@xo complexes as homogeneous
oxidation catalysts; mechanism of oxidation reatgio

Asymmetric Catalysis: General features of chirgatids and complexes; Mechanisms and
Catalytic cycles in hydrogenation, isomerizatiopgx@dation and catalytic reactions of C-
C bond formation

Books :

Homogeneous Catalysis: The Applications and Cheynisf Catalysis by Soluble

Transition Metal Complexes, G.W. Parshall and &tBl, Wiley, New York 1992

Applied Homogeneous Catalysis with Organometallienpounds, Vols. 1 & 2, edited by
B. Cornils and W.A. Herrmann, VCH, Weinheim, Newrk01996

Homogeneous Catalysis: Mechanisms and Industriglliégtions, S. Bhaduri and D.
Mukesh, Wiley, New York, 2000

Homogeneous Catalysis: Understanding the Art, P.W.Nvan Leeuwen, Kluwer

Academic Publishers, 2003



DC-323: Solid State Chemistry & Characterization byAnalytical Methods
(4 Credits & 48 lectures)

Section |
Solid State Chemistry 24 lectures
1. The Structure of solids: (4L
The types of matter, classification of solids,selgacking of atoms; Voids in
closest packings; Radius ratio rule, Structureoofia Crystals; lonic Crystals with

stoichiometry MX, lonic Crystals with stoichiometiX,, spinel structure, perovskite
structure.

2. Crystal Defects and non-stoichiometry: (5L)
Classification of Defects: subatomic,atomic andttida defects in solids;

Thermodynamics of vacancy in metals; ThermodynamicSchottky defects in ionic solids ;

Thermodynamics of Frenkel defects in silver haljd@alculation of number of defects and

average energy required for defect, Other exangdldsefect structure; Non-stoichiometry and

its classifications.

3. Diffusion in solids: (4L)

Mechanism of Diffusion; Ficks first law and secofalv of diffusion in solids;
Kirkendal effects in solids.

4. Phase Transformations in Solids: (3L)

Gibbs Phase rule;time scale of phase changesgRlegram of binary system; types
of phase transitions.

5. Solid State reactions and Crystal Growth L) (4
Classification of solid state reactions and theiretics and mechanisms; thermal

decomposition reaction; law governing nucleatiooy&@h of nuclei; Reaction between two

solids;Improving the reactivity of solids;Zone refig method;Crystal growth.

6. Preparative method of solids: (4L)
Introduction, Ceramic method, microwave synthest®l-gel method, Precursor

method, Hydrothermal method, Chemical vapour dejpos{(CVD) Method,Chemical vapour
Transport, Choosing a method for solids.



Books
1. Solid-State Chemistry an Introduction " Edition) — Lasley Smart and Elaine
Moore ( Chapman & Hall 1996)
2. Solid State Chemistry- D.K.Chakraborty ( New Agéemmational Pvt.Ltd.New
Delhi, 2000)
3. Introduction to Soilds-L.V.Azaroff ( tata McGraw IHPublication Ltd. New
York)
Principles of the Solid State-H.V.Keer ( Wiley East Ltd.New Delhi, 1994)
Solid state Chemistry —N.B.Hannay ( Prentice Hé#ly Jersey, 1967)

ok

Section Il
Characterization by Analytical Methods (24L)

1. Thermal Analysis: (81L)

a) Thermogravmetry (TGA): Definition, Types of TGAgstrumentation, Information
from TGA Curve; Factors affecting TGA curves (instrental as well as
characteristics of sample factors); Applicationtbbérmogravimetry; Calculation of
percent decomposition and composition of compouhuafsitation and Advantages of
TGA.

b) Derivative thermogravimetry(DTG) and its ad\sges

c) Differential Thermal Analysis (DTA) : Definithjn Theoretical Basis of
DTA;Instrumentation for DTA apparatus; Factors efileg the DTA curve;
Application of DTA; Advantages and disadvantageDoA.

d) Differential Scanning Calorimetry (DSC) : Detion ; Comparison of DTA and DSC
techniques; Istrumentation of DSC, Factors affecBy$C curves.

2. X-ray Diffraction: (7 L)

a) X-ray powder diffraction (XRD):
X-ray source, Diffraction of X-rays,Xyr@owder diffraction, Instrumentation and
use of standards, identification of cannpds using powder diffraction.The
importance of intensities, Absences tuattice centring;Determination of
unknown cubic crystal structure by’8imethod; Parameter to be determined
from XRD: Qualitative analysis; QuartiNa analysis-percent crystallinity,
Crystallite size, surface area, unit dehension.

b) Single crystal X-ray diffraction:
Solving single crystal structures; mefg a structure, X-ray crystal structures in
the literature.



3. X-ray Photoelectron spectroscopy(XPS): L)4

Introduction and basic theory; Instrumentgt&ample selection and preparation, Spectral
analysis; XPS imaging.
4. X-ray Fluorescence spectroscopy (XRF) (3L)
Introduction and basic theory; Instrumebotat spectral analysis; Analytical information
and applications.

5. Electron Microscopy (2)
a) Scanning Probe microscopy : Scanning Tungelicroscopy(STM); Atomic Force
Microscopy( AFM)

b) Electron Microscopy: Scanning Electron Mggcopy(SEM); Transmission Electron
Microscopy (TEM).

Books:

1. Thermal Analysis-Wendland
2. Instrumental Methods of Analysis-G-Chatwal and 8aAd ( Himalaya Publication;1988)

3. Catalysis: Principles & Applications-B.Viswanath@r§avasankar and A.V.Ramaswamy (
Narosa Publication; 2004). ( For XRD part)

4. Solid State Chemistry: An Introduction-Lesley Smand Elaine Moore (" Edition,
Chapman and hall, 1996).

5. Crystallography and its applications-L.S.Dent Géagsvan Nostrand, 1977)

6. Handbook of Applied Solid State Spectroscopy-D.R(Springer Science, 2006).

7. Optical Properties and Spectroscopy of Nanomasedial Zhong Zhang ( World Science
Publication, 2004).

8. Solid Chemistry :techniques-A.K.Cheetham and P.@ajord University Press, 1987).

9. Crystal Structure Analysis- M.J.Buerger ( John \Wi@60).

10. Physical Methods for Chemists-R.S.Drag{Edition, Saunders).

Other Books

11. Element of X-ray Diffraction-B.D.Cullity (1967)

12.  The Synthesis and Characterization of Inorganic @amds-W.L.Jolly (Prentice Hall,
1970).

13.  Synthesis and Techniques in Inorganic ChemistryARgklias ( 2° Edition,
Saunders, 1977).

14.  Structural Methods in Inorganic Chemistry —E.A.Vsklorth,D.W.H.Rankin and
S.Cradock ( Blackwell Scientific Publication, 1987)



Semester IV

DC-420 Inorganic Polymers and Heterogeneous Cataligs(6 credits & 72 lectures):
Section |
Inorganic Polymers (36 L)

a. Inorganic polymers: 1. Bridge between small and infinite moleculespidpolar
Inorganic polymers [Polyboranes and PolysilylenkElgferoboranes

b. Heteropolar Inorganic polymers [Rings and cham#t&ining nitrogen, Oxyanions
and polyoxyanions, Silicones, Biominerals.

c. Metal clusters: Metal-metal bonds, Framework bonding in metal disstSynthesis
of metal clusters.

Text book

1. 1. S. Butler and J. F. Harrod, Inorganic ChemistPrinciples and Applications,
The Benjamin/Cummings Publishing Co., Inc., Redd City, California (USA)
(1989) Chapt. 15 to 17, pp 441-503.

References

1. N. H. Ray, Inorganic Polymers, Academic Press (1978

2. A. F. Wells, Structural Inorganic Chemistry, 5tmedOxford (1984).

3. S.J. Lippard and J. M. Berg, Principles of Biogmic Chemistry, University Science
Books, Mill valley, California (USA) (1994).

Section Il

Heterogeneous Catalysis (36 Lectures)
1.The Descriptive Chemistry of Heterogeneous Catadys: 4L

Definition of Catalysis, classification of catatytsystems, classification of solid
catalysts, Adsorption of molecules at the solidfases, Adsorbed states of molecules on
metals, potential-energy curves for adsorption,cagsve chemistry of chemisorption on
metals, chemisorption and catalysis by metals-qgadine aspects, catalysis by unsupported
and supported bimetals, Adsorption and catalysis semiconducting oxides, selective

oxidation of hydrocarbons. Different types of reast



2. Zeolite Compounds and Heterogeneous Catalysis: (aoL)

(a) Introduction to porous materials:

Classification into micro-, meso- and macro pormagerials, the origin of pores and its
significance, distinction from condensed materials.
(b) Zeolites:

Definition, natural and synthetic zeolite or alanosilicates, the primary and secondary
building blocks, final framework structures, Lowaxias rule, sodalite and other structures,
Nomenclature: Atlas of zeolite; structural distinos, Novel zeolites, examplels of small,
medium, large and extralarge pore zeolites; genpraperties and and application of
molecular sieves.

(c) Characterization of zeolite:
XRD, SEM and other techniques; spectral technig&@siR and solid-state NMR,;

sorption capacity, surface area by BET method, poheme and pore structure, the origin of
Bronsted and lewis acidity in zeolites, the numbed the strength, techniques for the
estimation of acidity: adsorption of bases andpBcsra, temperature programmed desorption
of bases.
3. Photocatalysis using semiconducting oxides 4L
Introduction, definition of photocatalysis, basprinciples involved in photocatalysis,
mechanism of photocatalysis, application of phdigais in various fields such as water
remediation, air cleaning, etc.
4. Heterogeneous catalysis by intercalation compodas: (3L)

General aspects of interstial compounds of Graplstructural aspects of graphite
intercalation compounds, physical and chemical @riigs, catalytic reaction.
5. Heterogeneous catalysis by perovskite- relatecides: 4L

Solid state properties of perovskite like oxidBglation of solid state and catalytic
properties perovskites.
6. Heterogeneous catalysis by oxides with Scheelgucture : 4L

Ideal crystal structure and physical ropertiesalgéc oxidation of olefins, mechanism
for catalysis by BiMo@ Propylene oxidation to acrolein, propylene ammadation to
acrylonitrile, Role of bismuth in catalysis.

7. Immobilization of transition metal: complex catdysts on Inorganic supports (i.e



Anchored Catalysts) (3L)

General aspects of transition metal complexes @snolgeneous catalysts
(i.e.heterogenizing); Preparation of organometeditalyst anchored to silica: preparation of
metal ligand complex followed by Anchoring, Prepema of metal complex from previously
Anchored phosphines.

8. Application of Heterogeneous catalysis: (4L)

Food industry, fine chemicals, petroleum industpgtrochemical industry,
heavy inorganic chemicals, catalysis in atmosphegmtlution (atlist one example of
application should be discuss).

Books
1. Heterogeneous catalysis principles and applicato@,Bond.
2. Introduction to zeolite science and practice, Hn\Bekkum, E. M. Flanigen, P. A.

Jacobs and J. C. Jansen (Elseviver Pub. Amste2{20t)

3. Catalysis: Principles and Applications, B.Vishwdrzat, S. Sivasankar and

A.V.Ramaswamy (Narosa Pub. House, New Delhi, 2004)

4. Advanced material in catalysis, James J. BurtonRwigkert L.Garten (Academic press,

Newyork, 1977)

DC-421: Inorganic Materials (6 Credj 72 Lectures)
Section | (36L)

1. Introduction to Nano-Materials

Definition and types of nano-materials, why arano-particles are important? size
dependent properties, various techniques for makiago-materials, application of
nano-materials.

2. Electronics and optical materials

(a) Electronic Materials and their application: Origin of valence and conduction bands in
solids, classification of solids into metals, ssnductor and insulator; type of
semiconductivity; mobility of charge carriers, teengture dependent conductivity, some
examples of semiconducting materials. Applicatidnrsemiconducting devices; Metal-
Metal junction (i.e. Peltier and Seebeck effectdodes (p-n junctions), transistors (n-
p-n junctions), metal-semiconductor junction



(b) Optical materials and their properties: Photonic devices, Photoluminescence,
Crystalline Lasers

3. Magnetic Materials

Atomic magnetism and solids, type of magnetitemals, the exchange interactions,
hysteresis loops and their classification, catah of magnetic moment from

saturation magnetization, magnetic domains. Exasnpfe magnetic materials: soft and

hard ferrites, i.e. structure and magnetic intéoastin spinels, garnets, hexagonal ferrites.
Application of magnetic materials

4. Superconducting Materials

Definition of superconductivity, Critical tempera#(Tc), Critical field, Bardeen —
Cooper - Schrieffer (BCS) theory, properties araksification of superconducting
compounds, High Tc superconductivity, Examplesupfesconducting materials: Structure
of  YBaCuwO;5 oxide, Fullerenes, intermetallic superconductosynthesis of
superconductors. Application of superconductingemails.

Section Il (36L)

5. Ceramic Materials
Classification of ceramics, dielectric propertiesl gpolarization properties of ceramics,
piezo-, pyro- and ferro-electric effect of ceramissl-gel processing of ceramics.
Examples and application of ceramics: oxides, dadiborides, nitrides.

6. Composite Materials
Definition, glass transition temperature, fibers foreinforced-plastic composite materials
(i.e. glass fibers, carbon fibres, and aramid ber); concrets and asphalt materials.
Application of composite materials.

7. Cementitious Materials
Difference between Blended and Non-Portland cemexts-portland cements; high
alumina cements, calcium sulfoaluminate cementsspiate cements.
Chemicals in cement hydration; hydration process, ietarders and accelerators,
plasticizers, slip-casting processing. Applicatidrcementitous materials

8. Bio-materials

Definition, Type of bio-materials; dense hydrapgtite ceramics, bioactive glasses,
bioactive glass ceramics and bioactive composites



Books:

PwnhE

oo

Introduction to Solids - L. V. Azaroff ( Tata MaGveHill)

Materials Science and Engineering — V. Raghav&hHgition 1980)

Elements of Materials Science and Engineering —Wlaok (5" Edition, Wiley 1988)
Nature and Properties of Engineering Materials B Zlastrazebski (John Wiley Sons,

Principles of Materials Science and Engineeringifidkh F. Smith (Wiley, 1991)
Insight into Speciality Inorganic Chemicals — DaVidompson (The Royal Society of
Chemistry, 1995 chapter 13 and 14)

DC-424 : Inorganic Application in Industry & Medic ine (4 credits; 48 Lectures)

(OPTIONAL)

Section |

Inorganic Application in Industry (241)

a.Photographic Products Industry: Introduction; Conventional silver halide

based photography; Colour photography; Spegplications of
photography such as — photochemical reprodugcgibotolithography,
photo conversion, electro photography, etc.

b. Dyes and Pigments Introduction; Pigments in foods — naturally ocouwy

plant- and animal- pigments; Synthetic foodhpeats such as Sunset
yellow, Allura red, etc.; pigments in plantsaw materials for paints;
Physical properties of the pigments in paiBtsef descriptions of the
manufacturing process and use of commonly pggdents such as White
lead, Zinc oxide, Titanium dioxide, etc.

c. Electrochemical Applications: Introduction; brief discussion on classical

electrodeposition of metals; Advancement ingleetrochemical industry —
modification of electrode surface, brief dissios with respect to
preparations and properties of surface mod#iedtrodes such as nafion
modified electrodes, pvp modified electrodés,; @pplications of surface
modified electrodes such as Electrocatalysis selective electrodes, etc.

.Inorganic Chemicals as metallic Corrosion Inhibitors:

Introduction,Principles of corrosion inhibitors,romsion as an electrochemical
process, Practical aspects of corrosion inhibifiamgn inhibitor properties in
neutral electrolytes,some application of corrosidgmbitors ( cooling water



circulation-once through and open systems,engidiatian & cooling
systems,central heating system,refrigeration plantshigh chloride systems,
water for steam raising,corrosion inhibitors foimpaoating).

e. Green Chemistry:
Introduction, Designing a Green synthesis, Basiediples of Green Chemistry,
Green Chemistry in Day-to-Day life, Green Chemigtrgustainable
development.

Books

1. Handbook of Industrial Chemistry,Vol.1, by K.H.Da)k.S.Berner, CBS

Publishers, Bangalore

Comprehensive Coordination Chemistry, Chapter 57,58

Insight into Speciality Inorganic Chemicals-Davidompson ( The Royal Society

of Chemistry,1995)-Chapter 15.

4. New Trends in Green Chemistry'{Edition)-V.K.Ahluwalia and M.Kidwai (
Anamaya Publishers, 2007.

w N

Section I
Inorganic Application in Medicine (24 L)

1. Overview (2L)
1. Introduction
2. Metal lons in Disease
Use of chelating agents
Metalloproteins as Drug Targets
Matrix Metallopreteinases
3. Modulation of Cellular responses by Metal-Contagnidrugs
4. Metal-Based Chemotherapeutic Drugs
5. Metal Complexes as Diagnostic Agents

2. Cisplatin-based Anticancer Agents 5L

Introduction
Clinical Properties

Cisplatin vs carboplatin

Iproplatin

Determination of Platinum Drug Levels and Pharnkaketics
Platinum Chemistry

Mechanism of Action

Structure-Specific Damage-Recognition Proteins
Mechanisms of Resistance to Cisplatin/Carboplat
Circumvention of Tumor Resistance to Cisplatin

Development of New Platinum Drugs



Dose Intensification of Cisplatin/Carboplatin
Combinations with Other Anticancer Agents : Pacl
Modulation of Platinum Resistance Mechanisms

Dinuclear and Trinuclear Platinum Complexeg&acancer Agents

Biological Activity of Polynuclear Platinum @Ggplexes. Summary and p53 status of
Human Tumors Treatable by BBR3464

Biological Activity and p53 Status

Comparison with Other Clinical Cross-Linking Agents
Structure-Activity Relationships in Polynualédatinum Complexes
DNA Binding of Polynuclear Platinum Complexes

Cooperative Effects In the Solution StructureSivé-Specific (Pt,Pt) Interstrand
Cross-Links

3. Transition Metal Complexes as Chemical Nucleases (4L)
Interaction of Metal Complexes with DNA
Reactions of Metal Complexes with DNA
Nuclease activity of Cu(phen

4. Biomedical Uses of Lithium

(3L)
Chemistry of Lithium
Distribution of Lithium in the body and in Cl
Studies using Lithium isotopes
Biochemistry of Lithium
5. Bismuth in Medicine (3L)

The Chemistry of Bismuth
Properties of the element
Bi(lll) Compounds
Bi(V) Compounds
Bismuth in Medicine
Helicobacter Pylorbacterium
Methods for the study of Bi
Bismuth Citrate Complexes
Bismuth Complexes with Biomolecules
Bismuth binding to oxygen-containing molecules
Bismuth Complexes with thiolate ligands
Bismuth(lll) complexes with Metallothionine andahsferrin, Enzyme Inhibition

6. Gold Complexes with Anti-arthritic, anti-tumor and Anti-HIV activity (4L)
Introduction

Chrysotherapy,
History of Medicinal Uses



Gold Chemistry
Oxidation states
Gold(l) complexes
Gold(lll) Complexes
Oxidation-Reduction Potentials
Gold Biochemistry and Pharmacology
In-vivo metabolism and ligand displacement
Anti-tumor Activity
Anti-HIV activity

7. Vanadium Compounds as Possible Insulin Modifiers (3L)
Introduction
Characterization of Vanadium’s Insulin-mimetitd€ts
Sites of Action of Vanadium
Animal Studies and Human Trials
Toxicological Considerations
Improved Tissue Uptake with Metal Chelation

Books:

1. Uses of Inorganic Chemistry in Medicine Ed. NiclsoRaFarrell

2. Metal Complexes as drugs and chemotherapeutic agent

3. Metal Complexes as Enzyme inhibitors A.Y.Louie dimbmas Meade Chem.Rev.,
1999, 99, 2711.



Practicals

DC-328: Inorganic Chemistry Practicals | (4 credit7.5 weeks)

DC-329: Inorganic Chemistry Practicals 1l (4 ctedi-7.5 weeks)

DC-428: Project Work ( 7 credits , 13.5 weeks)

B.

DC-328 : Classical Inorganic Chemistry Practicals4 Credits)
A+ B =(3weeks) 12 days

A. Analysis:

1. Alloy [e.g. iron, chromium and nickel from Staintesteel] 2d

2. Ore [e.g. acid-insoluble matter (combined oxides)) and titanium from Ilimenite]
2d

3. Analysis of Portland cement 2d

4. Pigment [e.g. chromium from Zinc chrome] 1d

5. Pharmaceutical products [e.g. magnesium from tahl&ilk of magnesia”, calcium

from calcium-supplementary tablet, iron and zirririron- (and zinc)-supplementary
capsule] 1d

6. Consumer products [e.g. aluminium from alum] 1d

7. lon exchange chromatography [separation and estimat mixture of zinc (II) and

8.

magnesium (I1)] 1d

Purity & Percentage of Metal in Coordination Conxgle. 2d

Inorganic Practicals ( 3 weeks ) 12 days

Expt No. 1. Photometric Titrations

a) CuVs EDTA
b) FeVs EDTA using salicylic acid 2d

Expt No. 2. Photochemistry of ferrioxalate

a) Preparation
b) Photochemistry 2d

Expt.No. 3& 4 Kinetics by conductometry and spectrophotometry 4d

a) Preparation



b) Conductometry
c) Spectrophotometry

Expt No. 5. To study metal-DNA interactispectrophotometrically 2d

Expt No.6. New Experiment related to Omgaetallic Chemistry or Homogenous
Catalysis 2d

Each experiment includes standardization of the regents, calibration of the instrument
with known reagents and analysis of an unknown

DC-329 : Instrumental Inorganic Chemistry Practicals (4 Credits)

A . Synthesis and Structural characterization of cordination compounds. (12 days)
1) Synthesis of coordination compounds: 2d

i) M(acac)XH,O [where M?= Mn*?, Ca™, Cu?, x = 2,2,0 respectively]

M(acac) [where M3= Mn*3, Fe¥)|

i) trans-[Co(en)Cl;]Cl / cis-[ Co(en)Cl,]CI

i) [Ni(en)3]S;03/ Hg [ Co (SCN) ]

iv) [Fe (1, 2, 4-triazole ] (ClO,)2

v) Fe(DTC)
2. To determine paramagnetic susceptibility and magmedment of coordination

compounds by Faraday method. (2d)
3. To determine paramagnetic susceptibility and magmedment of coordination
compounds by Evan'si nmr method. (2d)
4. To interpret IR spectra of acetylacetone and i’siplex. (2d)

i) To determine force constant)@=0 bond.
i) To determine bond lengths &=0 bond.

iv) To identify coordination site & type of coordinatio



5. To interpret ESR spectrum of MigOh) / C3%(Oh) / Cu*(Dar) etc. (1d)
To calculate magnetic parameters isotropitsaropic viz. g-factor, hyperfine
coupling constant etc.

6. To interpret electronic spectra of coordination poomds.

i) To determine interelectronic repulsiomgraeter (B crit) & crystal field
parameter (10 Dq) using numerical fgtprocedure.
i) To calculate bonding paramet@gs. (2d)

7. To study cyclic voltammogramssike(CN)] (1d)

B. Solid State Materials: Preparation, characterizéion and activity: (12 days)
1. Preparation of solid-state materials: a) N ZnFeO, or NiFeO, c) FgO,

d) BaZr@ (2d)
2. To determine the interplanar spacing and lttmnstant and crystallite size by
using X-ray diffraction techniques (NiB&0O3; and Ni FgO,). (ad)

3. To determine the band gap of semiconductingnads ( NiO / FeO, ) by
using direct current electrical coativity measurement. (2d)
4. To find out the number of water molecules fromordination compounds/
hydrated metal salts by using thegragimetric technique. (2d)
5. Heterogeneous catalysis.
(i) Photocatalytic degradation of dye using Zi@anoparticles (2d)
a) time dependent
b) catalyst concentration
6. To determine the corrosion rate of metal stfip#d-steel / aluminium) in
different conc. of acidic/ alkali diem. (2d)
8. To study the effect of 1, 10 phenanthrolineeorrosion inhibition of mild-steel
in HSO;. (1d)

Each experiment includes standardization of the regents, calibration of the instrument
with known reagents and analysis of an unknown

DC-428: Project Work ( 7 credits , 13.5 weeks)



Syllabus of Organic Part

Course no. Course name Credits

Semester Il | Compulsory courses

DC 330 Advanced Organic Reaction Mechanism [addCredits
Heterocyclic Chemistry

DC 331 Spectroscopic Methods  in Structurd Credits
Determination

DC 332 Advanced Stereochemistry 5 Credits

DC 333 Pericyclic Reactions, photochemistry anceré Credits
Radical Chemistry

DC 338 Mixture Separation 4 Credits

DC 339 Advanced Preparations 4 Credits

Semester IV | Compulsory courses

DC 430 Synthetic Organic Chemistry 6 Credits

DC 431 Chemistry of Natural products 6 Credits

DC 434 Biogenesis of Organic Compoun| 4 Credits
(Sectional option)

DC 438 Research Project 7 credits




Syllabus of Organic Chemistry: I
Semester lIl: 4 courses 19 credits + Practicals acse 8 credits =27 credits.

DC-330: Advanced Organic Reaction Mechanism and Heterocyclic Chemisy 4 credits

Carbanions in organic Chemistry (18)
lonization of carbon hydrogen bond and prototopgsd3 and acid catalysed halogenation of
ketones, keto-enol equilibria, structure and rate enolisation, concerted and carbanion
mechanism for tautomerism,carbanion character anpkide and pyrrolyl anions, geometry of
carbanions, hydrolysis of haloforms, Aldol, Manni€annizzaro, Darzens, Dieckmann, Claisen
Baylis-Hillman reactions, Knoevenagel, benzoin carghtion, alkylation of enolates and
stereochemistry thereof, Conjugate additions.(1Barkines and imine anions in organic
synthesis etc.(03)

Neighboring Group Participation &)
Concept of neighboring group participation (anchimassistance) with mechanism, neighboring
group participation byt & o bonds, classical and non classical carbocatiartsarholecular
displacement by hydrogen, Oxygen,nitrogen, sulpand halogen. Alkyl, cycloalkyl, Aryl
participation, participation in bicyclic system, gartory aptitude, intimate and solvent separted
ion-pair, transannular, pinacole and carbocatiarramgements and related rearrangements in
neighboring group participation, NGP in eliminatind addition.

Heterocyclic chemistry (22)
Furan, pyrrole, thiophene, benzofuran, indole ,b#rimaphene, pyridine,quinoline,isoquinoline,
imidazole, oxazole, thiazole, purines, pyrimidines

Synthesis of chloroquine, papavarine, amlodipimemouidine, ranitidine, Vit-B6, tryptophan,
thiamine, histidine.

Books:

1. Mechanism and structure in Organic Chemistry S.E5ould (Holt, Rinehart and Winston)

2. . Advanced organic chemistry part-A. F. A. Caaed R. J. Sundberg, 5th Ed. Springer (2007)

3. Advanced organic chemistry by J. March, 6th Ed.

4. Organic Chemistry — J. Clayden, N. Greeves, &r&h and P. Wothers. Oxford University
Press (2001)

5. Modern Heterocyclic chemistry — L. A. PaqueBergjamin).

6. Heterocyclic chemistry — J. A. Joule and K. Bldith edition Blackwell publishing (2007)

DC-331: Spectroscopic Methods in Structure Determiation 5 credits

'H NMR (16)
Recapitulation of basic principle, Fourier Transfotechnique, Pulse sequence, relaxation
processes. Use of Integration in the quantativeergenation of isomers, Factors affecting
chemical shifts (inductive, resonance and anisatreffect with examples), chemical shift of
different types of protons (alkane, alkene, alkymel allene), aromatic protons and effect of
substituent, different types of spin coupling,tfiesder analysis of spectra, Ramsay mechanism of



spin coupling, roofing effect with example, diffatespin systems (AB, AM, AX, ABX/AMX
spin systems with examples), calculations of lingensities and chemical shifts in AB spin
system, factors affecting coupling constants (diledangle, Karplus equation-graph,
electronegativity, bond order, hybridization, banthle with examples), non equivalence due to
restricted rotations, rate processes. Effect ofi iigld NMR for simplification of spectra, Shift
reagents. Spin decoupling and Nuclear Overhaugestefith examples.

3¢ NMR (10)

Elementary ideas, instrumental difficulties, FTheicue advantages and disadvantages. Proton
Noise Decoupling technique advantages and disaagest off-resonance technique, Chemical
shifts of solvents, factors affecting chemical &hifanalogy with'H NMR, calculations of
chemical shift of hydrocarbons, effect of substitigeon chemical shifts, different types of
carbons (alkene, alkyne and allene), chemical shifiromatic carbons and effect of substituent.
Chemical shifts of carbonyl, nitrile, oxime carbons

Two dimensional (2D) (08)
NMR techniques, principle and pulse technique, DBt 3 different anglesH-'H COSY,'H-
13C COSY (HETCOR, HMQC), interpretation of 2D speciral examples.

Mass spectrometry (16)
Theory, instrumentation various methods of ionaati(field ionization, FAB, MALDI,
californium plasma), different detectors [magnetialyzer, ion cyclotron analyzer, quadruple
mass filter, time of flight (TOF)]. Importance ofRMS, Rules of fragmentation of different
functional groups, factors controlling fragmentatioFragmentation of different types of
compounds like alkanes alkenes, aromatic compowadsonyl compounds, nitriles etc.

Problems (20)
based on joint application of UV, IRH and *C NMR, 2D and Mass (including reaction
sequence.

Books:

1. Introduction to Spectroscopy — D. L. Pavia, GLdmpman, G. S. Kriz,"3Ed.
(Harcourt college publishers).

2. Spectrometric identification of organic composifiti M. Silverstein, F. X. Webster,
6" Ed. John Wiley and Sons.

3. Spectroscopic methods in organic chemistry HDWilliams and I. Flemming Mc
Graw Hill.

4. Absorption spectroscopy of organic molecules MyParikh

5. Nuclear Magnetic Resonance — Basic Principlét-Br-Rehman, Springer- Verlag
(1986).

6. One and Two dimensional NMR Spectroscopy- aAit-Rehman, Elsevier (1989).

7. Organic structure Analysis- Phillip Crews, Rogdez, Jaspars, Oxford University
Press (1998).

8. Organic structural spectroscopy- Joseph B. LamBaurvell, Lightner, Cooks,
Prentice-Hall (1998).



9. Organic structures from spectra- Field L. D.Irfkan J.R. and Sternhell S"&d. John
Wiley and sons Ltd.
10. NMR spectroscopy of Organic compounds. JacknaadnSternhell S

DC-332: Advanced Stereochemistry Scredits
Conformation and reactivity in acyclic compounds (06)
Meaning of conformation and physical propertiespfoomational effects on the stability and
reactivity

Stereochemistry of six membered rings (12)
Shape of cyclohexane ring, monsubstuted and disedbstyclohexane, physical properties,
conformation and chemical reactivity in cyclohexsneonformational effects in six membered
rings containing unsaturation. Six membered hejalacring

The shapes of rings other than six membered rings (06)
five membered, rings larger than 6-membered medings, conformational effects in medium
rings, transannular effects, concept of | strain

Fused rings and bridged rings (14)
Bicyclic and polycyclic, Occerence, availbility, esbchemical restrictions and reactions of
norbornyl system

Allenes, spiranes and biphenyls (06)
Enantiomerism in allenes, alkylidene cycloalkangjrasmies- configurational nomencalture,
correlation of axial dissymmtry and centrodissynmyet

Resolution methods (04)
Resolution by mechanical separtion of crystalspltg®n by formation of diasteremers, second
order asymmtric transformation, resolution by aQuiim asymmtric transformation,
biochemical asymmitric transformation, criteria pteal purity

ORD and CD (08)
Stereochemistry of natural products, strychninelgpbyllotixin (04)
Books:

1. Stereochemistry of carbon compounds - E. LI Elie

2. Stereochemistry of carbon compounds - E. LIBhe S. H. Wilen

3. Organic Chemistry — J. Clayden, N. Greeves, &r&h and P. Wothers (Oxford Press.)
4. Stereochemistry of organic compounds —Nasipuri

5. Molecules of Nature

6. Organic Chemistry, Cram, Hammond, Hendrickson



DC — 333:Pericylic Reactions, photochemistry and fee Radical Chemistry 5 credits
Pericyclic reactionsanalysis and their applications in synthesis ,
Recapitulation of Molecular Orbitals, their symnygproperties (2)

Woodward —Hoffmann’s Conservation of orbital symmeitroperty rule. (6)
Application of Woodward —Hoffmann’s Conservationoobital symmetry

property rule to the ground state and excited dfddetrocyclic reactions, Cycloaddition reactions
Chelotropic reactions, and Sigmatropic reactions

Fukui’'s HOMO and LUMO orbitals (12)
Application of Fukui's HOMO and LUMO orbitals analg to the ground state and excited state
Electrocyclic reactions, Cycloaddition reactionsel®tropic reactions and Sigmatropic reactions

Synthesis of Endiandric acid (using pericycéactions) (4)
Syntyhesis of Citral (using pericyclic reactio(BASF symthesis) (2)
Photochemistry: (20)

Principles of photochemical reactions; orbital syetnmy considerations, Excited states and their
properties; experimental set up for photochemioadctions; Several useful photochemical
reactions-olefin, carbonyl, aromatic phochemicahcteons and their applications in organic
synthesis (isomerization, Patterno-Buchi reacti®arton reaction, Norrish type | and Il reaction,
Photoreduction, Rearrangements:ndinethane, oxa di- and aza di-methane rearrangements,
Photocycloaddition, Photochemical aromatic subsbitureaction, Reactions with singlet oxygen.
Applications of photochemical methods in synthelsiscumene, CedrenBljrsutene

Free radicalsin organic synthesis (16)
Formation, stability and detection of long and rsHived radicals, homolysis and free radical
displacements, addition and rearrangement of fregicals, radical cyclizations and their
applications in synthesis

Books/References:

1. Mechanism and structure in Organic Chemistry S.E5ould (Holt, Rinehart and Winston)
2. Advanced Organic Chemistry, Part A— F. A. Caeg R. J. Sundberg, 5th Ed. Springer
(2007).

3. Radicals in Organic Synthesis B. Giese, Perggmess (1986)

4. a) Organic photochemistry: A visual approach+apecky, VCH publishers (1992).

b) Excited states in Organic Chemistry- J.A. Bagtand J.D.Coyle, John Wiley & sons

¢) Oganic Photochemistry-O. Kan

5. Conservation of orbital symmetry — R. B. Woodivand R. Hoffmann; Verlag chemie,
weinheim (1970).

6. Orbital Symmetry : A problem solving approach-ERLehr and A. P. Marchand; Academic
(1972).

7. Organic reactions and orbital symmetry, 2ndEd.. Gilchrist and R. C. Storr; Cambridge
University Press.



8. Classics in total synthesis- K. C. Nicolaou &d. Sorensen; VHC (1996)

9. P. A. Wender and J. J. Howb&rtAm. Chem. Soc103 688-690 (1981)

10. Henning Hopf et d&ur. J. Org. Chem,, 567-581, (2005)

and references cited therein.

11 Mehta G.; Reddy, A. V. J. Chem. Soc., Chem. Comni@81, 456-457. and references cited
therein

DC: 338 Mixture Separation 4 credits
DC: 339 Advanced Preparation 4 credits

Semester IV 3 Courses19 credits+ 1 course inter sectional optiorceedits= 23 credits

DC — 430: Synthetic Organic Chemistry 6 credits

(i) Transitional metals complexes in organic syntha&s and Boron, Si, Sn Chemistry
Transition metal complexes in organic synthesissbhiiction-oxidation states of transition
metals, 16-18 rule, dissociation, association, rifte® oxidative addition, reductive elimination
of transition metal (1)

Organopalladium in organic synthesis- Heck arytatiallylic activation, carbonylation, wacker
oxidation, isomarization formation N-aryl and N-glbond transmetalation, allyl deprotection in
peptides, coupling reactions: Stille coupling, Sgeshira and Suzuki coupling reactions and their
importance (6)

Organo nickels- coupling carboxylation, aminatioasbonylation (1)

Chromium carbonyls regioselective alkylation andyla®on of aromatics, nucleophilc
substitution, lithiation reaction (2)

Reactions Iron carbonyls, ferrocenes, Fe-cyclopkem® complex, protection of dienes,
isomerization (2)

Manganese and Co-carbonyls in hydroformylationbaaylations, synthesis of silane complexes
and their applications Pausal-khand reactions amdapplications protection of alkynes by
Co,CO (2)

Wilkinson, Noyori, Knowls catalyst of Ruthenium aRihodium — synthesis and uses its use in
hydrogenation reactions-deallylation, C-C, C-O, @dhd cleavages (1)



Organoboranes- preparation and properties of otgaaoe reagents e.g. RBR.BH, R3B,9-
BBN,catechol borane. Thexyl borane, cyclohexylrabe , ICPBH, IPGBH, Hydrboration-
mechanism, stereo and regeoselectivity, uses ithegis of primary, secondary tertiary alcohols,
aldehydes, ketones, alkenes. Synthesis of EE, EZZdiénes and alkyenes. Mechanism of
addition of IPGBH. Allyl boranes- synthesis, mechanism and uses (6)

Synthesis and uses of organo silane and orgamotipounds (1)

Olefin metathesis by™l, and I generation catalyst, reaction mechanism and agtjgit in the

synthesis of homo and heterocyclic compounds (2)
Development synthesis, structure, application gf@pcatalyst 4)
(ii) Designing Organic Synthesis, Synthons and @tsr (16)

Chiron-definition, types, application of Chiron-eusf carbohydrates, alpha-amino acid, alpha-
hydroxy acids and terpenes in selected naturalyastod

(iif) Umpolung in organic synthesis (04)
(iv) Protection and deprotection for functional gps as hydroxyl, amino, carboxyl and carbonyl

(04)
(v) Aromatcity
Criteria of Aromaticity- (2)
(1)The Energy Criterion (2) Structural Criteria) Bectronic Criteria, Relationship
among the Energetic, Structural, and Electronite@& of Aromaticity, Inscribed
polygon method for monocyclic compounds
The Annulenes-Cyclobutadiene, Benzene, Cyclooctatse, 4)
[10]Annulenes, [12], [14], and [16] Annulenes, [Y&jnulene and Larger Annulenes,
Other Related Structures-Kekulene, Fullerene, Atamtyain Charged 3)
Rings, Heteroaromatic Systems, Fused-Ring Systeongpounds with exocyclicdouble
bonds, substituted aromatics
Other aromatic compounds-Mesoionic Compounds, (1)
The Dianion of Squaric Acid, 1 Mobius aromaticijomoaromaticity
(vi) Fragmentation Reactions (04)

(vii) Green Chemistry, Supramolecular Chemistry of@n ethers, Cyclodextrins, entrimers,
Clalixerins) and multicomponernt reactions (06)



Books/References:

. Modern synthetic reactions — H. O. House (Bemam

. Organic chemistry — J. Clayden, N. Greeves, &r&v and P. Wothers (Oxford Press)
. Designing of organic synthesis — S. Warren (Wile

. Some modern methods of organic synthesis — Wu®a&rs (Cambridge)

. Organic synthesis — M. B. Smith

. Organometallics in organic synthesis — J. M. 15aad D. C. Black (Chapman and Hall)
. Advanced organic chemistry, Part B — F. A Cameg R. J. Sundberg 5th edition (2007)
. Palladium in Organic Synthesis Richard Heck

. Organonickel compounds, Jolly

10. Comprehensive organometallic chemistry-Vol. 1-8

11. Chiron approach in organic synthesis — S. HaargRelavent chapters For Chirons)
12. Aromaticity , P. Garratt

13. Carbocyclic non-benzenoid aromatic compounds,|dyd

OCO~NO UL, WNPE

DC-431: Chemistry of Natural products @redits

Assymetric synthesis (24)
Recapitulation of Stereochemical concepts- enamiem diastereomers, homotopic and
heterotopic ligands, stereoselective and steredspeeactions, prochirality, Chemo-, regio-,
diastereo- and enantio-controlled approaches; @kitaansfer, Asymmetric inductions; Chiral
pools, Chiral auxiliaries, chiral reagents and lyata, and templates;

Asymmetric oxidations: Sharpless asymmetric epdioda  dihydroxylation,
aminohydroxylation, Asymmetric reduction reactioReduction of ketones, imines and olefins
(use of BINOLYS)

Asymmetric C-C bond forming reaction: Simmon-Smiéfaction, aldol reaction and alkylation
based on Evans method, Mukayama aldol reactiotaSaki bi-metallic catalyst system; RAMP-
SAMP based alkylation strategy, Meyers oxazoline &is-lactam based methods; Michael
reaction, Henry reaction

(Nitro aldol), Baylis-Hillman-Morita reactions, Asymetric allylation, Asymmetric cycloaddition
reactions, Asymmetric hydroformylation.

Stereoselective addition of nucleophiles to carbargup: Re-Si face concepts, Cram’s rule,
Felkin Anh rule, Houk model, Cram’s chelate modeAsymmetric synthesis use of chiral
auxiliaries, asymmetric hydrogenation, asymmetpiexédation and asymmetric dihydroxylation.
Self regeneration of sterecentre

Advanced Carbohydrate Chemistry

Introduction of sugars, structures of triose, ®trgpentose, hexose. Fisher projection, D- and L-
configuration, Conversion of Fisher projection taradnose and pyranose form, Haworth
Structure,’C, and*C, Conformations, anomeric effect, Reactions of fiwel six carbon sugars,
glycoside formation, acetonide formation, reductiegnthesis of D-glyceraldehyde, Killani-
Fischer Synthesis, glucal formation and reactiofstrier and Hanesian Reaction, Ferrier
rearrangement. (06)



Utilisation of the basic concepts of carbohydratemistry in the synthesis of (S) Propanediol,
(R) and (S) — Epichlorohydrin, L (+)-Alanine, 11-@prostaglandin F(-) Multistratin, (-)
Pentenomycin, (-) Shikimic acid, Carbonolide B. (06)

Synthesis of biologically active Natural products: (12)
Strychnine (Overmann Syn.), Fredrikamycin A(Normand Coxan), Cephalosporin
(Woodward), Estrone, Mifepristone (Vollard), Taxol

Structure determination of Natural products: (20)
Arteannuin B, Hardwickiic acid, and Ajmaline

Organic Chemistry of Drug Design

Organic chemistry of drug design and drug actioangiative structure activity relationship
Hammet equation, Taft equation Hanach analysis/d#ons and application in drug design,

illustration with examples (4)
Lypophilicity effect mesurnment of lipophilicitigdentification of active part molecular graphics
and lead modifications (2)
SAR by mass and NMR (2)
Combinatorial chemistry- general aspects, splitlssis, peptide and non peptide librarie?)
Drug receptor interactions enzyme inhibitar andgdarget 3)
Stereoselectivity and drug action, stereoselesywehesis of Ibuprofen, crixivan, propranoletc
)

Books:

1. Asymmetric Reactions and Processes in ChemistnedEiL. Eliel

2. Catalytic Asymmetric Synthesis: 2nd Ed., lwao Ojima

3. Asymmetric Organocatalysis: From Biomimetic Concep®pplications in Asymmetric

Synthesis: David MacMillan

Organic Chemistry — J. Clayden, N. Greeves, S.r&aand P. Wothers (Oxford Press.)

Asymetric synthesis Vol.1-5 by J. D. Morrison

Chirotechnology:Industrial synthesis of optcallyiae compounds, R. A. Sheldon

Organic Chemistry - R. P. Morrison and R. N. Boyd

Organic Chemistry — I. L. Finar, volume I

Chiron approach in organic synthesis — S. Hanessian

10 An introduction to medicinal chemistry-Grham L. fabxoford press

11.The organic chemistry of drug design and drug aeti.B. Silverman

12. Exploring OSAR fundamentals and applications innciséry and biology-Corwin
Hansch and Albert Leo

©CoNo O A



DC-434 Biogenesis of Organic CompoundgSectional option) 4 credits
Biogenesis of terpenes: sesquiterpenes, triterp@meéshloesterol,
alkaloids : polyketide

Biogenesis of terpenes — mono terpenes (02)
Sesquitarps (06)
Triterpenes (04)
Steroids (01)

Biogenesis of Alkaloids-
ornithine based(pyrrolizidine), Lysine based(quiridine and indolizidine),Pyridine base¢D1)

Tyrosine and modified tetrahydroisoquinoline baskaloids (02)
Phenethylisoquinoline and terpinoid tetrahydroisogline

(Amaryllidaceae alkaloids) (03)
anthranilic acid based (01)
simple Indole and terpinoid indole, ergot based (05)
Biogenesis of polyketides — saturate and unsadfaitty acids (02)
Arachidonic acid cascades — prostaglandins, Throuwnes and eicosa acids (02)
Aromatics derived from polyketides (01)
Synthesis of amino acids, peptides, nucleotideslgnsides (08)
Mechanism of biological processes (01)

Pecularities of enzyme mediated reactions anditgparison ith synthetic reactions

Mechanisms involving vit. B1, B2, B6, Biotin, NADADP — NADH/NADPH, Folic acid,
Riboflavin (09)

Peptides: Sythesis, structure and applicationsydB&utte

Organic Chemistry, H. Dugas

. Biochemistry by Zubay Chapter 11.

Organic Chemistry Chapter 50— J. Clayden, N. Gree8. Warren and P. Wothers
(Oxford Press.)

Secondary metabolism by J.Mann

Medicinal Natural products by P.M.Dewick

o
S
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DC- 438
Research Project 7 credits



Structure of M.Sc. Il and IV: Physical chemistry

Semester |l

Compulsory:

Course no. Course name Credits

Semester |l Compulsory courses

DC 340 Quantum Chemistry 4 Credits

DC 341 Nuclear, radiation and photochemistry 4 {@sed

DC 342 Physicochemical Techniques 4 Credits
Optional courses any one from following three

DC 344 Topics in theoretical chemistry 4 Credits

DC 345 Polymer chemistry 4 Credits

DC 346 Biophysical chemistry 4 Credits
Compulsory courses

DC 348 Practical I: Computer programming 3 Credits

DC 349 Practical : Il 7 Credits

Semester |V Compulsory courses

DC 440 Molecular Structure and Spectroscopy 4 @gedi

DC 441 Solid State Chemistry and Catalysis 4 Csedit

DC 442 Surface Chemistry and Electrochemistry 4itse
Optional courses any one from following foyr

DC 444 Molecular Modeling and Computationa Credits
Chemistry

DC 445 Special Topics in Nuclear and Radiati@nCredits
Chemistry

DC 446 Special topics in physical chemistry 4 Credi

DC 447 Recent trends in physical chemistry 4 csedit
Compulsory course

DC 448 Project 8 credits




DC 340: Quantum Chemistry and Statistical Thermodymamics

1. Recapitulation: Classical Mechanics, Lagrangianidadhilton formulation, Postulates
of Quantum mechanics, probabilistic interpretatadnwave function, hermitian and
linear operators, eigenfunctions and eigenvaluespecation values, Bohr
correspondence principle, theorems for hermitiad Bmear operators (with proofs)
etc. (aoL)

2. Angular Momentum: Recapitulation, commutative riela, The method of ladder
Operators, Spin. (8L)

3. Approximate methods: The variational theorem, tresitt of excited states.
Applications to quantum chemistry. Time-independepéerturbation theory:
nondegenerate and degenerate cases, Introductidmédependent perturbation
theory.Application (a6L)

4. Statistical thermodynamics: Molecular energy lsydBoltzmann distribution law,
partition functions and ensembles, calculation odnglational, rotational and
vibrational partition functions, statistical therdymamics and second law, calculation
of different thermodynamic functions such as engitggat capacity, entropy, free
energy, equilibrium constants, application of statal thermodynamics, principle of
equipartition of energy, Maxwell-Boltzmann, Fermikft and Bose-Einstein
statistics. (14L)

Text Books:

1. Quantum Chemistryt, N. Levine Fifth Edition, Prentice Hall, New York(1998)

2. Physical ChemistryP. W. Atkins Sixth Edition, Oxford University Press, Oxford
(1998)

3. Quantum Chemistn. A. McQuarrie Viva Books, New Delhi (2003)

4. Physical ChemistryG. M. Barrow Fifth Edition, Tata McGraw Hill, New Delhi
(1994)

DC 341 Nuclear Radiation and photochemistry

Nuclear and Radiation Chemistry
1. Nuclear fission -: The discovery, conformation afclear fission, types of fission
reaction, mass distribution of fission product, €sion of neutron in fission, fissile and
fissionable nuclides, theory of nuclear fissiontical energy for fission, products of
nuclear fission (4L)

2. Nuclear reactors :- General aspects of reactorgdesihermal, fast and intermediate
reactors, reactor fuel materials, reactor modesatnd reflects, coolants, control
materials, shield, regeneration and breeding dfiléismatter, types of research
reactors. 4L



Nuclear structure-: The liquid drop model, calcaatof nuclear binding energies,
properties of isobars, missing elements, the nucée&ll model, magic numbers,
filling of nucleon shells, the collective and ueifi models. (4L)

lon beam analysis techniques: Particle inducedyXeraissions- projectile accelerator
and target preparation, ionization and X-ray eroissidetection,analysis and
applications.Rutherford back scattering — scattering reactiafgse analysis,depth
profiling, chanelling effects and applications (4L)

Radiation detectors: Scintillators and their préipsrinorganic and organic, solid state
semiconductor detectors-theory, surface barriedrified and intrinsic detectors
(4L)

Radiolysis of aqueous solutions : Radiolysis of ex&rric sulphate,ceric sulphate,
cupric sulphate solutions , Radiolysis Kinetics:IsBuRadiolysis and competition
kinetics, non-homogeneous kinetics, flash photslysi (4L)

Photochemistry

1.

Introduction: Laws of photochemistry, interactiofh lght with matter, theory of
photoluminescence, general features of photochéraité photophysical processes
(3L)

Mechanism of absorption and emission of radiatiémstein’s treatment, selection
rules, Life times of excited electronic states ¢bnas and molecules Types of
electronic transitions in organic molecules pho#mltal pathways, Jablonski
diagram, Fluorescence, Phosphorescence (4L)

Fluorescence emission, factors affecting fluoreseerviz. structure, solvent, pH,
temperature etc. Triplet state and phosphorescéeesy atom effect (4L)

Photophysical kinetics of uni and bimolecular psses, delayed fluorescence
mechanisms, kinetics of collisional quenching, Btéolmer equation, quenching by
added substances charge transfer mechanism, enamgfer mechanism (5L)

Photolysis, Laser-general principles, types ofrsistvo, three and four level lasers,
solid state Ruby and Nd/YAG laser, self phase net¢hr, single photon counting,
experimental techniques, flash photolysis: conweradi microsecond flash photolysis,
Nanosecond laser flash photolysis, Actinometry (5L)

Frontiers of photochemistry Picosecond, Femtosedtasth photolysis, applications:
Solar energy conversion and storage, photosynthesis (3L)



References:

1.

2.

©

Essentials of Nuclear Chemistry, H. J Arnikar, &Vil Eastern Limited, 4th
Edition.(1995)
Nuclear and Radiochemistry, G. Friedlander, J. Wnikedy and J. M. Miller, John
Wiley (1981)
Introduction to Radiation Chemistry, J. W. T. Sgndnd R. J. Woods, John Wiley
(1990)
Introduction to Nuclear Physics and Chemistry, BH4arvey, Prentice hall (1963).
Sourcebook on Atomic Energy-S. Glasstone, Van MastiCompany (1967)
Radiochemistry and Nuclear methods of analysis-®hihan and D.E. Vance, John
Wiley (1991)
Fundamentals of photochemistry by K.K.Rohatgi-Mujde
New Age International Publishers Revised iBdi{fReprint 2003)
Chemistry and light by Paul Suppan, The R&galiety of Chemistry

Introduction to Instrumentation AnalysisRyD. Braun Pharma Med Press

DC-342 Physicochemical Techniques

Physicochemical methods

1.

X-ray methods

Generation and properties of X-rays, generatioR-odys, -spectra, X-ray absorption,
Concept of absorption edge, application, X-ray gtsee apparatus, radiography and
radiotherapy, applications, X rays fluorescence, ndamental principles,
instrumentation, wavelength dispersive and eneligpedsive, quantitative analysis,
X-ray emission, fundamental principles, X ray difftion, powder diffractometer,
applications in material science, electron micrbprofurther advanced techniques,
Introduction to STEM, SEM (8L)

. XPS( X-ray photoelectron spectroscopy) : Theoryelitd peaks, chemical shift,

apparatus, chemical analysis, using ESCA, AES-foresal principles UPS (6L)

Luminescence, chemiluminescence, gas phase, ligh@se chemiluminescence,
apparatus, bioluminescence, electrochemiluminegcen (4L)

Mass spectrometry: Theory, instrumentation-basimmanents, ionization sources,
analyzers, resolution, chemical analysis, advantethniqgues-GC/MS, MS/MS
introduction (6L)

Neutron Activation Analysis : Principle, target, tm& cross-section, fluxes,
saturation activity, excitation function, Differensteps involved in NAA,

radiochemical and instrumental NAA, prompt radiatend pulse neutron activation
analysis, applications (8L)

Inductively coupled plasma atomic emission spectpg. principle,
instrumentation,analysis and applications (6L)



7. Thermal methods of analysis: TGA, DTA, DSC and tih@metric titrations —

principle, instrumentation, factors affecting TGAree, applications (6L)

8. Radiometric titrations : Principle , types and ingtentation (4L)

Text Books

1. Introduction to Instrumental Analysis- R. D. Braltharmamed Press, Indian Reprint
(2006)

2. Principles of Instrumental Analysis™®dition- D.A. Skoog, F.J. Holler, T.A. Nieman,
Philadelphia Saunders College Publishing (1988)

3. Principles of activation analysis - P. KrugerhddViley (1971)

4. Nuclear analytical chemistry- J. Tolgyessy an¥&ga Vol. 2 , University park press

(1972)

(6L)

DC 344: Topics in Theoretical Chemistry

(Sound mathematical background and a good knowletigaantum chemistry principles and
chemical bonding is a prerequisite for this optlomaurse. Any THREE OF THE
FOLLOWING TOPICS will be discussed.

1. Hartree Fock Theory

Slater determinants, Postulate of antisymmetryteBl@ondon rules for matrix
elements, Hartree-Fock equations, Koopmans andlo&nl theorem, Roothaan
equations, basis sets, computational aspects, UEktiRaa, Pople Nesbet equations
(Ref. 1). (16L)

. Semiempirical Theories

Recapitulation of Huckel method, extended Huckelthod, ZDO approximation,
CNDO/INDO methods, Molecular Properties, Computadicaspects, MINDO, AM1,
PM3 methods, comparison of these methods (Refd2lan (a6L)

Density Functional Theory
Introduction, Hohenberg Kohn Theorem, N and V-repr¢ablity, Levy Functional,
Kohn Sham equations, Functional derivatives andllgotentials, Thomas Fermi
theory, The Kohn-Sham construction, Fractional petion numbers, Janak's
theorem, Slater transition state, Electronegativigrdness (Ref. 2).

(16L)

Configuration Interaction

Multi-configuration wave function, full ClI matrixdoubly excites CI, illustrations,
Natural orbitals, Introduction to MC-SCF methodsuicated Cl and size-consistency
(Ref. 1) (16L)



Text Books:

1.
2.

3.

4.

Modern Quantum Chemistrg. Szabo and N.L. OstlunDover, New York (1996).
Approximate Molecular Orbital Theory,A. Pople and D.L. Beveridg®lcGraw Hill,
New York (1971)

Density Functional Theory of Atoms and MoleculBsGG. Parr and W. Yandxford
University Press, Oxford (1989).

Molecular ModelingA. Leach Longman, Landon (1996).

DC 345: Polymer Chemistry

1.

Introduction to Polymer SciencBasic concepts, History of polymers, Classification
of polymers as biological — nonbiological, linearabched network, condensation,
addition, homo- and hetero- chain, thermoplastithermosetting. Chemical and

geometrical structure of polymer molecules, Steempiar polymers, Optical and

geometrical isomerism (5L)

. Kinetics and Thermodynamics of Polymerization: Kice of addition, condensation

and radiation induced polymerization. Thermodynanoé polymer solutions, The
Flory-Huggins Theory, Flory Krigbaum and modifietbfy-Huggins Theory
(4L)

Copolymerization:Kinetics of copolymerization, Cdpuer equation, Monomer
reactive ratios, Instantaneous composition of pelym (4L)

Properties of Polymers: Crystalline melting poilihe glass transition temperature
(Tg), States of aggregation, states of phase, Factluencing Tg. Determination of
Tg by dilatometry, calorimetry. Heat distortion feenature. Properties involving large
deformations, melt viscosity, tensile strengthesdr strain, crazing, shear banding,
solubility and related properties, electrical aakhted properties

(8L)

Molecular Weight and Molecular Weight DeterminatioiMolecular weight
distribution, Number average and Weight averageemgér weight. Methods for
determination of molecular weight — Osmometry-memler osmometry, vapour
pressure osmometry, light scattering, viscosityyagentrifugation (5L)

Polymer Processing: Plastic technology — moldingrusion. Fibre technology —
textile and fabric properties, spinning, Fibre afteatments (5L)

Conducting Polymers and Polymer GeStructure, properties, characterization and

applications (5L)

Polymers of Commercial Importance: Polyethylendy#&wylics, Polyesters, Nitrile
polymers, Polycarbonates, Polyurethanes, Polytetcadthylene  (5L)



9. Natural and Synthetic Rubber: Basics of rubber ¢y Compounding and
vulcanization of rubbers. Applications of rubber (4L)

10. Polymer Degradation, Stability and Environmentaliss :Types of degradation,
Thermal degradation, Mechanical degradation, Pleapatiation, Degradation by high
energy radiation. Chemical, hydrolytic and UV sli&hiRecycling and biodegradation

(L)

References:
1. Polymer Science and Technology by Joel R. FrieddTédlition, 2002.

2. Polymer Science, V.R.Gowarikar , N.V.Vishwanatham daydev Sreedhar Reprint
edition, 2002.

3. Text book of Polymer Science, Fred W. BillmeyerThird edition, 2000.
4. Principles of Polymerization, George Odian, Thedition 2002.

5. Handbook on Conducting Polymers — T.A.Skotheim, Narcel Dekker Inc, New
York, 1 and2, 1986.

DC - 346 : Biophysical Chemistry

1. Introduction : The cell and its constituents, prate nucleic acids, RNA and DNA,
enzymes etc., molecular basis of life, human genante beyond Transcription and
Translation (5L)

2. Bioenergetics and Thermodynamidéolecular interpretation of Energy and Enthalpy,
Non-covalent reactions, hydrophobic interactiongptéin and Nucleic Acids.
Biochemical Applications of Thermodynamics, Thermyaamics of Metabolism, Role
of ATP in biological Systems (hydrolysis of ATP)iolbgical Reactions, Double
Stranded Formation in Nucleic Acids, lonic Effech dProtein—Nucleic Acid
Interactions (8L)

3. Physical Equilibria: Lipid Molecules and Bilayer & Transitions in Lipids, Bilayers
and Membranes, Biological Membranédembrane Equilibrium Transport through
cell membrane, Active and Passive Transport, Osnasid Diffusion, Muscle
Contraction, Energy Generation. Nerve Cells, Neut&iructure and Functions, Nerve
Impulse and its Conduction (8L)

4. Electrophoresis: Gel electrophoresis, DNA Sequeandiouble Stranded DNA, DNA,
Finger Printing, Conformations of Nucleic Acids,|$ad-Field Gel Electrophoresis,
Protein Molecular Weight, Protein Charge, Macroroolar Interactions.

(6L)



5. Kinetics: Basic Concepts, Enzyme kinetics, catalytic antibecaind RNA enzymes-
Ribozymes, Michaelis Menten Kinetics, Competitiomd dnhibition, Monod-Whyman
Changeux Mechanism. Photochemistry and Photadpyol®hotosynthesis

(6L)

6. Spectroscopy of Biomolecules : Spectra of Protaim$ Nucleic Acids, Amino acid,
Polypeptides, Secondary structure, Rhodopsin :Ao@bphoric Protein, Principles of
Circular Dichorism and optical rotator dispersiapplications to biomolecules

(7L)

7. Macromolecular structure and X-ray diffractionChain configuration and
conformations of macromolecules, proteins and pEpyides, problems of protein
folding, Fundamentals of X-rays, Braggs Law, Defeation of molecular structure,
calculation of diffracted intensities from atomi-ordinates (5L)

8. Biopolymers: Basics, Size of biopolymers, Methotidetermining particle shape and
molecular weight, Interactions with water (3L)

Reference Books:

1. Biophysical Chemistry By Gurtu and Gurtu, Pragatitién, 2007.

2. Physical Chemistry, Principles and Application®inlogical Sciences
By I. Tinico, K. Sauer, J. Wang andJPuglisi, 4 Edition, Pearson Edition,
2007.

3. Biophysical Chemistry By A. Upadhyay, K UpadhyagdaN. Nath, Himalaya
Publishing House, 2005.

4. Biophysical Chemistry by James P. Allen,

5. Biophysical Chemistry by C. R.Cantor and P.R. Bchel, WH Freeman &
Company, New York, 2004.

DC 348: Physical Chemistry Practical | 3 cfedits)
Computer Programming and Applications in ComputatidChemistry

Part A: Theoretical background of Computer programming (1 credit)
Introduction to hardware and software, binary and decimal numbers, constants
and variables, assignment statement, flow chart antheir use, IF and GO TO
statements, Do loops. Input, output and format stements, Subroutines and
function subprograms. Introduction to programming in BASIC/Fortran/C

Part B:The students are expected to write and execute a&dst six of the following
computer programs in BASIC/Fortran/C (1 credit)

1. Linear regression.

2. Quadratic equation.

3. Simultaneous pH titration.



©NOoO O A

Michaelis Menten based enzyme kinetics.

Analysis of amino acid sequencing.

Analysis of DNA sequences. Complementary sequencespeat frequencies etc
Handling of atomic coordinates files and distancetatistics in large molecules.
Determination of number of covalent and weak bond$n a given co-ordinate
data for protein molecule.

These programs are only indicative. The instructomay choose other programs

DC -349:

P wnhpE

to illustrate the use of computers in Chemistry.

Part C:Student are expected to use following packages foomputational

chemistry (1

credit)
Standard ab initio and molecular mechanics packages of Computational
Chemistry for molecular geometry optimization, enegy calculation,
molecular physical property evaluation viz. Dipolemoment, Atomic charges,
Electron density, Molecular electrostatic potential These properties are only
indicative. The instructor may choose other propeies to illustrate the
applications of computers in Chemistry.
Visualization of molecular properties

Examination of the Part A will be taken in the form of written test whereas
practical examination will be conducted for Parts Band C.

TEXT BOOKS:
Computers and Common Sens®&. Hunt and Shelley, Prentice Hall, New Delhi
(1998)
Computer Programming in Fortran-90 V. Rajaraman, Prentice Hall, New
Delhi (1990)

Computer and Chemistry: introduction to programming and numerical
methods T. R. Dickson, Freeman (1968)

Computer programs for chemistry D. F. Detar W. A. Benjamin Inc, New
York Vol. 1-3 (1968-69)

Practical Chemistry Course (M.Sc. - Partl, Physical )

Determination of kinetics of photolysis of uranyabate.
To determine the ionisation constant (pKf an indicator spectrophotometrically.
Determination of equilibrium constant for the reawct KiI +1, - Ki .

To determine critical composition and critical tesmgture for given naphthalene bi-

phenyl binary phase system.

5. Determination of composition and stability constahta complex formed between iron
(11 and sulphosalicylic acid by Job’s continuowariation method and verification by
slope ratio and mole ratio method.



6. Investigation of the solubility of a three componsystem and hence draw a tie line on
a binodal curve.

7. Construct the ternary phase diagram for microeronlsi Tx-100/water/cyclohexane.

8. To determine the critical miceller concentrationMC) of sodium dodecylsulphate
(SDS) using conductivity method.

9. Determination of surface tension of water in preseaf surfactant and hence surface
excess by capillary rise method/Du-Nouy Ring temster..

10.Determination of diffusion co-efficient and hydrodymic radius of KFe(CN)} by
cyclic voltammetry (CV).

11. Determination of the dipole moment of polar molecin a nonpolar solvent by the
measurement of refractive index and capacitance.

12.To investigate reaction between®3 and KI.

13. Determination of order of reaction by iodine cloukthod.

14. Thermodynamic parameters of an electrochemical, ¢ethperature dependence of
EMF.

15. Surface tension and parachor of liquids by stalageter and differential capillary
methods.

16.To determine the dose rate of C0-60 source by Erildsimetry

17.Use of thiocynate dosimeter for determining theathoh dose

18. Determination of half life of radioisotopes in asgin mixture

19. Determination of molar magnetic susceptibility ®&yoy Technique

20.Determination of magnetic susceptibility and no. urfpaired electrons by Faraday
technique

21.Determination of Rate constant (Oxidation/reductadrSubstituted benzene) by Pulse
Radiolysis technique.

22.Determination of activity coefficient of electro&/honelectrolyte by cryoscopy.

23.To study the formation of complex ions by cryoscopy

24.Determination of isobestic point of a given dye l@cale by spectrophotometric
method.

Dry experiments

1. Deducing the structure of an organic/inorganic malke from its NMR and/or
mass/and or IR spectra.

2. Analysis of an ESR spectrum of an organic/inorgaadtcal.

3. Derivation of geometric and spectroscopic and matibration spectra of linear
molecules.

4. Interpretation of electronic spectrum/identifyinspramophores and solvent effect
studies.



Books

. Experiments in Physical Chemistry by Carl W. Gadlaioseph W. Nibier and David

P. Shoemaker, Mc Graw Hill Publication.
Advanced Physico-Chemical Experiments by J. Rosds&c Pitman and Sons Ltd.

Systematic Experimental Physical Chemistry by SRajbhoj and T.K. Chondhekar,
Anjali Publication.

Experimental Physical Chemistry by V.D. Athawaled aharul Mathur, New Age
International (P) Ltd. Publishers.

DC 440: Molecular Structure and Spectroscopy

1.

Nuclear magnetic Resonance (NMR): (15L)
General Theory: Spin and Magnetism, interactiomwélear magnetic moment with
external magnetic field, classical and quantum raeial theories, selection rules and
transitions line shape, line broadening effects;inSpattice and spin-spin
relaxation:Bloch’s equations and solutions ( witholerivation) and their physical
significance;

High resolution NMR spectra concepts of the chehsb#t and coupling constants,
theory of chemical shift ( for closed shell systgntheory of chemical spin-spin
coupling constants- AX, A and AB cases: Instrumental and experimental aspects
high resolution NMR: illustrative applications ofgh resolutioilH NMR spectra in
solutions. Concepts of the rotating frame pulse N¥&urier Transfer NMR: Modern
NMR spectrometer application of the pulse methaddetermination of the spin —
lattice relaxation times; Outline and illustratiegplications of"*C NMR of non-
metallic solid- line broadening effects- local flel classical magnetic dipole- dipole
interactions, chemical shift anisotropy, Quadrupolaclei; Wide line NMR- concept
of the second moment of its applications; Introgcto the high resolution solid state
NMR- illustrative applications: Exchange effectslustrations.

Electron Spin Resonance (ESR): (aoL)
Basic Theory, Electron spin and magnetic momerdraation of electron spin with
external magnetic field, the resonance conditioralgee, line shape and width and
intensities, instrumental aspects- (comparison WithR- spectrometer); ESR Spectra
of organic free radicals in solutions hyperfineenaiction and hyperfine coupling
constants; concepts of spin polarization; spin idgn®1cConnell equation, ESR
spectra of inorganic free radicals- anisotropy pE§R spectra of molecules in the
triplet state — fine structure, illustrations- n#piene and other triplet state molecules;



lllustrations of ESR — spectra of transition metals- Kramers theorem, Jahn-Teller
theoram, The spin Hamiltonsan, Exchange effecEsSR, illustrations.

. Nuclear Quadrupole Resonance (NQR): (7L)
Basic Concepts- Nuclear electric quadrupole moméq3 electric fields gradients
(EFG) at the nucleus, asymmetry parameter betwee) é&nd (EFG), nuclear
guadrupole energy levels, selection rules and itrans quadrupole coupling
constants (qcc), influence weak magnetic fieldlugrice of external electric fields;
Equipment for observation of NQR, interpretationNPR data- Towmes and Daily
theory, applications of NQR.

Text Books for magnetic Resonance

NMR
. High Resolution N.M.RE.D. BeckerAcademic Press (1969)

2. Nuclear Magnetic ResonanEeR. AndreaCambridge University Press (1955)
3. Pulse and Fourier transform N.M.RC. Farror and E.D. Beckeicademic Press
N.Y (1971)

ESR

1. An introduction to Electron Paramagnetic Resonandé, Bersohn &
J.C.BairedW.A.Benjamin , Inc N.Y. (1966)

2. High resolution ESR SpectroscopyGerson(John Wiley & sons— 1970)

NQR
1. Nuclear Quadrupole Resonance in chemiggy.Semin, T.A.Babushkina & G.G.
YakobsonJohn Wiley & sons,(N.Y.)-(1975)

Electric and magnetic properties of molecules Refi@tive index and electric
permitivity

Polarization and Polarisibilty, Mossotti —ClausiusEquation (8L)

The molar refraction, polar compounds, the measent of permitivity , the

Debye Equation , Experimental methods of Dipole rapnt determination,

interpretation of molecular dipole moment, the tations and extensions of the
simple treatment of molar polarization. Dielectbeceakdown, piezoelectricity,
ferroelectrics.

Text Books:
1. Electrical and optical aspects of molecular behanid. Davies Pergammon Press
2. Lecturers on the electrical properties of materlalsSolymar and D. Walsi™

Edition, Oxford Science Publication.

Magnetic Properties (8L)



Diamagnetisation and paramagnetisation theoriggererental determination of
susceptibility and molecular magnetic moments, Zaem splitting,
paramagnetisation of multielectron systems. Femal antiferro magnetism,
magnetic resonance, some applications

Text Books:

1. Introduction to magnetochemistiy. L. Earhshaw Academic Press

2. Magnetic Susceptibilityl..M. Mulay

3. Treaties on Analytical Chemistry, Part I, Vol IMterscience , John Wiley, N. Y
1963

DC 441: SOLID STATE CHEMISTRY AND CATALYSIS

Solid State Chemistry

1. Properties of metals and semiconductors: band yhégpes of solids, intrinsic and
extrinsic semiconductors, p-n junctions, opticabparties, photoconductivity of
crystals [7L

2. Imperfections and related phenomenon: Defects lidssopoint defects line defects,
diffusion in solids- mechanism, elastic and pladgformations (5L)

3. Crystal growth techniques: General principles, dglofrom solution, growth from
melts, growth from vapour (4L)

4. Imperfections and physical properties crystals: cteieal properties, Optical
properties: Colour centers in ionic crystals: typeseation, Magnetic properties ,
Thermal properties and Mechanical properties. 8L) (

5. Solid state reactions: reactions of single solidd their kinetic characteristics, gas -
solid, solid -solid, addition and double decompositreactions, photographic
process (6L)

Text Books:

1. Introduction of Solids L.V Azaroff , Tata McGraw IHi

2. Principles of the solid state H. V. Keer, Wiley Eaa (1993)

3. Selected topics in solid state physics Vol. 12, grewth of crystals from liquids — J.
C. Brice, North Holland/American Elsevier (1973)

4. Defects and diffusion in solids. S. Mrowec Elsenpubl.(1960)

5. Treatise on solid state chemistry, ED-N.B. Hanmgnum press Vol -2 (1975)

Catalysis



1. Fundamentals of adsorption and catatysi®hysical and Chemical adsorption —
adsorption isotherms: evaluation, chemisorptiomatals and metal oxides. Catalysis:
concept of activity, selectivity, poisoning, protion and deactivation. Types of
catalysis: homogeneous, heterogeneous. Heterogeneatalysis and catalytic
kinetics: concept of Langmuir-Hinshelwood (4L)

2. Preparation and Characterization of Catalyst: gdnerethods for preparation of
catalysts: precipitation, sol-gel, hydrothermal, pregnation, hydrolysis, vapour
deposition. Activation of catalysts: calcinatiomeduction. Catalyst characterization:
surface area, pore size distribution, particle siegeermination, XPS, AES, UV-Vis,
FT-IR and thermal methods (4L)

3. Nanomaterials and Catalysis: General definitionndthemistry basics, distinction
between molecules, nanoparticles and bulk materialPhysico-chemical

considerations of nanomaterials. Size-dependemispties. (3L)

4. Catalysis in green chemistry and environmental iepppbns Purification of exhaust
gases from different sources: auto-exhaust cagalystrol vehicles, diesel vehicles),
VOC removal; ozone decomposition; photocatalysisfiluent treatment.

(2L)

5. Photo-catalysisPhotoprocesses at metals, oxides and semiconductmesepts and

mechanism. Photocatalysis application in organitufaont degradation present in

water and air. (2L)

Text/Reference books:

1. W. Adamson, Physical Chemistry of Surfaces , Wileyersciences, 1990 (5th
edition) 1990.

2. Bond, G GCHeterogeneous Catalysis: Principles and Applicati@xford
University Press 1987

3. D.K. Chakrabarty and B. Viswanathan, HetergogaseCatalysis, Hardcover -
Oct 2008 New Age International Publishers)

4. B.C. Gates, Catalytic Chemistry, John Wiley andsSioic. (1992).

5. G. Cao, Nanostructures and Nanomaterials - Syr#theBroperties and
Applications, World-Scientific, 2004.

6. P.T. Anastas and J.C.Warner, Green Chemistry, yteaat practice,



7. Nick Serpone and Ezio Pelizzetti, Photocatalysisidamentals and Applications,
Wiley, NewYork, NY, 1989.

DC — 442 Surface Chemistry and Electrochemistry (4 Credits, 48 Lectures)
Surface Chemistry: (24 lectures)

1.

Adsorption: (4 lectures)

Adsorption definition, Thermodynamics of adsorptibangmuir adsorption isotherm,
Langmuir constant and Gibbs energy of adsorpti@mgimuir adsorption with lateral
interaction, BET adsorption isotherm, adsorption logterogeneous surface, The
potential theory of Polanyi.

Surface Forces: ( 6 lectures)

Van der Waals Forces macroscopic solids, Microscaogpproach, macroscopic
calculation-Lifshitz theory, Surface energy and Hdéer constant, Derjaguin
approximation, electrostatic double layer, DLVOdheand application.

Liquid Surface: (5 lectures)

Microscopic Picture of liquid Surface, Surface Tiens Equation of Young and
Laplace (derivation and application), Curve surfaselvin Equation, Capillary
Condensation, porous solids and Nucleation Theory.

Thermodynamics of Interface: (5 lectures)

The Surface excess, Helmholtz/ Gibbs surface enargy definition of surface
tension, interfacial enthalpy, Surface tension afrep liquids, Gibbs adsorption
isotherm for two component system (derivation exgd); Experimental aspects

Surfactant Micelles, emulsions: (4 lectures)

Surfactants, spherical micelles, cylinders andyeilg, critical micelle concentration,
thermodynamics of micellization (equilibrium andagle separation model, derivations
are expected ), Structure of surfactants aggregabesiogical membranes,
microemulsion, inverse microemulsions, formatiod atabilization.

Books:
1. Physics and Chemistry of Interface, second editidans-Jurgen Butt, Karlheunz
Graf, Micael Kappl, Willey VCH (2006), ISBN-13 978527-40629-6
2. Physical Chemistry of Surface, A.W. Admson, fiftiditeon, Wiley Interscience
Publiation (1990)
3. Surfactant Science and Technology, second edifisayw Myers, VCH Publishers
(1992)
4. Principles of Colloids and Surface Chemistry, R@&menz Marcel and Dekker, N.Y.
(1977)
Electrochemistry: (24 Lectures)
1. Introduction and over view of electrochemical prsgses: (6 lectures)

Electrochemical cell and reactions, Faradic and faradiac processes,
electrochemical Experiments and variables in ebebiemical cells, Basic
electrochemical thermodynamics, free energy ant EBIF, half reaction and



reduction potentials, formal potentials , refereralectrodes , measurements of
potential differences, Electrochemical potentiéstmi level and absolute potentials,
liquid junction potential.

2. lon-ion interactions : (6 lectures)
ideal solution, deviation from ideality, Activity and ctavity coefficient, Debye-
Huckel Theory , limited and extended law (derivatexpected)

3. Kinetics of Electrode reactions: (8 lect)re
Essentials of electrode reactions, Butler Volmmexd® for electrode kinetics, One
step,one electron process through potential endigyram, standard rate constants
and transfer coefficients, equilibrium conditiondaaxchange current, current over
potential equation, current-over potential equatiorry facile kinetics and reversible
behavior, introduction to microscopic theoriexcbérge transfer, Marcus microscopic
model , predictions from Marcus theory, Gerisclrandel based on distribution of
energy states , Tunneling and extended chargeférans

4. Electrochemical devices : (4 Lectures)
Batteries and Fuel cells

Books:
1. Modern Electrochemistry, Volume 1 and 2, J.O.M Beland A.K.N, Reddy Plenum

Press N.Y. (1970)

2. Electrochemical Methods second edition, A.J. Bard aL.R. Faulkner, John Wiley
and Son (2001).

DC 444: Molecular Modeling and Computational Chemigy

(Reasonable mathematical background and knowletiggiantum chemistry principles and
chemical bonding is a prerequisite for this optlomaurse. ANY THREE of the
FOLLOWING TOPICS will be offered.

1. Semiempirical Methods and Molecular Mechanics
Introduction to Molecular Mechanics, MM2, OPLS, AMR, SHAPE and related
force fields, Recapitulation of Huckel theory, EHINDO, INDO, MINDO/3, AM1
and PM3 methods (Ref. 1 and 5) (16L)

2. Molecular dynamics
Simulations, Principles underlying MD methods, Gieal and Quantum molecular
dynamics, Applications (Ref. 2 and 3) (a6L)

3. Case studies in Applied MO Theory
Structure, energetics, charge distributions andtsgledata, interpretations in some
simple systems, understanding reactivity, visutibraof molecular properties (Ref.
4). (16L)

4. Quantitative Structure-Activity Relationships
Electronic and steric effects on organic reactidopplogical indices, Hydrophobic
parameter, Octanol-water, Partition coefficientsSAR of Nonspecific Toxicity,



QSAR of Proteins and Enzymes, QSAR in metabolisarci@ogenesis and antitumor
drugs, CNS agents, Microbial QSAR, Design of BioectCompounds (Ref. 1)
(aeL)

Text books:

Molecular ModellingA. Leach Longman, London (1996).
Introduction to Computational Chemistfy, JensenJohn Wiley, New York (1999).

Computational Chemistry (Theories and Modes) Cramer, John Wiley, New York
(2002).

J. B. Foresman and A. Frisch, Exploring ChemistrithwElectronic Structure
Methods, Gaussian Inc. (1996).

Approximate Molecular Orbital Theoryl. A. Pople and D. L. Beveridg&cGraw
Hill, New York (1971).

DC445 Special topics in nuclear and radiation chersatry

1.

Nuclear reactions: Bethe's notation, types of raraleactions, conservation in nuclear
reactions, compound nucleus theory, experimenideece, specific nuclear reactions,
photonuclear and thermonuclear reactions. 4)

Accelerators: Basic components,Cockroft-Walton kre#orVan de Graaff
accelerator, Linear accelerators,cyclotrons, syotobins, (3)

Radiation hazards and safety ; Natural and manmadeces of radiations, internal
and external radiation hazards, safe handling ndsthpersonal dosimetry, reactor
safety, the effects of Three miles and Chernobyidents, radiation protecting
materials. 4)

Biological effects of radiations : The interactiaf radiations with biological
cells,various stages, somatic and genetic effentssimum permissible dose-ICRP
recommendations 4)

Hot atom chemistry : Szilard Chalmers process, ateynof recoil atoms, recoill
technigues, models for retention, annealing reastiannealing mechanis (3)

Applications of radioisotopes in nuclear medicined apharmaceuticals: general
applications of radiopharmaceuticals, use of nugaperties of indicator nuclides.

In vivo diagnostic procedures, in vitro diagnogésting therapeutic use of radiations,
Use of radiation for food preservation and steatiian (8L)



7. The origin of chemical elements, cosmology, prenabrchucleosynthesis, stellar
evolution and stellar nucleosynthesis, solar natproblem, Synthesis of Be, B, Li in
COSMos (6L)

8. Management of radioactive waste: liquids, solid$ gases (4L)

9. Radiolysis of organic systems : Alkanes, aromagitrbcarbons, alcohols (4L)

10.Radiolysis kinetics : Emperical rate studies, molac kinetics, hon-homogeneous
kinetics, effect of solute concentrations on thelanalar yields from water,radical
scavenging,chain reactions, pulse radiolysis (8)

References
1. Radiation Chemistry: Principles and Applicationartataziz and M. A. J. Rodgers (Eds.),
VCH Publishers, New York (1987).

2. Radiation Chemistry: Present Status and FuturedBie€. D. Jonah and B. S. M. Rao
(Eds.) Elsevier, Amsterdam (2001).

3. Essentials of Nuclear Chemistry: H. J. Arnikar. N&ge Publication Ltd. (1995).

4. Radiation chemistry and Nuclear Methods of AnalysisD. Ehmann, D. E. Vance. John
Wiley (1991).

5. Nuclear and Radiochemistry G. Friedelarder, J. \Whédy, E.. S. Macias, J. M. Miller
John Wiley (1981).

6. Source Book of Atomic Energy, S. Glasstone, D. Mastrand (1967)

DC-446: Special Topics in Physical Chemistry
Any TWO of the following modules:

A) Chemical Kinetics  (2credits) (24L)
Reactions at liquid surfaces- introduction, Cagkeatf Friction and diffusion, Langevin
Equation, diffusion control, ionic strength andotten transfer, Marcus Theory, Temperature
jump and ultrafast laser techniques
Reactions at Solid Surfaces- Adsorption and desorpCompetetive adsorption, catalysis,
unimolecular and bimolecular surface reactions, A€ Burface reactions, surface diffusion,

Temperature Programmed desorption and modulateecmal beam methods

Molecular Reaction Dynamics, collisions, Potentiahergy surfaces, trajectory and
semiclassical calculations. Molecular energy (ti@real, rotational, vibrational, electronic)



transfer, reactive collisions- orientation, bontesgve Chemistry, Potential energy surfaces
from Spectroscopic Information, van der Waals Caxe$

B) Thermodynamics (2credits) (24L)
Non-equilibrium thermodynamics: (22L)
Entropy of irreversible processes — Clausius inktyuaentropy production (heat flow,
chemical reactions, electrochemical reactions) emtdopy flow; Entropy production in open
systems; Rate of entropy production — generalizmdet and fluxes; Phenomenological
equations, Onsager reciprocity relation; Electrekim phenomena; TPD and
Thermomechanical effects; Stationary non-equilitrigtates — states of minimum entropy
production; non-linear thermodynamics of irrevelsibprocesses; Some important
applications
Thermodynamics of real gases (12L)
Concept of activity, choice of standard states,Hdds of determining activity coefficient and
activity coefficient, variation of activity and aety coefficient of a gas with pressure and
temperature, activity of solids and liquids, cortcep fugacity, variation of fugacity with
pressure and temperature, fugacity of solids amqaids, fugacity of a gas in mixture of real
gases, determination of fugacity of gas in a mixtur
Text book:
C. Kalidas and M. V. Sanganarayahan-Equilibrium Thermodynamics — Principles
and ApplicationsMacmillan India (2002)

Reference book:
1. Prigogine.Introduction to Thermodynamics of Irreversible Resses Interscience
New York (1967) (
2. Katchalsky, A. & Curren, P. FNon Equilibrium Thermodynamics in Biophysics
Harvard University Press: Cambridge (1965).

C) Advanced Electrochemistry (2 credits) (24L)

1. Electrical double layer and electrified interfaceThermodynamics of Electrified
interface, Electrocapillary curve, Potential @ra@ charge, structure of electrified
interface, parallel plate condenser model: HelnzaBkrrin Theory, Gouy-Chapman
Diffused Charge Model, Potential drop at diffusgela Stern model (7L)

2. Electrodics: Buttler volmmer formulation, Micraguic theories of charge transfer,
Marcus microscopic model (derivation expectedpredictions from Marcus theory,
Semiconductor electrodes and electron-transfer  essEs at the
semiconductor/electrolyte interfaces, Effect of htigat semiconductor-solution
interface. (aoL)

3. Electrochemical methodsintroduction to Laplace transformations, Boundary
condition, Cottrell equation, Controlled Potentidlechniques, Electrochemical
instrumentations, Scanning probe techniques irtrelgremistry. (7L)



Recommended Texts:

1.

3.

Bard, A. J. Faulkner, L. RElectrochemical Methods: Fundamentals and Applarai
2nd Ed., John Wiley & Sons: New York, 2002.

Modern Electrochemistry, Volume 1 and 2, J.0.M Belkand A.K.N, Reddy Plenum
Press N.Y. (1970)

Antropov, L.I. Theoretical Electrochemistry

DC 447: Recent Trends in Physical Chemistry (4 cret$; 48 L)

TEM: The Electron Gun, Electron acceleration, Condersans System, The
specimen stage, TEM Imaging Systemudat System, Brief outline of
TEM Specimens and images (8)

SEM : Operating Principles of the SEM, Penetration oCEtmns into a solids,
Secondary- Electron images, Backscattelectron Images, SEM
operating Conditions, SEM specimen Preparation, &mdronmental SEM,
Electron Beam Lithography (8)

AEM (Analytical Electron Microscopy): The Bohr Model of the atom, X-ray
Emission Spectroscopy, X-ray Energy Dispersivec8pscopy,
Quantitative analysis in TEM, Quantitatanalysis in SEM (8)

Introduction to Nanoworld, Metals, SemiconductornNerystals, Ceramics, Metal
nanoparticles: Double layers, optical propertiesl &iectrochemistry, Magnetism,
Chemical and Catalytic aspects of Nanocrystals lidgions of nanoparticles.

(12)

Title: Introduction to Nanoscale Sence and Technology
Edited by: Massimiliano Di Ventra, Stepe Evoy and James R. Heflin, Jr.
Publisher: Springer (Available at NCL Library).

Self assembly and Self Organization: The advantages of Self assembly,
Intermolecular Interaction and Molecular Recognisgt Self assembly Monolayers
(SAMs), Electrostatic Self assembly, Self organaatin Block Copolymer

12)
References

1.Physical Principles of Electron Microscopy: Artraduction to

TEM, SEM and AEM by Ray F. Eger®oringer

2. Handbook of Instrumental Techniques foaktical Chemistry

Editor by  Frank Settle Pearson Educationd&nore).

3. Nanoscale Materials in Chemistry

Editor by Kenneth J. Klabunde
John Wiley & Sons

DC 448: Projects 8 Credits



Syllabus of Analytical Chemistry Part |l

Course no. Course name Credits

Semester Il | Compulsory courses

DC 350 Pl_rinciples and Applications of Analytigab Credits
science

DC 351 Advanced Analytical Techniques 5 Credits

DC 352 Analytical Chemistry of Pharmaceuticals ansl Credits
Polymeric materials

DC 353 Clinical and Consumer Product Analysis édiis

DC 358 Analytical Chemistry Practicals | 4 Credits

DC 359 Analytical Chemistry Practicals Il 4 Credits

Semester IV | Compulsory courses

DC 450 Industrial Products and Forensic Analysis | 6 Credits

DC 451 Environmental Chemistry 6 Credits

DC 454 Biomaterials and Agrochemicals 4 Credits

DC 458 Project Work 7 credits




Department of Chemistry

University of Pune

M. Sc (Chemistry) Syllabus under the credit sys&iepartment of Chemistry, University
of Pune, Pune 411007 is effective from the acadgeac 2009.
The M. Sc. course in Chemistry for two years wahsist of 100 credits. Each semester will

run for 15 weeks. We will have 70 credits for theand 30 for Practicals and project work.

The proposed structure for M. Sc. Semester IlIAvglytical Chemistry) is the following:
Semester 3:
DC-350: Principles and Applications of Analyticalence (5 credits and 60 lectures)
(Inorganic Section)
DC-351: Advanced Analytical Techniques (5 creditd 80 lectures) (Physical Section)
DC-352: Analytical Chemistry of Pharmaceuticals &wdlymeric materials (5 credits and 60
lectures) (Organic Section)
DC-353: Clinical and Consumer Product Analysisr@dids and 48 lectures) (Biochemistry
Section)

Semester 4:
DC-450: Industrial Products and Forensic Analy8isrgdits and 72 lectures) (Inorganic
Section)
DC-451: Environmental Chemistry (6 credits andé@ures) (Physical Section)
DC-454: Biomaterials and Agrochemicals (4 creditd 48 lectures) (Optional)
Biomaterials — Synthesis and Appiaas (Biochemistry Section)
Agrochemicals — Synthesis and Atlans (Organic Section)
Practicals
DC-358: Analytical Chemistry Practicals | (4 crsdi~7.5 weeks)
Inorganic Analysis (3 / 4 weeks)diiganic Section)
Clinical Analysis (3 / 4 weeks) @Bhemistry Section)
DC-359: Analytical Chemistry Practicals Il (4 citsd~7.5 weeks)



Drugs, agrochemicals, etc. (3 /ekks) (Organic Section)
Instrumental Analysis (3 / 4 wee{@hysical Section)
DC-458: Project Work (7 credits, ~13.5 weeks)

*kkkkkkkk

SEMESTER 3
DC - 350: Principles and Applications of AnalyticalScience (5 Credits) (60 Lectures)

Section I: (30 Lectures)

a.Analytical Science — a perspective:
History of Analytical Chemistry, Basic conceptsa&lical and Instrumental methods,
Chemometrics, Automated Analysis, Future trend&nalysis.
b. Sample Dissolution Methods for Elemental Analysis:
Inorganic samples: Introduction, Acids as solveRtssion process, and miscellaneous
procedures.
Organic samples: Dry and wet ashing methods, Sp@eithods, Dissolution of organic
samples.
c. Signal Processing:
(1) Simple D. C. and A. C. Circuits: D. C. CirgjiCurrent and
Potential measuring devices, A. C. Gtscu
(2) Electronic Circuits: Semiconductors, Diodesasistors, and Practical
Circuits and Power Supplies.
(3) Operational Amplifiers and Microprocessdntegrated Circuits,
Op Amp, Logic devices and Computers.
d. Heterogenous Catalysis:
(1) Basic Principles of heterogenous catalysis.
(2) Different types of reactions
(3) Characterization of Heterogenous Catalysis
(4) Photocatalysis
Text Books:
1. “Principles and Practice of Analytical Chemistrly. W. Fifield and D. Kealey, 5th



edn., Blackwell Science, Chapt. 1, pp 12-33,-3879, 385-411, 415-458 (Chapt.
7.4) and 463-471, (2000).

2. “Fundamentals of Analytical Chemistry”, D. A.@&lg and D. M. West, 4th edn., CBS
College Publishing, New York, Chapt. 1, pp 12-11982).

3. “Introduction to Instrumental Analysis”, R. Dr@&vn, McGraw Hill, Chapt. 2,3
and 4, (1987).

4. “Instrumental Methods of Analysis”, H. H. WilthrL. L. Meritt and J. A. Dean,
Affiliated East-West Press, Chapt. 1 and 2729

5. Heterogenous Catalysis : Principles and Appbeoa by G.C. Bond, Clarendon Press-
Oxford, 1974.

References:

1. “Principles of Instrumental Analysis”, D. A. Skg, F. James Hollier and T. A.
Naiman, Harcourt College Publishers (1998Y)cHart India Pvt. Ltd., Indian Reprint
Chapt. 1, pp 12-13, (2001). / “Principledrdtrumental Analysis”, D. A. Skoog, F.

James

Hollier and S. R. Crouch, 6th edn., ThomBoooks/Cole Publishers (2007).
2. “Sample Pre-treatment and Separation”, R. AsalerACOL Series, N.B. Chapman
(Ed.), John Wiley & Sons for ACOL, Chapt. 3 ahp 66-118, (1991).

Section II: (30 Lectures)
Calibration methods
Optimization and Experimental Design
Process Analysis

Quality Assurance and Quality Control

® 2 0 T p

Reference Materials

3
L)
a. Calibration , construction of calibration curves, compamisath single standard, matrix



matching, bracketing of std, standard addiéiod internal standard methods, calibration of
glassware, buoyancy errors, numericals
GL
b. Optimization and Experimental DesigAccuracy, precision, classification of errors,
minimization of errors, significant figures acdmputation, mean deviation and standard
deviation, Detection, reduction and compensatb errors, propagation of intermediate
error,
confidence level, confidence limit when sigrm&mown and when sigma is unknown,
statistical treatment of random error, progartiof Gaussian distribution, Test of
significance,
F test, Q test (Student T test), Constructiwsh iaterpretation of graphs, fitting the least
squares lines

(6L)

c. Process Analysis:Introduction, Hazards, Safety, continuous or fagumonitoring,
measurement systems, process chromatograph, preeegsling and sample systems,
service and maintenance, electrochemical meth8as, Ispectroscopic methods (14 L)

d. Quality Assurance and Quality Contrd\) Industrial Analysis Quality characteristics of
chemical analysis, errors occurring at the tstduring or by the end of analysis,

interpretation
and presentation of results, Shewhart CharG @M chart and EWMA chart; Batch and
process evaluation, QA schemes, experimensidide for optimization studies and
ruggedness testing, system management; B)c@liAinalysis: Introduction, analytical
responsibilities, Managerial responsibilitipeactical approaches to QA, characterization of

method, Results and preparation of reportertai QC, Accuracy and external quality

assessment, near-patient testing and QC; Cénradustry. Water quality field sampling

QA/QC program, QA/QC documentation, QA projelein, designing a water quality

monitoring plan, Site selection, sampling freaqcy and sample size, cost considerations,

training of field personnel, field trip prepticms, Water quality sampling, toxic chemicals
in

bottom sampling and biota, bacterial sampldectibn, sequential triplicate sampling,
sample

handling, preservation, storage and transpbsin of custody, field safety, field audit

program, laboratory QC procedures inter- amchifaboratory QC, detection limits,

reporting of analytical results, data handiamgl data management

2L)

e. Reference Materials (RMsRAnalytical standards, primary and secondaryddaats, high
purity substances, reference materials, ustMx in statistical control schemes and in
intercomparisons, role of certified referencgenials (CRMs), production and

requirements,
obtaining reference value and certified value




References

1. D. A. Skoog, D. M. West and F.J.Holler, Fundataks of Analytical Chemistry,”i Ed.,
Saunders College Publishing, 1991.

2. R.A.Day and A.L.Underwood, Quantitative Analy€f8 Ed., Prentice-Hall of India

Pvt.Ltd.,
1993.

3. Gas Chromatography, Open Book Learning Series

4. Larry Hargis, Analytical Chemistry. Principlesdatechniques

4. Encyclopedia of Analytical Chemistry, Vol.



DC-351: Advanced Analytical Techniques (5 Credit$ ( 60 Lectures)

Section —I: [TotaD Lectures]

Electrochemical Methods of Analysis: [10 Lectures]

Polarography: Principles, Factors affecting pajaaphic wave, pulse polarography, and
differential pulse polarograph,

Voltammetry : Voltammetric principles, Hydrodynamvoltammetry, Stripping voltammetry,
Cyclic voltammetry, criteria of reversibility ofextrochemical reactions, quasi-reversible and
irreversible processes, qualitative and quantiéatimalysis by these techniques. Coulometry

and electrogravimetry.

Thermal Methods of Analysis: [ 6 Lectures |

Principle and instrumentation of TGA, DTA, DSC & BGThermometric titrations. Typical
applications of each technique.

Radiochemical Methods : [ 10 Lecte

Neutron activation analysis : Principle, Definitioh various terms, various steps involved.
Absolute & comparative method, PLNAA pulse N

Isotope Dilution analysis : Principle, Direct, rese double derivative IDA.

Radiometric titration : Principle, types and instientation.

Radio immunoarray : principle and applications

Chemically Modified /lon Selective Electrodes [ 4 Lectures]



Section - I [TotaD Lectures |

a. Laser Based Techniques : [8ctures |

Atomic fluorescent spectrometry (AFS), Resonant isation spectroscopy (RIS),
Laser enhanced ionization (LEI). Principle — typésransition tunable laser, Classification of
medium pumping and controlling mechanisms, Instmtateon
detailing of various gaseous, liquid and solid sear cell, monochromators,
detectors.

Atomic Emission Spectrometry (AES): [ 4 Lectures |

Inductively coupled plasma — ICP / AES and Flaméssion spectroscopy (FES). Sources —
electrical discharge, dc/ac arcs, spark laserapiobe, qualitative and quantitative analysis,

problems discussion

Atomic Absorption Spectrophotometry (AAS): [ 6 Lectures ]
Principle-spectral line width, doppler and pressan@adening, Instrument-sources-line and
continuous, electrodeless discharge lamps, Hollatarle lamps, temperature gradients,
cells — flames, furnaces, detectors, interfereaoesmodifications in instrumentations,

applications — problems discussions.

b. Hyphenated techniques: [ 4 Lectures |
GC-MS, ICP-MS, tandem mass spectroscopy, MS-M& e, Instumentation and
analysis of micronutrients like Mo, B, Cu, Zn edsartowards the healthy growth of

crops, fruits-hence determination of these fronh gtants, fruits etc.

c. Imaging techniques including MRI : [6 Lectures]



Magnetic resonance imaging (MRI)- principle, instentation, magnetic resonance
angiography'H nmr of relevant diamagnetic and paramagnetic camgs, contrast

agents and clinical applications.

Supercritical Fluid Chromatography: [ 2 Lectures ]
Principle, instrumentation and applications in phaceuticals.

Books

1. “Introduction to instrumental analysis” R. D. Bra(ir987)

2. “MRI : Basic principles and applications”, M. A. &vn, R. C. Semelka (1995).

3. “Handbook of Atomic Absorption & Fluoroscence Speuatetry by Michael Sargent

& Gordan Kirkbright, Viridian Publishing
“instrumental methods of chemical analysis”, H. H¥llard, L. L. Merrit Jr., J. A.
Dean and F. A. Settle™&dn (1986).

5. Encyclopedia of Analytical Chemistry (1995).

6. “ Cyclic Voltammetry and Frontiers of Electrochetmys, N. Noel, and K. I. Vasu,

IBH, New Delhi (1990).



DC-352:
Qualitative and Quantitative analysis of Organic Canpounds by spectral methods /

Spectroscopic methods in Structure Determination (5 Credits) ( 60 Lectures)

'H NMR: Recapitulation of basic principle, Fourier Tramsh technique, Pulse sequence,
relaxation processes. Use of Integration in thentpiave determination of isomers, Factors
affecting chemical shifts (inductive, resonance andgotropic effect with examples), chemical
shift of different types of protons (alkane, alkeakkyne and allene), aromatic protons and effect
of substituent, different types of spin couplingstforder analysis of spectra, Ramsay mechanism
of spin coupling, roofing effect with example, @fént spin systems (AB, AM, AX, ABX/AMX
spin systems with examples), calculations of lineensities and chemical shifts in AB spin
system, factors affecting coupling constants (diledangle, Karplus equation-graph,
electronegativity, bond order, hybridization, banthle with examples), non equivalence due to
restricted rotations, rate processes. Effect ofi iigld NMR for simplification of spectra, Shift
reagents. Spin decoupling and Nuclear Overhaugestefith examples.

(16)

3C NMR: Elementary ideas, instrumental difficulties, FBchnique advantages and
disadvantages. Proton Noise Decoupling technigwarddges and disadvantages, off-resonance
technique, Chemical shifts of solvents, factoreetfhg chemical shifts, analogy withi NMR,
calculations of chemical shift of hydrocarbonsgetfof substituents on chemical shifts, different
types of carbons (alkene, alkyne and allene), ctenshift of aromatic carbons and effect of
substituent. Chemical shifts of carbonyl, nitribgjme carbons.

(10)

Two dimensional (2D):NMR techniques, principle and pulse technique, DERth 3 different
angles,*H-'H COSY, 'H-C COSY (HETCOR, HMQC), interpretation of 2D spectad
examples.

(08)



Mass spectrometry theory, instrumentation various methods of ioticra (field ionization,
FAB, MALDI, californium plasma), different detec®r[magnetic analyzer, ion cyclotron
analyzer, quadruple mass filter, time of flight {#® Importance of HRMS, Rules of
fragmentation of different functional groups, fast@ontrolling fragmentation. Fragmentation of
different types of compounds like alkanes alkemesmatic compounds, carbonyl compounds,
nitriles etc. (16)
Problems based on joint application of UV, IRH and**C NMR, 2D and Mass (including
reaction sequence).

(10)

Books:

1. Introduction to Spectroscopy — D. L. Pavia, Glmpman, G. S. Kriz,"3Ed.
(Harcourt college publishers).

2. Spectrometric identification of organic composifiti M. Silverstein, F. X. Webster,
6" Ed. John Wiley and Sons.

3. Spectroscopic methods in organic chemistry HDWilliams and I. Flemming Mc
Graw Hill.

4. Absorption spectroscopy of organic molecules MVYParikh

5. Nuclear Magnetic Resonance — Basic Principlét-Br-Rehman, Springer- Verlag
(1986).

6. One and Two dimensional NMR Spectroscopy- aAit-Rehman, Elsevier (1989).

7. Organic structure Analysis- Phillip Crews, Rodez, Jaspars, Oxford University
Press (1998).

8. Organic structural spectroscopy- Joseph B. Lam8aurvell, Lightner, Cooks,
Prentice-Hall (1998).

9. Organic structures from spectra- Field L. D.Ifkan J.R. and Sternhell S"&d. John
Wiley and sons Ltd.

10. NMR spectroscopy of Organic compounds. JacknaadnSternhell S



DC- 353: Clinical, food and consumer product Analyis (4 Credits) (48 Lectures)

YV V V V V

Clinical analysis:
Enzymatic and Immunochemical Analysis
Mineral metabolism, Electrolyte analysis
Body fluid analysis
Therapeutic drug monitoring
Scope of Clinical chemistryhilosophy of clinical analysis, Practical aspexts

analysis: sample types, collection of specimenspdas) like blood, urine, faeces;
Cleaning of glass apparatus; Storage of clinicalgas.

General techniques for analysirief principle and applications of following

techniques: colorimetric, spectrophotometric, tdirnietric, fluorimetric, flame
photometry, autoanalysis, paper electrophoresisslgetrophoresis, chromatography;
Units of expressing biochemical values.

Protein structure and analysiBefinition of protein and peptides; structure oftein;

types of protein s; Physical and chemical propguieprotein; Analysis of proteins:
Total protein, albumin and globulin from serum s&sp

Hormone analysidntroduction; Classification and general charasties of

hormones; Determination of cortisol from blood amohe samples; determination of

oestrogens from urine samples

Food Product Analysis

>

YV V. V V V VY

Moisture content, ash, fibre, nutrients, antinuit$e toxicants, microorganism-spoilage
(rancid taste), colour, preservatives

Analysis of amino acids, proteins, carbohydraipgl$ and fats

Analysis of edible oils, dairy products, pickles.efruit and vegetable products

Food additives and Food colours

Food adutration

Sensory / organoleptic evaluation of food

ISO 9000 and Food industry



Consumer Product Analysis
» Consumer products and their chemical speciatiomwélsas qualitative and
guantitative analysis)
» Cosmetics — Face powders, hair preparations, Argfijpants and deodorants,
Perfumes, Toothpastes
» Food pigments
References:
1. B. M. Mittal and R. N. Saha, Handbook of CosmeYedabh Prakashan, New Delhi,
1% edn., 2000.
2. S.Nanda and R. K. Khar, Cosmetic Technology, Blication Pvt. Ltd., Ledn.,
2006.



SEMESTER 4

DC-450: Industrial Products and Forensic Analysis§ Credits) (72 Lectures)

Section I: ( 36 Lectures)

Industrial Products

-~ o 2o T

Steel and Ferrous Materials

Cement and Building Materials
Ceramic Materials

Surfactants and Detergents

Medicinal and Pharmaceutical Products

Fertilizer Analysis

*kkkkk*%x

Section I (36 Lectures)

a.

b.

Analysis of Steel and ferrous materials:

Sampling, Analysis of steel and ferrous allGgrbon, silicon, manganese,
phosphorous, sulphur, selenium, copper, hickeomium, vanadium, tungsten,
molybdenum, cobalt, aluminium, titanium, agen, lead, niobium, iron.
Analysis of Cement and building materials:

Types of cement, sampling, Analysis of cenaet building materials: Silicon
dioxide, aluminium oxide, ferric oxide, caloiwxide, magnesium oxide, sulphur-
trioxide, sulphide- sulphur, loss on ignitiemsoluble residue, sodium and
potassium oxide.

Analysis of Ceramic materials:

Analysis of Quartz: Volatile residue, zircom dioxide, aluminium oxide,
calcium and magnesium oxides, sodium andspatan oxide.

Analysis of clays and feldspars: Deteation of moisture, silicon dioxide, total
oxides, ferric oxide, titanium dioxide, alumim oxide, calcium oxide,
magnesium oxide.

Analysis of glasses: Types of glasses, detation of lead and lead glass.



Analysis of ceramics: Determination of titam dioxides and aluminium oxide
from oxide ceramics.
Analysis of ferrous slags: Determinationrohi, calcium and magnesium, total
oxides.

d. Surfactants and Detergents:
Introduction to different terms, ClassificatidRepresentative methods of
Analysis.

e. Water and effluent analysis:
Introduction to different terms, Classificatid®kepresentative methods of
Analysis.

f. Soil and fertilizer analysis:
Introduction to different terms, Classificatid®epresentative methods of

Analysis.

Books:

1. “Standard methods of Chemical Analysis”, Vol(Rart A & B), F. J. Welcher, 5th edn.,

Von
Nostrand & Robert E. Krieger Publishing Glew York, (1975 and 2000).

2. “Quantitative Inorganic Analysis” A. |. Vogelnglish Language Book Society,
London, (1975).

Reference Book:

1. “Materials Science & Engineering, William D. Gstler Jr., John Wiley and Sons, Inc.
New York.,(1991).

2. “Encyclopaedia of Analytical Science”, A. Towmesid (Ed.), Academic Press (1995).

2. “Practical Pharmaceutical Chemistry, A. H. Bsitland J. B. Stenlake, CBS
Publishers, New Delhi, 1st Indian edn., pp7/6éand 309-348, (1986).



Section II: (36 Lectures)

Forensic Science

a. Forensic Analysis: Overview, Destructive and Nondestructive techniguBsata
interpretation.

b. Blood Analysis Blood preservation and ageing effects, Analy$islood components
and exogenic substances, blood stain analysis.

c. DNA Profiling : DNA and its polymorphism, DNA typing procedure&lLP, PCR,
MVR-PCR, Dot-blot, AMP-FLP, STR, other methods, graity testing, applications,
interpretation and practical use.

d. Determination of alcohol in body fluids Legal background, Sampling and sample
preservation, analysis-GC, IR, enzymatic and othethods.

e. Fingerprint analysis: Latent fingerprints; optical, physical, physiclemical &
chemical detection methods; fingerprints in blo@gerprint detection sequences.

f. Hair analysis: Structure and composition of hair, morphologietamination,
Chemical analysis of hair components and componmentaining on or in hair.

g. Systematic Drug Identification: Classification and categories of compounds
involved, analytical strategy-EMIT, FPIA, TLC, LGC-MS, etc., requirements for
identification, possibilities & limitations of sealeed techniques, isotope detection
method with numericals, new drug groups.

h. Materials of interest for Forensic studies: Explosies Types, analytical methods for
identification of low and high explosives in pod$ast debris. Fibres: Fibres
encountered at crime scene, identification of typge extraction and analysis, colour
matching, analysis for metals, additives and comtanis-SEM-EDX, XRD,XRF.
Paints, Varnishes and Lacquers. Formulation of paints, types of sample, Sample
pre-treatment prior to analysis, colour measuremeialysis by SEM, SEM-SPMA,
TEM, TLC/HPTLC, PyrGC, IR, Raman, UV-Vis-Flu, XRRES, TG-DTA. Glass:

As forensic evidence, measurement of physical ptigse elemental analysis-XRD,
NAA, etc., interpretation of results, casework epés. Arson Residues: nature of

arson evidence, chemical evidence, properties qpfidi accelerants, sampling and



sample pre-treatment, laboratory examination ofpecisarson evidence, evidential
value. Gunshot Residues: Composition of sources, detection on hands & its
limitations, determination of muzzle-to-target diste, elemental & inorganic

analysis, numericals on estimation of energy rel@dxy combustion reactions, etc.

References

1. ‘Forensic Chemistry’ by Suzanne Bell, Pearson Reerifall Publishers, 2006
2. Encyclopaedia of Analytical Chemistry, Volume 3,a8emic Press, 1995



DC-451: Environmental Chemistry ( 6 Credits) (72 Letures)

Water : Sources of water, human use, type and sourcesmptirities, water quality
parameters and standards, sampling, preservatirclaamical speciation, physical analysis
of water: color, pH, temperature, specific condoc& odour and taste, transparency and
turbidity detection, Chemical Analysis of water otdl dissolved solids, Dissolved oxygen,
total hardness, total alkalinity, chloride, flucgidsulphate, sulphide, phosphate, boron,
nitrogen, COD, BOD, total organic carbon, phenestizides, tannin and lignin, E. coil and
total bacteria, rain water harvesting.

Air : Natural and anthropogenic sources of pollutiommary and secondary pollutants,
transport and diffusion of pollutants, gas laws eyoing the behaviour of pollutants in the
atmosphere. Methods of monitoring and control ofpailution SO2, NOx, CO, H2S, SPM.
Effects of pollutants on human beings, plants, atshmaterials and on climate, Auto exhaust
emission-characterization and analysis, analysgadiculate matter, Instrumental techniques
for air pollutants, spectrophotometric analysiggageous air pollutants, thermochemical and
photochemical reactions in the atmosphere, oxygeh aczone chemistry, chemistry of air

pollutants, photochemical smog, Acid rain, airlgyatandards.

Soil : Composition, water, air, inorganic and organic comgnts, micro and macro nutrients
pollutants in soil, acid base and ion exchangeti@agin soil, collection o and preparation of
soil samples for analysis, solid texture estimataetermination of rheological properties and
electrical conductivity of soil,, soil pollution ntrol, industrial waste effluents and heavy
metals, their interaction with soil components,| soiro-organisms and their functions,
degradation of different insecticides, fungicidesl aveedicides in soil, different types of
synthetic fertilizers and their interaction withffdrent components of soil, determination of
CO3--, HCO3--, CI--, SO4--, Ca+2, Mg+2, Na +, K+.



Noise : Sources of noise pollution, measurement of naiskirdices, effect of meteorological
parameters on noise propagation, noise exposumdslend standards, noise control and

abatement measures, impact of noise on human health

Sources of Energy :Sun as source of energy, solar radiation andpisial characteristics,
fossil fuels-classification, composition, physideemical characteristics and energy content
of coal, petroleum and natural gas, principles efiegation of hydroelectric power, tidal.
Ocean thermal ocean conversion, wind, geothermatggn solar collectors, photovoltaics,
solar ponds, nuclear energy-fission and fusion, matoy hydrodynamic power, bio energy-
energy from biomass and biogas, anaerobic digestioergy use pattern in different parts of
the world.

Environmental implication of energy use, CO2 enaissj global warming, air and thermal
pollution, radioactive waste and radioactivity framclear reactors, impacts of large-scale
exploitation of solar, wind, hydro and ocean energy

Chemical toxicology and metal toxicology :highly toxic solids, liquids and gases,
biochemical effects of toxic metals on man, mercuead, cadmium, arsenic, vanadium,
chromium, cobalt, asbestos, carcinogenic compoymisoning, diagnosis, effects and

treatment.

Effluent Analysis : Effluent treatment and legislation, charactdr@a of waste water,
classification of effluents, waste watwer treatmgidcesses and recycling, analysis of waste
water, physical methods of characterization, amalg$ organic and inorganic pollutants,

automation in effluents analysis.



1)
2)
3)

4)

5)

References

Environmental Chemistry: M.Satake, Y.Mido, Editio8A.Igbal, M.S. Setthi,
Discovery publishing house (1994).

Environmental Chemistry: A.K.De, Wley Interscier{@¢893)

Environmental Chemistry: B.K. Sharma and H. Kaue{3ublishing house (1997)
Ecology, Chemistry and Management of EnvironmeRtdlution: M.C. Dash,
published by Macmillian India Ltd., (2004)

Water and Wastewater Technology: Mark J. HammerkMaHammer, Jr. (2001)



DC-454: Biosensors and Agrochemicals (4 Credits) §4_ectures)
Section I: Biosensors (2 Credits)
Biosensors

» Definition, components and types of Biosensors

» Enzyme-based Biosensors

» Immobilization of enzymes

» Types of transducers, fabrication of probes foisses and evaluation of sensor

performance

> Applications of Biosensors

References:
1. A. Townshend, Ed., Encyclopedia in AnalytiSalence, Academic Press (1995)

2. R. L. Na Academic Press, Calcutta .

Section II: Agrochemicals / Organic Polymers and grochemicals (2 credits)
Organic Polymers

Basic concepts:

Polymers, monomers, Molecular weight and molar masd groups, Degree of
polymerization, Nomenclature Classification of pubr-thermoplastic, thermosetting
Copolymers- random, alternate, block and graft bopers

Molecular architecture

Polymerization and functionality

Polymerization processes- Addition and step polyza&on

Mechanism of polymerization — free radical and coieterogeneous polymerization —
Zeigler-Natta catalysis.

Optically Activity in Polymers, Stereo isomers etictic, atactic and syndiotactic polymers
Analysis of Polymers

Molecular Weight of polymers — Arithmetic, weightemage and number average molecular
weights of polymers

Determination of molecular weight of polymers



End-Group Analysis

Cryoscopy, Light scattering, Viscosity, and gelrpeation chromatographic methods.
Thermal Transition in Polymers

Tg and Tm and their relation, DSC, TGA

Spectral methods of Analysis

Analysis of Agrochemicals:

Introduction, Classification, mechanism of actiow aynthesis.

Insecticides : DDT, BHC,Aldrin, Endosulfon, Malathi, Parathion.

Herbicides : 2,4-dichloro phenoxy acetic acid, galg paraquat, Banalin, Butacarb .
Fungicides : Boardeaux mixture, Copper oxychlorflagb,, Benomyl(Benlte)

Analysis of pesticide residue and toxicologicakett.

Books

1.Text Book of Polymer Science by F. W. Bilmayer;

2. Polymer Science by Gowarikar

3. Introduction to polymer science and chemistryManas Chanda, Taylor and Francis Pub.
4. Chemistry of pesticides, N.M. Melnikov, Residreviews, Vol.36, Springer Verlag, New
York, 1971.

5. Future for insecticides , R.C. Netealr, J.J.Mad@y, Jr. John Wiley &Sons, New York,
1976.

6. Pesticide processes Encyclopedia, Marshal §iHioyes Data Corporation, U.S.A.., 1977.

OR
Surfactant, Elemental Analysis.

Dye and pigments

Dyes and Pigments:
(a) Introduction to different terms, ClassificatjdRepresentative methods of Analysis.
(b)Surfactants and Detergents: Introduction toeddht terms, Classification, Representative

methods of Analysis.



(c) Medicinal and Pharmaceutical Products: Inicidn to different terms, Classification,
Representative methods of Analysis.
Text Books:
1. “Standard Methods of Chemical Analysis”, F. Eleter, 5th edn., Von Nostrand
(2000).

References:

1. “Encyclopaedia of Analytical Science”, A. Tovinend (Ed.), Academic Press (1995).

2. “Practical Pharmaceutical Chemistry”,A. H. Bettkand J. B. Stenlake, CBS
Publishers, New Delhi, 1st Indian edn., pp766and 309-348, (1986).

OR

Pharmaceuticals and Petrochemicals .



M. Sc. Semester |ll (Analytical Chemistry) Practi€aurses

Course DC-358: Analytical Chemistry Practicals | (4credits, ~ 7.5 weeks)
A. Practicals to be conducted by Inorganic Chemisy Section: (Any Six experiments)
(3 weeks) = (12 days)

1. Alloy [e.g. iron, chromium and nickel from Staintesteel]

2. Ore [e.g. acid-insoluble matter (combined oxidas)) and titanium from
liImenite]

3. Cement [ e.qg. silicon, aluminium, iron from Portdlarement |

4. Consumer products (e.g. Inorganic Pigment [e.goralum from Zinc chrome];
Pharmaceutical product [magnesium from tablet oilKMf magnesia” / calcium
from calcium-supplementary tablet / aluminium fratam]; Fertilizer [NPK
Fertilizer for phosphorus]

5. lon exchange chromatography [separation and estimat mixture of zinc (II)
and magnesium ()]

6. Thermogravimetry [Determination of percentage @@®D;in Dolomite]

7. Flame Photometry [Determination of the percentdgdium in the sample of
dairy whitener]

8. Cyclic voltametry [Study of cyclic voltammogram I§[Fe(CN)]]

9. Determination of moisture content in food sampleg¥arl-Fischer Titrator

10. Determination of Phosphate in Detergents by Spphttmmetry

11. Determination of phosphoric acid in cola beverdgepH titration.

12.Photometric Titrations: (a) Cu Vs EDTA (b) Fe Vs E®using salicylic acid

13. Potentiometric Titrations: (a) FAS Vs&r,0; (b) FAS Vs. KMnQ

14.Conductometric Titrations: (a) NaOH Vs. HCI (b) Nd®'s. Boric acid

15. Synthesis of semiconducting nano oxides such asAa{¥iO

16. Table work for IR-spectra, NMR, UV-Visible spectra

References

1. A.l. Vogel, A textbook of Quantitative Inorganioalysis, 2nd edn., ELBS edn.



2. Pharmacopoeia of India.

B. Practicals to be conducted by Physical ChemistrSection: (Any six experiments)
(3 weeks) = (12 days)
1. Fluorometric determination of Riboflavin (Vitamir2i3
2. Determination of quinine in commercial soft drimy molecular fluorescence spectroscopy
(Analytical Chemistry-8 Ed. G. D. Christian page no. 775)
3. Molecular weight of polymer from Viscosity measuents
(Experiments in physical chemistry- J. M. Wilsordathers page no. 202)
4. Determination of activity coefficient of an elemlyte / non-electrolyte by cryoscopy

(Experiments in physical chemistry- J. M. Wilsordathers page no. 150 & 153)

5. Differential potentiometric titration
(Experiments in physical chemistry- J. M. Wilsordarthers page no. 272)
6. Kinetic Methods of Analysis: Enzymatic Deteration of Glucose
D. A. Skoog, D. M. West, F. J. Holler, and S. Ro@rh, Analytical Chemistry: An
Introduction 7th ed., Chapters 21 and 22, pp. 547-592
7. TGA for a mixture of CuSO4 and NaCl, find out trergentage of each constituent in the
mixture.

8. Estimation of Zn and Cd from their mixture bygrographic technique

Each experiment includes standardization of the regents, calibration of the

instrument with known reagents and analysis of an mknown.

References
a. A.l. Vogel, A textbook of Quantitative Inorganioalysis, 2nd edn., ELBS
edn.
b. A. I Vogel, A textbook of Practical Organic Chetnys 4th edn., ELBS
edn.

c. Pharmacopoeia of India.
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Course DC-359: Analytical Chemistry Practicals Il @ credits, ~ 7.5 weeks)

A. Practicals to be conducted by Organic ChemistnBection: (Any six experiments)
(3 weeks) = (12 days)
1. Estimation of Tannin from tea
2. Isolation of caffine from tea
3. Quantitative analysis of mixture by gas Chromatphgyele. g. Chloroform and carbon
tetrachloride / methanol and ethanol]
Preparation of sulphanilamide from acetanilide asshy its purity
Preparation of methyl salicylate and assay itstyuri

Isolation of Lycopene from tomat@/Carotene from carrots and assay its purity

S

Preparation, purification and assay of aspirin.

Note: All organic compounds used as drugs preparedere will be purified and
assayed for purity by standard IP / BP / VSP methaosl

References
1. A.l. Vogel, A textbook of Practical Organic Cheinys 4th edn., ELBS edn.
2. R. lkan, Natural Products.

B. Practicals to be conducted by Biochemistry Seon: (Any six experiments)
(3 weeks) = (12 days)
Determination of glucose from blood serum (Enzynethuad)
Determination of cholesterol & HDL from blood serioy kit method / colorimetry
Estimation of urea from blood sample (kit method)
Determination of glucose from blood serum by Felifu — method
Assay of Thiamine
Assay of polymers and plastics

Estimation of Ketone bodies

© N o ok~ w0 Db P

Estimation of Creatine / Creatimine in urine



9. Estimation of total carbohydrates by Anthrone mdtho

References
1. A.l. Vogel, Atextbook of Practical Organic Chetrys 4th edn., ELBS edn., ( ).

2. H. Varley, Practical Clinical Biochemistry™4dn., CBS Publishers and Distributors,
New Delhi ().
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Course DC 458 : Project Work 7 credits



