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       Credits: 4


UNIT-I: Infrared and Raman Spectroscopy: 

Molecular vibrations, force constants, molecular vibrations and absorption of Infrared radiations. Raman spectroscopy, polarized Raman lines. Use of symmetry considerations to determine the number of lines in IR and Raman Spectra. Structural studies involving IR and Raman Spectroscopy of coordination compounds containing the following molecules/ions and ligands: NH3, H2O, OH, SO42-, ClO4-, COO-, NO2, CN-, SCN-, NO, O2, PR3, Halides, DMSO, azopyridine, oxime, quinine, acetylacetone, amino acids. Hydrogen bonding and infrared spectra, metal ligand and related vibrations. Application of resonance Raman spectroscopy to structural elucidation of the active sites of heme and non-heme oxygen carriers.  

UNIT-II: Electron Spin Resonance Spectroscopy:

Basic principle, selection rules, presentation of spectra, origin and interpretation of Lande’s factor(g), factor affecting ‘g-value’, isotropic and anisotropic hyperfine coupling,  super hyperfine coupling, spin-orbit coupling, line shape, zero field splitting, Kramer’s degeneracy, quadrupolar interactions, ESR analysis of organic compounds, transition metal complexes of vanadium, chromium, manganese, iron, copper, cobalt and iron.

Application of ESR spectroscopy: structure determination, interpretation of ESR spectra of simple organic radicals like benzene, naphthalene, toluene and xylene radical ions, study of unstable paramagnetic species.
UNIT-III: Mössebauer and Nuclear Quadrupole Resonance Spectroscopy:

Mössebauer Spectroscopy: Introduction to Mössebauer effect - Basic principles, recoilless emission & absorption of γ-rays. Mössebauer experiment - Instrumentation, scheme of Mössebauer spectrometer, Mössebauer spectrum. Isomer shift, quadrapole splitting and hyperfine interactions, application of Mössebauer effect to the investigations of compounds of iron and tin. 

Nuclear Quadrupole Resonance Spectroscopy: Principle, nuclear quadrupole resonance experiment, structural information from NQR spectra, Interpretation of nuclear quadrupole coupling constants.
UNIT-IV: Photoinorganic chemistry 

Interaction of electromagnetic radiation with matter, Grotthus-Draper law, Stark-Einstein law of photochemical equivalence and Lambert-Beer’s law, quantum yield, photodissociation, predissociation, photochemical reactions: photoreduction, photooxidation, photodimerization, photochemical substitution, photoisomerization.

electronic transition, Frank-Condon principle, selection rules, electronically excited singlet states, life time of electronically excited state, construction of Jablonski diagram, electronic transitions and intensity of absorption bands, photphysical pathways of excited molecular system (radiative and non-radiative), chemiluminescence, phosphorescence and fluorescence. 

Books Suggested

1. K. Nakamoto; Infrared and Raman Spectra of Inorganic and Coordination Compounds, Part A and B, 6th ed. Wiley, 2008.

2. C. N. Banwell and E. M. McCash; Fundamentals of Molecular Spectroscopy, 4th ed. Tata McGraw Hill, 1994.

3. D. L. Pavia, G.M. Lampman, G.S. Kriz and J. R. Vyvyan; Introduction to Spectroscopy, 5th ed. Cengage India, 2015.

4. K. K. Rohatgi and K. K. Mukherjee; Fundamentals of Photochemistry, 3rd ed. New Age International (P) Ltd., 2014.

5. J. R. Lakowicz, Principles of Fluorescence Spectroscopy, 3rd ed. Springer, New York, 2006.

6. N. J. Turro, V. Ramamurthy and J. C. Scaiano, Modern Molecular Photochemistry of Organic Molecules, 1st ed. University Science, Books, CA, 2010.

7. I. Ninomiya, T. Naito, Photochemical Synthesis, 1st ed. Academic Press, New York, 1989.

SEMESTER - III

Reactions, Reagents and Synthesis 

Core Course SCS CH 1302 C 4004


   

60 Hrs (4 Hrs /week) 







       Credits: 4

UNIT I: Reagents and methods  in Organic Synthesis 
Modern alkali metal reagents (LDA, LiHMDS. KHMDS); Enamines and modern aldol chemistry; Olefination reactions and reagents (Wittig, Wadsworth, Peterson, Julia and McMurry); Amide coupling reagents (DCC, DIC, EDC, HOBt); Modern oxidation/reduction reagents and methods (Dissolving metal reductions, various hydrides, catalytic/transfer hydrogenations, diimide); (oxidations of alcohols, alkenes, aldehydes, and saturated carbon, hypervalent iodine reagents, DDQ) Modern dihydroxylation methods,  Organic chemistry of boron, silicon and tin; Organocatalysis, Transition-metal mediated reactions, Olefin metathesis. 
UNIT-II: Named Reactions and Rearrangements 
 

Rrearrangements: Wagner-Meerwein, Pinacol, Wolff, Beckmann, Baeyer-Villiger, Curtius, Lossen, Schmidt, Favorskii, Benzilic acid, Payne, Dienone-Phenol, Fries, Neber, Brook. Fragmentations: Eschenmoser, Grob. Reactions: Fischer Indole synthesis, Pictet-Spengler reaction, Mitsunobu reaction, Passerini and Ugi reactions.

UNIT III: Synthetic planning and retrosynthesis






Retrosynthesis, synthons and synthetic equivalents, disconnection approach, functional group inter-conversions; reversal of polarity (Umpolung exemplified by 1,3-dithianes, benzoin condensations and N-heterocyclic carbenes); the importance of the order of events in organic synthesis, use of protecting groups (exemplified for hydroxyl, amino and carbonyl groups), Stork’s total synthesis of quinine as a case study.

UNIT- IV: Chemistry of Natural Products

Terpenoids and Carotenoids: Classification, nomenclature, occurrence, isolation, isoprene rule. Biosynthesis and chemical synthesis of the following representative molecules: (-Terpeneol, Farnesol and (-carotene.
Steroids: Occurrence, nomenclature, basic skeleton, Diel’s hydrocarbon and stereochemistry, introductory idea of testorosterone and oestrone, biosynthesis of cholesterol and biomimetic synthesis of progesterone.

Alkaloids: Definition, nomenclature, occurrence, isolation, general methods of structure elucidation, degradation, classification based on nitrogen heterocyclic ring. Stereochemistry, biosynthesis,synthesis of the following: nicotine andatropine.
Carbohydrates: Types of naturally occurring sugars, deoxysugars, aminosugars, polysaccharides of industrial and biological importance.

Lipids: Classification and biological importance of fatty acids and lipids

Books Suggested

1. The chemistry of Heterocycles, T. Eicher and S. Hauptmann, Thieme.

2. Heterocyclic Chemistry, J. A. Joule, ELBS.

3. Heterocyclic Chemistry, T. L. Gilchrist, Longman Scientific Technical.

4. Contemporary Heterocyclic Chemistry, G. R. Newkome and W. W. Paudler, Wiley-Iter Science.

5. An Introduction to Heterocyclic Chemistry, R. M. Acheson, John Wiley.

6. Comprehensive Heterocyclic Chemistry, A. R. Katritzky and C. W. Rees, eds. Pergamon Press.

7. Natural products: Chemistry and Biological Significance, Mann, Davidson, Hobbs, Banthrope and Harborne, Longman, Essex.

8. Organic Chemistry, Vol. 2, I. L. Finar, ELBS.

9. Rodd’s Chemistry of Carbon Compounds, Ed. S Coffey, Elsevier.

10. Introduction to Flavonoids, B. A. Bohm, Harwood Academic Publishers.

11. Chemistry, Atta-ur-Rahman and Choudhary, Harwood Academic Publishers.

SEMESTER - III

Chemical Bonding and Catalysis 

Core Course SCS CH 1303 C 4004
60 Hrs (4Hrs./week) 






       
     Credits: 4
UNIT-I:  Molecular Orbital Theory

Molecular Orbital theory, effective Hamiltonian, Hückel theory of conjugated system, application to ethylene, butadiene, cyclopropenyl radical, cyclobutadiene, benzene etc. introduction to Extended Hückel theory.
UNIT-II: Kinetics of polymerization & Enzyme Inhibitions 
Introduction, kinetics to step growth polymerization, free radical addition polymerization, calculation of radius of gyration.

Enzymes and Inhibitions

Enzyme catalysed models of 1:2 type enzyme substrate systems, kinetics of one enzyme –two substrate systems and their experimental characteristics, enzyme inhibitors and their experimental characteristics, kinetics of enzyme inhibited reactions.

Unit-III: Transition State Theory

A brief aspect of statistical mechanics and transition state theory, application on calculation of second order rate constant for reactions with collision for (atom + atom), (atom + molecule), and (molecule + molecule) reactions, static solvent effect and thermodynamic formulation, adiabatic electron transfer reaction and energy surfaces.

Unit-IV: Kinetics of Substitution reactions

Substitution reactions, classification of ligand substitution mechanism, inner and outer sphere electron transfer reactions and mechanism, adjacent and remote attack linkage isomerism. 

Metal ion catalysed reactions and reaction mechanism, induced reactions and their characteristics, applications, kinetics and mechanism of induced reaction in metal complexes, kinetics of hydroformylation reactions.
Books Suggested 

1. H. Taube, Electron Transfer Reactions, Oxford Press.

2. Basolo and Pearson, Inorganic Reaction Mechanism, Wiley.

3. N. L. Bender, Mechanism of Homogenous catalysis, Wiley.
A. G. Sykes, Kinetics in Inorganic reactions, Academic Press.

4.  SEMESTER - III

Organic Spectroscopy

Elective Course SCS CH 1305 DCEC 4004







60 Hrs (4Hrs /week) 







    Credits: 4
UNIT I: Ultraviolet and Visible Spectroscopy






 

Various electronic transitions, Beer-Lambert law, visible spectrum & colour, effect of solvent on electronic transitions, ultraviolet bands for carbonyl compounds, unsaturated carbonyl compounds, dienes, conjugated polyenes. Fieser-Woodward rules for conjugated dienes and carbonyl compounds, ultraviolet spectra of aromatic and heterocyclic compounds.  

UNIT II: Infrared Spectroscopy 







 

Instrumentation and sample handling. Characteristic vibrational frequencies of alkanes, alkenes, alkynes, aromatic compounds, alcohols, ethers, phenols and amines. Detailed study of vibrational frequencies of carbonyl compounds (ketones, aldehydes, esters, amides, acids, anhydrides, lactones, lactams and conjugated carbonyl compounds). Effect of hydrogen bonding and solvent effect on vibrational frequencies, overtones, combination bands and Fermi resonance.   

UNIT III: Nuclear Magnetic Resonance Spectroscopy





 

General introduction and definition, chemical shift, spin-spin interaction, shielding and deshielding mechanism, chemical shift values and correlation for protons bonded to carbon (aliphatic, olefinic, aldehydic and aromatic) and other nuclei (alcohols, phenols, enols, carboxylic acids, amines, amides & mercapto), chemical exchange, effect of deuteration, complex spin-spin interaction between two, three, four and five nuclei (first order spectra), virtual coupling. Stereochemistry, hindred rotation, Karplus curve-variation of coupling constant with dihedral angle. Simplification of complex spectra, nuclear magnetic double resonance, contact shift reagents. Fourier transform technique, nuclear Overhauser effect (nOe). Resonance of other nuclei-F, P. Carbon-13 NMR Spectroscopy: General considerations, chemical shift (aliphatic, olefinic, alkyne, aromatic, heteroarmatic and carbonyl carbon), coupling constants and DEPT 13C NMR spectra. General introduction to two-dimensional NMR spectroscopy-COSY, HETCOR, INADEQUATE and NOESY.

UNIT IV: Mass Spectrometry







Introduction, ion production–EI, CI, FD and FAB, factors affecting fragmentation, ion analysis, ion abundance. Mass spectral fragmentation of organic compounds, common functional groups, molecular ion peak, metastable peak, McLafferty rearrangement. Nitrogen rule. High resolution mass spectrometry (HRMS).  Combined problems: Combined problems relating to structure elucidation by UV, IR, NMR Spectroscopy and Mass Spectrometry.

Books Suggested

1. Spectrometric Identification of Organic Compounds, Silverstein, Bassler and TMorrill, John Wiley.

2. Introduction to NMR Spectroscopy, R. J. Abraham, J. Fisher and P. Loftus, Wiley.

3. Application of Spectroscopy of Organic Compounds, J. R. Dyer, Prentice Hall.

4. Spectroscopic Methods in Organic Chemistry, D.H. Williams, I. Fleming, Tata McGraw-Hill.

5. Organic Spectroscopy, William Kemp, Mac publsihers, 3rd Edition, 2011.

6. Organic Spectroscopy, Jag Mohan, Narosa Publishers, New Delhi
7. Rita Kakkar, Atomic and Molecule Spectroscopy: Basic Concepts and Applications, Cambridge University Press, 2015.
8. C. N. Banwell and E. M. McCash; Fundamentals of Molecular Spectroscopy, 4th ed. Tata McGraw Hill, 1994.

9. D. L. Pavia, G.M. Lampman, G.S. Kriz and J. R. Vyvyan; Introduction to Spectroscopy, 5th ed. Cengage India, 2015.
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