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Course Structure for M.Sc. (2 year) and M.Sc. + Ph.D. Dual Degree Program in
Chemistry (from 2013-14 to 2020-21)

Minium Education Qualification (MEQ): Bachelor’s degree with Chemistry as a subject for
three years/ six semesters.

Qualifying Examination:
(a) International Students: Valid score of TOEFL or IELTS, AND valid score of GRE.
(b) Indian Students: Valid JAM qualification in Chemistry.

Eligibility Requirement (ER): As per the brochure of Joint Admission test for M.Sc. (JAM).

Categories of Admission:

(a) International Students: (i) International self-financed (ISF) students; (ii) International
students sponsored by non-government organizations or by a reputed industry (ISW); (iii)
International students sponsored by foreign government or its organizations or through mutual
collaborative programs of India with other countries (GSW)

(b) Indian Students: Not Applicable

Duration of the Program: 2 years on full-time basis.
Course Structure for two-year Full-time M.Sc. (Chemistry) Program
1st Year: Semester-I

Course | Course Title Contact Hours Credits
code (L-T-P)

CH 601 Quantum Mechanics and Group Theory 2-1-0 3

CH 621 Structural Organic Chemistry 2-1-0 3

CH 623 Synthetic and Mechanistic Aspects of Organic Chemistry | 2-1-0 3

CH 641 Advanced Topics in Inorganic Chemistry 2-1-0 3

CH 643 Modern Techniques in Inorganic Chemistry 2-1-0 3

Total minimum credits earned during the semester 15

Additional course (as per the requirement basis)

HS 641 | English Communication Skills 2-0-2 | PP/NP

1st Year: Semester-II

Course Course Title Contact Hours Credits
code (L-T-P)

CH 602 Thermodynamics, Kinetics, Electrochemistry 2-1-0 3

CH 604 Molecular Spectroscopy 2-1-0 3

CH 624 Total Synthesis and Natural Products Chemistry 2-1-0 3

CH 642 Applied Inorganic and Nuclear Chemistry 2-1-0 3

CH 698 PG Seminar Course 0-2-0 2

CH 700 Advanced Chemistry Lab 0-0-6 3

Total minimum credits earned during the semester 17
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2 nd Year: Semester-III

Course Course Title Contact Credits
code Hours

(L-T-P)
CH 799 M.Sc. Research Project (Stage-I) 0-0-36 18

2 nd Year: Semester-1V

Course Course Title Contact Credits
code Hours
(L-T-P)
CH 800 M.Sc. Research Project (Stage-II) 0-0-36 18
Total minimum credits to be earned during the program 68
NOTE:

1. Request for conversion from M.Sc. to M.Sc. + Ph.D. dual degree will be considered after
evaluating the research potential of the promising and motivating PG students at the end of the
third semester of their program. The confirmation of conversion of M.Sc. program and to M.Sc.
+ Ph.D. dual degree program is done during 4th semester with subject to successfully qualifying
CSIR/UGC-JRF or equivalent fellowship to enable receiving Ph.D. scholarship.

2. The enhancement in the scholarship from M.Sc. to Ph.D. will be from the beginning of the fifth
semester or from the date on which all requirements for the award of M.Sc. degree are fulfilled
AND candidate successfully qualifies CSIR/UGC-]RF or equivalent fellowship, whichever is later.
3. If the student opts for Dual Degree Program but cannot complete the requirements of a Ph.D.,
an exit option with the M.Sc. degree can be earned before the specified date during the 4th
semester of the normal M.Sc. Program by getting the M.Sc. Research Project examined in the
standard manner as per the requirements for the award of an M.Sc. degree.
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Course Structure for M.Sc. (2 year) and M.Sc. + Ph.D. Dual Degree Program

in Chemistry (from AY 2021-22 to AY 2024-25)
(Applicable on batches admitted till AY 2024-25)

Minimum Educational Qualification: 1. Bachelor’s degree with Chemistry as a subject for

three years/six semesters and should have passed Mathematics at (10+2) level. AND 2. JAM

qualification in Chemistry

Eligibility: The first class in the qualifying degree i.e. (i) A minimum of 60 % marks for

GEN/OBC (55% for SC/ST) category in aggregate or as specified by the university/institute OR
(ii) A minimum CPI of 6.0 for GEN/OBC (5.5 for SC/ST) category on the scale of 10; with

corresponding proportional requirements when the scales are other than on 10 (for example

4.8 for GEN/OBC category (4.4 for SC/ST) on a scale of 8) OR (iii) A first class as specified by the

university/institute.

Duration of the Program: Two years full-time.

Course Structure for two-year Full-time M.Sc. (Chemistry) Program

1st Year: Semester-I

Course | Course Title Contact Hours Credits
code (L-T-P)
CH 603 Quantum Chemistry 2-1-0 3
CH 605 Symmetry and Group Theory 2-1-0 3
CH 625 Stereochemistry, Pericyclic and Photochemistry 2-1-0 3
CH 645 Organometallic Chemistry 2-1-0 3
CH 647 Coordination Chemistry 2-1-0 3
CH 649 Synthetic and Mechanistic Aspects of Organic Chemistry 2-1-0 3
CH 651 Chemistry Lab-I 0-0-6 3
Total minimum credits earned during the semester 21

1st Year: Semester-II
Course Course Title Contact Hours Credits
code (L-T-P)
CH 606 Chemical and Statistical Thermodynamics 2-1-0 3
CH 608 Molecular Spectroscopy 2-1-0 3
CH 610 Molecular Structure Determination Techniques 2-1-0 3
CH 612 Main Group Chemistry 2-1-0 3
CH 614 Synthesis of Natural Products and Heterocycles 2-1-0 3
CH 752 Chemistry Lab-II 0-0-6 3
Total minimum credits earned during the semester 18
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2 nd Year: Semester-III

Course Course Title Contact Hours Credits
code (L-T-P)

CH 799 M.Sc. Research Project (Stage-I) 0-0-30 15
Total minimum credits earned during the semester 15

2nd Year: Semester-1V

Course Course Title Contact Hours Credits
code (L-T-P)

CH 800 M.Sc. Research Project (Stage-II) 0-0-30 15
Total minimum credits earned during the semester 15
Total minimum credits to be earned during the program 69

NOTE:

1. Request for conversion from M.Sc. to M.Sc. + Ph.D. dual degree will be considered after
evaluating the research potential of the promising and motivating PG students at the end of the
third semester of their program. The confirmation of conversion of M.Sc. program and to M.Sc.
+ Ph.D. dual degree program is done during 4th semester with subject to successfully qualifying
CSIR/UGC-]RF or equivalent fellowship to enable receiving Ph.D. scholarship.

2. The enhancement in the scholarship from M.Sc. to Ph.D. will be from the beginning of the fifth
semester or from the date on which all requirements for the award of M.Sc. degree are fulfilled
AND candidate successfully qualifies CSIR/UGC-]JRF or equivalent fellowship, whichever is later.
3. If the student opts for Dual Degree Program but cannot complete the requirements of a Ph.D,,
an exit option with the M.Sc. degree can be earned before the specified date during the 4th
semester of the normal M.Sc. Program by getting the M.Sc. Research Project examined in the
standard manner as per the requirements for the award of an M.Sc. degree.
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Course Structure for M.Sc. (2 year) and M.Sc.Ph.D. Dual Degree Program
in Chemistry (from AY 2025-26 onwards)
(Applicable on batches admitted from AY 2025-26)

Minimum Educational Qualification: 1. Bachelor’s degree with Chemistry as a subject for
three years/six semesters and should have passed Mathematics at (10+2) level. AND 2. JAM
qualification in Chemistry

Eligibility: The first class in the qualifying degree i.e. (i) A minimum of 60 % marks for
GEN/OBC (55% for SC/ST) category in aggregate or as specified by the university/institute OR
(ii) A minimum CPI of 6.0 for GEN/OBC (5.5 for SC/ST) category on the scale of 10; with
corresponding proportional requirements when the scales are other than on 10 (for example
4.8 for GEN/OBC category (4.4 for SC/ST) on a scale of 8) OR (iii) A first class as specified by the
university/institute.

Duration of the Program: Two years full-time.

Course Structure for two-year Full-time M.Sc. (Chemistry) Program

1st Year: Semester |

Course . Contact .
code Course Title Hours Credits
(L-T-P)
CH 603 | Quantum Chemistry 2-1-0 3
CH 605 | Symmetry and Group Theory 2-1-0 3
Synthetic and Mechanistic Aspects of Organic 2-1-0 3
CH 649 | Chemistry
CH 645 | Organometallic Chemistry 2-1-0 3
CH 647 | Coordination Chemistry 2-1-0 3
CH 6XX | Flexi-Core 1 2-1-0 1.5
[Half
semester]
CH 6XX | Flexi-Core 2 2-1-0 1.5
[Half
semester]
CH 651 | Chemistry Lab-I 0-0-6 3
Total minimum credits earned during the semester 21
1stYear: Semester-II
Course . Contact .
code Course Title Hours Credits
(L-T-P)
CH 625 | Stereochemistry, Pericyclic- & Photochemistry 2-1-0 3
CH 606 | Chemical and Statistical Thermodynamics 2-1-0 3
CH 608 | Molecular Spectroscopy 2-1-0 3
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CH612 | Main Group Chemistry 2-1-0 3
CH 6XX | Department Elective-1 2-1-0 3
Z7Z. XXX | Institute Elective-1 2-1-0 3
CH 752 | Chemistry Lab-II 0-0-6 3
Chemistry Lab-III: Numerical and Computational 0-1-2 2
CH 754 | Methods
Total minimum credits earned during the semester 23
2nd Year: Semester-III
Course Course Title Contact Credits
code Hours
(L-T-P)
CH 614 Synthesis of Natural Products and Heterocycles 2-1-0 3
CH XXX | Department Elective-II 2-1-0 3
77 XXX Institute Elective-II 2-1-0 3
CH 618 Scientific Communication 0-1-0 1
CH 799N | M.Sc. Research Project (Stage-I) 0-0-12 6
Total minimum credits earned during the semester 16
2nd Year: Semester-1V
Course Course Title Contact Credits
code Hours
(L-T-P)
CH 800 M.Sc. Research Project (Stage-II) 0-0-30 15
Total minimum credits earned during the semester 15
Total minimum credits to be earned during the program 75
Department Flexi-core I/II:
Course | Course Title Contact Credits
code Hours
(L-T-P)
CH 609 | Structure Determination of Organic Molecules 2-1-0 L5
[Half semester]
N . 1.5
CH 611 | Structure Determination of Inorganic Compounds | 2-1-0 [Half semester]
: 1.5
CH 613 | Electrochemical Processes for Energy 2-1-0 [Half semester]
Department Elective-1:
Course Course Title Contact | Credits
code Hours
(L-T-P)
CH 607 Solid State Chemistry 2-1-0
CH 615 Strategies for Organic Synthesis 2-1-0
CH617 Chemistry and Applications of f-Block Elements 2-1-0
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Department Elective-2:

Course Course Title Contact | Credits
code Hours
(L-T-P)
CH 705 Materials Chemistry 2-1-0 3
CH 709 Advanced Bioinorganic Chemistry 2-1-0 3
CH 720 Asymmetric Synthesis 2-1-0 3
CH 619 Molecular Modeling and Computations 1-1-2 3

Go to Index




Course Structure for Ph.D. Program in Chemistry

(From AY 2010-11 to AY 2012-13)

(A) Semester-1 (Autumn / Spring)

Sr. Course code Course Title L-T-P-
No. Credits
1 CH 701 Spectroscopic Techniques 2-1-0-3
2 CH XXX Elective-I X-X-X-X
3. CH XXX Elective-II X-X-X-X
4 CH 797 * / CH | Ph.D.Seminar Course 0-2-0-2
798*
(B) Semester-II (Spring / Autumn)
Sr. Course code Course Title L-T-P-
No. Credits
1 CH XXX Elective-III X-X-X-X
2 CH XXX Elective-1V X-X-X-X
3 CH XXX Elective-V X-X-X-X
4 CH 798 * / CH | Ph.D.Seminar Course 0-2-0-2
797*

Elective Courses available from the Discipline of Chemistry

S.No. | Course | Course Title L-T-P-Credits
Code
1. | CH704 | Chemistry at Surfaces and Interfaces 2-1-0-3
2. | CH705 | Materials Chemistry 2-1-0-3
3. | CH706 | Photochemistry 2-1-0-3
4. | CH708 | Catalysis: Approaches and Applications 2-1-0-3
5. | CH709 | Advanced Bioinorganic Chemistry 2-1-0-3
6. | CH710 Molecular Modeling and Computational Chemistry 2-1-0-3
7. | CH711 | Bio-Organic and Medicinal Chemistry 2-1-0-3
8. | CH720 | Asymmetric Synthesis 2-1-0-3

Note:

1. M.Tech./MPhil qualified candidates have to do one semester coursework (with two-
three PG level courses) while M.Sc./B.Tech. qualified candidates have to do two

semester course work (with minimum five PG level courses)

2. Core courses are compulsory.

* Ph.D. Seminar course can be taken either in Autumn or in Spring Semester or both as suggested
by the Faculty Advisor/Thesis Supervisor.
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Course Structure for Ph.D. Program in Chemistry

(From AY 2013-14 onwards)

(A) Semester-I (autumn / spring)

Sr. Course code Course Title L-T-P-Credits
No.
1 77 XXX Elective-I X-X-X-X
2 77 XXX Elective-II X-X-X-X
3 77 XXX Elective-III X-X-X-X
4 CH 797* / ME | Ph.D.Seminar Course 0-2-0-2
798*
(B) Semester-II (spring / autumn)
Sr. Course code Course Title L-T-P-Credits
No.
1 77 XXX Elective- IV X-X-X-X
2 77 XXX Elective-V X-X-X-X
3 77 XXX Elective-VI X-X-X-X
4 CH 798* / ME | Ph.D.Seminar Course 0-2-0-2
797*

Chemistry Courses for Elective-I to VI (in addition to these courses, students can take courses from
the other disciplines also)

S. Course Code Course Title L-T-P-Credits

No.
1.l CH 607 Solid State Chemistry 2-1-0-3
2.| CH 615 Strategies for Organic Synthesis 2-1-0-3
3.| CHe616 Chemical Kinetics and Electrochemistry 2-1-0-3
4| CH701 Spectroscopic Techniques 2-1-0-3
5./ CH 704 Chemistry at Surfaces and Interfaces 2-1-0-3
6.l CH 705 Materials Chemistry 2-1-0-3
7.| CH706 Photochemistry 2-1-0-3
8.| CH708 Catalysis: Approaches and Applications 2-1-0-3
9./ CH 709 Advanced Bioinorganic Chemistry 2-1-0-3
1¢( CH 710 Molecular Modeling and Computational Chemistry 2-1-0-3
11 CH711 Bio-Organic and Medicinal Chemistry 2-1-0-3
17 CH 720 Asymmetric Synthesis 2-1-0-3

NOTE:

1. APhD.studenthaving M.Sc./ B.Tech./ BE or equivalent qualification has to do 5 to 7 Ph.D.
level courses of at least 3 credits each and 1-2 Ph.D. seminar courses of atleast 2 credits each.

Minimum number of courses will be 5 Ph.D. level courses and one Ph.D. seminar course
(minimum coursework of 17 credits).
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2.

A Ph.D. student having M.Tech./ME//MPhil qualification has to do one semester
coursework (with 2-3 Ph.D. level courses). Minimum number of courses will be 2 Ph.D. level
courses and one Ph.D. seminar course (i.e. (minimum coursework of 8 credits).

* Ph.D. Seminar course can be taken either in Autumn or in Spring Semester or both as suggested

by the Faculty Advisor/Thesis Supervisor.
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Course Code CH 601
Title of the Course Quantum Mechanics and Group Theory
Credit Structure L-T-P-Credit
2-1-0-3
Name of the | Chemistry
Discipline
Pre-requisite, ifany | Nil

Scope of the Course

The purpose of this course is to provide an introduction to the quantum
chemistry, which uses high-level mathematics as a tool to understand atomic,
molecular structure and properties, as well as chemical reactivity. In addition
group theory tells us about molecular shapes, symmetry and selection rules
used in spectroscopy.

Course Syllabus

Quantum Chemistry:
Basic concepts of calculus, vectors and matrices, black body radiation,
classical wave equation, Schrédinger wave equation, models in quantum
chemistry: particle in a box, harmonic oscillator and rigid rotor, theorems in
quantum chemistry, spherical harmonics, approximation methods: variation
and perturbation methods, multi electron atoms, atomic term symbols, di-
atomic molecules, Born-Oppenheimer approximation, LCAO and molecular
orbital theory, introduction to Hartree-Fock, computational quantum
chemistry.
Group Theory:
Symmetry Operations, Point Groups, Construction of Character tables,
Reducible and irreducible representation, Representation of molecular
orbitals, Chemical applications: molecular shapes, selection rules in
spectroscopy.

Suggested Books

Text Books

1. P. W. Atkins, Molecular Quantum Mechanics, Clarendon Press, Oxford,
1980.

2. L.N. Levine, Quantum Chemistry, 4th Edn., Prentice Hall of India Pvt. Ltd,,
New Delhi, 1995.

3. D. A. McQuarrie, Quantum Chemistry, University Science Books, 1983.

Reference Books

1. A. K. Chandra, Introductory Quantum Chemistry, Tata McGraw-Hill
Publishing Co, New Delhi, 1989.

2. E. Merzbacher, Quantum Mechanics, John Wiley and Sons, 1970.

3. L. Pauling and E. B. Wilson, Introduction to Quantum Mechanics, McGraw-
Hill, 1939.

4. P.C. W. Davies, Quantum Mechanics, ELBS, 1985.

5. A. Vincent, Molecular Symmetry and Group Theory, John Wiley and Sons,
New York, 1998.

6. Volker Heine, Group Theory in Quantum Mechanics: An Introduction to
Its Present Usage, Dover Publication, New York, 1991.
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Course Code

CH 602

Title of the Course

Thermodynamics, Kinetics and Electrochemistry

Credit Structure L-T-P-Credit
2-1-0-3

Name of the | Chemistry

Discipline

Pre-requisite, ifany | Nil

Scope of the Course

The objective of this course involves introduction to concepts of thermodynamics
and Kinetics and their application to various chemical systems.

Course Syllabus

Chemical Thermodynamics and Kinetics: Differential calculus, properties of
gases, Vander Waals and Rddlich-Kwong equation, second virial coefficients,
Lennard-Jones interatomic potential, kinetic theory of gases, laws of
thermodynamics, Helmholtz and Gibbs energies, Maxwell relations, phase
equilibrium, chemical potentials, partial molar quantities, Gibbs-Duhems
equation, solid-liquid solutions, Debye-Huckel theory, Chemical equilibrium and
Van't Hoffs equation. Theories of reaction rates: application to uni-, bi- and
intermolecular reactions, thermodynamic formulation of reaction rates, Kinetic
isotope effect, reactions in solution-cage effect, diffusion and activation
controlled reactions.

Statistical Thermodynamics: Introduction to statistical methods, Boltzmann
factor, partition function, generalized ensembles: micro-canonical, canonical and
grand-canonical, applications of statistical methods to evaluate: mean energies,
heat capacities, residual entropies and free energies.

Electrochemistry: Introduction, lon-solvent interaction, Born model and Born
equation. Enthalpy of ion-solvent interaction and its calculation, solvation
number, ion association, the rates of electron transfer processes, Theory of
electron transfer processes: electron tunnelling, processes at electrode:
electrode-solution interface, Butler-Volmer equation, current-overpotential
relationship, voltametry, electrolysis.

Suggested Books

Text Books

1.Peter A. Rock, Chemical Thermodynamics, University Science Books, 2003

2. T. L. Hill, An Introduction to Statistical Thermodynamics, Courier Dover
Publications 1960

3. D. A. McQuarrie, Statistical Mechanics, Harper and Row, 1976.

4. K.]. Laidler, Chemical Kinetics, TMH Publishing Company Limited, 1988.

5. S. Glasstone, An Introduction to Electrochemistry, D. Van Nostrand
Company, 1962.

6.]. O'M. Bockris, A. K. N. Reddy, Modern Electrochemistry, Vol. I, Plenum Press,
New York, 1970.

Reference Books

1. Irving M. Klotz and Robert M. Rosenberg, Chemical Thermodynamics: Basic
Concepts and Methods, Wiley, 2008

2. D. Chandler, Introduction to Modern Statistical Mechanics, Oxford
University Press 1987.

3. M. R. Wright, Fundamental Chemical Kinetics, Horwood Publishing, 1999.
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Course Code

CH 603

Title of the
Course

Quantum Chemistry

Course Category

Core Course

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the Chemistry
Concerned

Department

Pre-requisite, if | Nil

any

Scope of the

The purpose of this course is to provide an introduction to the quantum

course chemistry, which uses high-level mathematics as a tool to understand
(Objectives) atomic, molecular structure and properties, as well as chemical reactivity.
Course Students will be able to use Schrédinger wave equation to solve quantum
Outcomes chemical problems and do basic computational calculations.

Course Content

Basic concepts of calculus, vectors and matrices, black body radiation,
classical wave equation, Schrodinger wave equation, models in quantum
chemistry: particle in a box, harmonic oscillator and rigid rotor, theorems
in quantum chemistry, spherical harmonics, approximation methods:
variation and perturbation methods, multi electron atoms, atomic term
symbols, di-atomic molecules, Born-Oppenheimer approximation and
introduction to Hartree-Fock methods and and introduction to
computational chemistry.

Suggested Books
(Text Books,
Reference
Books)

Text Books

1. Atkins, P. W. Molecular Quantum Mechanics, Clarendon Press,
Oxford, 1980, ISBN-13: 978-8130918945

2. Levine, I. N. Quantum Chemistry, Prentice Hall of India Pvt. Ltd., 1995.
ISBN-13:9780321918185

3. McQuarrie, D. A. Quantum Chemistry, University Science Books, 1983.
ISBN-13:978-1891389504

Reference Books

4. Chandra, A. K. Introductory Quantum Chemistry, Tata McGraw-Hill
Publishing Co, New Delhi, 1989. ISBN:0074620541.

5. Merzbacher, E. Quantum Mechanics, John Wiley and Sons, 1970. ISBN:
978-0-471-88702-7

6. Pauling, L.; Wilson, E. B. Introduction to Quantum Mechanics, McGraw-
Hill, 1939, ISBN-13: 978-0486648712
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Course Code

CH 604

Title of the Course

Molecular Spectroscopy

Credit Structure L-T-P-Credit
2-1-0-3

Name of the Discipline Chemistry

Pre-requisite, if any Nil

Scope of the Course

This course provides theoretical aspects for various spectroscopic techniques
such as emission, absorption, scattering and NMR. In addition statistical
mechanics provides a probabilistic approach to equilibrium properties of large
numbers of degrees of freedom in atoms and molecules.

Course Syllabus

Molecular spectroscopy: Introduction to spectral energy domains and
measurement of spectra, Implications of discrete energy levels, Population of
States-Boltzman Distribution, Interaction of radiation with matter, Electronic
spectroscopy (UV-visible, fluorescence and phosphorescence): Simple
chromophoric groups, conjugated and aromatic systems. Characteristic
absorption and emission of organic and inorganic compounds. origin of line-
widths in molecular spectra, Transition dipole moment and Fermi's Golden Rule,
Einstein’s Coefficients, Lasers and Masers; Rotational (Microwave) spectroscopy,
Molecular vibrations - Infrared spectroscopy, Normal mode analysis, Raman
Scattering, Selection Rules from Group Theory, Molecular electronic spectra,
Photo-physical processes, Non-Linear Spectroscopy, NMR spectra: theory,
relaxation process, instrumentation, chemical shift and shielding, factors
contributing to magnitude of shielding, spin interactions its origin, equivalent
protons, qualitative idea of energy levels of AX and A2 systems, a few

representative example.

Suggested Books

Text Books
1. C.N.Banwell and E. M. McCash, Fundamentals of Molecular Spectroscopy
(4t edition), Tata McGraw-Hill Publishing Company Ltd., New Delhi, 1994.
2. K. K. Rohatgi, Mukkerjee, Fundamentals of Photochemistry, Wiley Eastern
Ltd., 1992.
3. T.L.Hill, An Introduction to Statistical Thermodynamics, Courier Dover
Publications 1960.
Reference Books
1. D. A. McQuarrie and ]. D. Simons, Physical Chemistry (1st edition), Viva
Books Private Limited, New Delhi, 1998.
2. W. Demtroder, Laser Spectroscopy- Basic Concepts and
Instrumentation (34 edition), Springer, 2004
3. K. Denbigh, Principles of Chemical Equilibrium, Cambridge University
Press, Cambridge, 1981.
4. F. Reif, Fundamentals of Statistical and Thermal Physics, McGraw-Hill,
1965.
5. L. D. Landall and E. M. Lifshitz, Statistical Physics (2rd Revised English
edition), Pergamon Press, Oxford, 1977.
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Course Code

CH 605

Title of the Course

Symmetry and Group Theory

Course Category

Core Course

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the Chemistry
Concerned

Department

Pre-requisite, if | Nil

any

Scope of the Group theory tells us about molecular shapes, symmetry and selection
Course rules used in spectroscopy.
(Objectives)

Course Outcomes

Students will be able to use the concept of symmetry and group theory to
apply selection rules for various spectral transitions.

Course Content

Symmetry operations, point groups, matrix representation of symmetry
elements, construction of character tables, reducible and irreducible
representation, application of group theory to vibrational and raman
spectra, selection rules, normal modes of vibrations of polyatomic
molecules, molecular orbital theory, LCAO method, electronic spectra

and selection rules, vibronic analysis and introduction to
crystallographic space groups.

Suggested Books | Text Books

(Text Books, 1. Cotton, F. A. Chemical Applications of Group Theory, Wiley, 2008,

Reference Books)

ISBN: 9780471510949,

2. Harris, D. C; Bertolucci, M. D. Symmetry and Spectroscopy: An
Introduction to Vibrational and Electronic Spectroscopy, Dover
Publication, 1989, ISBN-13: 978-0486661445

Reference Books

3. Vincent, A. Molecular Symmetry and Group Theory, John Wiley and
Sons, 1998, ISBN-13: 978-0471489382

4..Heine, V. Group Theory in Quantum Mechanics: An Introduction to
its Present Usage, Dover Publication, 1991, ISBN-13: 978-0486458786
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Course Code CH 605
Title of the Course Symmetry and Group Theory
Credit Structure L-T-P-Credit
2-1-0-3
Name of the | Chemistry
Discipline
Pre-requisite, if any Nil

Scope of the Course

Group theory tells us about molecular shapes, symmetry and selection rules
used in spectroscopy.

Course Syllabus

Symmetry operations, point groups, matrix representation of symmetry
elements, construction of character tables, reducible and irreducible
representation, application of group theory to vibrational and raman spectra,
selection rules, normal modes of vibrations of polyatomic molecules,
molecular orbital theory, LCAO method, electronic spectra and selection
rules, vibronic analysis and introduction to crystallographic space groups.

Suggested Books

Text Books

1. F. A. Cotton, Chemical Applications of Group Theory, Wiley, 2008.

2. D. C. Harris, M. D. Bertolucci, Symmetry and Spectroscopy: An
Introduction to Vibrational and Electronic Spectroscopy, Dover
Publication, New York, 1989.

Reference Books

1. A. Vincent, Molecular Symmetry and Group Theory, John Wiley and Sons,
New York, 1998.

2. Volker Heine, Group Theory in Quantum Mechanics: An Introduction
to its Present Usage, Dover Publication, New York, 1991.
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Course Code

CH 606

Title of the Course

Chemical and Statistical Thermodynamics

Course Category

Core Course

Credit Structure

L-T-P-Credits 2-1-0-3

Name of the Chemistry
Concerned

Department

Pre-requisite, ifany | Nil

Scope of the Course
(Objectives)

The objective of this course involves introduction to concepts of
thermodynamics and their application to various chemical systems.

Course Outcomes

Students will be able to apply the micro and macro states concept to
calculate partition function for the estimation of various
thermodynamic properties of systems.

Course Content

Laws of thermodynamics, stability and equilibria, micro and
macrostates, statistical methods and ensembles, microcanonical
ensemble and rational foundation of thermodynamics, distinguishable
and indistinguishable systems, thermodynamics quantities in terms of
macrostates, canonical enesembles and partition functions,
thermodynamical state functions in terms of partition functions, ideal
gases and partition functions, chemical equilibrium constants from
partition function, entropy -second and third laws of thermodynamics,
Maxwell-Bolzmann, Bose-Einsten and Fermi-Dirac Statistics.

Suggested Books
(Text Books,
Reference Books)

Text Books

1. Rock, P. A. Chemical Thermodynamics, University Science Books,
2003, ISBN-13:978-1891389320

2.Hill, T. L. An Introduction to Statistical Thermodynamics, Courier
Dover Publications, 1960, ISBN-13: 978-0486652429

3. McQuarrie, D. A. Statistical Mechanics, Harper and Row, 1976,
ISBN-13:978-8181282361

Reference Books

3. Klotz, I. M.; Rosenberg, R. M. Chemical Thermodynamics: Basic
Concepts and Methods, Wiley, 2008, ISBN-13: 978-0471780151

4. Chandler, D. Introduction to Modern Statistical Mechanics,
Oxford University Press 1987, ISBN-13: 978-0195042771

Course code

CH 607
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Title of the course

Solid State Chemistry

Course Category

Elective Course

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the Concerned
Department

Chemistry

Pre-requisite, if any

Basic knowledge of symmetry and group theory

Scope of the
(Objectives)

course

This course will give a broad perspective on solid structure, bonding in solids,
synthesis, structural characterization, and properties.

Course Outcomes

e Determine the space symmetry in the crystal and relate the crystal structure
with the type of bonding.

e Methods of synthesis of solids and their structural characterization.

e Understand various functional properties in solids.

e Establish structure-property relationships in crystals.

Course Content

Structure of solids: arrangement of atoms in solids, amorphous, crystal,
determination of space group symmetry of crystals, bonding, defects, and
doping.

Solid-state synthesis and characterizations: bulk crystals, nanocrystals, an
overview of bottom-up to a top-down approach, structural characterizations
using various diffraction, spectroscopic, and microscopy techniques.
Structure-property relationships: electronic structure, density of states,
energy bands, fermi energy, Bloch orbitals, Brillouin zone, conductivity
(metallic, ionic, and superconductivity), and applications. Magnetic structure,
types of magnetism (diamagnetism, paramagnetism, ferromagnetism,
ferrimagnetism, and antiferromagnetism). Magnetic materials and their
applications in memory storage and sensors. Optical properties, scattering
processes: reflection, diffraction, interference, and applications in
photodetectors and solar cells.

Suggested Books

Text Books:
1) Lesley E. Smart, Elaine A. Moore, Solid State Chemistry an Introduction,
CRC Press Taylor & Francis Group, (2005), ISBN: 9780748775163
2) Anthony R. West, Solid State Chemistry and its Applications, John Wiley,
and Sons, (2014), ISBN: 9780444514363
Reference Books:
3) Patrick M. Woodward, Pavel Karen, John S. 0. Evans, Thomas Vogt, Solid

State Materials Chemistry, Cambridge University Press, (2021), ISBN:

9780521873253
4) Richard C. Ropp, Solid State Chemistry, Elsevier Science, (2003), ISBN:
9781119942948
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Course Code

CH 608

Title of the Course

Molecular Spectroscopy

Credit Structure L-T-P-Credit
2-1-0-3
Name of the | Chemistry

Discipline

Pre-requisite, if
any

Undergraduate Physical chemistry and Basic Understanding of quantum chemistry

Scope of the
Course

This course provides theoretical aspects for various spectroscopic techniques such
as emission, absorption, scattering and NMR. In addition statistical mechanics
provides a probabilistic approach to equilibrium properties of large numbers of
degrees of freedom in atoms and molecules.

Course Syllabus

Molecular spectroscopy: Introduction to spectral energy domains and
measurement of spectra, Implications of discrete energy levels, Population of States-
Boltzman Distribution, Interaction of radiation with matter, Electronic spectroscopy
(UV-visible, fluorescence and phosphorescence): Simple chromophoric groups,
conjugated and aromatic systems. Characteristic absorption and emission of organic
and inorganic compounds. origin of line-widths in molecular spectra, Transition
dipole moment and Fermi's Golden Rule, Einstein’s Coefficients, Lasers and Masers;
Rotational (Microwave) spectroscopy, Molecular vibrations - Infrared spectroscopy,
Normal mode analysis, Raman Scattering, Selection Rules from Group Theory,
Molecular electronic spectra, Photo-physical processes, Non-Linear Spectroscopy,
NMR spectra: theory, relaxation process, instrumentation, chemical shift and
shielding, factors contributing to magnitude of shielding, spin interactions its origin,
equivalent protons, qualitative idea of energy levels of AX and A; systems, a few
representative example.

Suggested Books

Text Books

1. C.N.Banwell and E. M. McCash, Fundamentals of Molecular Spectroscopy (4t
edition), Tata McGraw-Hill Publishing Company Ltd., New Delhi, 1994.

2. K. K. Rohatgi, Mukkerjee, Fundamentals of Photochemistry, Wiley Eastern
Ltd., 1992.

Reference Books

1. D.A. McQuarrie and ]. D. Simons, Physical Chemistry (1st edition), Viva Books
Private Limited, New Delhi, 1998.

2. W. Demtroder, Laser Spectroscopy- Basic Concepts and Instrumentation
(3rd edition), Springer, 2004.

3. K. Denbigh, Principles of Chemical Equilibrium, Cambridge University Press,
Cambridge, 1981.

21 Go to
Index




Course Code CH 609

Title of the Course Structure Determination of Organic Molecules
Credit Structure L-T- P-Credits: 2-1-0-1.5(3/2) (Half semester course)
Course Category Flexi-Core
Name of the Concerned _
o Chemistry
Discipline
Pre—requisite, Nil
if any
Scope of the course To familiarize students with modern techniques for the structural
(Objectives) determination of organic molecules.
Course Outcomes At the end of this course, students will gain knowledge of

structure determination of organic molecules based on spectral
data as well as by spectral analysis.

Course Content

e 1H NMR: Chemical Shift and factors affecting it, coupling
constant and factors affecting it, spin systems, techniques for
simplification of NMR spectra such as shift reagents,
decoupling, NOE etc.

e 13C NMR: Elementary information and ideas of 13C NMR
spectroscopy, Proton Noise Decoupling technique (PND), off-
resonance technique, chemical shifts of 13C and factors
affecting it.

e Two-dimensional (2D) NMR: Principle of 2D NMR
techniques, DEPT, 1H-1H COSY, 1H-13C COSY (HETCOR,
HMQC), NOESY, ROESY etc., interpretation of 2D spectra and
examples.

e Mass spectroscopy: Introduction and fundamentals of mass
spectroscopy for organic structure determination

e Problems on Spectroscopy: Structure determination of
Organic molecules using spectral data/spectra.

Suggested books (Text Text Books:

Books, Reference Books) | 1. Pavia, D. L; Lampman, G.M.; Kriz, G. S. Introduction to
Spectroscopy, 3rd Ed., Saunders College, 2001, ISBN: 0-03-
031961-7.

2. Williams, D. H.; Flemming, I. Spectroscopic Methods in
Organic Chemistry, 7t Edition, Springer, 2019, ISBN: 978-3-
030-18252-6.
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3. Glinther, H. NMR Spectroscopy, Basic Principles, Concepts
and Applications in Chemistry, 3rd Ed., Wiley VCH, 2013,
ISBN: 978-3-527-33000-3.

Reference Books:

4 Silverstein, R. M.; Webster, F. X. Spectrometric
Identification of Organic compounds, 6th Ed., John Wiley
and Sons, 1998, ISBN: 978-0471541936.

5 Field, L. D.; Kalman, J. R.; Sternhell, S. Organic Structures
from Spectra, 4th Ed., Wiley, 2011, ISBN: 978-0-470-31926-0.
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Course Code

CH611

Title of the Course

Structure Determination of Inorganic Compounds

Credit Structure

L-T- P-Credits: 2-1-0-1.5(3/2) (Half semester course)

Course Category

Flexi-Core

Name of the concerned

Chemistr
department y
Pre—requlslte, Nil
if any
Scope of the course To familiarize students with techniques for the structural
(Objectives) determination of inorganic compounds.

Course Outcomes

Students will gain a comprehensive understanding of various
techniques used for the characterization of inorganic compounds.

Course Syllabus

e EPR and Méssbauer Spectroscopy: Elementary aspects of
Electron Paramagnetic Resonance (EPR) spectroscopy, g-
values, hyperfine and super hyperfine coupling constants,
selected applications of inorganic compounds.

¢ IR and Raman Spectroscopy: Recapitulation of IR and Raman
spectroscopy techniques.

e Analytical Techniques: Electrochemical and gravimetric
analysis of inorganic compounds.

e Heteroatom NMR: 11B, 19F, 31P and 2°Si NMR spectral analysis
of B, P, F and Si containing compounds

e Problems on Spectroscopy: Structure determination of
Inorganic compounds using spectral and other analytical data.

Suggested Books (Text
Books, Reference Books)

Text Books:

1. Drago, R. S. Physical Methods for Chemists, 2nd Ed.,
Saunders College, 2016, ISBN: 978-8176710992.

2. Banwell, N.; McCash, E. M. Fundamentals of Molecular
Spectroscopy, 4th Ed., McGraw-Hill, 1994, ISBN: 978-
0077079765.

3. Bard, A. ].; Faulkner, L. R. Electrochemical methods and
applications, 2rd Edition, Wiley-Interscience, 2000, ISBN: 978-
0471043720.

Reference Books:

4. Abragam, A.; Bleaney, B. Electron Paramagnetic Resonance
of Transition Ions, Oxford University Press, Oxford, 1970,
(Reprint Edition 2013), ISBN: 978-0199651528.

5. Khopkar, S. M. Basic Concept of Analytical Chemistry, 3rd
Edition, New Academic Science, 2012, ISBN: 978-1906574000.

24 Go to
Index




Course Code

CH 613

Title of the Course

Electrochemical Processes for Energy

Credit Structure

L-T-P-Credits 2-1-0-1.5(3/2) (Half semester course)

Course Category

Flexi-Core

Name of the Concerned | Chemistry
Department
Pre-requisite, if any Nil

Scope of the course
(Objectives)

This course explores electrochemical processes for energy
conversion and storage. It covers fundamental electrochemical
principles, electrode reactions, and their applications in batteries, fuel
cells, supercapacitors, and electrolysis.

Course outcomes

e Understand electrochemical processes and their role in
energy applications.

e Analyze the thermodynamics and kinetics of electrochemical
reactions.

e Evaluate different electrochemical energy storage and
conversion technologies.

Course Syllabus

1. Fundamentals of Electrochemical Processes: Redox
reactions, electrode potentials, electrochemical cells, Nernst
equation, Butler-Volmer equation, and charge transfer
reactions.

2. Electrochemical Techniques: Cyclic Voltammetry,
Galvanostatic  Charge-Discharge, and Electrochemical
Impedance Spectroscopy.

3. Electrochemical Energy Storage Devices: Batteries and
supercapacitors, principles, types of batteries and
supercapacitors, fabrications and characterizations. Fuel cell
principles, types of fuel cells. Electrolysis, hydrogen evolution,
and oxygen reduction reactions.

Suggested Books (Text
Books, Reference
Books)

Text Books:

1. Bard, |J.; Faulkner, L. R. Electrochemical Methods: Fundamentals
and Applications, 2nd Edition, Wiley, 2001. ISBN: 978-0471043720.
2. Gileadji, E. Physical Electrochemistry, Fundamental, Techniques
and Applications, Wiley-VCH, 2011. ISBN: 978-3527341399.

3. Pletcher, D.; Walsh, F. C. Industrial Electrochemistry, 2nd ed,
London: Chapman and Hall, 1990. ISBN: 978-0751401486.
Reference Books:

4. Holze, R. Experimental Electrochemistry, A Laboratory
Textbook, Wiley-VCH, 2019. ISBN: 978-3527335244.
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Course Code

CH 610

Title of the Course

Molecular Structure Determination Techniques

Credit Structure

L-T- P-Credits:
2-1-0-3

Name of

discipline

the

Chemistry

Pre-requisite,
if any

Nil

Scope of the
course

To familiarize students with modern techniques for the structural determination
of organic and inorganic molecules

Course Syllabus

1H NMR: Chemical Shift and factors affecting it, coupling constant and factors
affecting it, spin systems, techniques for simplification of NMR spectra such as
shift reagents, decoupling, NOE etc.

13C NMR: Elementary information and ideas of 13C NMR spectroscopy, Proton
Noise Decoupling technique (PND), off-resonance technique, chemical shifts of
13C and factors affecting it.

Heteroatom NMR: 1B, 19F, 31P and 29Si NMR spectral analysis of B, P, F and Si
containing compounds

Two-dimensional (2D) NMR: Principle of 2D NMR techniques, DEPT, 'H-1H
COSY, 1H-13C COSY (HETCOR, HMQC) etc., interpretation of 2D spectra and
examples.

Mass spectroscopy: Introduction and fundamentals of mass spectroscopy for
organic structure determination

EPR and Mossbauer Spectroscopy: Elementary aspects of Electron
Paramagnetic Resonance (EPR) spectroscopy, g-values, hyperfine and super
hyperfine coupling constants, selected applications of inorganic compounds.

IR and Raman Spectroscopy: Recapitulation of IR and Raman spectroscopy
techniques.

Analytical Techniques: Electrochemical and gravimetric analysis of inorganic
compounds.

Problems on Spectroscopy: Structure determination using spectral data based
on joint applications of UV, IR, Raman, Mass, 1H, 13C, 11B, 19F, 31P and 29Si and 2D
NMR.

Suggested
books

Text Books:

1. D. L. Pavia, G.M. Lampman, G. S. Kriz, Introduction to Spectroscopy, 3rd Ed,,
Harcourt college publishers, ISBN: 0-03-031961-7.

2. R. M. Silverstein, F. X. Webster, Spectrometric Identification of Organic
compounds, 6th Ed., John Wiley and Sons, ISBN: 978-0471541936.

3.R. S. Drago, Physical Methods for Chemists, 2nd Ed., Saunders, 1992, ISBN:
0-03-075176-4

4. N. Banwell, E. M. McCash, Fundamentals of Molecular Spectroscopy, 4th
Ed., McGraw-Hill, 1994, ISBN: 978-0077079765.

5.A.].Bard, L. R. Faulkner, Electrochemical Methods, John Willey, 1980, ISBN:
978-0-471-04372-0.

6. S. M. Khopkar, Basic Concept of Analytical Chemistry, 2nd Ed., New Age
International Publishers, 2004, ISBN: 978-1906574000.

Reference Books:

7. D. H. Williams and 1. Flemming, Spectroscopic Methods in Organic
Chemistry, McGraw Hill,ISBN: 978-3-030-18252-6.

8. Atta-Ur-Rehman, One and Two Dimensional NMR Spectroscopy, Elsevier,
1989, ISBN: 978-1483290713.

9. L. D. Field, ]J. R. Kalman, S. Sternhell, Organic Structures from Spectra, 4th
Ed., John Wiley & Sons, ISBN: 978-0-470-31926-0.

26
Index

Go to




10. A. Abragam, B. Bleaney, Electron Paramagnetic Resonance of Transition
Ions, Oxford University Press, 1970, (Reprint Edition 2013), ISBN: 978-
0199651528.

11. H. Giinther, NMR Spectroscopy, Basic Principles, Concepts and
Applications in Chemistry, 3rd Ed., Wiley VCH, 2013, ISBN: 978-3-527-
33000-3.
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Course Code

CH 612

Title of the Course

Main Group Chemistry

Credit Structure L-T-P-Credit
2-1-0-3

Name of the | Chemistry

Discipline

Pre-requisite, if any Nil

Scope of the Course

This course will focus on the chemistry of alkali and alkaline earth metals and group
13,14, 15, and 16 elements.

Course Syllabus

Chemistry of alkali and alkaline earth metals: Organo-lithium and organo-
magnesium compounds. Synthesis, bonding, and reactivity. Unusual organometallic
compounds of group 2 metals

Chemistry of group 13, 14, 15, and 16 elements: Boranes, bonding and electron
counting rules in boranes, carboranes and metallaboranes. Boron containing
heterocycles such as borole, borazine, azaborinine. Silanes, silicon halides, silicates,
silanols; germanium, tin, and lead organyls; phosphorous halides, and
phosphazenes; structural features and reactivity of S-N heterocycles.

Multiple bonding of compounds involving silicon, phosphorus, boron: Synthesis,
structure, and reactivity. Main Group Ring and chain compounds: Classification of
Main-Group Rings, Chains. Typical routes to ring and chain compounds.

Suggested Books

Text Books:

1. N. Greenwood, E. A. Earnshaw; Chemistry of elements, Second Edition,
Butterworth- Heinemann, 1997, ISBN: 978-0750633659.

2. F. A. Cotton, G. Wilkinson, C. A. Murillo, M. Bochmann, Advanced Inorganic
Chemistry, 6th Edition, John Wiley & Sons, New York, 1999, ISBN: 978-
0471199571.

3. D.F Shriver, P.W. Atkins, C.H. Langford, Inorganic chemistry, Oxford University
Press, Oxford, 1994, ISBN: 978-0192690432.

4. C. E. Housecroft, A G. Sharpe, Inorganic Chemistry: (Fourth Edition), Pearson,
2012, 1SBN: 978-0273742753

5. A.]. Elias, "The chemistry of p-Block elements", Universities Press, 2019, ISBN:
978-9386235718

Reference Books

6. M. P. Mingos, D. ]. Wales; Introduction to Cluster Chemistry, Prentice Hall, 1990,
ISBN: 978-0134790497.

7.]. F, Hartwig, Organotransition metal chemistry: From bonding to catalysis,
1st edition, University science books, 2010, ISBN: 978-1891389535.

8. W Henderson; Main Group Chemistry, RSC Publishing, 2000, ISBN: 978-
0854046171.

9. Kin-Ya Akiba; Organo Main Group Chemistry, Wiley-VCH, 2011, ISBN: 978-0-
470-45033-8
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Course Code

CH 614

Title of the Course

Synthesis of Natural Products and Heterocycles

Credit Structure

L-T- P-Credits:

2-1-0-3
Name of the discipline |Chemistry
Pre-requisite, Nil

if any

Scope of the
course

To familiarize students with modern methods of natural products and drug
molecules synthesis

Course Syllabus

Heterocyclic Chemistry: Modern approaches of synthesis of furan, thiophene,
pyrrole, pyridine, quinoline, isoquinoline, indole and their reactivities, synthesis
and reactions of azidirines and azetidines.

Terpenoids:

[soprene rule; Structure elucidation (by chemical and spectroscopical methods);
synthesis, Biogenesis and Biosynthesis of representative examples of acyclic-1,2
monocyclic and bicyclic monoterpenes. Structural types - general introduction
to sesqui, di-and tri-terpenoids. Familiarity with methods of structural
elucidation (chemical and spectroscopical methods, biosynthesis, synthesis of
alkaloids (ephedrine and atropine),

Steroids: General methods of study and structural types, chemistry of
cholesterol, hormones, bile acids, Vitamins of D-group, diosgenin.

Alkaloids: Chemistry of indole and peptide alkaloids, Reserpine, Psilocybin
Retrosynthetic Analysis and Natural Products:Total synthesis of Longifolene,
Juvabione, Aphidicolin and Fredericamycin A and prostaglandins (PGE2,
PGF2a), Taxol, Diazepam, Amiodarone, Diltiazem, Papaverine, Chlorothalidone.

Suggested
books

1. Designing of organic synthesis - S. Warren (Wiley)

2. Geene’s Protective Groups in Organic Synthesis. - Peter G. M. Wuts and
Theodora W. Greene, 4th Edition, John and Wiley and Sons Inc. New Jercy (2009)
3. Modern Heterocyclic chemistry - L. A. Paquette (Benjamin).

4. Heterocyclic chemistry - J. A. Joule and K. Mills 4th edition Blackwell
publishing (2007)

5. Advanced organic chemistry, Part B - F. A Carey and R. J. Sundberg 5th edition
(2007)

6. Classics in total synthesis- K. C. Nicolaou and E. ]. Sorensen; VHC (1996)
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Course code

CH 615

Title of the course

Strategies for Organic Synthesis

Course Category

Departmental Elective

Credit Structure L-P-T-Credit
2-0-1-3
Name of the Concerned | Chemistry

Department

Pre-requisite, if any

Basic knowledge of chemistry

Scope of the course

(Objectives)

This course is intended to aware and teach students various synthetic
strategies for the synthesis of molecules and their applications. Aspects of
synthetic approaches with their mechanism, conditions, modification,
substrate scope, and applications will also be discussed.

Course Outcomes

e (Classical and contemporary approaches for synthesis of molecules.
e Utilization of these approaches in pharmaceutical R&D and Industry.

Course Content

(a) Click Chemistry: Concept of Click and Bio-orthogonal chemistry and
their applications.

(b) Fragmentation Reactions: Grob fragmentation, Push-Pull concept, ring
expansion by fragmentation, Eschenmosher and Beckmann
fragmentation.

(c) Reactions using Umpolung Reactivity: alpha electrophile;
homoenolate; acyl anion; Dithiane; NHC and its applications.

(d) Organic Reactions using Organo-Boranes: Preparation of Organo-
Boranes and their reactivity/selectivity & applications.

(e) C-C, C-X Bond Formation using Transition Metals:

1) C-H activation using Rh, Ir, Pd and their applications.

2) Metathesis, Olefination,  Cyclopropanation  using
complex/carbenoid.

3) Reactions and Application of Cobalt (Co) complexes.

4) Reactions and Application of Pd and Cu in C-C, C-N, C-O and
carbonylative bond formation.

(f) Miscellaneous  Approaches: Multi-component Reaction,
Domino/Cascade/Tandem reactions, Combinatorial chemistry, Organo-
catalysis, Blomimetic organic synthesis.

carbene

Suggested Books

Textbooks:

1) J. Clayden, N. Greeves, S. Warren and P. Wothers : Organic chemistry :
Oxford Press : US : 2000 : 978-0198503460.

2) W. Carruthers, [. Coldham: Modern methods of organic synthesis:
Cambridge University Press: Cambridge, UK.: 2015:9781107567450.
Reference Books:

1) M. Beller and C. Bolm : Transition Metals for Organic Synthesis, Vol. 1, 2nd
Edition. : WILEY-VCH : Weinheim, Germany : 2004 : 3-527-30613-7.
2) M. B. Smith :Organic synthesis: Academic Press : US :
9780128007204.

2016 :

30 Go to
Index




Course code

CH616

Title of the course

Chemical Kinetics and Electrochemistry

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the
Concerned
Department

Chemistry

Pre-requisite, if any

Basic knowledge of chemistry

Scope of the course
(Objectives)

This course will give a broad perspective on chemical kinetics and
reaction dynamics—also fundamentals of electrochemistry chemistry,
principles, and techniques.

Course Outcomes

e Understand the kinetics of chemical reactions and their applications.

e Understand the molecular mechanism of chemical reactions.

e Understand the fundamentals of electrochemistry, techniques, and their
applications.

Course Content

Chemical Kinetics: rate of reactions, rate law and order of reactions,
parameters affecting the reaction rate, determine rate and order of
reaction. Chemical kinetics in simultaneous reactions, photochemical
reactions, and ultrafast reactions. Diffusion kinetics in solids, liquids, and
solutions. Chemical oscillations and nonlinear dynamics.

Chemical reaction dynamics: theories of chemical reactions, collision
theory, transition state theories, and molecular reaction dynamics.
Electrochemistry: introduction and importance of electrochemistry,
ions in solutions, ions transport in solutions, electrochemical reactions,
electrochemical cells, batteries, and fuel cells; over potential; kinetics and
mechanisms of electrode reactions. Electrochemical research techniques,
cyclic voltammetry, and electrochemical impedance spectroscopy

Suggested Books

Text Books:

1) Paul L. Houston, Chemical Kinetics and Reaction Dynamics, Dover
Publications Inc., (2006), ISBN: 9780486453347

2) D. R. Crow, Principles and applications of electrochemistry, Chapman
and Hall/ CRC, Taylor and Francis Group, (1994), ISBN: 9781138034631

3) Keith ]. Laidler, Chemical Kinetics, Pearson Education, (1987), ISBN:
9788131709726

Reference Books:

4) Margaret Robson Wright, Fundamental Chemical Kinetics: An
Explanatory Introduction to the Concepts, Woodhead Publishing,
(2011), ISBN: 9781898563600

5) Bockris, John O'M Reddy, Amulya K.N, Modern electrochemistry 1:
lonics, Springer, (2010), ISBN: 9788181284754

31 Go to
Index




Course Code

CH617/417

Title of the Course

Chemistry and Applications of f-Block Elements

Credit Structure

L-T- P-Credits: 2-1-0-3

Course Category

Departmental Elective

Name of

the Chemistry

Concerned

department

Pre—requisite, Basic Inorganic Chemistry

if any

Scope of the course |[Fundamental and applied aspects of the chemistry of f-block
(Objectives) elements,

covering their basic properties, extraction, and applications in
luminescence, magnetism, medical diagnosis, and nuclear energy.

Course outcomes

Understand general characteristics and bonding of f-block elements
Understand magnetic and optical properties of f-block elements and
their applications in different fields

Course Syllabus

General Characteristics: Introduction to f-block elements and
differences from d-block/main group elements. Electronic
configurations and oxidation states, Atomic and ionic radii trends,
Lanthanide/Actinide contraction and its consequences.

Minerals, Extraction, and Purification: Natural occurrence and
extraction methods, Binary compounds, salts, and industrially
significant alloys.

Coordination and Organometallic Chemistry of f-block elements:
Chemical bonding and coordination geometries, Ligand types,
Applications in catalysis.

Nuclear Chemistry of Actinides: Uranium as a nuclear fuel: isotope
separation and enrichment, Plutonium production and reprocessing,
Nuclear fission: slow and fast neutron reactors, Thorium as an
alternative nuclear fuel.

Magnetism: Origin of magnetism in lanthanide ions, Magnetic
anisotropy and single-molecule magnets, Applications in data storage
and MRI contrast agents

Optical properties: Nature of f-f transitions. Emission spectra and
lifetimes, Antenna effect and radiative/non-radiative decay,
Luminescent Rare Earth Complexes and applications in lighting,
bioimaging, and

security materials.
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Suggested
Books

Text Books:

1. Cotton, S. Lanthanide and Actinide Chemistry, John Wiley & Sons,
2006, ISBN: 978-0470010051.

2. Huang, C. Rare Earth Coordination Chemistry: Fundamentals and
Applications, John Wiley & Sons (Asia) Pte Ltd, 2010, ISBN: 978-
0470824856.

3. Loveland, W. D.; Morrissey, D. ].; Seaborg, G. T. Modern Nuclear
Chemistry, John Wiley & Sons, 2017, ISBN: 978-0470906736.
Reference Books:

4. Layfield, R. A.; Murugesu M. Lanthanides and Actinides in
Molecular Magnetism, Eds., Wiley-VCH, 2015, ISBN:978-3527335268.
5. Hanninen, P.; Hirm4, H. Lanthanide Luminescence: Photophysical,

Analytical and Biological Aspects, Eds. Springer, 2011, ISBN: 978-
364221022-8.
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Course code

CH618

Title of the course

Scientific Communication

Course Category

Core

Credit Structure L-T-P - Credits
0-1-0-1

Name of the Con- Chemistry

cerned Department

Pre-requisite, if any | None

Scope of the course
(Objectives)

The objective of this course is to provide fundamental aspects of
research ethics and plagiarism, scientific writing, effective presentation
skills, thesis and report writing.

Course Outcomes

Students will be familiarized with various aspects of scientific writing,
re- search ethics, safety measures, and scientific presentation.

Course Content

e Literature survey using Sci-finder, Scopus, Web of science, etc.
e Writing and maintaining laboratory notebook (LNB), and
chemical inventory.

e Scientific writing of reports, thesis, articles, and proposals,
ethical use of Al in scientific communication.

e Scientific presentation (presentation skills, slide preparation,
and effective communication).

e Research ethics and safety measures. Best research practices,
laboratory and chemical safety, and maintaining a healthy
laboratory environment.

Suggested Books

Reference Books:
1. Hanganu-Bresch, C.; Zerbe, M. ].; Cutrufello, G.; Maci, S. M. The
Routledge Handbook of Scientific Communication, Taylor & Francis,

2022.1SBN: 978-0-367-48979-3.

2. Sveinbjornson, B. R.; Gizurarson S. Handbook for Laboratory
Safety. Elsevier, 2022. ISBN: 978-0-323-99320-3

3. Ray, P. P. A Guide to Research and Publication Ethics, Publishers,
2022.1SBN:978-9391012212
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Course code

CH 619/419

Title of the course

Molecular Modeling and Computations

Course Category

Departmental Elective

Credit Structure L-T-P - Credits
1-1-2-3

Name of the Concerned | Chemistry

Department

Pre-requisite, if any Nil

Scope of the course
(Objectives)

This course provides a fundamental understanding of
molecular structure, minimum energy configurations, and molecular
interactions.

Course Outcomes

Students will be able to use various quantum computational
methods to perform quantum chemical calculations.

Course Content

Ab Initio Methods: Born-Oppenheimer (BO) approximation,
potential energy surfaces, Linear Combination of Atomic Orbitals
(LCAO), Hartree-Fock (HF) Molecular Orbital Theory, Slater
Determinants, Self- Consistent Field (SCF) method, introduction to
Electron Correlation methods and introduction to Density
Functional Theory.

Molecular Mechanics/Force Field Methods:
molecular Interactions, Energy Minimizations,
Analysis, Monte Carlo Simulations and Metropolis Sampling,
Molecular Dynamic Simulations, Liquid Models and Properties.
Applied Computational Chemistry: Structures, Computable
Quantities, Chemical Properties, Molecular Orbital’s Plotting, Charge
Distributions and Spectroscopic Properties.

Inter and Intra-
Normal Mode

List of representative practicals:
e Single point energy calculation for diatomics
e Analysis of properties of diatomics
e Structural optimization for diatomics and polyatomics
e Metropolis Monte-Carlo for Ar gas
e Molecular dynamic simulations of water
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Suggested Books

Text Books:

1. Leach, A. R. Molecular Modeling: Principles and Applications,
Pearson, 2009. ISBN: 978-8131728604

2. Jensen, F. Introduction to Computational Chemistry, Wiley, 2016,
ISBN: 978-1118825990

3. Schlick, T. Molecular Modelling and Simulation, Springer, 2010,
ISBN: 978-1441963505

4. Cramer, C. ]. Essentials of Computational Chemistry: Theories
and Models, John Wiley & Sons, 2002. ISBN: 978-0470091821.
Reference Books:

5. Levine, . N. Quantum Chemistry, Pearson Education India,
2016, ISBN:978-9332558533

36 Go to
Index




Course Code

CH 621

Title of the Course

Structural Organic Chemistry

Credit Structure L-T-P-Credit
2-1-0-3

Name of the Discipline | Chemistry

Pre-requisite, if any Nil

Scope of the Course

Students will become familiarized with the modern theories and
instrumental techniques employed to understand the fundamentals of
structure, bonding and reactivity in organic molecules.

Course Syllabus

MO treatment of acyclic and cyclic conjugated systems, Huckel rule and
concept of aromaticity; annulenes, heteroannulens, fullerenes (C60),
alternate and non-alternate hydrocarbons, anti-aromaticity, pseudo-
aromaticity, homo-aromaticity, Frost diagram, Huckel treatment -
applications to ethylene, allyl, cyclopropenyl, butadiene, cyclobutadiene,
Importance of antibonding orbitals in organic reactions.

Photochemistry: Basic principles, Jablonski diagram, photochemistry of
olifinic compounds, Cis-trans isomerization, Paterno-Buchi reaction,
Norrish Type-I and II reactions, Photoreduction of ketons, di-m methane
rearrangement, Photochemistry of arenas; Photoreactions in solid state,
synthetic applications; cyclization of radicals

Pericyclic reaction: Classification and stereochemical modes; Thermal and
photopericyclic reactions, selection rules and stereochemistry of
electrocyclic reactions, 2-component cycloadditions - antarafacial and
suprafacial additions; Rationalization based on Frontier M.O. approach,
correlation diagram, Dewer-Zimmermann approach, Mobius & Huckel
systems; Claisen, Cope, Aza-Cope and Oxy-Cope rearrangements, Sommelet
- Hauser, Ene reaction - Applications in Organic synthesis; Fluxional
Tautomerism

Stereochemistry: Effects of conformation on reactivity in acyclic
compounds and cyclohexanes Conformation and reactivity
of monocyclic systems-3 to 10 membered rings, 6-6, 6-5,6-4, 5-5 bicyclic
systems, 6-6-6, 6-5-6, 5-6-5 and 5-5-5 tricyclic systems, enantioselective
and diastereoselective synthesis, Addition to carbonyl compounds.
Chirooptical properties of organic molecules: Origin, Theory of CD, ORD,
their applications, haloketone rules, sector rules, helicity rules, excitation
chirality. Chiral analysis by polarimeter, NMR, GC, HPLC and Capillary
Electrophoresis (CE) methods, Baldwin’s rules.

General Concept of Spectroscopy and their applications: IR, NMR, M.S.

Suggested Books

Text Book:

1. E. L. Eliel and S. H. Wilen, Stereochemistry of Organic Compounds,
John Wiley & Sons, New York, 1994.

2. R. M. Silverstein, G. C. Bassler and T. C. Morril, Spectroscopic
Identification of Organic Compounds, John Wiley, 1991.

3. W.Carruthers and I. Coldham, Modern Methods of Organic Synthesis,
First South Asian Edition 2005, Cambridge University Press.

4. S.Sankararaman, Pericyclic Reactions- A text Book, Wiley VCH, 2005.

References

1. F.A. Carey and R. A. Sundberg, Advanced Organic Chemistry, Part A:
Structure and Mechanisms (5t edition), Springer, New York, 2009.

2. F. A.Carey and R. A. Sundberg, Advanced Organic Chemistry, Part B:
Reactions and Synthesis (5t edition), Springer, New York, 2009.

3. W.Kemp, Organic Spectroscopy (24 edition), ELBS-Macmillan, 1987
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4,

I. Fleming, Frontier Orbitals and Organic Chemical Reactions, Wiley,
London, 1976.

N. J. Turro, V. Ramamurthy and ]J. C. Scaiano, Modern Molecular
Photochemistry of Organic Molecules, University Science Books, CA,

2010.
J. March and M. B. Smith, March's Advanced Organic Chemistry:
Reactions, MechanisM.S., and Structure (6th Edition), Wiley, 2007.
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Course Code

CH 623

Title of the Course

Synthetic and Mechanistic Aspects of Organic Chemistry

Credit Structure L-T-P-Credit
2-1-0-3

Name  of the | Chemistry

Discipline

Pre-requisite, if Nil

any

Scope of the Course

To develop understanding of the intermediates involved in reactions and
applications of variety of oxidizing, reducing and organometallic reagents in
organic synthesis

Course Syllabus

Reactive intermediates - Formation and stability of classical and non-classical
carbonium ions, carbanions, carbenes, nitrenes, radicals and arynes;
Nucleophilic, electrophilic and radical substitutions, addition and elimination
reactions; Methods of determining reaction mechanisms, Kinetic isotope effect,
Hard and soft acids and bases; Hammet equation. Mechanisms of some familiar
name reactions: Robinson annulation, Peterson elimination, Stork enamine
reaction, Mannich reaction, Sharpless asymmetric epoxidation, Barton reaction,
Hofmann-Loffler-Freytag reaction, Shapiro reaction, Baeyer-Villiger reaction,
Chichibabin reaction.

Oxidations in Organic Chemistry: oxidative processes based on one-electron
and two-electron oxidants, oxidations with Cr(VI) oxidants; Collin oxidation,
PCC, PDC and PFC, DM.S.0-oxidations: Swern, Moffat, DM.S.0-SO3 complex,
DM.S.0-Ac;0, Hypervalent iodine oxidations: Dess-Martin periodinane, IBX,
iodobenzene diacetate, Oxidations with MnO,, Se0, TI(NO3)s, Ag20, RuO4 and
0s0y4, Shi-epoxidation.

Reductions in Organic Chemistry: Different reductive processes, reduction
with metal hydrides of B, Al, Sn and Si, catalytic and transfer hydrogenations,
dissolving metal reductions, synthetically useful hydrogenolysis reactions,
samarium and indium-based reducing agents, enzymatic and microbial
reductions.

Organometallic Chemistry: Applications of organotransition metals in organic
synthesis-preparative, structural and mechanistic aspects, Davies rule, catalytic
nucleophilic addition and substitution reaction, coupling reaction-Heak, stille,
Suzuki coupling, Sonogashira, Zieglar natta reaction, olefin metathesis, Tebbe’s
Reagent, Pauson-Khand reaction, functional organometalllic compounds, use of
indium and zinc. Organosilicon chemistry, synthetic uses of silyl ethers, silylenol
ethers, TM.SC.l, TM.S.I, TM.SC.N, alkene synthesis, alkenyl, vinyl, aryl, allyl and
acyl silanes, Brook rearrangement, silicon Baeyer Villiger rearrangement.

Suggested Books

Text Books

1. W. Carruthers, Modern Methods of Organic Synthesis, Cambridge
University Press, 1996.

2. L. Ojima, Catalytic Asymmetric Synthesis (2nd edition), Wiley-VCH, New
York, 2000

3. N.S.Isaacs, Physical Organic Chemistry, ELBS, Longman, UK, 1987.

4. S.Warren, Organic Synthesis, The disconnection Approach, John Wiley &
Sons, 2004.

References

1. L. Kuerti and B. Czako, Strategic Applications of Named Reactions in
Organic Synthesis, Elsevier Academic Press, 2005.

2. ].Tsuji, Palladium Reagents and Catalysts, New Perspectives for the 21st
Century, John Wiley & Sons, 2003.
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Ul

R. Noyori, Asymmetric Catalysis in Organic Synthesis, John Wiley & Sons,
1994.

T. H. Lowry and K. S. Richardson, Mechanism and Theory in Organic
Chemistry (2nd edition), Harper & Row, New York, 1981.

M. B. Smith, Organic Synthesis (2nd Edition), McGraw Hill, 2010.

J. Clayden, N. Greeves, S. Warren and P. Wothers, Organic Chemistry,
Oxford University Press, 2001.
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Course Code

CH 624

Title of the Course

Total Synthesis and Natural Products Chemistry

Credit Structure L-T-P-Credit
2-1-0-3

Name of  the | Chemistry

Discipline

Pre-requisite, if Nil

any

Scope of the Course

To familiarize students with modern methods of natural product synthesis

Course Syllabus

Modern approaches of synthesis of furan, thiophene, pyrrole, pyridine,
quinoline, isoquinoline and indole; their reactivities, Synthesis and reactions of
azidirines and azetidines.

Natural Products

Isoprene rule; Structure elucidation (by chemical and spectroscopical methods);
synthesis, Biogenesis and Biosynthesis of representative examples of acyclic,12
monocyclic and bicyclic monoterpenes. Structural types - general introduction
to sesqui, di-and tri-terpenoids. Familiarity with methods of structural
elucidation (chemical and spectroscopical methods, biosynthesis, synthesis of
alkaloids (ephedrine and atropine), Steroids - General methods of study and
structural types, chemistry of cholesterol, hormones, bile acids, Vitamins of D-
group, diosgenin.

Alkaloids: Structure, transformation and biosynthesis of alkaloids from
terrestrial and marine sources; chemistry of indole and peptide alkaloids
Carbohydrate:

Deoxysugars, amino sugars, glycal sugars and their synthetic aspects.
Carbohydrates as chiral pools in organic synthesis

Total Synthesis:

Total synthesis of Longifolene, Reserpine, Juvabione, Aphidicolin and
Fredericamycin A and prostaglandins (PGE2, PGF2a), Taxol.

Bio-Organic Chemistry: Enzymes and antibodies ( syntheses and applications)

Suggested Books

Text Books

1. J.A.]Joules and K. Mills, Heterocyclic Chemistry (5t edition), published by
Chichester, Wiley-Blackwell, 2010.

2. E.].Corey and X. M. Cheng, The Logic of Chemical Synthesis, John Wiley &
Sons, 1995.

3. S. V. Bhat, B. A. Nagasampagi, and S. Meenakshi, Natural Products
Chemistry and Applications, Narosa Publishing House, 2009.

4. E. M. Carreira and L. Kvaerno, Classics in Stereoselective Synthesis, Wiley
VCH, 20009.

References

1. T. Eicher and S. Hauptmann, The Chemistry of Heterocycles, Wiley-VCH,
Weinheim, 2003.

2. K. C. Nicolaou and S. A. Snyder, Classics in Total Synthesis-II, VCH, 2003.

3. K. C. Nicolaou and E. ]. Sorensen, Classics in Total Synthesis, VCH, 1996.

4. R. M. Acheson, An Introduction to the Chemistry of Heterocyclic
Compounds (34 edition), Wiley India Pvt Ltd, 2008.
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5. T.L. Gilchrist, Heterocyclic Chemistry, Prentice Hall, 1997.
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Course Code

CH 625

Title of the Course

Stereochemistry, Pericyclic- & Photochemistry

Credit Structure

L-T- P-Credits: 2-1-0-3

Name of the | chemistry

discipline

Pre-requisite, Nil

if any

Scope of the Students will become familiarized with the sterochemical aspect of organic
course molecules and reactivity depends on it as well as modern techniques employed

to understand the fundamentals of structure, bonding and reactivity in organic
molecules.

Course Syllabus

Stereochemistry:
Conformation & its effects on reactivity of monocyclic systems such as
cyclopropane, yclobutene, cyclopentane, cyclohexanes, cyclohexanone,

cyclohexene, cyclohexane-alkylidene. 2-Alkyl, 3-alkyl ketone effect, 2-haloketone
effect, Allylic strain. Steric assistant and steric acceleration.

Stereochemistry of fused rings such as 6-6, 6-5,6-4, 5-5 bicyclic systems, 6-6-6, 6-
5-6, 5-6-5 and 5-5-5 tricyclic systems, transannular effects, concept of I strain.
Stereochemistry of allenes, biphenyl, spiranes and helicenes.

Chiro-optical properties of organic molecules: Origin, Theory of CD, ORD and their
applications. Chiral analysis by polarimeter, NMR, GC, HPLC.

Pericyclic chemistry: Classification and stereochemical modes; Thermal and
photo-pericyclic reactions, selection rules and stereochemistry of electrocyclic
reactions, 2-component cycloadditions - antarafacial and suprafacial additions;
Chelotropic and Sigmatropic reactions. Rationalization based on Frontier M.O.
approach, correlation diagram, Dewer-Zimmermann approach, Mobius & Huckel
systems; Claisen, Cope, Aza-Cope and Oxy-Cope rearrangements, Sommelet-
Hauser, Ene reaction - Applications in Organic synthesis; Fluxional Tautomerism.

Photochemistry: Basic principles, photochemistry of olefinic compounds, cis-
trans isomerization, Paterno-Buchi reaction, Barton reaction, Norrish Type-I and
II reactions, Photoreduction of ketones, di-m methane rearrangement, oxa di-m-
and aza di-m-methane rearrangements, Photochemistry of arenas; Photoreactions
in solid state, synthetic applications; cyclization of radicals.

Aromaticity:

MO treatment of acyclic and cyclic conjugated systems, Huckel rule and concept of
aromaticity; annulenes, heteroannulenes, fullerenes (C60), alternate and non-
alternate hydrocarbons, anti-aromaticity, pseudo-aromaticity, homo-aromaticity,
Frost diagram, Huckel treatment-applications to ethylene, allyl, cyclopropenyl,
butadiene, cyclobutadiene, Importance of antibonding orbitals in organic
reactions.

Suggested
books

1. E. L. Eliel and S. H. Wilen, Stereochemistry of Organic Compounds, John Wiley &
Sons,
New York, 1994.
2. S. Sankararaman, Pericyclic Reactions- A textbook, Wiley VCH, 2005.
3. I. Fleming, Frontier Orbitals and Organic Chemical Reactions, Wiley, London,
1976.
4. N.]. Turro, V. Ramamurthy and J. C. Scaiano, Modern Molecular Photochemistry
of Organic Molecules, University Science Books, CA, 2010.
5.]. March and M. B. Smith, March’s Advanced Organic Chemistry: Reactions,
Mechanism., and Structure (6th Edition), Wiley, 2007.
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Course Code

CH 641

Title of the Course

Advanced Topics in Inorganic Chemistry

Credit Structure L-T-P-Credit
2-1-0-3

Name of the | Chemistry

Discipline

Pre-requisite, if any Nil

Scope of the Course

To familiarize with synthesis, bonding and reactions of transition metal
complexes

Course Syllabus

Transition Metal m-acid ligands, synthesis and reactivity of transition metal
complexes with small molecules, LNCC and HNCC, Wade’s rule and capping
rule.

Synthesis, structure, bonding and reactivity of transition metal complexes with
different unsaturated systems, Oxidative addition, reductive elimination,
insertion reactions, activation of small molecules, different types of catalytic
reactions of unsaturated hydrocarbons.

Formation constant from spectrophotometry, chelate and macrocyclic effect,
associative and dissociative mechanism, trans effect, isomerisation,
racemization, electron transfer reaction, fluxional molecules

Suggested Books

1. F. A. Cotton, G. Wilkinson, C. A. Murillo and M. Bochmann, Advanced
Inorganic Chemistry (6t edition), John Wiley & Sons (Asia) Pvt. Ltd.,
2003.

2. J.E.Huheey, E. A. Keiter, R. L. Keiter and O. K. Medhi, Inorganic Chemistry
(4th edition), Pearson Education, 2006.

3. S.Asperger, Chemical Kinetics and Inorganic Reaction Mechanism (2nd
edition), Kluwer Academic, 2002.

4. R.C.Mehrotra and A. Singh, Organometallic Chemistry (2rd edition), New
Age International (P) Ltd Publishers, 2007.

5. R. H. Crabtree, The Organometallic Chemistry of transition Metals (5t
Edition), Wiley, 2009.

6. P. J. Dyson and ]. S. McIndoe, Transition Metal Carbonyl Cluster
Chemistry, Gordon and Breach Science Publishers, 2000.

7. P. Atkins, T. Overton, J. Rourke, M. Weller, and F. Armstrong, Shriver &
Atkins Inorganic Chemistry (4t edition), Oxford University Press, 2009.

44 Go to
Index




Course Code

CH 642

Title of the Course

Applied Inorganic and Nuclear Chemistry

Credit Structure L-T-P-Credit
2-1-0-3

Name of the | Chemistry

Discipline

Pre-requisite, if any Nil

Scope of the Course

To familiarize students with lanthanide-actinide chemistry, bio-organic,
metal-organic frameworks and nuclear chemistry.

Course Syllabus

Boranes, carboranes, silicones, phosphazanes, isopoly-, heteropolyacids,
zeolites and clay, Lanthanide and Actinide Chemistry

Role of metal ions in biology, metalloproteins in hydrolysis, structural role,
nitrogen fixation and cycle, photosystem, oxygen carrying agent, uptake and
storage of protein, redox reaction, model complex and metals in medicine.
Metal organic framework, synthesis, topology and applications.

Nuclear forces, Nuclear structure and properties, Radioactive decay,
radiotracers and nuclear reactions.

Suggested Books

Text books

1. F. A. Cotton, G. Wilkinson, C. A. Murillo and M. Bochmann, Advanced
Inorganic Chemistry (6t edition), John Wiley & Sons (Asia) Pvt. Ltd. 2003.

2. ].E.Huheey, E. A. Keiter, R. L. Keiter, 0. K. Medhi, Inorganic Chemistry (4t
Edition), Pearson Education, 2006.

3. S.Cotton, Lanthanide and Actinide Chemistry, Wiley, 2006,

4. S.].Lippard and ]. M. Berg, Principles of Bioinorganic Chemistry, Panima
Publishing Corporation, 2005.

5. W. Kaim, B. Schwederski, Bioinorganic Chemistry: Inorganic Elements
in the Chemistry of Life, Wiley, 2005.

6. L.R. MacGillivray, Metal-Organic Frameworks, Wiley, 2010

7. Metal-organic Frameworks, Application from Catalysis to Gas storage,
Wiley.

8. W. D. Loveland, D. ]J. Morrissey and G. T. Seaborg, Modern Nuclear
Chemistry, John Wiley, 2006.

9. G. Choppin, J.0. Liljenzin and ]J. Rydberg, Radiochemistry & Nuclear
Chemistry, Butterworth Heinemann, 2002
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Course Code

CH 643

Title of the Course

Modern Techniques in Inorganic Chemistry

Credit Structure L-T-P-Credit
2-1-0-3

Name of the | Chemistry

Discipline

Pre-requisite, if any Nil

Scope of the Course

To understand the correlation between modern techniques and inorganic
chemistry

Course Syllabus

Electronic absorption spectra, Orgel diagram, Tanabe-Sugano diagram,
adjusted crystal field theory, Nephelauxetic effect, MOT and octahedral and
tetrahedral complex.

Magnetic behavious, spin-orbit coupling, quenching of orbital angular
momenta, temperature independent paramagnetism, spin crossover.

Structural studies of Inorganic compound using IR, Raman and UV-vis spectra,
Electron spin resonance spectroscopy in cubic and tetragonal ligand field,
metal hyperfine coupling constant, Nuclear magnetic resonance spectroscopy,
application with various inorganic nuclei, Mossbauer Spectra.

Precision and error, sampling, TGA-DSC, coulometry, polrography,
amperometry, Cyclic voltametry, chromatography.

Suggested Books

Text Books:

1. J.A.Iggo, NMR spectroscopy in Inorganic Chemistry, Oxofrd University
Press, 1999.

2. E. L. Solomon and A. B. P. Lever, Inorganic Electronic Structure and
Spectroscopy: Methodology, John Wiley & sons, 2006

3. S.M. Khopkar, Basic concept of Analytical chemistry (2nd edition), New
Age International Publishers, 2004.

Reference Books:
1. R. Boc¢a, A Handbook of Magnetochemical Formulae (1st edition),
Elsevier, 2012.
2. K. Nakamoto, Infrared and Raman Spectra of Inorganic and
Coordination Compounds (6t edition), Wiley, 2009.
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Course Code CH 645

Title of the Organometallic Chemistry
Course

Credit L-T-P-Credit

Structure 2-1-0-3

Name of the

Concerned Chemistry

Department

Pre-requisite, Nil

if any

Scope of the
Course

To familiarize with synthesis, bonding and reactions of organometallic
chemistry

Course
Outcomes

Students will understand the principles of structure, bonding, and reactivity in
different organometallic complexes

Course
Content

e 18 electron rule, organometallic complexes of transition metals with 1 acid
ligands, synthesis, bonding and reactivity of organometallic complexes with
small molecules, (CO, NO, phosphines).

e Low-nuclear carbonyl clusters (LNCC) and high-nuclear carbonyl clusters
(HNCC), Wade’s rule, PSEPT, Mingos fusion formalism, Isolobal analogy,
capping principle and condensed polyhedra.

¢ Synthesis, structure, bonding and reactivity of transition metal complexes
with different unsaturated systems including alkene, alkyne, allyl and
arenes. Oxidative addition, reductive elimination, insertion reactions,
activation of small molecules, different types of catalytic reactions of
unsaturated hydrocarbons.

e Substitution reactions in octahedral and square planar complexes, trans
effect and its influence, stereochemistry, fluxional molecules, inner and
outer sphere electron transfer mechanism.

Suggested
Books

(Text Books,
Reference
Books)

Text Books:

1. Huheey, ]. E.; Keiter, E. A.; Keiter, R. L.; Medhi, O. K. Inorganic Chemistry, 4t
Edition, Pearson Education, 2006, ISBN: 978-8177581300

2. Asperger, S. Chemical Kinetics and Inorganic Reaction Mechanism, 2nd
Edition, Kluwer Academic, 2003, ISBN 978-0306477478

3. Mehrotra, R. C; Singh, A. Organometallic Chemistry, 2nd Edition, New Age
International (P) Ltd Publishers, 2007, ISBN 978-8122412581

4. Crabtree, R. H. The Organometallic Chemistry of transition Metals, 5t
Edition, John Wiley & Sons, 2009, ISBN 978-0470257623

5. Housecroft, C. E.; Sharpe, A. G. Inorganic Chemistry: 4th Edition, Pearson,
2012, ISBN: 978-0273742753

Reference Books:

6. Cotton, F. A;; Wilkinson, G.; Murillo, C. A;; Bochmann, M. Advanced Inorganic
Chemistry, 6t Edition, John Wiley & Sons, 2003, ISBN 978-0471199571

7. Atkins, P.; Overton, T.; Rourke, ].; Weller, M.; Armstrong, F. Shriver & Atkins’
Inorganic Chemistry, 5t Edition, Oxford University Press, 2009, ISBN 978-
0199236176
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8. Dyson, P. ].; Scott M. . Transition Metal Carbonyl Cluster Chemistry,
Gordon and Breach Science Publishers, 2000, ISBN 978-9056992897
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Course code

CH 647

Title of the course

Coordination Chemistry

Credit Structure

L-T-P - Credits
2-1-0-3

Name of the Discipline

Chemistry

Pre-requisite, if any

Basic knowledge of symmetry, atomic structure, and a familiarity with the
qualitative use of the molecular orbital approach to bonding.

Scope of the course

With an emphasis on coordination compounds, this course aims to provide
an introduction to the principles underlying the chemistry of the d- and f-
block metals describing various aspects of structure, bonding, chemical
transformations, magnetism and spectroscopy.

Course Syllabus

Structure and bonding of transition metal complexes, low-spin and high-spin
complexes, LFT and molecular orbital (MO) theory of selected octahedral and
tetrahedral complexes.

Electronic Spectra: UV-Vis, charge transfer, colours, intensities and origin of
transitions, interpretation, term symbols and splitting of terms in free atoms,
selection rules for electronic transitions, Orgel and Tanabe-Sugano diagrams,
calculation of Dq, B, C, and Nephelauxetic ratio using these diagrams.
Coordination chemistry of f-block elements. Magnetism of complexes of d-
and f-block elements.

Coordination chemistry of metal ions in biology

Suggested Books

Text Books:

1. M. Weller, T. Overton, ]J. Rourke, F. Armstrong, Inorganic Chemistry,
Oxford University Press, 2018, ISBN: 978-0198825906.

2.]. E. Huheey, E. A. Keiter, R. L. Keiter, O. K. Medhi, Inorganic Chemistry,
Pearson Education, 2006, ISBN 978-8177581300.

3.S. ]. Lippard, ]. M. Berg, Principles of Bioinorganic Chemistry University
Science Books, Mill Valley, California, 1995, ISBN 978-0-935702-72-9.

4. ].D. Lee, Concise Inorganic Chemistry, Wiley VCH, 2008, ISBN 978-
8126515547.

5. C. E. Housecroft, A. G. Sharpe, Inorganic Chemistry, Pearson, 2012, ISBN
978-0-13-204849-1.

Reference Books:

6. G. L. Miessler, P. ]. Fischer, D. A. Tarr, Inorganic Chemistry, Pearson
Education India, 2013, ISBN: 978-0321811059.

7. B. N. Figgis and M. A. Hitchman, Ligand Field Theory and its
Applications, Wiley India Pvt Ltd, 2010, ISBN: 978-8126528455.

8. W. Kaim, B. Schwederski, Bioinorganic Chemistry: Inorganic Elements
in the Chemistry of Life John Wiley & Sons, Sussesx, England, 1996, ISBN:
978-0-471943-69-3.
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Course Code

CH 649

Title of the Course

Synthetic and Mechanistic Aspects of Organic Chemistry

Credit Structure

L-T- P-Credits: 2-1-0-3

Name of
discipline

the

Chemistry

Pre-requisite,
if any

Nil

Scope of the
course

To develop understanding of the intermediates involved in reactions and
applications of variety of oxidizing, reducing agents in organic synthesis

Course Syllabus

Reactive Intermediates - Formation and stability of carbenes, nitrenes,
radicals and arynes; Nucleophilic, electrophilic and radical substitutions,
addition and elimination reactions; Methods of determining reaction
mechanisms, Kinetic isotope effect, Hard and soft acids and bases; Hammett
equation. Mechanisms of some familiar name reactions: Robinson annulation,
Peterson olefination, Stork enamine reaction, Mannich reaction, Sharpless
asymmetric epoxidation, Barton reaction, Hofmann-Loffler-Freytag reaction,
Shapiro reaction, Baeyer-Villiger reaction, Chichibabin reaction.

Oxidations in Organic Chemistry:

Oxidative processes based on one-electron and two-electron oxidants,
oxidations with Cr(VI) oxidants; Collin oxidation, PCC, PDC and PFC, DMSO-
oxidations: Swern, Moffat, DMSO-SO3 complex, DMS0O-Ac20, Hypervalent iodine
oxidations: Dess-Martin periodinane, IBX, lodobenzene diacetate, Oxidations
with MnO, Se0;, TI(NO3)s, Agz20, RuO4 and 0Os0j4, Shi-epoxidation.

Name Reactions:

Peterson elimination, Henry, Nef, Prins, Appel, Mitsunobu, Mukaiyama aldol
reaction, Ritter, Staudinger, Baylis-Hillman reaction and Julia olefination,
Corey-Fuchs reaction, Chan-Lam coupling, C-C Coupling reactions-Heck, Suzuki,
Sonogashira, Stille, Zieglar-Natta reaction, Olefin metathesis, and Tebbe’s
Reagent.

Reductions in Organic Chemistry:

Different reductive processes, reduction with metal hydrides of B, Al, Sn and Si,
catalytic and transfer hydrogenations, dissolving metal reductions, synthetically
useful hydrogenolysis reactions, samarium and indium-based reducing agents.

Organosilicon Chemistry: Synthetic uses of silyl ethers, silylenol ethers, TMSCI,
TMSI and TMSCN, Brook rearrangement, silicon Baeyer Villiger rearrangement.

Suggested
books

1. W. Carruthers, Modern Methods of Organic Synthesis, Cambridge University
Press, 1996.

2. Advanced organic chemistry, Part B - F. A Carey and R. ]J. Sundberg 5t edition
(2007).

3. ]. Clayden, N. Greeves, S. Warren and P. Wothers, Organic Chemistry, Oxford
University Press, 2001.

4. L. Kuerti and B. Czako, Strategic Applications of Named Reactions in Organic
Synthesis, Elsevier Academic Press, 2005.

5. M. B. Smith, Organic Synthesis (2nd Edition), McGraw Hill, 2010.
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Course Code

CH 651

Title of the Course

Chemistry Lab-I

Credit Structure (L-T-P-Credit)
0-0-6-3

Name  of the | Chemistry

Discipline

Pre-requisite, if | Nil

any

Scope of the Course

To expose students to the basic experimental techniques of all the branches of
chemistry

Course Syllabus

Basics of following techniques:
Distillation: Steam and Vacuum Distillation
Extraction

Thin Layer Chromatography

Column Chromatography

Crystallization

Colorimetric estimation

Absorption and fluorescence spectroscopy
Electrochemical investigation

Gaussian program

Suggested Books

Laboratory Manual
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Course Code

CH 698

Title of the Course

PG Seminar Course

Credit Structure

L-T-P-Credits

0-2-0-2
Name of the Concerned | Chemistry
Discipline
Pre-requisite, if any

Nil

Course Objective

To develop confidence and presentation skills of the student

Course Syllabus In this course a PG student has to present seminar/presentation or a
series of presentations on a topic(s) chosen by him/her in consultation
with his/her PG Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

Textbook None

Other references

Books and research  publications in various relevant
journals/conference proceeding, etc.
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Course Code CH 700
Title of the Course Advanced Chemistry Lab
Credit Structure (L-T-P-Credit)
0-0-6-3
Name of the | Chemistry
Discipline
Pre-requisite, ifany | Nil

Scope of the Course

To expose students to the basic experimental techniques of all the branches of
chemistry

Course Syllabus

Inorganic Chemistry:

1. Synthesis and characterization of metal complexes

2. Separation of metal ions using column chromatography

3. Electrochemical Investigation of potassium ferricyanide [KgFe(CN)6]

Organic Chemistry:
Techniques:

Crystallization

Distillation

Steam Distillation

Vacuum Distillation
Extraction

Thin Layer Chromatography
Column Chromatography
Checking MP

® N WP

W

Synthesis and characterization of important organic molecules.
Usual Spectroscopic Characterization (UV, IR, NMR, M.S. etc.)

Physical Chemistry:

Exp. 1: Colorimetric estimation of urease activity using UV-Vis spectroscopy.
Exp. 2: Solavtochromic shift of dye molecules using absorption and fluorescence
spectroscopy.

Exp. 3: Preparation and characterization of silica particles under mild condition.
Exp. 4: Synthesis and characterization of liquid crystal

Exp. 5: Using Gaussian program predicting the transition state of organic
reactions.

Suggested Books

Laboratory Manual
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Course Code

CH701

Title of the Course

Spectroscopic Techniques

Credit Structure L-T- P-Credits
2-1-0-3
Name of the | Chemistry
Concerned Discipline
Pre-requisite Nil

Scope of the course

Course Syllabus

Infrared Spectroscopy: General principles, factors influencing vibrational frequencies,
selection rules, Analysis of Infra-red technique, Fourier- transform IR- Spectroscopies.
Introduction to terahertz spectroscopy, Application of IR and terahertz spectroscopy
Spectroscopy to inorganic and organic compounds.

Raman Spectroscopy: Principles, normal, resonance and laser Raman Spectroscopies.
Structure determination by symmetry selection rules (normal coordinate analysis).
Application of Raman Spectroscopy to structural chemistry. Nuclear magnetic resonance
Spectroscopy.

Elctronic spectroscopy: General principles, Electronic absorption spectra of organic
and inorganic molecules, Selection rules and their implications. Instrumentation:
analytical applications: qualitative and quantitative analyses.

Luminescence Spectroscopy: Introduction, characteristics of fluorescence and
phosphorescence emission, effects of solvents on fluorescence spectra. Lippert equation,
Time scale of excited state molecular processes in solution, Life times and quantum
yields. Basic instrumentation, The Biochemical applications of solvent effects:
localization of membrane-bound and protein- bound fluorophores, Polarization of
emission, Measurements of fluorescence Polarization, Extrinsic causes of fluorescence
depolarization. Effect of rotational diffusion on fluorescence anisotropies: the perrin
equation. Chemical and biochemical applications of anisotropy measurements.

NMR Spectroscopy: Nuclear magnetic resonance Spectroscopy: General principles,
sensitivity of the method, CW and FT-NMR, instrumentation. Application in chemical
analysis (with special reference to 1H - NMR): Chemical shift, spin-spin splitting, area of
peak, shift reagents, off-resonance decoupling, Nuclear Overhauser Effect, solid state and
gas phase NMR spectra.

Mass Spectrometry: Mass spectrometry: Principles, advantages and limitations of Mass
Spectrometry. Instrumentation, Methods of ionization, Metastable ions. Theory of Mass
Spectrometry. Structure elucidation of inorganic and organic compounds.
X-ray-diffraction and X-ray photoelectron spectroscopy: Basics Principles and
applications.

Electron Paramagetic Resonance: Basic Principles, Isotropic hyperfine effects,
Zeeman energy, anisotropy, hyperfine anisotropy, applications

Mossbauer Spectroscopy: Fundamentals of Mdssbauer spectroscopy and applications.

Suggested Books

C.N. Banwell, Fundamentals of Molecular Spectroscopy (4t edition), Tata McGraw
Hill, New Delhi, 1994.

2. R.M. Silverstein, G.C. Bassler, C. Morril, Spectrometric Identification of Organic

Compounds (5% edition), John Wiley & Sons, 1991.

3. J.R. Lakowicz, Principles of Fluorescence Spectroscopy (3 edition), 2006.
4. M. Rose, and R.A.W. Johnston, Mass Spectrometry for Chemists and Biochemists

(2nd edition), Cambridge University Press, 1996.

5. D.L. Pavia, G.M. Lampman, G.S. Kriz, Introduction to Spectroscopy (3t edition),

Thomson Brooks/Cole, 2000.

6. Fritz Helmet, Méssbauer Spectroscopy
7. J.A. Weil, and J.R. Bolton, Electron Paramagnetic Resonance: Elementary Theory

and Practical Applications.
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Course Code

CH 704

Title of the Course

Chemistry at Surfaces and Interfaces

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned Discipline

Chemistry

Pre-requisite, if any

Undergraduate courses on surface chemistry or physics

Scope of the course

Course Syllabus

Introduction to nanoscale and colloidal systems, Fundamentals of surface
and interfacial chemistry. Surface tension and wettability. Insoluble
monolayers.

Self-assembled monolayers (SAM.S.): Growth processes, Phase transitions,
Mixed monolayers, applications of SAM.S.. Electrostatic interactions in self-
assembling systems. Self-assembly of amphiphiles. Monolayers, micelles, and
microemulaions.

Adsorption phenomena: Adsorption of surfactants at solid surfaces.
Langmuir adsorption and models describing multilayer adsorption.
Immobilization of biomolecules: strategies and applications in
nanobiotechnology. Enzyme responsive surface.

Nanofabrication methods: Bottom-up methods, photolithography,
scanning probe methods, soft lithography, e-beam lithography.

Chemical functionalization: Recent advances in thiol-Au and silane
chemistry. Layer-by- layer synthesis of multilayer assemblies. Applications.
Spectroscopic and Imaging techniques: AFM, STM, SEM, Confocal
microscopy, Surface enhanced Raman spectroscopy (SERS), Imaging
ellipsometry, X-ray based techniques.

Heterogeneous Catalysis: Historical Background, Catalysis, difference
between homogeneous and heterogenous catalysis, reactive interfaces, effect
of structures on reactivity, catalytic materials and their preparation, activity
and selectivity, measurement of catalytic properties, applications in raw
materials and their conversions, environmental protection and daily life,
future of catalysis.

Suggested Books

1. The Colloidal Domain: Where Physics, Chemistry, Biology and
Technology Meet by D. Fennell Evans and Hakan Wennerstrom; 1999
John-Wiley and Sons, Inc.

2. Handbook of Surface and Colloid Chemistry by K. S. Birdi, 2008 CRC press.

3. Introduction To Surface Chemistry And Catalysis by Gabor A. Somorjai,
Yimin Li, 2010 John Wiley and Sons.

4. Nano: The Essentials by T. Pradeep, 2007 Tata McGraw-Hill

5. Nanobiotechnology II: More Concepts And Applications by Chad A.
Mirkin, Christof M. Niemeyer, 2007 Wiley-vch Verlag Gmbh.

6. The Basis and Applications of Heterogeneous Catalysis by Bowker Michael,
1998 Oxford University Primer.

7. Research articles in the journals.
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http://www.flipkart.com/author/christof-m-niemeyer/

Course Code

CH 705

Title of the Course

Materials Chemistry

Credit Structure

L-T- P-Credits

2-1-0-3
Name of the | Chemistry
Concerned Discipline
Pre-requisite, if any Nil

Scope of the course

Course Syllabus

Chemistry at the Nano-dimension: Introduction: definition of a nano
system, top-down and bottom up approach, dimensionality and size
dependent phenomena, properties of Individual nanoparticles: Metal
nanoparticles, semi-conducting nanoparticles, metal oxide nanoparticles,
composite nanostructures, optical properties. Synthesis of Nanomaterials:
Solution chemical methods, Gas or vapor based methods of synthesis: CVD,
MOCVD and MBE, Sol-gel processing, Bioconjugation, Toxicity and green
chemistry approaches of synthesis. Carbon nanotubes: synthesis, properties
and surface functionalization, zeolites and graphenes. Magnetic
nanoparticles: Synthetic methods and properties, Diamagnetism,
paramagnetism and superparamagnetism, proton relaxation, surface
modification. Applications in magnetic seperation, development of MRI
contrast agents. Characterization of Nanomaterials: Electron microscopes-
Scanning Electron Microscope, Transmission Electron Microscopes, Scanning
Tunneling Microscopy, Atomic Force Microscopy, nano-tweezers, Dynamic
Light scattering, Surface enhanced Resonance Raman spectroscopy, ICP-
mass. Applications of Nanomaterials: Chemical and biomedical detection,
imaging and therapy, Energy conversion: PV solar cells and Photo electro-
chemical cells, Lasers, LEDs, photonic crystals.

Metal Organic Frameworks: Development of metal organic materials, guest
removal and uptake, flexibility, topology and interpenetration, highly
connected metal-organic framework, organometallic network, acentric and
chiral network, application of metal-organic framework in nonlinear optics,
selective absorption of gas and vapour, hydrogen, methane, carbon dioxide
storage, magnetic materials.

Organic Electronics: OLED, WOLED, Liquid crystalline materials. NLO
materials (2nd and 34 order NLO materials), 2Photon and multiphoton
process. Organic solar cell, OFET (n-channel and P-channel) materials.

Suggested Books

1. C.P.Poole, and F.J. Owens, Introduction to Nanotechnology, Wiley-India,
2006.

2. G.A. Ozin, C. Andre, and L. Arsenault, Cademartiri, Nanochemistry: A
chemical Approach to Nanomaterials, Royal Society of Chemistry, 2005.

3. T.Pradeep, NANO: The Essentials, Tata-McGraw Hill, New Delhi, 2007.

4. KJ. Klabunde, Nanoscale Materials in Chemistry, Wiley-interscience,
2001.

5. Bharat Bhushan (Ed.) Springer Handbook of Nanotechnology, Springer,
2007.

Some recent publications in the reputed journals.
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Course Code CH 706

Title of the Course Photochemistry

Credit Structure L-T- P-Credits
2-1-0-3

Name of the | Chemistry

Concerned Discipline

Pre-requisite, if any Nil

Scope of the course

Course Syllabus

Theories of electronic spectroscopy: Introduction: Absorption, Scattering,
reflection and emission, Light/Photon: Sources of light/photon, light
detectors, Chromophores: From synthetic to
chromophores

Reactivity of electronic excited states of molecules: Excited state
deactivation pathways, Excited state reactions: excimers, exciplexes, electron
transfer, energy transfer, proton transfer. Some photochemical organic
reactions.

Natural photochemical processes and application: Mechanism of vision,
Photosynthesis, Photo dynamic therapy (PDT)

naturally occurring

Suggested Books

1) “Fundamentals of photochemistry” by K.K. Rahatgi and K. K. Mukherjee.
2) “Modern Molecular photochemistry” by Nicholas J. Turro.
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Course Code

CH 708

Title of the Course

Catalysis: Approaches and Applications

Credit Structure

L-T-P-Credits
2-1-0-3

Name of the
Concerned
Discipline

Chemistry

Pre-requisite, if any

Masters in inorganic and organic chemistry

Scope of the
Objective

To familiarize students with catalysts and their mode of interaction in homo-
and heterogeneous conditions.

Course Syllabus

Catalysts and catalytic processes, important terminologies in catalysis (such as
Turnover, TOF, TON, Catalyst poisoning, Deactivation, regeneration, recycling),
Factors affecting catalyst and catalytic processes, Characterization of a catalyst
and catalytic processes (Surface structure, chemical composition and
topography by electron microscopy (SEM, TEM), X-ray and neutron methods
(XRD, EDS, XPS), vibrational spectroscopy, NMR and others.)

Application of transition metal complexes and organometallic complexes
based homogeneous catalysts in Metathesis reactions, Hydrogenation,
Oxidation, Hydroformylation, C-C coupling reactions. Heterogeneous catalytic
processes on free and supported nanocatalysts, Size dependent catalysis,
Catalysts for CO oxidation, H, generation and C-C and C-heteroatom coupling
reactions (such as, Sonogashira coupling, Heck reaction, Suzuki reaction,
hydroamination etc.).

Suggested Books

Text Books
1. Introduction to surface chemistry and catalysis, G.A. Somorjai, Y. Li, 2010,
Wiley-VCH. ISBN 978-0-470-50823-7.
2. Principle and practice of heterogeneous catalysis, ].M. Thomas, W.].
Thomas, 2008, VCH. ISBN 978-3-527-29239-4.
3. The chemistry of nanomaterials, C.N.R. Rao, A. Muller, A.K. Cheetham, Vol
2,2006, Wiley-VCH. ISBN 978-3-527-30686-2.
4. Mechanisms in Homogeneous Catalysis, B. Heaton, 2005, Wiley-VCH.
ISBN 978-3-527-31025-8,
5. Applied Homogeneous Catalysis, A. Behr, P. Neubert, 2012, Wiley-VCH.
ISBN 978-3-527-32633-4,
Reference Books
1. Advanced nanomaterials, K.E. Geckeler, H. Nishide, Vol 1, 2010, Wiley-

VCH. ISBN 978-3-527-31794-3.

2. Concept of modern catalysis and Kkinetics, 1. Chorkendorff, ]. W.
Niemantsverdriet, 2nd revised Ed. 2007, Wiley-VCH. ISBN: 978-3-527-
31672-4.

3. Nanoparticle and catalysis, D.A. Struc, 2008, Wiley-VCH. ISBN: 978-3-527-
31572-7.

4. Catalysis-From Principles to Applications, M. Beller, A. Renken, R.A. van
Santen, 2012, Wiley-VCH. ISBN 978-3-527-32349-4
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Course Code

CH 709

Title of the Course

Advanced Bioinorganic Chemistry

Credit Structure L-T-P-credits
2-1-0-3
Name of the Concerned | Chemistry

Department

Prerequisite if any

Undergraduate courses in inorganic chemistry

Learning Objectives

Main objective of this course is to give an overall unified
understanding of bioinorganic chemistry by identifying the
principles that have emerged in last few decades by arranging them
in a logical and consistent order. This course will introduce the
students the ever expanding frontier of bioinorganic chemistry by
discussing some exemplary individual cases along with the
principles that tie the realms of bioinorganic chemistry together.

Course Syllabus

Overview of bioinorganic chemistry, thermodynamic and kinetic
aspects of coordination compound in bioinorganic chemistry,
reaction of coordinated ligands, model complexes and concept of
spontaneous self-assembly.

Coordinative properties of biological molecules : proteins, nucleic
acids and other metal binding biomolecules

Different roles of metal ions in biology :

Roles of Zn2?*, Mg?*, Na* and K* in terms metalloproteins in
hydrolysis exemplified by carboxypeptidase, carbonic anhydrase, a-
amylase, ATPase, thermolysin, alkaline phosphatase etc.

Roles of Fe2+ and Cu* as biological oxygen carrier, hemoglobins
(human A, erythrocruorin, chlorocruorin), hemocyanins and
hemerythrins, synthetic oxygen carrier and model systems.
Structural role of Zn2* in DNA binding metalloprotein as zinc finger
and role of Ca2* in metalloregulatory proteins.

Metalloenzymes in biological nitrogen cycle : molybedenum-
dependent nitrogen fixation

Uptake, transport and storage of essential metal ions exemplified by
iron - transferrin and ferritin.

Manganese catalyzed oxidation of water to oxygen : photosystem I
and II.

Cobalamins including Vitamin, reactions of the alkylcobalamin.
Biological functions of tungsten, vanadium and chromium.

Cu* and Fe2* in ATP synthesis - Cytochrome c oxidase.
Metalloproteins in electron transfer - blue copper proteins and iron
sulphur proteins.

Role of metals ion in medicinal chemistry and as diagnostic tools,
chelation therapy.

Suggested Books

1. S. ]J. Lippard, ]J. M. Berg, Principles of Bioinorganic
Chemistry (1995), University Science Books, Mill Valley,
California, ISBN 978-0-935702-72-9

2. W. Kaim, B. Schwederski, Bioinorganic Chemistry
Inorganic Elements in the Chemistry of Life (1996), John
Wiley & Sons, Sussesx, England, ISBN : 978-0-471943-69-3

3. H. B. Grey, E. L Stiefel, ]. S. Valentine, 1. Bertini : Biological
Inorganic Chemistry : Structure and Reactivity (2006),
University Science Books, ISBN : 978-1-891389-43-6

4. Relevant papers and reviews in reputed international
journals.
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Course Code

CH710

Title of the Course

Molecular Modeling and Computational Chemistry

Credit Structure L-T-P-C
2-1-0-3

Name of the | Chemistry

Concerned

Department

Pre-requisite, if any

Undergraduate courses in Physical Chemistry

Course Objective

To introduce students to various molecular modeling techniques such as
molecular mechanics, molecular dynamics, ab initio electronic structure
theory and their applications in chemical research.

Course Syllabus

Ab Initio Methods:

BO approximation, potential energy surfaces, LCAO, HF Molecular Orbital
Theory, Slater Determinants, Anti-Symmetry Principle, SCF method,
introduction to Electron Correlation: Overview of Perturbation, CI and CCSD
Methods, introduction to Density Functional Theory.

Molecular Mechanics/Force Field Methods:

Comparisons and Performance of Various Force Fields, Inter and
Intermolecular Interactions, Energy Minimizations, Normal Mode Analysis,
Micro Canonical and Canonical Ensembles, Monte Carlo Simulations and
Metropolis Sampling, Molecular Dynamic Simulations: Force Calculations,
Integration Schemes, Liquid Models and Properties.

Applied Computational Chemistry:

Structures, Computable Quantities, Chemical Properties, Molecular Orbital’s
Plotting, Charge Distributions and Spectroscopic Properties.

Suggested Books

Text Books
1. Molecular Modeling: Principles and Applications. Andrew R. Leach, 2nd
Ed., Prentice Hall, 2001.
2. Essentials of Computational Chemistry: Theories
Christopher ]. Cramer, 2m Ed., Wiley & Sons, New York.
3. Organic Chemists book of Orbitals, by William L. Jorgensen and Lionel
Salem; Wiley-VCH, 1973.
Reference Books
1. P. W. Atkins, Molecular Quantum Mechanics, Clarendon Press, Oxford,
1980.
2. L.N. Levine, Quantum Chemistry, 4th Edn., Prentice Hall of India Pvt. Ltd.,
New Delhi, 1995.
3. D.A. McQuarrie, Quantum Chemistry, University Science Books, 1983.

and Models.
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Course Code

CH711

Title of the Course

Bio-Organic and Medicinal Chemistry

Credit Structure L-T-P-C
2-1-0-3
Name of the Concerned | Chemistry

Discipline

Pre-requisite, if any

Undergraduate courses in Organic chemistry and Biology

Scope of the Objective

The first part of the course focuses on the protein, nucleic acids functions,
structure, and physio-chemical aspects of enzymes involved in biological
processes. In the second part, fundamental and current methodologies
involved in the drug discovery process, application of drugs to various
diseases like cancer, inflammation and infection by pathogens will be
discussed in detail.

Course Syllabus

Bio-organic Chemistry: Weak interactions, Buffering against pH
changes in biological systems. Amino acids, Peptides and proteins, The
structure of proteins, Protein mis-folding and related to diseases. Protein
data bank (pdb), Peptide self-assembly at the nanoscale. IR spectroscopy
- Intra and intermolecular hydrogen bonding, effect of concentration,
temperature and solvent, Applications of Circular dichroism (CD) and FT-
IR in the structural elucidation of protein structures. Enzymes and
enzymatic reactions, Enzyme inhibitors. Nucleotides and nucleic acids,
Nucleic acid structures, Function of nucleotides, DNA based self-
assembling nanostructures. Systems chemistry: Dynamic combinatorial
chemistry and molecular self-replication, Molecular recognition for
dynamic combinatorial libraries, Targeting peptides and proteins.
Medicinal Chemistry: Molecular basis of drug action and drug design-
Molecular properties, geometries, stereochemistry, conformation,
energetic; Drug discovery without leads, lead discovery strategies,
combinatorial chemistry: high throughput screening, principles of
rational drug design; Lead Modification-Pharmacophores, functional
group modification, bioisosterism, structure modification: homologation,
chain branching, SAR, QSAR: Electronics, hydrophobicity, sterics;
Receptor Targets-Forces in drug receptor complex, drug receptor
theories: occupancy, rate, induced-fit, macromolecular perturbation,
activation-aggregation,  stereochemical consideration: chirality,
geometric isomers, conformational isomers, ring topology.

Suggested Books

Reference Books

1. J. M. Berg, ]J.L. Tymoczko, L. Stryer, Biochemistry (6th edition) W.H.
Freeman and Company, 2006, ISBN 9780716767664.

2. M.M. Cox, D. L. Nelson, Lehninger Principles of Biochemistry (5th edition),
W.H. Freeman and Company, 2008, ISBN 9780230226999.

3. P.T. Corbett, ]. Leclaire, L. Vial, K. R. West, ].-L. Wietor, ]J. K. M. Sanders, S.
Otto, Chem. Rev. 2006, 106, 3652-3711.

4. R. B. Silverman, The Organic Chemistry of Drug Design and Action, 2ncl
Edition, Elsevier, New York, 2004, ISBN: 0-12-643732-7

5. G. L. Patric, An Introduction to Medicinal Chemistry, 4t Edition, Oxford
University Press, 2009, ISBN-13:978-0-19-923447-9

6. Online Journals: Journal of the American Chemical Society; Journal of
Medicinal Chemistry
http://pubs.acs.org/action/showPublications?display=journals);

Angewandte Chemie-International Edition

(http://onlinelibrary.wiley.com/journal/10.1002/%28ISSN%291521-3773);
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Nature Reviews Drug Discovery (http://www.nature.com/nrd/index.html)etc.,

Course Code

CH 720

Title of the Course

Asymmetric Synthesis

Credit Structure

L-T-P-Credits

2-1-0-3
Name of the Concerned | Chemistry
Discipline
Pre-requisite Nil

Scope of the course

Course Syllabus

Part-I: Principles of asymmetric synthesis

Introduction and terminology: Topocity in molecules Homotopic,
stereoheterotopic (enantiotopic and diastereotopic) groups and faces-
symmetry, substitution and addition criteria. Prochirality nomenclature:
Pro-R, Pro-S, Re and Si.

Selectivity in synthesis: Stereo specific reactions (substrate
stereoselectivity). Stereo selective reactions (product stereoselectivity):
Enantioselectivity and diastereoselectivity. Conditions for stereoselectivity:
Symmetry and transition state criteria, kinetic and thermodynamic control.
Methods for inducing enantio and diastereoselectivity.

Analytical methods: % Enantiomer excess, % enantioselectivity , optical
purity, % diastereomeric excess and % diastereoselectivity. Techniques for
determination of enantioselectivity: Specific rotation, Chiral 1H NMR, Chiral
lanthanide shift reagents and Chiral HPLC, Chiral GC.

Part-Il: Methodology of asymmetric synthesis: Classification of
asymmetric reactions into 1l.substrate controlled, 2. chiral auxiliary
controlled, 3. chiral reagent controlled and 4. chiral catalyst controlled.

1. Substrate controlled asymmetric synthesis: Nucleophilic additions to
chiral carbonyl compounds. 1, 2- asymmetric induction, Cram’s rule and
Felkin-Anh model.

2. Chiral auxiliary controlled asymmetric synthesis: a-Alkylation of
chiral enolates, azaenolates, imines and hydrazones. Chiral sulfoxides. 1, 4-
Asymmetric induction and Prelog’s rule. Use of chiral auxiliaries in Diels-
Alder and Cope reactions.

3. Chiral reagent controlled asymmetric synthesis: Asymmetric
reductions using BINAL-H. Asymmetric hydroboration using IPC2 BH and
[PCBH2. Reductions with CBS reagent.

4. Chiral catalyst controlled asymmetric synthesis: Sharpless, Jacobsen
and Shi asymmetric epoxidations. Sharpless asymmetric dihydroxylation
and amino hydroxylation. Asymmetric hydrogenations using chiral
Wilkinson biphosphine and Noyori catalysts. Chiral catalyst controlled
Diels- Alder and Michael reactions, Organocatalytic mediated asymmetric
synthesis.

Part-III: Total Synthesis of Biological Active Compounds

Suggested Books

1. Nasipuri, D., Stereochemistry of Organic Compounds, New Age
Publications, 2ndEd, 1994
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2. Eliel, E. et. al Stereochemistry of Organic Compounds, Wiley-
Interscience, 1994.

3. Carruthers, et. al. Modern Methods of Organic Synthesis, Cambridge
University Press, 4t Ed. 2005

4. Robert E. Gawley, R. E. Gawley, ]. Aube, Principles of Asymmetric
Synthesis Pergamon Title, Annotated Ed. 2004,

5. Nogradi, M.; Stereoselective Synthesis: A Practical Approach, Wiley-
VCH, 2nd Ed. 1994.

6. List. B. et.al. Asymmetric Organocatalysis, Springer 1st Ed. 2010

7. Song, C. E.; Cinchona Alkaloids in Synthesis and Catalysis: Ligands,
Immobilization and Organocatalysis, Wiley-vch Verlag Gmbh, 2009
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Course Code

CH 752

Title of the Course

Chemistry Lab-II

Credit Structure (L-T-P-Credit)
0-0-6-3

Name of the | Chemistry

Discipline

Pre-requisite, if | Nil

any

Scope  of the
Course

Students will perform advanced experiments based on the basic techniques learned
in Chemistry Lab-I

Course Syllabus

Synthetic techniques:

Synthesis, extraction, and purification of organic compounds.
Synthesis and purification of metal complexes.

Synthesis of nanoparticles.

Characterization and Application:

Characterization of organic and inorganic compounds using UV-Vis, IR, NMR, mass
and other relevant techniques.

Characterization of nanoparticles using UV-Vis, IR, P-XRD, SEM and other relevant
techniques.

Electrochemical investigation of compounds.

Colorimetric estimation of reaction using UV-Vis spectroscopy.

Application of absorption and fluorescence spectroscopy to study reaction
dynamics.

Using Gaussian program predicting the transition state of organic reactions.

Suggested Books

Laboratory Manual
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Course code

CH 754

Title of the course

Chemistry Lab-III: Numerical and Computational Methods

Course Category

Core

Credit Structure L -T-P - Credits
(0-1-2-2)

Name of the Chemistry

Department

Pre-requisite, if any None

Scope of the course
(Objectives)

Objective of this course is to introduce modern computational and
mathematical techniques for solving chemical problems.

Course Outcomes

After completion of the course students will be able to

Write and test simple programs involving loops, arrays, functions
and libraries.

Apply the concepts of probability and statistics to run Monte
Carlo simulation programs.

Program differential and integral equations numerically.

Course Content

List of representative experiments:

Programming principles using loops, arrays and functions.
Numerical methods: error analysis, differentiation,
integration, finding roots, curve fitting and optimizations
Elementary probability theory, random variables, binomial,
Boltzmann and normal distributions.

Finding minima and maxima, optimizations.

Applications of numerical methods in Chemistry

Suggested Books

1. McQuarrie, D. A. Mathematical Methods for Scientists and

Engineers, Viva Books Private Limited, 2008, [ISBN:978-8130909974
2. Brown, M. C. Python: The Complete Reference, McGraw-Hill: 2018:
978-9387572942

3. Allen, P.; Tildesley D. ]. Computer Simulations of Liquids, Oxford

University Press, 2017, ISBN: 978-0191841439

4. Chapman, S. ]J. Fortran 90/95 for Scientists and Engineers,

McGraw-Hill, 2013, ISBN: 978-1259064739
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Course Code

CH 797 (Autumn Semester)
CH 798 (Spring Semester)

Title of the Course

Seminar Course

Credit Structure

L-T-P-Credits

0-2-0-2
Name of the | Chemistry
Concerned Discipline
Pre-requisite, if any None

Scope of the course

Course Syllabus In this course a Ph.D. student has to present seminar/presentation or a series
of presentations on a topic(s) chosen by him/her in consultation with his/her
Ph.D. Thesis Supervisor/ Faculty Advisor. The frequency of
seminar/presentation will be decided by the Course Coordinator.

Textbook None

Other references

Books and research publications in various journals
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