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SRI SATHY A SAI INSTITUTE OF HIGHER LEARNING
(Deemed (o be University)

Depariment of Chemistry
Syllabus for Two Year M.Se. in Chemistry

The Masters course in Chemistry will consist of eighteen theory papers
(including Mathematics for Chemistry), eight practical papers and a project
spread over two semesters. During this period all aspects of the different
branches of Chemistry will be covered in a manner so that the students get as
compléete a picture as possible of the range and depth of the subject. The
emphasis is on detailed understanding of the fundamental principles and giving
training in appropriate computational and experimental methods. The objective
is to provide rigorous training in all the major branches of Chemistry, In the
final semester, advanced topics in emerging fields are introduced to enable the
students to have a good knowledge of current trends in research across the
domains of Chemistry, Electives in frontier and interdisciplinary areas are also
offered in the fourth semester. A special elective paper in the field of Bio-
catalysis is included 5o as to give the students an in-depth expertise in the use of
green chemistry for technology. A student graduating with an M Se, degree n
Chemistry will have gained exposure to almost every aspect of the field -
Theoretical, Applied, Instumental., Computational and  Experimental

Chemistry.

Applicable from academicymar 2022-23 omwards
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WVision

To positively enrich exploration and excellence in new chemical frontiers
through socially relevant research, innovations and collaborations.

Mission
In-depth understanding and Training

- IHEY: (RasoVaiSah):Educate about how Chemistry is the essence of all
living systems and physical processes

» Teach basic concepts along with advances in the subject

= Syiiergy between theory and experimients

= Training in relevant computational and experimental methods

= lgnite the passion towards scientific endeavors and train students into
research-oriented scientists with noble ambitions

Inspiving design and innovation

= Establish a leamning program that aids innovation
» Design and model molecules that mimic biomoelecules in nature.
= Inspire research with social relevance.

Creafe and Collaborate

= Design novel materials for energy storage, drug delivery, bio-imaging. water
purification and sensing applications

=  Remove barriers between conventional branches of Chemistry and explore
collaboration within and outside SSSTHL

Values

= Memoring students to inculeate the philosophy that “Education is for life
and nol {or hving”™

= Value-oriented teaching of subjects in innovative ways that blend human
values with knowledge. This is 8 constant endeavor.,

Program Specific Outcomes{PS0s)
The Master’s program offered by the Department of Chemistry equips the
stucdents with in-depth understanding of the fundamentals in all the major

domains of Chemistry. It aims to provide the graduate with a right mix of

theory, application, instrumentation, computational and experimental skills in
Chemistry in wne swith-the latest advancements in the field. The scquired skills,
p A
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knowledge and kindled spirit of research inspire the student to explore the vast
world of Chemistry.

The Department brings together all the major branches of Chemistry with
appropriate computational and experimental methods, The program is designe
1o explore and promote translational research on environment, health and
energy with specific focus on thrust areas dealing with sensing technology,
bioprocessing, bioremediation synthesis/semi-synthesis of biologically active
compounds, nanotechnology and plasmonics. The objective of the program is to
develop a good command over the subject with which the student can ably
perform in industry and/or in academics.

The program provides advanced courses in Quantum Chemistry and Group
Theory, Analvtical Chemistry, Chemical Kinctics, Surface Chemistry, Polymer
Chemistry, Statistical Thermodynamics, Electrochemistry, Spectroscopy,
Environmental Chemistry, Medicinal Chemistry and Synthetic Organic
Chemistry. In addition to these, the courses in emerging fields like Functional
Materials, Bio-catalysis, Supramolecular Chemistry, Computational
Applications in Chemistry coupled with the hands-on experience pained from
relevant project work, equips the post-graduate with all the basic skills and
experience to identify their area of interest and pursue higher studies through
research or through a job in industry/academia,

Attainment of POs and PS0s

We keep a tab on the alumni placement and their performances across the world
to informally evaluate the success of our program outcomes. The rigorous
internal assessment constitutes viva-voce and continuous internal evaluation,
The end-semester examinations instituted by the University includes
internal/external question paper setting along with double evaluation. Timely
continuous look at the overall performance of the students leads to appropriate
IMEasures,

Applicible from pcadernic year 2022-23 omwards
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DEPARTMENT OF CHEMISTRY
SCHEME OF INSTRUCTION AND EVALUATION

M.5c. (CHEMISTRY)
(Effective 2022/23 batch onwarnds)

PaperCade  Title o the Paper
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Modes of Evaluation Types of Papers
Indlcator | Legend Indicator | Legend
T Theory
IE1 CIE ond ESE; ESE single evaluntion
P Practical
1E2 CIE and ESE; ESE double evaluation
v Fiva voee
I Contineous Intemal Bvaluation (CTE) only _
Nete: 1" does not connote “Internal Examiner” P Project Work
o End Semester Examination (ESE) only n Disseriation
g Mote: *E° does not connole *Extemnal Examiner®
El ESE single evaluation
E2 ESE dooble evaluation

Continuows Internal Evaluation (CIE) & End Semester Examination (ESE)

FS:  Please refer 1o the guidelines for *Maodes of Evaluation for Various Types of Papers’, and viva
wore nomenclature & seope and constitution of the vive-vooe boards,

Nute: The electives offered are at the diseretion of the Head of the Department.

% The Project Work topic would be finalized by the end of the second semester, and the Project
Work starts thersafiér, continues m the third semester and gets compleled in the fourth
semester, The Project Work done in ihe thind semester is reviewed based on a preliminary
report submiiled by the student and is evaluated for 50 marks: which s later includied a5 part
ool The todal marks of 23041 the fourth semmegier.

#e2  Total marks for the Project Work would be 250 marks, which would include 50 marks for
the roview of the prefiminary report submitied by ihe student at the end of the 3™ semester
{please see**) + 30 marks for the Projest Work vva-voce conducted at the end of the 4®
semesier + 150 marks for the double evaluation of the Project Repoit submitted al the el of
the Tourth semesier

Cradits

The elective papers are listed below:

[ %

% |
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Elective Papers offered in the Fourth Semester

FOURTH SEMESTER {Choose any ONE paper from each of the Electives listed below):

LECTIVE -1

PCHM-404 E-1{i)  Environmental Chemistry
PCHM-404 E-1(ii) Functional Materials
PCHM-404 E-I (iii} Photophysics of Organic Molecules

ELECTIVE =11

PCHM-405 E-11 (i) Biocatalysis for Industry and Enviromment
PCHM-403 E-I1 (i) Organic Chemistry of Matural Products
PCHM 4035 E-II (i) Advanced Aspecis of Polymer Chemistry

NOTE: The studenis of the department may choose two electives in the fourth semester (one
each from Electives-1 & 1) owl of the elective courses hsted above, under the
puidance and recommendation of the Head of the Department.

Apphicabie from nga;atil:ml-: vear 200323 omwards
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PCHM-10140): Quantum Chemistry and Group Theory

{3 CREDITS — 42 Hours)

o see Objesc Gives:

.

=

'I'o teach the Rundamentals of Quantum Chemistry like the concept of Operators, Eigenvalues,
Eigenfunctions clc,

Ta set up &nd solve the Schrodinger equation in simple systems like particle in a potential-free box,
harmonic oscillator, rigid rotator and single electron sysiems such as hydrogen atom.

To introduce approximation technigques and their application o multi-electron systems.

To understand different molecular symmetry operations and use them 1o derive character tables of
simple point groups.

To teach principles of group theory and their use in applications such as hybridization, normal mede
anatysia (lincar and non-linear molecoles) and molecular epeciroscopy.

Course Outcomes: Upon completion, the student will be able to

T

1o

L]
"

Understarxd the fimdamentals of guantum mechanics such as the concept of Operators, Eigenvalues,
Eigenfunctions efc.
Set up Schrodinger equation and solve it for simple systems.

. Determine the various symmetry operations for diverss molecules and uge the point group character

tables in the study of electrical, optical and magnetic properties.

Calculate the delocalization cnergy.

Identify the normal modes of vibrations for different bands in IR and Raman spectra of different
malecules (lincar and non-linear).

Svilabus:

Apphicable 1’.11:111{ seademic yimr 2022-23 onwards )
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L. Birth of Quantum Mechanics
Black Body Radiation, Stefan's Boltzmann Law, Wien's Displacement Law, Planck’s Distribution Law,
Dulong and Petit Law -2 hours
Phatoelectric  Effect, Hydropen Atomic Spectrum, Bolw'’s Atomic Model, Wave-Particle Dhuality,
lelsenberg Uncertainty Principle, Quantization

=1 hewr

2. Introduction (o CGuantum Mechanics
Wave equation in 1-D and 2-D, Schrodinger Wave Equation — Time Dependent and Time Independent and

its Interpretation (Born's) -1 hour

Concept of operators — Linear operators, Eigenvalse Problem, State Function -1 hour

Moermalization of wave function, Expectation Value -1 hour

Postulates of Quantum Mechanics -1 hour

Operator Algebra, Hermitian Operators, Commutative Operators -2 hours
3 Time-Dependent Quantum Mechanics

Light-Matter Interaction, Time-Dependent Schrodinger Equation =1 hour

4. Applications of Quantum Mechanics

Particle in 1-D Box with Infinite Potential Boundanes =1 hour

Particle in 3-D Box -1 hour

Harmonic Oscillator — Model for Distomic Model, Formulation of Schrodinger Equation and Solution -
Wave Function and Energy Levels, Hermile Polynomials, Overlones, Selection rules, Tunnelling -3 hours
Rigid Rotor - Model for Rotating Diatamic Molecule, Formulation and Solation of Schrodmger Equation-
Wave Function and Energy Levels, Spherical Harmonics, Selection Rules, Non-Rigid Rotor -3 hours

.-"-,m:-“-tahlu f|m'|,|-_?ﬁ'...".ﬂrtl'|!|i.|.: ViEnT HI222 aosards 11
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5. Hyidrogen Atom
Hydrogen Atom, Formulation of Schrodinger Equation and Solution, Electronic Levels,
Bound State Hydmgen Atom Wave Funetions =2 hours
Shapes of 13, 75, 7p, 35, 3p, 3 Orbitals, Radial Distribution Functions, Bom-Oppenhemmer Approxmmation
« | Taoawir
Term Syinbols _ | hour
Effect of Spin-orbit coupling on hydrogen atom encrgy levels, Schrodinger Equation for Helium Atom
-1 hour
6. Approximate Methods

Variation Method — Trial Functions — Linear and Nonlinear
Perturbation Method — Introduction, First Order Perturbation Theory, Second order Perturbation Theory
-3 hours
7. Many Electron Atoms
Atomic Units; Hartree Method, Hariree-Fock Meithod Waye Functions for Helrum Atom ﬁﬂhﬁ'{lﬂ by Self-
Consistent Field Method, Anti-Symmetrization of Wave Functions, Slater Determinants, Correlation Enengy
-3 hours
&, Electronic Strocture of One Electron and Many Electron Diatomic Molecules
Valence Bond Theory snd Molecular Orbital Theory - Application to Hydrogen Molecule Ton, Hy',
Hydrogen molecule, Hz, Comparison of MO and VB theories

-2 hwours
Huckel 1T Electron Theory and its Application to Ethylene, Butadiene and Benzene -2 hours
9, Molecular Symmetry and Group Theory
Symmetry elements and Symmetry operations =1 hour
Elementary properties of groups, Sub-groups, Classes, Generator -1 hour
Paint groups-classification -1 hour
Matrix form of symmelry operations, Great orthogonality theorem {Qualitative) -1 hour
Irreducible and reducible representations, Bases of representation =1 hour
Cheracter tables (Coy, Cav, Cow it particular). -2 hours
Understending the charscter table-Reduction Formula-Vanishing Integral Rule. -2 hours
REFERENCES

PRESCRIBED BOOKS:

1. Donald A, MeQuarrie, Quantum Chemistry, 2% Ed., University Science Books, California, 2008
Ira N, Levine, Quantum Chemistry, 7" Ed, Prentice Hall 2013,
Peter Atking, Julio de Poula, James Kesler, Physteal Chemisiry, 1154, Oxford University Press, 2018,
F. A Cotton, Chemical Applications of Group Theory, 3™ Ed.. Wiley 1994,
K. Veera Reddy, Symmetry and Spectroscopy of Molecules, New Age International (I} Lud.,
Publizhers Becond Revised Edition 2004,

i

REFERENCE BOOKS:
1, . W, Atkins snd B, 5. Friedman, Molecular Ouantum Mechanics, 3% Ed,, Oxford Univ. Press, 2010,
2. 8§ F. A, Keftle, Symmetry and Struciure, 3 Bd., Wiley 2007,
3, T K. Prasad, Quantum Chemisiry, 3 ., Wiley Erstern, 2006,
4. E.¥. Raman, Growp Theory and its Applications (o Chemdstiy, MeGraw Hill Education, 1990,

Applicable from scagaiio Y 2022-23 onwards 12
>

w o




PCHM-101(1i): Mathematics for Chemistry

(Non-Credit Course-28 Hours)

Connse ﬁlljvrlirm:

1. To fmmwlate problems in applied sciences using mathematics and find solutions 1o them.

2, Tuo revise and vpdate the student with mathemptical cancepis applicable to chemstry like matrices,
Eipenvalue problems and differential equations 1o solve the Sclvodinger equation.

3. To equip the stadent with vanous mathematical skills for future

Course Outcomes: Lipon completion, the student will be able to

1. Use mathamatical tools of lincar algebra and ODEs m various disciplines of chemistry confidently.
2. Apply matrix algebra in lincar equations, to solve problems in chemistry.
3. Use mathematicsand probahility for any given scientific challenpge.

Byvllabus:

1. Introduction to pumbers {real numbers, complex numbers) -2 hours
2. Functions: properties of luncliions-operations on functions-Dirac delta function -2 hours
3. Series and limits -2 hours
4, Calculus: Basics of differentiation, Basics of integration, -2 hours
5. Differential equations -4 hours
. Determinants and Matrices: Matnix operations-properties of matrices =5 hours
7. Operators: Linear Operators-Hemmitian operators =2 hours
£, Coordinate Transformation: Cartesian, Sphencal and Cylindrical -2 hours
9, Vectors: Introduction to vectors-vector operations-veclor space-basis vectors-linear transformations-
arthogonality properties =3 hours
10. Matrix Diagomalization, Eigenvalues and Eigenfunclions =2 hours
11. Probability -2 hours

There shall not be any external examination for this mathematics course.

References:

Prescribied Texthooks
1. Donald A. McQuamie, Quentom Chemistry, a0l kg University Science Books, California, 2008,
2. George Turrell, Mathematies Tor Chenustry & Phoygics, Academie I'ress (2001)
3. Donold A, MeQuurrie  (Author), Mervin Hansen (Mostrator), Mathematics  for  Physical
Chemistry, University Science Books (2008)

Reference Texthooks
1. Erich Steiner, The Chemistry Maths Boeok, Oxford University Preas (2008}
2. Paul Monk, Maths for Chemistry: A Chemist's Toolkit of Caleulations, Oxford Universily Press
(2004)
3. Raobert G Mortimer, Mathematics for Physical Chemistry, 3 Ed., Academic Press (2005)
4. Tay Martin Andersen, Mathematies for Quantum Chemistry, Dover Publications (2005)
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PCHM-102: Analytical Chemistry

{3 CREDITS - 42 Hours)

Course Objectives:

1. To highlight the unique perspectives that analytice] chemists ring 1o the study of Chemestry

2. Tounderstand the statistical treatment of cxperimental data

3, To study various separation techniques such as solvent extraction, chromatography cricial for both
qualitative and quantitative analysis of samples.

4. To extend existing analvtical methods for vanious samples, and to leam about their applications in the
areas of radicanalytical chemistry and photoelectron chemistry.

5. Tostady the layout of different instruments and thewr components.

Course Outeomes: Upon completion, the student will be able 1o

|. Understand the theoretical principles behind the analytical techniques,

2. Leam importent analytical techniques to analyze and separate various samples at macro and
microscale,

3. Realize the applicability, advantages, and disadvantages of each method studied.

4. Gain knowledge of the layvout and working of different instruments,

Syllalws:

1. Evaluation of Analytical Data;
The uses of Statistics —the standard deviation of computed results - Method of least squares, Methods for
reporting analytical data, Confidence intervals, Introduction to Ermor Analysis, methods of detection,— P-test

-3 hours
2. Separation Techniques:
Supercritical flusd chromatography- Prnciple and instrumentation-Applications of SCF -2 hours
Supercritical extraction chromatography: Principles, advantages and applications -2 hours
Capillary electrophoresis - Capillary electro-chromatography- -2 hours
Solvent extraction - Multiple batch extraction — -2 hours
Countercurrent disinbubion -1 houirs
Solid phase extraction - llow injeotion analysis - reverse osmosis, electrodialysis. -3 hours
Adfnily chromatography =1 howar
Ubira Migh Pérformance Liguid Chromatography (UHPLC) =1 hor
Pyrolvsiz pas chromatography; Fast Protein Liguid Chromatography =2 hours
3. Instrumental Methods:
DifTerent types of electrodes — mercury clectrodes, solid clectrodes, _
Chemically modified clectrodes and microslectrodes- -1 hour.
Valtammetry - pulse voltammetry (normmal, differential, square wave, staircase volipmmetry),
AC voltsmmetry, - chronoemperametry-bi-omperometry -3 hours
Cyelic Valtommetry =2 howrs
Stripping Methods (anodic, cathodic, adsomptive) and applications) -2 hours
4. Radio=annlytical Methods;
Principle of Radio analytical methods- Istotope dilution analysis -4 hours
Radiometric tilrations — precipitalion and complex formation titrations -2 hours
L _<asr o

Applicable fom gﬁjlé:'_:!ilu year 203273 anwiards 14




5, Photo-electrochemistry and Electrochemiluminescence:
Introduction to Photo-electrochemistry at semiconductor electrodes
Phetoemission fiom metal electrodes - Electrochenical monitoring of
photolytic intermediates - Electrochemiluminescence

6. Insiramentation:
Luminescence, NMR, Mass spectrometer
Atomis absorption spectrometry — llame photometry-principles and applications

-2 hars

=2 hiours

= hours
=2 hours

References:

IMRESCRIBED BOOKS:

1. D. A. Skoog, F. ). Holler and T. A. Nieman, Principles of Instrumental Analysis, 7% Ed., Ssunders

College publishing 2017,

2. P. T. Kissinger and W. R. Heincman, Laboratory Techniques in ElectroAnalytical Chemistry, 2nd Ed.,

Marcal Dekker Ine. MNew York 2016,

3, Stanley R Crouch, Douglaz A. Skoag, F. James Holler, Donald M., West, Fundamentals of Anabytical

Chemistry, 9 E, Year: 2013, ISBN: 9788131522601
4. G.D. Christian, Analytical Chemistry, 7" Ed. John - Wiley & Sons 2013,
5, Joseph Wang, Analytical Electrochemistry, 3 E, Wiley VCH, 2006.
6. J. Tolpyessy and M. Krys, Radio Analytical Chemistry Vol 1 & II, Ellis Horwood Ltd, 1989

REFERENCE BODKS:
1. R A. Day Jr, AL Underwood, Qualitative analysis, 6™ Bd., Prentice Hall of India, 1991,
2. Vopel's Textbook of Quantitstive Inorganic Analvsis (revised copy), 3% Ed., ELBS, 1994,
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PCHM-103: Coordination Chemlistry

(3 CREDITS - 42 Hours)

T Clowrse Cpesbives:

2, “I'ounderstand the key theores of coordination compounds meluding the energy level dingrams of
different systems,

3. To be able to use the theories of metal-ligand bonding to understand the spectral and magnetic
properties of coordination compounds,

4. To understand the kinetics and reaction mechanisms involving ectahedral and square planar metal
complexes,

5. Introduece the underlying concepts behind the photochemisiry of coordination compounds.

Course QOutcomes: Upon completion, the student will be able to

1, Understand the splitting of *d” orbitals of transition metals in the presence of o erystal field, =nd their
energies (Octahedral, tetrahedral, and square planar).

2. Explain the origin of colours in vanous coordination compounds.

3. Calculate ligand-field stabilization encrgies.

Syllabus:
1. Theories of Metal-Ligand Bonding:
Crystal feld theory: Important aspects of crystal field theory - -1 hour
d-orbitals splitting in cctahedral, tetrahedral, square planar, square pyramidal and trigonal bipyramidal
Eeomeiries — -2 hours
100 velue and its caleulation - CFSE in weak field and strong field cases -1 howr
Factors affecting magnitude of 10Dg - Spectrochemical series = -1 hour
Jahn-Teller Theory-applications of crystal field theory (colour and magnetic properiies of complexes)
Limitations of crystal field theory -2 hours
Malecular Orbital theory: Formation of molecular orhitals by LCAO method - Nephelauxetic :i'fbgl .

-2 hours
MO energy level disgrams for octehedral, tetrahedral and square planar complexes involving only o
bonding and o and I1 bonding 2
haurs
Measurement of pi-bonding effects -1 hour

2. Study of Complexes in Solution:
Introduction lo stability consiants -1 hour
Fagtors affecting stability constants - Kinelic and thermodynamic stability - Irwin-William senes

-1 hour
| Concept of Hard and Soft acids and bases -1 houwr
Methods of detenmining stability constants (spectrophotemetric, conductometric and pH-metnc methods)
-1 hour
3 Electronic Spectra of Metal Complexes:
Aterm symbol gives a detailed deseription of an electron configuration-allowed values of 1 -1 hour
Humd’s rules are used 1o determine the term svmbal of the ground ¢lecironic state-atomic term symbols are
usedd 1o describe atomic spectra, Tenn symbols of d° iens -1 hour
Applicable from ncadefnde year 2022-22 onwarids 16
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Russel <Saunders coupling is most useful for light atoms -1 hour
Spectra of transition metal jons — Orpel diagrams for d* to d° octahedral and tetrahedml complexes
-2 hours
Tanabe - Sugano diagram for & ion complex -1 hour
Charge transfer transitions - Selection rules and ransition probabilities based on symuoety considesations.
-1 houar

4. Magnetic Properties of Complexes:
Types of magnetism (din, para, ferro and antiferromagnetism) - Temperature independent para-magnetism

-1 hear
Magnaetic susceptibility and its determination by Gouy and Faraday methods -1 homr
Calculation of magnetic moment from magnetic susceptibility =1 hour
Spin-orbit coupling end its effect on magnetic moments -1 hour
Drbital contribution to magnetic moment-single molecule magnets -1 hour
5. Kineties and Mechanisms of Reactions:
Inert and labile complexes-substitution resctions m octabedral and square planar complexes -1 hour
13, Ta, Ly and A mechanisms -1 hour
Bond making and Bond breaking- The Langford- Gray nomenclature- -1 hour
Coordination number and substitution mechanisms- Stereochemigtry of substitution- -2 hours
Effect of non-participating ligands on the stability of complexes. Trans-cffect in square - planar complexes

=2 hours
Theories of Trans-effect (Polarization and pi-bonding theories)- Quantitative aspects of the Trans effect

=1 hour
Dissociation mechanism-Substitution of non- coordinating and coordinating folvents - Electron transfer
reactions: Inner and outer sphere mechanizms -2 hours
Marcus Cross relationship - Template effect =1 hour

6. Photochemistry of Coordination Compounds:
Introduction to Photochemical reactions - Laws of Photochemistry - Excited states of metal complexes

-1 hour
Photo-substitution, photo-dissociation -1 hour
Photo-oxidation, Photo-reduction and Phote-isomengation reactions of complexes -1 hour

Referenees:

FPrescribed Bookos:

1. Asim K. Das, Fundamentiol Concepts of Inorganic Chemistry, 3 Ed (volumes: 1-7), CHS
Publisbers and Distributors Pyl Lud,, 2030,

1.E. Huheey, E.A. Keiter and R.L, Keiter, Inorganic Chemistry, 4™ Ed., Pearson, 2013.

F.A. Cotton and G.W, Wilkinson, Advanced Inorganic Chemistry, 6 Ed., John Wiley, 1959,

D, Banegjea, Coordination Chemisiry, 3™ Ed,, Tata-McGraw-Hill 2009,

Dravid Micholls, Complexes and First Row Transition Elements, Macmillon 2017,

O, Kahn, Molecular Magnetism, Wiley VCH, 1993,

Martin L. Tobe and John Burgeas, Inorganic Repotion Mechanigms, Longman, 1995,

S ko

Applizable from ecadentic year 2022-23 onwards 17

\r

el :Rele e NaRa

| = B

-

g g g e



AONDODOND OB DDODOODN

-

Reference Books:
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V. Balzani& V. Carasiti, Photochemistry of Coordination Compounds, Academic Press, New York
2007,

10 Drougelas, v 01 Mo Dimdel & 11 Adesandor, Coneopss wod Sodols of Toonganio Clismistny, I,
John Wiley, New Yock [997,

M. Gerloch& E.C Constable, Trangition Metal Chemistry, VCH Publications New York, 1994,

. G. Wilkins, Kinetics and Mechanisms of Reactions of Transition Metal Complexes, 2* Ed., VCH
publications, 1991,

F. Basolo and R. G. Pearson, Mechamsms of Inorsamic Reactons, 20 1 Wiley Eastern, 1977.
Rober B. Jordan, Reaction mechanisms of Inorganic and Orsanometallic systems, 3™ Ed; Oxford
Univeraity Press, Oxford, 2007,

CGary Wulfsberp, Inorganic Chemistry, University Science Books, California, 2000.

Issac B Bersuker, Electronic Structure and Properties of Transition Metal Compounds, 2* Ed.,
Wiley, 2010,

Applicable from El;ﬂu{il:li.': Aear 202213 onwards 12
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PCHM-104; Advanced Aspects of Organic Structure and Stereschemistry

(3 CREDITS - 42 Hours)

Coannse Ohijecilves:

L. To provide an underslanding of aromaticity, non-arcmaticity and snf-aromaticity usiig Molecuba
Oirbital Theory.

1. To elucidate the reactivity and aromaticity in heterocyclic compounds,

3. To give an in-depth understending of the conformational studies in cycloalkanes supplemented by
MNMR spectral analysis, This also includes stability studies of trans annular reactions.

4, To provide an ider of optical isomerism in organic molecules and application of chiro-optical
methods for configurational stodies.

Course Qutcomes: Upon completion, the student will be able to

1. Identily and predict the aromaticity of organic molecules.

2. Solve numerical problems related o aromatic and antisromatic systems.

3. Predict and identify the stability and optical activity of any crganic molecule, having got & strong
background in the stereochemical aspects of conformation and configuration.

Syllabus

1. Delocalization, Resonance and Aromaticiiy;

Drelocalized Chemical Bonding, Molecular Orbitals of Benzens -1 hour
Malecules that have Delocalized Bonds-Double Bonds in Conjugation-Butadiene -1 hour
Cross conjugation-Structure and Chemistry of Dendralenes and Radialenes -1 hour
Rules of Resonance, Resonance Effect and ylids -1 hour
Aromaticity-Six membered rings -1 hour
Five Seven and Eight Membered Rings-Cyelopentadieny] carbanion, Cyclohepiatrienyl earboealion - tropone
and tropolones, Heteroaromatic compounds -1 hour
Oiher Systems contnining Aromatic Sextels: Azulenes, Fulvenes and Fulvalenes -1 howr
Altermant and Nen-Alteman Hyvdrocarbons -1 howr
Armomatic Hydrocarbons with Electron Numbers Other than Six- Systems of Two elections-The
cyclopropenyl carbocation =1 hour
Syatems of four electrons-Antimmonnticity of cyclobuiadiens; Syslems of Eight electrons-
Cyclooctutetruens -1 hour
Swatems of 10 electrons; Syztems of more than 10 —electrons (4n + 2} uplo [18]Annulene;

Systems of more than 10 electrons: (An) upto [16] Annulenc. =1 lour
Dewvar's periurbation of molecular orbitals approach to the prediction of nromaticity, non-gromaticity and
anti-aromaticity of conjugated evclic systems -1 hour
Different eriteria for aromaticity and differcat methods for deternyining aromatic character -Huckel's mle -
Mobius system -1 hour

Oither Aromatic compounds: Mesolonic compounds-sydnones; Homonromatic compounds, the chemistry of
fullerenes with particular reference 1o Buckmingterfullerene (C60). Determination of structure, reactions and
applications -1 hour

Apphicable froim scademmc year Z022-23 awards io
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Less-common conjugative interactions such as hyperconjugation and homo-conjugation - evidence and

illustrative examples. -1 hour
Tautomerism: Keto-Enol Tautomerism and other Proton Shift Tautomerism -1 hour
An infroduction to computer asgisted snergy caleulations of aromatic, anti-aromatic and non-arematic

systems using ab initio molecular orbital packages/programs -1 hiowr

2. Valence bond tauntomerism and rigid structures:
Explanation of the phenomenon of valence - bond tantomensm fluxional molecules illustrated by

homotropylidene and bullvalene. -1 hour

3, Conformational Annlysis:
Conformations of cyclic compounds - small ring systems (Cyclopropang, Cyclobuiane and Cyclapemane) -
a review. -1 hour
Cenformations of eyvelobexane and eyclohexanone, and monpsubstituted cyclohexanes
disubstituted cyclohexanes - Conformational and configurational 1somerism - Relative order of stabilitics -
preferred conformations -2 hours
Conformational analysis of cyclohexanes - Dynamic aspeots- typical reactions which bring out the
differences between sterecisomers -2 hours
Electrophilic and Nucleophilic additions in Substituted cyclohexene and cyclohexans epoxide systems

=1 hour
Medium - size ring systems - Conformations of Cyclopentane, Cyclooctane, and Cyclononane -1 hour
Conformations of eyclodecane - transannular reactions with particular reference to the cyclodecane system

-2 hours
Bicyelic compounds with particular reference to decalin -1 hour
Sirained bicvelic systems =1 hour
Application of NMR specteal data {coupling constants in conformational anslysis and introduction to NOE-
application in sterenchemistry) =2 hiors
4. Advaneced aspeets of configurational somerism:
Sequence rule and its applications to & wide range of situations =1 hour
Sterenchemistry of compounds containing two and more unequal chiral centers - Concept of pseudo-
chirality =1 hout
Stereochemistry of allenes and spirancs -1 hour
Opticel isomerism due fo restricted rotution. Alropisomerism, Isemerism exhibited by Biphanyls

=1 e
Further examples of atropisomerism - poelyphenyls, "Ansa” compounds, "paracyelophanes™ and
hexahelicene. Akampt isomenism =1 Twonar
Determination of absolute configuration - chemical interconversions - classical examples of (+) tirtaric acid,
(=] Lactic acid and related compounds =1 hour
Chemical correlations ivolving diastereoisomers - Determinstion of the absolute configuration of Shikimic
rcid =1 hour
Configurational assipnments based on asymmetric synthesis - Applications of Cram's rale and Prelog's mfe -
illustrative examples =1 hour
Chivo=optical methods-principles of optical rotatory dispersion and circular Dichroism =1 hour
Applications of the ORI, and C.D techniques - plain and catton effect curves- Study of conformations and
configurations of organic molecules and CD of protein and peptide gonformations =1 hour
The alpha - balo - ketone rmule, octant rule and their npplications -1 hour

) q.-l_l L. - I
Applicable |]'i|ﬂ].-:'ﬁl£'.lll:_]tll'|:&i.': year 2022-23 onwnrds 20
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References

PRESCRIBED BOOKS:
1. Michacl B. Smith, March's Advanced arganic chemistry, T8 Ed,, Jahn Wiley & Sons Inc., New
"urk, 2016.

2. L Clayden, N, Greeves, 5. Warren, Organic chemistry, 2¥ g, Oxford University Press, 2012,

3, R AY. Jones, Physical and Mechanistic Orpanic Chemistry, 2™ Ed., Cambridge University Press,
1984,

4, William J, Le Noble, Highlights of Organic Chemistry, Marez| Dekker Ine. New Yook, 1974,
5. E. L. Eliel, Sterecchemistry of carbon compounds, Tata Me Graw Hill, 1975.

6. D, MNasipuri, Stercochemistry of organic compounds principles and applications, New Age
Internaticnal (P) Limited, 4% Bd, 2021.

REFERENCE BOOKS:
1. I A Marshall, Carbon-Carbon and Carbon - Proton NME couplings - App]i-mt'lﬂ:'ls o Orpanic
Stereo-chemistry and Conformational Analysis, Florida Verlag Chemie, 1983,

7. Fullerenes, Ed George S Mammond, Valerie J Cook, ACS Symposium Series, 4 1, 1982,
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PCHM-105: Practical: Coordination Chemistry (Preparation and Analysis)

2 CREDITS

Course Objectives:

1. Toprepare inorganic coordinetion complexes of different transition metals with ligands of various
types.

2. To estimate the metal content of thess complexes by standard analytical niethods.

3. To familiarize the student with the know-how of the procedure (o recond spectra using various
instruments and interpret them.

4. To characterize the prepared metal complexes,

5. Ta learn vanous methods o defermine the metal-ligand storchiometry in metal complexes.

Course Outcomes: Upon completion, the student will be able to

1. Prepare metal complexes of different ransition elements with varions types of ligands,

2. Estimale the metal content of the complexes by standard analytical meothods.

1. Record and interpret the absorption spectra and IR spectra of various coordination complexes.
4. Determine the metal-ligand stoichiometry in metal compliexes,

Svilabus:

1. Metal Complex Preparation: Preparation of Hexammine Nickel(IT) chlonde

2. Metal Content Determination by AAS/MPAES: Hexammine Nickel(TT) chloride

3. Electronic Spectroscopy of Metal Complexes: Recording absorption spectrum of a metal complex
in solution and analyzing it

4. Infrared Spectroscopy of Metal Complexes: Characterization of
Dichlorobis{triphenylphosphine)nickel (1) complex using Infrared spectroscopy

5, Formation Constant Measurement: Determmation of the formation constant of iron (111 salicylate
complex

fi. Stokchiometry Determination by Job’s Method of Continuous Variation: Spectrophotometnic
determination of stoichiometry of Iron-phenanthroline complex by Job's Method of continuous
vERRLOnS

T. Molecular Formula Determination by Mole-Ratio Method: Spectrophotometric determination of
molecular formuls of Zirconium-Alizarin Red-8 complex by Mole-ratio mothod

8. Metal- Ligand Ratio Determination: Spectrophotometric determination of metal-lipand matio m
Copper-Ethylenediamine complex: Slope-ratio method

%, Photechemistry Experiment; Potassium Trioxalatofermate 11 Synthesis end photochemistry

140, Electrochemical Studies: Obtaining a cyclic voltammogram of a metal complex nnd analyzing it

11, Band Gap Determination: Determination of band gep of matenals using diffuse reflection
spectroscapy {Taue plot)

12, His Tag Affinity Chromatography: Separation of molecules containing imidazole proups from
malecules without them

Note: Mimimum of 8 experiments to be camied oul.

Referomees:

Applicable from nnlﬂmuc year 2022-23 onwards 22
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1. A, L Vogel, A Textbook of Quantitative Inorganic Analysis, 5% Bd_, Longman, 1989,
2, G, Pass and H. Sutcliffe, Practical Inorganic Chennstry, 2™ E., Science Paperbacks, 1979.
3. I. Derck Woolins, Inorganic Expeniments, Ed., 3 Ravd. Bd., Wiley-VCH, 2010,

4, Q.. Vermani& A. K. Narula, Applicd Chemistry {Theory & Practice], 2™ Bd., Wiley Eastern, 2017,

PCHM-106:Fractical: Analytical Chomistry

1 CREDITS

Course Ohjectives:

1, To enrich the student with facultics to apply the conceptual pnalysis of fundamental principles in the
implementation for diverse analytical chemical systems.

2. To imroduce different analytical instruments for the determination of analvies of varied natere, Trom
millinolar to micromalar concentrations.

3, To introduce different electro-analytical techniques of varied indizstrial and academic importance,

Course ODutcomes: Lipon completion, the student will be able (o

1. Tao design experiments with befter sample preparation for accurate analysis.
2. Tohandle sophisticated equipment for different chemical analysis.

Svllabus:

Potentiometric determination of permanganate in pyrophosphate
Conduciomeiric estimation of Ha504, CH3COOH and CuSOy

Differential pulse voltammetric analysis of tree ions present in nataral samples
Synthests and characterization of silver nanoparticles of different shapes and sizes and their whility in
environmental dye degradation studics

Titrimetric analysis based gquantitative determination of halides in mixtares
Quantitative analysis of nitrmtes and sulphates using lon chromatography
Qualitative Identification of mixture of compounds using HPLC

Quantitative analysis of a mixture of compounds using GC

. Duentification of Caffeine/Polyphenols in varions {eas using HPLC

10. Estitmation of Fluoride jon using Ton selective eloctrode.

11. Estimation of Ca and Mg from the mixture of their respective oxalate using TGA
12. Estimation of trace metal content in environmental samples using MP-AES

e St

10 g N O

Note: Mmimum of 8 experiments 10 be carmed out,

Feferences:

1, Donald T, Sawyer, Willinm R. Heineman &Jalice M. Beebe, Chemistry expenments for Instrumental
Methods, John Wiley & Sons, 1991,

. Vogel's Textbook of Quantitative Chemical Analysis (revised copy) 5% Ed., ELES, 1994,

. 3, Peter Matthews, Experimental Physical Chemigtry, Clarendon Press, 1985,

Bed

Ladl

Applicable Trom ﬁca—citmi-: wisar M022-23 orrwands 23

5

e lel:e BN - NeBeBe s e e

o e o |

e e

el el cBeRelal e

-
¥

ol ol &



el : ez RNl

L T Y

PCHM-107: Practical — Organic Qualitative Analysis
{(Mixiure Separation, Functional Group Analysis and Drug Analysis)

2 CREDITS
Course Objectives:

1. T'e develop skills to separate binary mixtures of different classes of orgenic compounds and identify
functional groups present in the individual components.

2, 'I'o confinm the prezence of functional groups through derivative preparstion.

3, To use Thin-Layer Chromatography for analysis of simple APIs available in the market.,

4. To practice column chromatography for the separation of binary and ternary mixtures of organic
compouncds,

Course Outcomes: Upon completion, the studenl will be able to

1. Separate binary organic maxtures and identify functional groups m the individual compounds.
20 Apply the techniques learnt 1o separate and analyse organic compound mixtures obtained during
gvnithesis,

Syilabus:

1. Scparation of binary mixtures

Sepamtion of binary mixtures comprising aliphatic and/or aromstic organic compounds with functional
groups such as aleohols, acids, amines, carbohydrates; esters; ethers, nitro, ketones, aldehydes, hydrocarbons,
halogen derivatives followed by their chamcterization using qualitative functional group analysis and
dervative preparation — 5 miviures fo be separated and analyzed (3 howrs each)

{Separntion methods include extraction wsing NaHCOs (aq.), extraction uging NaOH (aq.), extraction using
HCI (»q.), extmaction using ether, and distiflation)

2, TLC Analysiz
Preparation of TLC plates
TLC analysis of some medicines.

3. Column Chromatozeaphy based separation
Separation of binary and temary mixtures of organic compounds using column chromatography.

4, Paper Chromatography
Sepamtion of chlorophyll or dyes

References:

Applicoble fmmjpﬂaﬂqp;jg_jcur 202223 anwards 74
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.V K Abluwalin and 5 Dhingra, Comprehensive Practical Organic Chemistry = Cualitative Analysis,

University Press, India 2000,

Al Vogel, Elementary Practical Organic Chemistry Part I, Qualitative Organic analysis, 2™ Ed, CBS
publications, 1987,

C. M. Guner, Techoigues sl Taperiments fon Advaoved Ovganic Laboralory, Julin Wiloy and Sons,
1997

Egon Stahl, Thin Laver chromatography — Laboratory Workbook edited, Springer Intermational stadent
edition, 1969,

e B B

Raphael Tkan, Chromatography in Organic micro-analysis = A labomatory guide, Academic press, 1982,
P.D. Sethi, Quantitative analysis of Drugs in Pharmacentical preparations, 3™ Ed., CBS publishers, 1997,
PR. Singh, .5, Gupta and K.5. Bajpai, Experimental Organic Chemistry, Vols [ & 11, Tsta Me Graw
Hill, 1980.

Applicable from peademic year 2022-23 onwards 25
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PCHM-201: Structural Inerganic and Bio-Inorganic Chemistry

(3 CREDITS — 42 Hours)

U'ourse (bjectives:

[. To stedy the aynthesis, structure, bonding and reactions of various inorganic compounds.

2. Study the role of trace metals in biological systems.

3, Tostudy the structure and function of varous metalloenzymes,

4. To understand the mechonism ol action of metalloenzymes in various binlogically important functions.

——— o

Course Quteomes: Upon completion, the student will be able to

1. Have the knowledge of syntheziz, structure, bonding and reactions of vanous inorganic compounds,
2. Understand the role of different trace metals present in biological systems.

3. Dwerview of structure and Tonctions of important metalloenzymes.

4. Know the mechanism of metalloenzymatic activity in various biologically important functions.

Svilabus:

<n
_ Applicable from ﬁtﬂt’l‘ml_ j.l'e.'lr'zﬂi 3 2% criverands 26




Structural Inorganic Chemistry:
1. Svnthesis, Reactions, Structure and Bonding in:

Catenated compounds: Catenstion —Heterocatenation, Infercalenation =2 honkrs
Isopaly Anions and Heteropoly anions. -2 hours
Ring compounds. Buseines  Plosphocenos, Polyphosplozenos sulfur mtropen noge and other Helerooye e
BYElEMS =2 hiurs
Homoeyelic imorgame ring systems (8, Se & P and oxocarbon anions), -2 hours
Cage compounds: Phosphorous cage compounds with oxygen, sulfur and arsenie aloms -1 hour
Boron cage compounds: Boranes, Synihetic strategies in Boron cage chemistry, Pharmacologically active
Boron analogues of amino acids, -2
hours

The Pyrazoboles, Carboranes and Metallocarboranes. -1 hour

2. Inorganic polymers: Synthesis, structure and applications of the polymers

Polyphosphazenes, -] hour
Polvailanes =2 hours
Polysiloxanes =1 hour
Metal chelate polymers =1 hour
Inorganic polymers that contain phosphorus, Boron and Sulphur -1 hour
3. Bio-Inorganic chemistry:

MNew perspectives and biological roles of essential trace elements -1 hour
4. Oxygen Carriers: Transport and storage of dioxypgen. -1 heur
Reactions of dioxveen- structure and functioning of hemoglobin and myoglohin -1 hour
Hemerythring Hemocyanin -1 hour
Model compounds for oxvgen carriers (Vaskas™s iridiom complex, cobalt — DMG complex) -1 howr

5. Biological Nitrogen Fixation: Mitrogen fixing organisms — structure and function of nitropenase enzyme -

Chemistry of nitrification -1 haur
Fixation via nitride formation -1 hemr
Dinitrogen complexes as hiological models =1 hour

Applicable fromacmdemic e J022-23 panwvards 27
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6. Metalloproieins — Metalloenzymes: The chamcterization of metal —binding sites -1 hour
Carbonic anhydrase - Carhoxypeptidase -2 hours
Superoxide dismutase — Structure and biochemical functions ol Bz Coenzyme -1 howr
Sefenium and sulphur containing bio-molecules -1 howr
Fane lingers amd Calmodulins -1 b
Introduction (o Iron-Sulphide complexes, Catalase, Succinate hydrogennase,

NADH dehydrogenase -1 hewr
7. Alkali Metal Transport in Biological Syvstems:

Introduction = Coordination chemistry of alkali metal ions -1 hour
lon transport — Modes of passage -1 hour
Sodmum-dependent ransport. -1 hour
£, Metal lons Toxicity and Chelation Therapy:

Teaxieity of metal ions particularly heavy metal jons — -1 hour
Chelating agents-chelation therapy -1 howr
Therapentic uses of metals, ligands and complexes with special reference to anti-cancer activity -2 hours
9. Metal Ton Folding and Cross-linking of Biomolecnles:

Metal-ion stabilization of protein structure and micleie acid structure -1 hour
Protein binding to metallated DNA =1 hour
Refercnces:

PRESCRIBED BOOKS:

1. I. E Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chemistry, Harper Collins, 4" Ed., Pearson,

2013.

2. F.A. Cotton and G, Wilkinson, Carles A. Murillo, Manfred Bochmann, Advanced Inorganic chemistry,

John Wiley, 6% Ed., New Yotk, 2021,

I. A. Cowan, Inorganic Biochemistry = An Introduction, Y'CH, 1993.

s W

California, 1994,
REFERENCES BOOKS:

1. TReenberg and R.E. Williams, Advances in Boron and the Boranes, VCH, 1988,
2. Vadapalli Chandrasekhar, Inorganic and Organometallic Polymers, Springer, 2005,

NN, Greenwood end A Earnshaw, Chemistry of the elements, 2* Ed., Butterworth- Heinemann, 1997,
LE. Mark, H.R. Allcock and R. West, Inorganic Polymers, Prentice Hall, 1992,
Waolfgang Kaim and B. Schwederski, Bioinorgunic Chemistry, Tohn Wiley, New York, 1994,

S. 1. Lippard and 1. M, Berg, Prnciples of Bioinorganic Chemistry, University Science Books,

3, M.N, Hughes, Inorganic Reactions of biological processes, John-Wiley, 2°¢ Ed., New York 1981

Applicable from ﬂ'—“ﬂ'ﬁ"!"f": year 202223 onwinds
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PCHM-202: Chemical Kinetics and Surface Chemistry

(3 CREDITS - 42 Hours)

=

Conrse Objectives:

. Todevolop on understonding of the theories of reaction rates.

2. To develop an understanding of the study of chemical kinetics in clementary reactions and
subsequently in systems of greater complexity.

1, Study of reaction mechanisms uging chemical kinetics,

4, To sedy the kinetice of catalvtic reactions, photochemical reactions, chemical resctions and fast
regciiomns.

5. Todevelop an understanding of the chemistry of surfaces, physisorption, chemisorption, and of the
elecirical double laver.

Course Outcomes: Upon completion, the student will be able 1o

1. Analvtically approach problems of chemical kinetics,

2. Appreciate usage of model syetems as tools for problem-solving.

3. Solve numerical problems related to systems studied.

4, Apply techniques, such as photoelectron spectroscopy, to carry out surface chemical analysis.

Syllabus:

Chemical Kinetics:

1. Theories of Reaction rates

Kinetic theory of collisions -1 hour
Rate theorics based on thermodynamics and statistical mechanics =1 hour
Conventiongl transition state theory, some applications of conventional transition state theory =1 hour
Thermodynemic formulation of conventional tranzition state theory =1 hour
Assumptions and limitations of conventional transition state theory =1 hour

2. Elementary Gas-Phase Reactions:
Bimolzcular reactions - Trimeleculor reactions - Unimolecular resctions, -2 hourz

A, Elementary Reactions in Solutions:
Solvent elfects on reaction rales - Faclors determning the reaction rales in solotion -1 hour
Resrctions between ons — Salt effoct -2 hours

4, Composite Renctions:
Types of composite mechanisms - rate equations for composite mechanisms(Oppozing, Parallel and

Consecutive) -3 howrs
Chain reactions: Inorganic reactions: Hydrogen — Bromine, Hydrogen - Chlorine and Hydrogen - lodine
reacilons ) -2 howrs
Crrganic decompositions: Goldfinger-Letort-Miclause rules - Inhibation mechanisms -1 hour
Acetnldehyde decomposition -1 haowr
Gias - Phase combustion -Hydropen - oxvgen reaction. -1 howr

5. Photochemical Reactions:
Photochemical reactions - Laser photochemistey — Photosensitisation, Photophysical processes -2 hoars

Appliceble from academic year 2042-23 onwards 23
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6. Homogeneous Catalysis:
General catalytic mechanisms - Acid-basc catalysis -1 hiun
Catalysis by enzymes - influence of concentration (single substrate, double substrate), mhibition

=2 hours
. Kinetic Isotope Effects:
Bguilibrium, Primary and Secondary Kinetic Isotope efTects -2 houtrs

#. Fast Reactions kineties:

Relaxation and flow methods. Diffusion-controlled reactions. Fluorescence quenching, Common

ion inhibition <2 howars
Flash photolysis and introduction to Time-resolved Pico/Femto second methods =3 hours
{e.g. introduction 1o Time-Cerrelated Single Photon Counting and FRET)

9, Reaction Dynamics:
Potential enerpy surfaces and classical tajectories, Concept of Saddle points -2 homars

Surface Chemistry:
1. Adsorption of Gases and Vapours on Solids:

Adsoaption time - the Langmuir adscrption isotherm - kinctic derivation =1 hour
Statistical derivation of Langmuir adsorption isotherm -1 hour
Adsorption entropies - lateral interaction -1 hour
The BET and related isathemis - derivation of the BET equation - properties of the BET equation

=1 hour

11. Langmuir Blodgett Films:
Structure and characterization mixed LB film, studies of the LB deposition process -1 hour

12. Chemisorption and Catalysis;
Thermadynamics of adsorption, Chemisorption - the molecular view - Chemisorption isotherms -1 hour

Kinetics of Chemisorption - The Chemisorption hond =1 |nour
13. Elecirical Aspects of Surface Chemistry:
Electrical double layer - Stern treatment af the efecincal double layer -1 hour
Free enerpy of a diffuze dovble lTnyer - Repulsion between two plane double layers - zeta potentisl
-1 hour
Btreaming poteniial snd Sedimentation potential =1 hour
References:

PRESCRIBED BOOKS: .

1. Peter Atkins, Julio de Panln and Jomes Keeler, Atking” Physical Chemistry, 11th edition, Oxford
Unaversity Press, 2008,

2. K. Laidler, Chemice! Kinetics, 3 edition, Pearson Education Inc,, 2003.

3. 8. K Upidhyay, Chemical Kinetics and Reaction Dymamics, Springer USA and Anamayas
Fublizhais, Mew Delhi, 2006

4. KA. Connors, Chemical Kinetics - The Study of Reaction Rates in Solution, — VCH Publishers,
New Yark 1990,

&, K. ). Laidler, Physical Chemistry with Biological Application, Benpamun Cumimings Publications
Company Ing,, Menlo Park, Califormia 1978,

Applicable from scademin yeir 2022-23 onwards ao
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AW, Adamson and AP, Gasi, Physical Chemistry of Sorfaces, &'t Ed. John Wiley & Sons New
York 1997,

1, O, M Bockris, A. K. M. Reddy, M. Gamboa-Aldeco, Modem Electrochemistry, Volume 2A —
Fundamentals of Electrodics, 2YEd., Kluwer Academic Publishers, New York 2002

REFERENCE BOCOKS:

1.

2.

H. Suweblow snd W. Knoche, Fundsinentals of Chemical Rebesation, Vetlag Chemie, Weinheim
1977,
C.D, Ritchie, Physical Organic Chemistry, The Fundamental Concepts, Marce] Dekker, Inc, 1990,

3. P.C. Hiemenz, Principles of Colloids and Surface Chemistry, 2™ edition, Marcel Dekker, INC, 1988,
4. G.D. Billing and K.V, Mikkelsen, Introduction to Molecular Dynamics and Chemical Kinetics. John

Wiley & Sons 1996,

. K1 Laidler, Physical Chemistry of Surfaces, 3% Ed., New Delhi, Person Education, 2016,

Applicable fromm acadentic year 2002-21 onwards 3i
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PCHNM-203: Statistical Thermodynamics and Electrochemistry

{3 CREDITS - 42 Hours)

Course Objectives:

Introduce the students 1o the basic concepis of statistical thermodynamics.

Teach the concept of the partition function and 1ts vse in the calculation of vanous thermodynamie
properties.

To equip the students with the ahility 1o apply theoretical principles of electrochemistry associated
with ionics and electrodios and their usage in various applications,

. To study the applications of electrochemistry in electrocatalysis, electricity storage,

photoelectrocatalysis and electrochemical sensors.

Course Outeomes: Upon completion, the student will be

i

2

Famuliar with the postulates of statistical thermodynamics, the concept of ensemble and its types,
ensemble average, ergodicity, configurstion, thermodynamic probability et

Fmiliar with the concept of the partition function and also be able to use it for evaluation of various
thermodynamic properties.

. Able to understand the theoretical concepts behind ionics and electrodics and their usage i various

electrochemical applications.

Able to learn and understand the concepts and principles behind various impartant electrochemical
applications such as electrocatalysis, electricity storage, photoelectrocatalyais and electrochemical
SEMEOTS,

Swvllabws:

Applicable from académic year 2022-23 onwards 32
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1. Introduction: Basics of Statistical Mechanics: Postulates, hypothesiz and Implications

Concept of Irreversibality -2 hours

2. Probability Theory: Discrete vs Continuous, Stirling's Farmula -1 hour

3. Ensembles and Distributions

Configuration end Weights/Thermodynamic Probabality, Ergodioity =1 heur
Enscmbles: Concept of an Ensemble, Microcanonical Ensemble, Canonical Ensemble, Grand Canonical
Ensemble -1 hour
Distributions: Maxwell-Boltzmann Distribution, Bose-Emstein Distribution,

Fermi-Dirac Distribution =1 hour
MNegative absolute temperature =1 hour

4. Partition Functions

Partition Function Definition - Thermodynamic Purctions in Terms of the Partition Function -1 hour

The Relation of Siate Functions to the Partition Function =1 hour

Moalecular Interpreation of the Partition Funection =1 hownr

Separation of Contributions

Evaluation of the Partition Function - Translational Partition Function -2 hours
Eotatomal Partition Function =2 hours
Vibrational Partition Funetion =2 hours
Electronic Partition Function - Nuclear Partition Funetion =1 hour

Thermiodynamics of Mixing: Energy and Eatropy of Binary Mixing -1 hour

Applicable from acadernic year 2022-33 onwards i3
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Statistical Interpretation of the Equilibrium Constant -1 hour
Einstein and Debye Models of a Crystal =2 hours
Ideal lattice gas = Electron gas -1 hour
Elecirochemistry
5. lonlcs:
Electrochemistry of Solutions, Electrolytic Conductivity and Its Types -1 hour
Debye-Huckel Theory with Derivation -2 hours
Debve-Huckel-Onzager Treatment and 1ts Extension with Dervation -3 hours
6. Electrodics:
The Concept of Overpotential, Types of Overpotentiels: Origin and Minimization; Exchange Current Density
-1 hpur
Electrochemical Reactions under Charpe Transfer Cantrol, Basic Electrodic Equation - Botler-Volmer
Equation- Derivation -2 hours
The Current Potential Laws at Other Types of Charged Interfaces -1 hour
Electrode Reactions and Chemical Reactions — Multistep Reactions -1 hour
Determining the StepWise Mechanism of an Electrode Reaction =] hour

7. Applications:

Electrodic Reactions of Special Interest — Electrocatalysis — Influence of Various Parameters. -1 hour
Photoelectrochemigtry:  Introduction-Band  Bending at  the  Semiconductor/Solulion  Interface-
Photoexeitation of Electrons by Absorption of Light-Surface Effects in Photoelectrochemistry

-2 hours
Application of Butler-Volmer equation in comosion — Tafel Equations, Determination of Kinetic Parameters
=3 hours
Phatoelectrocatalysis-The Photoelectrochemical Splitting of Water-The Photoelecirochemical Reduction of
COy. =1 hour
Electrochemical Impedance Spectroscopy =1 hour
References:
Applicable from ucuﬂﬁﬁg year 2022-23 onwards 34
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PRESCRIBED BOOKS:

1. U, Fried, H. F. Hamekn and 1. Blukis, Physical Chemistry, Macmillan Publication, 1977.

1. Peler Atkins, Julio de Pauls, James Keeler, Physical Chemistry, 11 Ed., Oxford University Press,
Oxford, 2005

1, L0 M, Bookos and AL 1 N Reddy, Modeim Eleotochenesty, Volumes 1 & 2, 'l Pross, New
York, 1988

4 ), 0. M. Bockns and A. K. N. Reddy, Modem Electrochemistry 2B, 2* Ed, Kluwer
Academic/Flenum Publishers, Mew York, 2000,

5. Allen J. Bard, Larry B. Faulkner, Henry §. White, Electrochemical methods —Fundamentals and
Applications, John Wiley & Sons, Limited, 2020

REFEREMCE BOOKS:

1. Raobert G, Mortimer, Physical chemistry, 3™ Ed., Academic Press, 2008,

2. Normand M. Lavrendeau, Statistical Thermodynamics: Fundamentals and Appheations, Cambnidge
University Press, Cambridge, 2005.

3, John M. Seddon and Julian D, Gale, Thermodynamics and Statistical Mechanics, The Royal Seciety
of Chemistry, London, 2002,

4. Thomas Engel, Philip Reid, Thermodynamics, Statistical Thermodynamics, & Kinetics, 4" Ed,
Pearsan, 2018,

5. Biman Bapchi, Statistical Mechanics for Chemists and Materials Science, CRC Press, Tayior and
Franciz Gronp, 2019,

6. J, Goodisman, Electrochemistry Theoretical Foundation, John Wiley Sons, 1987.

7. Christopher M. A, Brett, Ans Mara, Oliveira Brett, Electrochemistry: Principles. Methods and
Applications, Oxford University Press, Oxford, 1993,

8. Philip H. Reiger, Electrochemistry, Prentios-Hall Intemational, Inc., 1987,

%, Mivaldo I, Tro, Principles of Chemistry: A Moleoular Approach, 4® Ed., Pearson, 2019.

Applicable from academic year 2022-23 onwards
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PCHM-204: Physical and Mechanistic Aspects of Organic Chemistry

{3 CREDITS — 42 Hours)

Coum se Objectives:

1. To study detailed mechanistic aspects of mucleophilic addition reactions m carbonyl compounds,
elimination reactions through E; mechanism and aromatic substitution reactions.

2, To give & basic understanding of perieyclic reactions, molecular reanrangements and free radical
reactions.

Course Outeomes: Upon completion, the stodent will be able to

1. Predict the products formed in the chemical reactions studied in the course with the appropriate reaction

mechanism,

Syliabus:
1. Addition to the carbonyl group:
Hydrde transfer reactions, stereochemistry of hydnde reduction -1 hour
Clemmensond WollT -Kishner reductions -1 hour
Crozsed and intramolecular Cannizzaro reactions -1 hour
Mechanizm of benzoin condensation and crossed alda] condensations- directed aldol condensations

-1 hour
Claizen and related condensation reactions =1 Tourr
Thorpe reaction, Stobbe condensation =1 hour
Acvloin condensation and its uscfulness in the synthesis of large ring compounds -1 hour
Mannich reaction and Ritter reaction -1 hour

1. Elimination reactions:
Chugasy reaction, cleavage of quaternary ammeniom hydroxides, quaternary ammoninm salis with strong

bazes — =1 hour
Amine oxides, sulfoxides & selenium oxides =1 hour
Conversion of cpoxides to olefins - Shapiro reaction - decomposition of p-toluene - sulfonyl hydrazones

-1 howur
Cis - eliminntion - pyrolytic eliminations - Stereochomistry =1 haur
1.4 - Addition of crpanometallic compounds to aetivated double bonds =1 hour

3. Aromatic substitution reactions: _
A review of the generalized mechanisim - directive and rale controlling fictors — Substituent effects; Partinl

rate factors- -1 hour
Gattermann formylation, Vilsmeier - Haack formylation and related reactions -1 hour
Mucteaphilic aromatic substitution reactions going through the benzyne mechanism-
and Meisenheimer complex. -1 hour
SRy sromatic substitution reactions - Aromatic homolytic substitution reactions =1 hour
Substitution resctions of thiophene, furan, pyrrels -2 hours
pyridine, pyridine oxide- guinoline and isoquinaling =2 hours
Additicn reactions of furan & thiophen - Chichibabin reaction, Skraup synthesis & Fisher indole gynthesis
-2 hours
Modificalions to Hamimell equation, Brewn and Tafl equations -1 hour

R e ==

Applicable from al:mil;!'nl::_ wear, L2238 onwards 36
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4, Pericyclic reactions:

Electrocyelic reactions -1 hour

Cycloaddition reactions: 242 photochemical and-[2+2] Thermal Pericyclic reactions suprafacial and

antarafecial additions -1 hour

Stersochemistny of Diels - Aldor reaction -1 Ll

R matropic FeATTANFements -1 hour

Claisen, abnormal Claisen and Cope rearrangemenis -1 hour

FMO approach and aromalic transilion state theory in pericyelic reactions

Fxamples and problems on pericyche reactions -1 hour

5. Molecular rearrangements:

Benzilic acid and Demjanoy rearrangements- -1 hour

Favorskii and Wolff rearrangements (Amdt - Eistert synthesis), dienone - phenol (thermal and photochemical)
=1 howr

Stevens, Somelet and Withg rearrangements =1 hour

The henzidine rearrangement. Intramolecular migrations from nitragen to carbon - the Orton, Fisher - Hepp

and related reamrangements. Hoffiman - Loffer Freyving reaction and Hauser rearrangement -2 hours

6. Free radical reactions:
Types of free radical reactions, fiee radical substitation mechanism, mechanizm of an aromatic substrate,

neighboring group assistance- =1 hour
Reactivity for aliphatic and aromatic substrates at & bridged head. Reactivity in the attacking radicals, The
effect of radicals on reactivity -1 hour
Allylic halogenation (NBE), Oxidation of aldehydes to carboxylic acids. -1 hour
Auto oxidation, coupling of alkynes and arylation of aromatic compounds by diszonium salts -1 hour
Sandmeyer reaction. Froe radical rearrangement. Hunsdiecker reaction -1 hour
MeMurrey Coupling, Barton Reaction, AIBN with (Bu)45n-H -1 hour
Diphenyl diselenide -1 hour
Referenecos:
Preseribed Books:
1, Michael B, Smith, March's, Advanced orgenic chemistry, 7 Ed., John Wiley & Sons, Ine, New York,
2016,

2, Carey and Sundberg, Advanced organic chemistry, Sth. Ed., Part B, Plenum Press, 2012,

3, 1 Clayden, N. Greeves, 5. Wamen, Organic chemistry, 2 B, Oxlord University Press, 2012,

4. R.AY. Jones, Physical and Mechanistic Organic Chemistry, 2nd Ed., Cambridge University Press,
1554,

3, 8. N. Mukherji, Pericyelic reactions, Magmillan, 1979,

. I8 Kalsi, Orpanic reactions and mechanizms, 3™ Ed., New Age International Publishers 2010.

Reference Bools:
. R.0.C Norman, J. M. Coxon, Principles of organic syntheses: 3 Ed, CRC Press 1993,
2. H. Maskill, The physical basis of organic chemistry; Oxford seienee publications, 1985,

Applicable from aeademic year 2022-23 onwards . 37

oy

s R T o S T T T - e TR o O i B - D DR Bl B B I |

—

o

™ ™ .



el s oo om N EHie oo als N

g

o
i

"o I

PCHM-205: Practical: Inorganic Chemistry

2 CREDITS

Course Objectlves:

1. Toperfomm semi-micro qualitative inorganic analysis of mixiures containing rare elements.
2. To prepare nanoparticles and characterize them,
3. To prepare quantum dots.

pess

Course Outeomes: Upon completion, the student will be able to

1. Detect cations and anicns in mixiures containing rare elements.
2. Prepare and characterize nanopartictes.
3. Perform waler analyzis using the technques covengd.

Syllabus:

Qualitative Analysis
1. Qualitative analysis of mixture of compounds containing rare elements such as Ti, V, Mo, W, Zr, Ce, U
FPreparations
Synthesis and purification of Acetyl Ferrocene
Synthesis of Tetra Phenyl Porphyrin (TPF)
Spectrophotomeiric estimation of NCWZn by complexing with Tetra Phenyl Porphyrin (TPF)
Synthesis of HEKLUST-1
Synthesis of cis- and trans- Copper Glycinato Complexes
Preparation of manganese complex with acetylacetone (acac) amd its apphcations in analysis
Nanoscience
8. Synthesis and charactenization of carbon dots from organic waste
9. Bynthesiz of silver nanoparticles using aqueous foral petal extrace
Water Analysis
10, Synthesis of water-soluble Alizarin Red S-AI{IIT) complex for fluoride ion sensing
11. Waler quality moniloring using Ton Chromatography
Note: Minimum of £ experiments need to be carried out.

SemAawp

Refercnces:

Q. P Vermani& A. K. Nanila, Applied Chemastry (Theary & Practice), Wiley Eastern, 1989,
Vogel's Text Book of Macro and Senimicro Qualitative Inorganic Anslysis TREd G. Svehla Orient
Longman 2008,

N. K. Udays Prakash et al., dsion Jowrnal of Chemisiry; Fol. 27, No, 17 (2015), 4089-4081
B Sar Sathish et gl Spectrochimica Acta Part A 66 (2007) 457461

A. L. Himaja el al. ] Fluorese (2014) 24:1767-1773

hitps:Mfocw miledweourses/chemistry/3-3 10-labofatory-chemistry-fall-

201 TAabaMITS 310F17_Ferrocene Labpdi

7. Christing Larson et al. A Comparison of Two Syntheses of Tetraphenyl porphyrin. 2013

E.  hilps:Meore.ac.uk/downloadpdffB83550382.pdl

9. Kuen-Song Lin et al. Intermational Journal of Hydrogen Enerpy 37(18): 13865131871, 2012
(0, Paul " Brien 1. Chem. Edue: 1982, 5% 12, 1052

Bl ==

B

11. M. 8. Shalaby et al, Frontiers nfCimmlnar Soience and Engineering 7(3);325-337, 2013
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PCHM-206: Practical; Physical Chemistry (Spectroscopy, Kinetics and Electrochemistry)

2CREDITS
Course (hjectives:
1. Toleam phyzical chemistry principles using experimonts.
2, Toleamn to prepare nonopirticles and study their growth kinetics,
3. To apply the clemenlary laws of chemical Kinetics in the analysis of reaction mechamsms and

h e

&,

understand the chonges in chemical eactions.
To perform flucrescence-based experiments and leam 1o use & fluorimeter,

. To Jearn to work with enzymes and also acquire the ability to study the kinetics of resctions involving

ENZYMES.
To leam different electroanalytical technigques using the efectrochemical workstation.

Course Outeomes: Upon completion, the smdent will be able 10

L.

2.
3.
4.
5. Design electrochemistry-based experiments and interpret the resulis by explaining the principles,

Understand the principles behind the physical chemistry experiments performed and be in a position 10
explain them.

Prepare nanoparticles and afzo understand the growth kinetics.

Measure various kinetic paremeters in different chemical systems and solve problems based on mte'rate
constants for different types of reactions.

Perform fluorescence-based experiments and be able to operate a fluorimeter.

Syllabus:

-

hppticubic'_fl:u{n prademiciyear 2022-23 onwinrls
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Excited state acidity constant measurement: Determination of excited-state acidity constant of 2-
Maphthol or any other Quorescent ionizable molecule

Flugreseence quenching experiment: Determination of rate constant for fluorcscence quenching of Algs
{or any other fluorophore) by acryvlamide, urea, Br- ond 1-

Thermedynamics experiment: Determimation of enthalpy and enteopy of excime lonmaetion {e.g. pyrese
or some othar appropriate fluorophare)

Kinetic salt effect: To study the kinetics of reduction of Maxilon Blue-5G by sulfide lon

Nanoparticle growth kineties: Study of nanoparticle growth kinetics in zine oxide using UV-Vizible
spectroscopy

Spectroscopy experiment: Raman spectroseopic studies on CCly, CHCl, CH;Clz, Cyelohexane, CiHg,
Toluene eic

Cyclic voltammetry experimeni: Synthesis and cyclic voltammetry of Vanadium{11]}acetylacetonale
Activation energy determination: Stly of the kinetics of ethylacetate hydrolysis by NaOH using
conductance measurements and determination of the energy of activation of the reaction

CMC determination using spectroscopy: To determine the critical micelle concentration {CMC) of
anionic and cationic surfactants using conductance measurements and to study the influence of temperature
on CMC. Verification of =0 determined CMC values using UV-Visible absorbance studies

Enzyme kinetics: Study of enzyvme kinetics: hydrolysis of esters by a-chymotrypsin and the Michaelis-
Menten eguation

Surface area determination: Determination of surface arca of activaled charcool/silica gel/ZnOVZeolite
using BET adsorption isotherm

MNote: Minimum of § experiments need 1o be carried out.

References;

1. Neidig and Stratiom, Modemn Experiments for Introductory Chemistry, 2™ Ed., Reprinted from Joumal
of Chemical Edpcation, 1989,

2. Q. Peter Matthews, Experimental Physical Chemistry, Clarendon Press, 1986,

3. A. M. Halpem, Experimental Physical Chemistry, 3™ Ed., W. H. Freeman, 2006.

Zanlu
Applicable fromadideriic veor 2022-23 omanrds 40
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PCHM-207: Practical: Organic Synthesis (multistep) and Spectral Analysis

I CREDITS

Conr st Oljectives:

1. T give lunds-on experience in carrying oul varieus wpes of organic reactions inchuiding addition,
elimination, condensation and functional group protection.

Course Dutcomes: Upon completion, the stedent will be able 1o

1. Gain the skills and expertise to design and carry out organic reactions and use them in multi-step orpanic
synthegis.

Svllabusg:

Multi-step preparations of organic compounds illustrating the preparative uses of reactions such as aldol
condensation, Mannich reaction, enamine reaction, Claisen condensation ele., and rearrangements such as
Claigen, Fries, Beckinann, Waolff etc.,

Design and synthesis of organic compounds possessing nove! features.

Expermments involving - enamine reactions, Robinson anoulation, Witlig reaction and protection-
deprotection sequence (use of cyelic acetals in the protection of carbony] - use of ester in the protection of
alcohols or phenols etc.)

Use of polymer-supported organic synthesis (Siliea supporied reagents, alumins-supparted reagents eic.)

List of Experiments:

To perform eny four of the following resctions amd also characterize the products with spectroscopic
technigues such as UV, IR, NME and MS.

MMarmich reaction and Vilsmeier-Haack formylation of indole,

Chiral organccatalysis- proline catalysed synthesis of fi-hydroxy earbonyl compounds-(IR)
Witlig resction under phase transfer conditions- synthesis of trans-stilbene-NMR

Synthesis of tans-cyclohexane -1,2-diol from cyclobexanol-M3 and NMR

Ketal protection and reduction of ~COOE1 in ethy! acetoscetate-TR.

Achiral and Chiral Redpction of ethy] scetoncetate-Optical rotation.

Synthesis of APIs (compounds of pharmacentical importance) — any three:
Dihydropyrimidine, Isoniazid, Propranolol, 6-Methy! umeil and 2-p-Methoxy phenyl benzimidazole,

ol e T B

Feferences:

1. D.JPasto, C.R.Johnson and M.JMiller, Experimental technique in Organic Chemistry, Prentice
Hall, IQEJE

2. L. M Harwood and C.J. Moody, Experimental Organic Chemistry: Principles and Practice,
Blackwell Scientific Publications, 1989

3. L.F, Tietze and Th. Eicher, Reactions and Syntheses, Universily Science l]nl:rk*i California, 19849,
4. B.S. Furniss et al., Vogel's Textbook of 'ractical Organic Chemistry revised, 5™ Ed., ELBS, 1989,
5, Process chemistry Lab-manual -NIPER-HYDERABAD.

Anpln..;hl-:. fromn aﬂndcnur_ year 2012-13 onwards 41

| ool b

-~ A AN NN

o



PCHM-301: Organometallic Chemistry

(3 CREDITS - 42 Hours)

Cout se Objectlvis:

1. Tounderstand the basics of organometallic chemistry,

2. To study the synthesis, structure, geometry, bonding and characterization of various transition metal
complexes with ligands such as carbonyls, dinitrogen, nitrosyl, hydrocarbons etc.

3. To undersinnd the preparative methods, mechanisms amd reactivily of various organo-transition metal
complexes.

4. Ta learn the applications of organometellics in various mdustrially important catalylic processes,

DO MO0 00000

Course Qufcomes: Upon completion, the student wall be able to

-

—
1

1. Predict the shape'geometry, stability of a given organometallic complex.

2. Predict the metal-lipand stoichiometry in an organometallic complex.

3, Write down the mechanism of a given crganometatlic reaction.

4. Posgess the knowledge of imporiant crganometallic catalysis nsed in industry along with their
mechenizm.

Syllabus:

cCo000 0
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1. Introduction:

Ohverview of organometallics -1 hour
Organometallic chemistry definition and overview; Types of Ligands-L, X, Z; Hard and soft ligands;
Lipands binding through sigmae bonds, pi bonds, sigma and pi bonds, p1 accepiors -1
(AR

Agoatic interaction, isnelectromin orpanometallie complexes and Hgands -1 hour

1 B-clectron mule and iis lmitations-16 eleciron role -1 hour

2. Metal Carbonyls of Transition Elements:
Preparation of metal carbonyls - Structures of metal carbonyls (mononoclear, binuclear, innuclear, tetr

nuclear and poly nuclear) -2 hours
Bonding festures: semi-bridging CO groups (in evelic sets, in unsymmetrical environments and caused by
steric crowding), Side-on bonding of €O - oxygen to metal bond -1 hour
Vibrational spectra of metal carbonyls (detection of beidging of CO groups, molecular symmetry, bond
angles, mixture of conformers, force constants) -2 hours
Reactions of metal carbonyls: OO substitubion reactions, photochemical reactions, Nucleophilic and
electrophilic nttacks on CO, Insertion reactions: CO insertion it B - C and M-H bonds -2 howrs

A. Complexes with Other Ligands
Stracture amd bonding in metal complexes with Phosphines (Tolman come angle, Tolman electronic

parameter, Tolman plat), C5, CSe -1
hour

WO (Enemark-Feltham Notation), NOg, CN, RNC -1 hour
Dinitrogen, Dioxygen ligands -1 hour
Moetal hydride complexes, o- complexes, -1 hour
4. Clusters and Metal-Metal Bonds

Introduction -metal carbonyl clusters: Low nuclearity carbonyl (M3 and M) clusters =1 hour
High nuclearity carbonyl clusters (HNOCS) — Skeletal electron counting, Wade's rules -1 hour
Capping rules -1 hour

\ a3
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Mingo's rules (polyhedra condensation), Jemmis mles -1 hour

Hetero atoms in metal atom chisters (carbides and nitrides) -1 howur

Isoelectronic and Isolobal relationships -1 hour

5, Compounds with M-M multiple bonds: Major stctural types - Quadrupole bonds in clasters,

One-dimensional salids. 2 hours

6. Transition Metal Complexes of Hydrocarbons

Moetal alkyls, carbenes, carbynes and corbides -1 hour

Monaromatic alkene and alkyne complexes ~Metal carbenes-Fisher and Schrock carbenes =2 hours

Allyl snd pentadienyl complexes - Metallocenes: synthesis and structures of cyclopentadieny] compounds
=1 hour

Arenes and other Alicyelic Ligands- stability of polyene and pelyenyl coniplexes, Davies-Green-Mingos®

Rule -1l

7. Reactions of Organometallic Complexcs

Oxidative addition reactions: Concerted additions-SN® reactions and radical mechanisms -2 hours

Hydrogen addition and HX additions - Reductive eliminntion resctions

-Oxidative coupling-reductive cleavage -2 hours

Insertion reactions: OO insertion into M - C and M-H bonds - Cyelometalstion reaction -2 hours

B. Physical Methods in Organometallic Chemistry -2 howrs

MNMR spectroscopy, TR spactroscopy and Crystallography

9, Catalysis by Organometallic Compounds:

Homogencous catalysis: Hydrogenation - Wilkinson's catalyst, Tolman®s catalytic loops =1 hour
Hydroformylation {(oxo process), Cativa process, Buchwald-Hartwig Reaction =1 hour
Swnthesis gas, water gas shift reaction =1 hour
Olefin metathesis (Grobbs and Shrock's catalyst) =1 hour
Heterogeneous catalysts: Fischer-Tropsch process and Mobil process =1 hour
Zacgler-Matta polymernization, oligomenzation -1 hour
References:

PFRESCRIBED BOOKS:
1. R. H. Crabtree, The Organometallic Chemistry of the Trangition Metals, Tih edition, 20159,
2. B.D. Gupda and A, T, Elias, Basic Organometallic Chemistry, 2nd Ed., University Press, 2015,
3, Gary L. Missler, Paul J. Fisher and Donald A. Tarr, Inorganic Chemistry, Sth Ed., Pearson, Delhi,
2014,
R. 0 Mehrotra and A, Singh, Organometallic Chemistry, 2nd Ed., Wiley Eastern Lid, 2004,
E. Huheey, E. A. Kciter and R. L. Keiter, Inorganic Chemistry, 4th Ed., HarperCollms 20006,
F. A. Cotton and G, Wilkinson, Advanced Inorganic Chemistry, 6th Ed., Wiley 1999,
M. M Greepwood and AL Bamaslinw, Chemistry of the Elemenis, 2nd Ed,, Butierworth, 1997,
I. Huidue and J. J. Zuckerman, Basic Organometallic Chemistry, WDeG Poblishers, 2011,
B. Douglas, D. McDaniel and 1. Alexsndes, Concepis and Models of Inorganic Chemistry, 31d Ed,
Wiley and Sons, New York, 1994,

o = o Lkl
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REFERENCE BOOKS:
1. K.F. Purcell and 1.C. Kotz, Inorganic Chemistry, 2nd Ed., W_B. Saunders Co., 2012,
. AL F. Wells, Stuctural Inorganic Chemistry, 6th Ed; Oxford, 1987.

3, Ddited by G, Wilkiuson, T.G.A. Stone and LW, Abel (U volues), Comnprehensive Organonelallic
chemistry, 1982,

4, R. B. Jordan, Reaction Mechanisms of Inorganic & Chrganometallic systems, 2nd Bd., Oxford
University Press, New York 1995,

5, G. A Spessard& G. L. Miessler, Organometallic Chemistry, 3rd edition, Oxford University Press,
2015,
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PCHM-302: Polymer Chemistry and Applications of Group Theory in Chemistry

(3 CREDITS — 42 Hours)

Counse Olijectives:

. Tao study various methads employed in the synthesis of pobymers and develop an understandmg of
e chemical kinetics and mechanistic aspects that are involved.

To understand the different types of molecular weights in pelymers,

T derive selection rales for IR and Raman sctivity using group theory.

To construct molecular orbitals of metal complexes with ligands of different types.

To get free ion configurations terms and states, and Ligand Field Theory of coordination compounds,
To understand the origin of bands in the electronic spectra of coordination compounds.

Shkh

Course Outeomes: Upon completion, the student will be able 1o

Design polymer synthesis schemes.

Assign the kinetic mechamism.

Compare compounds of different chemical behaviour under the same point group.

Draw molecular orbital disgrams of metal complexes.

Explain the spectrn of coordinalion compounds and the origin of electronic transibions using Ligand
Field theory.

P L

Eyllabus:

1. Step Polymerization:
Mechanism of step polymerization - kinctics of step polymenzation -1 hour
Melecular weight control in linear polymerization -1 hour

2, Radical Chain Polymerization:
Nature of radical chain polymerization - Rate of radical chain polymerisation -1 hour
Initiation - molecnlar weight - chain transfer - inhibition and retardation -1 hour

3. Emulsion polymerization:
Qualitative picture -1 how

4. lomic chain polymerization:
Comparisom of mdical and ionic polymerizations =1 hour
kinetics - cationic polymerization of the carbon-carbon double bond -1 hour

5. Chain copolymierization:

Copolymer coimpesition — Derivation of copolymer composition equation- ideal, aliernate and block
copolymerns =1 hour

6. Ring-opening polymerization: General characteristios - Cyelic ethers - Cyclic amides. -1 hour

7. Molecular weight: Different fypes and their determination uwsing end proup analysts, membrane
esmometry, light seattering, viscosity measurements and gel pérmeation chiomatography -2 hours

Applicable froun academic -""E.“i 2022-23 omwards 46
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Applications of Group theory:

£. Molecular point groups: Monlinear-linear-cubic groups- Tcosahedral point groups-notation of point
groups-descent in symmelry in molecules with substitution -3
hours

9. Symmetry criteria: Symmetry condition for optical activity-symmetry restriciions on dipole momenis

and sterecisomerism. -1 hour
Mormal mode analvsis of non-linear molecules: Carlesian ceordinale method, simple general method-Internal
coordineie method (for moelecales of different point groups). -2 hourg
10, Noermal mode analysis for linear molecules: Deductions of normal modes of vibrations for linear
maolecules: Intepration method, Cyvin-Schafer method and Sub-group method -2 heours
11. Infra-red and Raman spectroscopy of molecules: Selection rules-TR and Raman activity-Symmeiry
requirements for overlones, binary and temary combination bands, Fermi resongnce. -2 hours
Cryslel field splitting of d orbitals: Splitting of d-orbitals in transition metal complexes, Oh, Td, D4h

-2 hours

12, Molecular orbital theory of metsl complexes:
Melecular orbitals and hybrid orbitals and their svmmetry species-hybrid orbitalz for sigma, pi bonding-

projection operation method and the ligand group arbitals =3 hours
MO theory of coardination compounds =2 hours
13, Free ion configuration terms and states:

Inter electronic repulsion parameters- spin orbit coupling parameters -2 hours
Symmetry of atomic orbitals and the spectral terms and correlation tables- -2 hotrs
Molecular term symbaols; Derivation notation and selection rules for transition -2 hours

4. Ligand Field Theory and Electronic Spectra of Metal Complexes

Ligand field theory of coordination compounds: Simple crysial Geld theory of MLs complexes, effect of
weak crystal field on terms, lipand field term diagrams, -2
hours

Expected electronic transitions-term interactions and the energies of levels-comelation diagrams -3 hours
Electronic. specira of metal complexes: Selection rules for electronic spectra-electric dipole transilions,

magmetic dipole transitions =1 houer
mluie of electronic spectral bands: Einsiein coellicionts, Band intensitics (Relationship of trensition momenl
integral with molar extinction coefficient and oscillator sirengih)-Bandwidths -2 hours
Refercnces:

PRESCRIBED BOOKS:

. G, Odian, Principles of Polymensation, 4% B4, John Wiley & Sons., New Jersey, (2004).

F. W. Billmeyer, Jr., Text Book of Polymer Science, 3« ed,, John Wiley & Sons, New York (1954),

. W. D. Callister Jr, and D. G, Rethwisch, Materials Science and Engineering — An Introduction,
' Ed., (2014), Wiley M,

4. Joel B Friend, Polymer Science and Techrology, 3" Ed., Pearson Education, New lersey, (2014).

K. Veera Reddy, Bymmetry and Spectioscopy of Molecules, New Age International (1) Lad,

Publishers 2™ revised edition {2009},

6. A, B.P. Lever, Inorganic electron spectroscopy, 2™ Ed., Elsevier Amsterdam{1934)

(5]
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7. G Wilkinson. Rd Gillard and JaMeCleverty (Editors}Comprehensive Coordimation Chemiatry,
Volumes 1-7 Pergamon Press, New York (1987).
8. B.N.Figgis and M.A. Hitchman, Ligand Field Theory and its Applications, Wiley-VCH, {2000).
9, F. A. Cotton, Chemieal Applications of Group Theory, 3™ Ed , Wiley, (1990)
10, P. W, Atking, T.L. Overion, J.P. Rourke, M. T, Weller, and F_A. Armstrong,
Shriver & Atking’ lnorganic chemistry, Fifth Edition, W. 1T, Fresman and compamy, (2010]).

EEFERENCE BOOKS;
1. M.P. Stevens, Polymer Chemistry, 2ond ed., Oxford University Press (1990).
2. K 1 Laidler, and J H Meiser, Physical chemstry, Third Edition, Houghton Mifflin Company, Boston,
New York (1999)
3. N B Colthup, LH Daly and 8 E Wiberley Introduction to Infrared and Raman spectroseapy, 2%Ed.,
Acoademic Press, Mew York (1975)
4, A. Sueirweiser, Jr., Molecular Orbital Theory for Organic Chemists, John Wiley & Sons Inc., New
York (1961)
5. Hargittai and M. Hargittai Symmetry through the Eves of 8 Chemist, Verlagspesellschafi,
Germany( 19865).
H H Jaffe and M Orchin Theory and Applications of UV spectroscopy, Wiley New York {1962).
7. M. Orchin, H H Jaffe, Symmetry Orbitals and Spectra, Symmetry orbitals and spectra, Wiley (inter
science) New York (1970).
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PFCHM-303: Synthetic Organic Chemistry

(3 CREDITS = 42 Hours)

Conrse Objoctives:

1. Tointioduce the lllowing concepsts in organic synihesis,
i) Retrosynthetic approach.
i) Profection and deprotection of fenctional groups.
i) Solil support reagents and organometallic reagents,

2, To give an inderstanding of varous types of organic reactions like:
i) Oxidation and Reduction.
i} Asymmetric synthesis,
i) IMhotochenical reactions.

Course Quteomes: Upon complation, the student will be able to

1. Possess the knowledge of various aspects of organic synthesis such as retrosynthetic analyzis,

protection-deprotection of functional groups.
2. Gain good knowledge sbout various organic resctions and reagenls uged.

3. Design retrosynthetic analysis and proposc a synthetic route for the synthesis of an organic compeund.

Syllabus:

Applicable fron scademis vear 2022-23 ouwards
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L Synthetic Organic Chemistry - Concept and use of Protection & deprotechion of sensitive functional
groups in organic synthesis:

Alcohol =1 hour
Carbonyl - carboxyl 1 howr
Amine —lactone and thinls- problem solving -1 hour
2. Newer Synthetic Reagents - Polymer supporied reagents and their applications in Peptide synlhesis
-1 hour
Solution phase synthesis versus solid supported synthesis -1 howr
Sheppard synthesis of peptides. -1 howr
Introduction {6 reactions on inorganic solid supports — Alumina -1 hour
Bilica & zeolites -1 hour
Introduction 10 combinatorial Synthesis-Librory synthesis on resin beads (only solid phase) -1 hour

3. Mamed Feactions:
Eschenmoser Trapmentation, Nef reaction, Bamford Stevens reaction, Peterson Olefination reaction, lulia
Olefination reaction, Nazarov Cyclization, Sharpless asymmetric dihydroxylation, Mitsunobu  Reaction
{Diethyl azodicarboxylate-DEAD), Fukyamaya-Mitsunobu reaction, C-H activation, N-heterocychic carbene
reactions.

=4 hours

4. Beductions in Organic Synthesis:
Hydroboration and its applications -1 hour
Metal / liquid ammonia reactions (Birch and refated reductions) - catalytic reductions (Pd, Pi, Ni and
Wilkinson's catalyst) - Catalytic transfer hydrogenation = Problem-salving -2
hotrs
5, ODxidations in Organic Synthesis — Alcohol Oxidations -1 hour
Alkene oxidations (Sharpless and other epoxidations), Prevest, Woodward and other hydroxylations

=2 hours

Applizable from acadengls g 2022-13 onwards 501
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Reactions with DD, Chlovanil, Fenton’s reagent and Mn(

Swern's oxidation, Dess martin periodinane oxidation -2 hours
f. Planning a Synthesis - the basis for retrosynthetic analvsis, -1 hour
Dizconections of C=C-, syallons, clurons, tansloim based strategios -1 L
Sirategic bend approach- with suitable example —cis-Tasmons — Problem solving -1 hisur

7. Diastercoselectivity- Stereoselective reactions = Prochimality - Diastercoselective addition to carbonyl group

without rings -2 hours

8. Asymmetric Synthesis: Chirnlity- chiral pool- nesolution of smantbismers -1 howr

Chiral auxilinries - alkylation of enolates -2 howrs

Enantiomeric excess - asymmetric formation of ¢-¢ bonds-asymmetne conjugate addition - organocatalysis
-2 hours

9. Electro-organic Syntheses

Electrode reactions classified by reaction Lype =1 hour

10, Organic Photochemistry

Alkenes: lsomerization, eyclosddition, di-I1 methane reaction, ring closure -1 hour
Corbonyl compounds: Morrish type 1 & 11 reactions =2 hours
Aromatic photochemistry: Isomerizations, photoaddition, cyeloadditions 1o the aromatic ring,

singlet oxypen oxidations 2 hours

11. Organometallic Reagents in Synthetic Chemistry
Pallaclium catalysed vinylic substitutions- Stille coupling reactions, Suzuki coupling and

Buchward-Hartwig reaction -2 hours
12. Total Synthesis of selected Natural Products — Reserpine =2 hours
Gilvoearcin-M -1 hour

References;

PRESCRIBED BOOKS:
1. 1. Clayden, N, Greeves, 8. Warren, Organic chemistry, 2 B Oxford University Press, 2012
2. F, Carey and RLJ. Sundberg, Advanced orgonic chemizstry, 5th. Ed., Part B, Flesum Press, 2012,
3, Jie Jack Li, Name Reactions, 2nd Ed., Springer, 2003.
4, Raymond. K, Mackie & Duvid M. Emith, Guidebook to Orgomic Synthesis, ELBS, IME4 | 1900,
5. W, Carruthers, 1. Coldham, Modem Methods of Orpanie Synthesis, Cambridge University Press, 4™ Fd,
2004,
Lazzlo Burti and Barbarn Czako, Strategic applications of Named reactions in organic synthesis,
Elsevier, 20035,
Heming Lund, Organic Electrochemistry, 2*Ed. New York, Marcel Decker, 1983.
John Jones, The Chemical Synthesis of Peptides, Oxford University Press, 1991,
. Ed. 1.D.Coyle, Photochemistry in Organic Synthesis, RSC, 1986.
[0, B.O.C Norman, J, M. Coxen, Principles of organic syntheses: 39 Bd,, CRC Press 1993,
11. P.5. Kalsi, Organic reactions and mechanisms, 3™ edition, New age mternational Poublishers 2010

=)
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REFERENCE BOOKS:
1. 8, Warren, Designing organic synthesis, John Wiley Sons 1982,

4. Jan Kopecky, Orpanic Photochemistry, VCH, 1991,

2, E.J. Corey and Xue-Min Cheng, The Logie of Chemical Synthesis, John Wiley and Sons, 1985,
3, Albert J. Fry, Synthetic Orgonic Electrochemistry, 7% Fd | John Wiley and Sons, 1989

Apphicable from ﬂwd;.qﬁ-::'rﬂ'ﬁl?f 2023-23 onwards
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PCHM-304: Theory and Applications of Physical Methods in Chemistry

(3 CREDITS — 42 Hours)

Connrse O fogdivas:

L To deliver in-tlepth knowledpe of different gpectroscopie lechniques in elucidmting e stiuctuie of
various organic’ inorganic molecules and also (o draw aftenbion W the UIrL]EI']}'iI!,g principles involved.

Course Qutcomes: Lpon completion, the student will be able to

1. Interpret the miven spectral data and elucidate the structure of the compound.
2. Deduce the chemical structure analyzing the spectral data.
1, Sketch the spectra of a given compound.

Svllabus:

Applicable from acadeinds vear 2022-23 onwards
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1. Introduction: Selection rules for aheosption of radiation by molecular vibrations, Intensity and lne width
of spectral lines. Population of various states and intensity. Doppler broadening and lifetime brosdenmg,
factors affecting coupling and degenermcy. -2 hours

Applications in Inorganic Chemistry
2, Infrared Spectroscopy: Vibiations of polyatomic molecules- Nmdamentel viboations and  Oei
svmmetry- overtone and combinetion frequencies- Fermi resonance-

-1 hwoarr

The influence of rotation on the spectra of linear (polyatomic) molecules -1 hour

Effect of coordination on spectra due to change in symmetry — -1 hoar

3. Microwave Spectroscopy:

Rotation of melecules and rotational spectra - Diatomie molecules - the rigid rotor -2 hours
intensity of spectral lines - effect of isotopie substitution- =1 hour
Mon-rigid rotator, spectrum of non-rigid rotator - polyatomic molecules - hinear, symmetric top and
psymmetric top molecules {only spectral features) — -2 hours
Baszic outline of the instrumentation of microwave technique. -1 hour

4, Raman Spectroscopy:
Reaman scattering - theory of Raman effect - pure rotational Raman spectra of linear, spherical, symmetric

top and asymmetric top molecules -2 hours

Raman sctivity of vibrations - Structure determination of COz, N2O, 8Os, NOy, CI0y and CIF:

using Reman spectroscopy -1 hour

Basic instrumentalion -1 hour

5. Applications of NMR Spectroscopy in inorganic chemistry with special reference to *'P, 'F, "B nucle:
-2 hours

and NOQR spectroscopy -1 hour

i, Electron Paramagnetic Resonance:
Theory and applications to Mickel (IT) & Copper (11} compounds, magnetic exchange process i dinuclear
complexes -2 howrs

7. Mossbaoer Spectroscopy;
Origin and inlerpretation of Mossbauer effcot, Mossbauer chemical shifts, Application of Mossbauer
spectroscopy to Fe and Sn systems. -1 hour

Applicable frem m:-:ld.n:uuc_?:n_r 203233 onwalids 51
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Applications in Organic Chemistry and Biochemistry

8. Use of Shift Reagents — in U.Y. Spectral Analysis, with examples chosen from the chemistry of
naturallyv oceurring Mavonoids- where such methods have baen particularly successful. -1
hiur

9. LR. Spectra with regards o the study of hydrogen bonding
and resonance effects in orpanic compounds, -1 hour

10. Advanced Aspects of NMIR:

NOE effect, FT NMR its advantape- -1 howr
AMX and Allylic systems, Coupling in substituted banzene rings -1 hear
Simplifying complex NMR spectra (second order spectma)-

High field instruments, Use of paramagnetic shill reagents. -1 hour
Double resonance, with particular reference 1o spin-spin decoupling -1 hour
Solvent effects in PMRE spectra -1 hour
Protons on Oxygen, and Nitrogen

Heteronuclear coupling -1 hour
13C NME — Introduction and Theory, Apphications. -2 hours

11. Mass Spectrometry: High resolution mass spectral frapmentstion mechanism, sofi ionization
techniques (CI, ESI, MALDI, FAB etc,)
=1 hour

12. Combined Problem SolvingUsing UV, IR, NMR, Mass: Extensive analysis of problems based on

integrated spectral data{UY, IR, NMRE end ME). -3 hours
13, Two-dimensional NMR Spectroscopy:

Introduction - Theory and spplications of DEPT spectra and Homo COSY -2 hours
Applications of Hetero COSY- HMOQC and HS3QC -2 hours

Incredible natural abundance double quanium transfer experiment (2-D INADEQUATE],
Introduction to and applications of NOESY
Problem solving -3 howes

References:

PRESCRIBED BOOKS:

1. Pavia, Lampman, Kriz and Vyvyvan, Spectroscopy, Brooks/Caole, 2014,

2. Silverstein, Bassler and Mormill, Specteometsic ldentification of Organic Compounds, 6™ Ed,, Wiley,
2013,
Haorst Friebaolin, Basic One and Two-Dimensional NMR Spectroscopy, 5" Ed. Wiley-VCH, 2011,
C.N. Banwell, Fundamentals of Molecolar Spectroscopy, 4% Ed., T.M.H. Publishing Co 2017.
.8, Drago, Physical Metheds in Inorganie Chemistry, East-West Press 1968,
E.AV. Ebsworth, Structoral Methods in Inorganic chemistry, 2™ Ed., DW.H. Rankin and E.
Cradock, 1991,
REFERENCE BOOKS:

1. F. Laszlo, NMR of newly accessible nuclei, Vols: | & 2, Academic Press 1983

2. LW, Akit, B, B Mann, NMR and Chemistry, 4"Ed., CRC Press, 2000,

3, Makmnishi and Sclomon, IR Spectroscopy, 2™ Ed, Holden Day 1977.

LA L
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PCHM-305: Computational Applications in Chemistry —1

2 CREDITS

Course Ohjectives:

1. Toecxpose the studenis Lo the basics of computer programming with Pythen,
2. To teach the quantum mechanical aspects of molecular modelling.
3, To use compulational sofiware Tor the calculation of variows propertics.

—

Course Quicomes: Upon completion, the student will be able to

1. Write basic progratns in F'ython.
2, Perform computational caleulations on molecules.
3. Calculate various properties using compitational software.

Syﬂnhus;:

Applicable from scadefiiceyear 2022-23 onwards

W

57

AOA A AN AN ™S

~r OO CCCOONNDOONOD NN O

-



ca il NalaNaeNe

P

OO0 00000

=

Familiarity with Chemical Structure Drawing Software -3 howrs
Plotting and Data Fitting -3 hours
Linux, DOS Commands -fi hours
Computer Progeamming - Pyihon -42 hours

Drawing Flow charts

Introduction to Pyvihon: Using Python Shell, Running Pyihon Scripts, Introduction to Idle, Errors in Python
andl their Types, Rules for Identifiers and Python Reserved Words

Data Types: Numero and Non-Numeric Types = Intepers and types, Strings — Concatenation, Slicing,
Important String Functions; Float, Complex Type, Bool; Type Conversion

Variables: Immutable and Mutable, Memory Management; Comments; Constants;

Operators: Types of Opemators, Anthmetic Operators, Relational Operators, Logical Operators, Assipnment
Operators and Types, Compound Operators, Identity Operstors, Membership Operators, Precedence and
Associativity of Operators, 1s Operator

Decision Control Statements: 17 Statement, [f-Elze Statement, I-ERi-Else, Ternary Operator

Iterative Statements: Loops snd Types-While Loop, While-Else Loop with Break, Continue and Fass
Statements; For Loop with and without Range function;

Funetions: Print()-Singleline, Multiline with Special Characters; Input() — Accepting SingleMultiple
Value(s), Id Function, Eval{ ) Function, Command Line Arpaments and Various Print{ ) Options; Function
Vs Method, User Defined Functions = Calling a Function, Retuming Valses from Function

Electronic Structure Analysis -27 hours
Overview of the Sofiware

Construction of z-matrix

Energy Minimization/Geometry Optinzization, Single Point Energy Calculation

Molecular Mechanics, Semi-empirical, Ab-Initio and DFT Calculations

Introduction to Basis Sets

Medelling Transition State

Molecular Orbital Calculations and Visualization

Obtaining Electronic $pectra of organic molecules

T e e e e

Data Science and Data Mining in Material Science =3 houry

References:

Appheable fom Ar-;u!_umi-c vear ald A1 3 onwards 53
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. David Amos, Dan Bader, Joanna Jablonski, Fletcher Heisler, I'ython Basics: A Practical Introduction to
Pythond, 4% Bd., Real Python (Realpython Com), ISBN-13-978-1775093329, 2021.

Brian Heinold, A Practical Introduction to Pythan Programming, BrianHeinold.net (2013) Prentice Hall.
015

. K. I Bemachandran, G, Deepa, K. Namboori, Computational Chemistry and Molecular Modelling
Primciples and Applications Sprmger-Verlng Berhin Hewdelberg, [SBN-13 978-3-540-77302-3, 2008,

. Ermol Lewars, Computationn] Chemistry Introduction te the Theory and Applications of Molecular and
Quantum Mechanics 3 ® Ed., 2004 Kluwer Academic Publishers New York, Boston, Dordrecht, London,
MMoscow, ISBEN: 1-4020-T2E85-6. 2018,

. Dovid €. Young, Computational Chemistry: & Practical Guide for Applving Techniques to Real-World
Problems. John Wiley & Sons, Inc. 2011.

. C. 1. Cramer, Essentials of Computational Chemistry Theories and Models, 2004 ISBN 0-470-09182-7

a1

Appliceble from acedefd year 2022-23 onwards
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PCHM-306: Project work (Interim Review)

Course Ubjeetives:

1.

2.

3,
4.

T train the students in doing a scientific literature review/survey based on a field'lopic chosen by them:
Reading & callating the summaries of the important research papers in the ficld.

Te identify the gaps in existing knowledge in the chosen topio based on the literature review and define
the objectives for the project nccordingly.

To understand the different possible experimentsl dosigns.

Charting down feasible and achievable work plass to aceomplish fhe proposed objectives.

1.
2.

Do a scientific literature review.
Identily gaps in the existing research and phrase potential objectives for n project.

3. Plon s few probable experimental dezipns 1o achieve the identified objectives.

Interim Beview Assessment:

At the end of the third semester, the assessment of the project work will be done based on the objectives of
the problem identified by the student, the depth of literature review done and the proposed work plan for
achicving the objectives.

T
Applicoble from m:}:;_;ﬁhﬁr 202223 omwards
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PCHM-401: Solid State Chemistry and Nanomaterials

(2 CREDITS — 28 Hours)

€ se Uil estives:

B L B

1'his umque course emphisises on solid-state materials and their propertics.

Tao introduce the concepts underlying solid state chemistry,

Ta synthesize and characterize a wide range of solid state materials and study their properties.
To offer an overview of carbon nenomaterials and their synthesis.

Comrse Outeomes: Upon completion, the student will be able to

1,

2,
3,

Have knowledge of different methods used in the preparation of solid-state materials and their

properties.

Give the principle of XRD technique and its use in crystal structure determination.
Understand the various methods to prepare carbon ninomaterials and give their applications,

Syllabms:

Applicable frot acodemie year 2022-23 onwards

W

1

cBalol:B: RalisBe Be N B

el el zRaeBeBaelelaleReBeBeRale

-~ s

=

=B 2Rl ol el el &



e+l Heal el

P =,

-

A C OO0 00

[

1. Preparative Methods:

Solid state reactions general principles, expermmental procedure, -1 hour
Co-precipitation as a precursor to solid state rosctions, -1 hour
K inatieg of solid-state reactiona 1 hour

Crystallizations of solutions, melts, glasscs and gels, vapour phase trinsport methods, lon exchange
reaclions, elecirochemical reduction methods and thin [ilm preparation, prowth of single erystals -2 hows

2. X-Ray Diffraction;
Heraws and their generation-an optical grating and dilfruction of light, crystals md diffiaction of x-rays

=2 hours
K-ray diffrsction experiment, the powder method-principles and uses, single crystal methods-principle and
uses =2 hours
High temperature X-ray diffraction, electron diffraction and nowtron diffraction -2 houirs
3. Electronle Properties and Band Theory:
Intraduction- metals, inselators and semiconductors =1 hour
Electronic structure of solids- band theory -1 hour
Colour in inorganic solids. -1 howr
4. Electrical Properties:
Hall effect, dislectric materials, ferro-pyro-piezo elecirieity and its applications -1 hour
5. Magnetic Properties: Classification of materials -Dia, para, ferro, fern, and antiferromagnetic types

-2 hours
Selected magnetic materials such as spincls, garnets and perovskites -1 hour
6. Superconductivity: Theory, discovery and recent high Te materials -2 hours

7. Organic Solids State Chemistry:
Topochemical control of organic solid-stale reactions
Electrically conducting solids, arpanic charge transfer complex, organic metals, new superconductors
-2 hours

8. Carbon Nanomaterials:
Synthesis of Nanomaterials: Top down and botlom up synihesis approach, physical amd chemical technigues

for nanomaterial aynthesis -2 hours
Sol-gel and hydrothermal methods -1 hour

Corbon Nenotubes and carbon elusters -2 hours
Applications of carbon manotubes -1 hour

Heferences:

Applicable from ucadtlnﬁ:ﬁﬁﬁﬁﬂﬁﬂ onwards B2
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PRESCRIBED BOOKS:
1. A. T West, Solid State Chemistry and its Applications (Student Edition), W, 5. E Wiley, 2014
2. Poole and Owens, Introduction 1o Nanotechnology Wiley, 20240,
3. 1. Smart and E. Moore, Solid State Chemistry, Chapman Hall 1992.

REFERENCE BOOKS:

1. Geoffrey A Ozin, André C Arscasull, Nanochemistry: A Chemical Approach to Nenomaterials.

Roval Society of Chemistry, 2005,
2. L.V, Azaroft, Introduction to Solids. Tata Megraw Hill, 1977.
3, AR West, Solid State Chemistry and itz Applications, W 8. L&, Wiley, 2003,

Applicable from soademic year 2022-23 orwards B3
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PCHM-402: Supramolecular Chemistry

(2 CREDITS — 28 Hours)

Clourse Ubjectives:

1. Toteach concepts eentral to non-covalent mteractions and host-guest interacltions,
2. To give an understanding of supramolecular sell-assembly in biological and synthetic systems,

Conrse Outcomes: Upon completion, the stedent will be able o

1. Appreciate the mle of intersctions in supramolecolar assemblies and their applications in organic
chemistry, chemical biology, materials science and nanotechnolagy.

2. Design Ffimnctional materials with desired properties by exploiting non-covalent inferactions,
molecular recognition and sell-assembly.

Bvliabus:

| —a

1. Non-covalent Interactions: =5 hours
Flectrostatic interactions (lon pairing, lon-Dipole interactions, Dipole-Dipole mteractions, Dipole-Induced
Dipole and lon-Induced Dipole interactions, van der Wasls, London-Dispersion forces), Solvophobic
interactions, Hydrogen bonding, Halogen bonding, Cation-n interactions, Anion-m inleraclions, = - =
interactions, Aromatic-Aromatic Inferactions: Edge-to-face vs. m-m Stacking Interactions, Benzene-
Hexafluorcbenzene m-sitacking, Compogitc intcractions: N-H- xn, C-H-m, imteractions; Electron transfer
interactions: nCin®* and chargein* interactions; Chaleogen bonds.

1. Concepts Central to Molecular Recognition: -5 hours
Hosgt-Guest Chemistry; Macrocycles, clefis and open chain host structures; Receptors, Coordination snd the
“Lock and Key" analogy; Chelate, Macrocyclic and Cryptand  effects; Pre-organization and
Complementarity; Thermodynamic and Kinetic Selectivity, cooperativity and multi-valency.

3. Receplors: -5 hours
Cation Binding Hosts: Podands, Crown Ether, Cryptands, Spherands, Calixarenes and Siderophores; Anion
binding hosts; Hosts for Neotral Receptors - Clathrates, Inclusion Compounds, Zeolites, Inlercelates,
Coordination Palymers, Guest Binding by Cavitands and Cyclodexiring, Cocurbituril.

4. Bupramolecular Aspects of Chemical Biology: -3 hours
Moleculer recogmition, Supramalecular azsembly of DNA, Supramolecular reactivity and catalysis, Multisite
recoEnition.

5, Belf-Assembly and Supramolecular Devices: . -5 hours

Self-assembly, and applications te Catenancs, Rotaxancs, Helicates, gels, and molecular machines; Principles
and applications of nanohiotechnology; Transporters and Carriers design.

6, Metal-Organic Framework Materials: =3 howns
Synihesis, properties, and applications in stornge. and separation of strategically smporiant gases (Hz, COy,
CHy), drug delivery, and enerpy.

Applicable I'rnl'n.!J.-:'én|:_|_i:L1]L__|_:_.'_-.'-::al-'3.ﬂE'1-?Z'- o
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References: -

Preseribed boolis:
1. 1. W. Sieed, I. L. Atwood. Supramolecular Chemistry, Jobn Wiley and Sons, 2000.
2. L -M. Lelw, Supiomoleculon Chetiisty, Conoepls ond Perspectives. VCEL 1995,
1, H.-1. Schoecider, A, Yatsimirsky, Principles and Methods in Supromolecular Chemistry. John Wiley
and Seos, 2000,

Reference books:
1. 1. N.Israelachvilli. Intermalecular and Surface Forces, 3™ ed., Academic Press, 2011,

Applicable from peademic venr 2022-23 onwards
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PCHM-403: Medicinal Chemistry

(2 CREDITS — 28 Hours)

Conrse Objectives:

1. To give an cutline of the process of drug design and the basic aspects related to it

2, To zive an overview of the synthesiz and action of water-soluble vitaming and a few classes of antibiotics,
%, To give an idea about the utility of natural products as leads for new pharmaceuticals with special
reference to medicinal plants of Indian and Chinese origin.

4, To understand the basic aspects related to drug molecules,

Course Qutcomes: Upon completion, the student will be able to

1. Gain knowledpe about the entire process involved in drug design and discovery from lead molecule
to & drug.

2. Predict the metabolism of drugs.

3. Understand the structure-activity relationship of a few antibiotics,

4, Appreciate the use of natural products as drag candidates.

Syllabus:

1. Drog Design:

The drug discovery process - conceptual back-ground - Drug receptors -2 hours
Drug targel binding Torces -1 hour
History and development of QSAR -1 hour
Effect of physical properties of the drug on its action (Ferguson and related theories) -2 howrs
Coneept of lead structure & pharmacophore — Concept of isosterism and bisisosterism -2 hours

Three-dimensional strocture - aided drug design (use of relevant software to get hands on experience) -1 hour

2. Pharmacokinetics & Pharmacodynamics:

Tntroduction of drug absorption, bioavailability (factors alfecting and dosage detennination) -2 hours
and metabolismi -Phase 1 & Phase [ -2 hours
3, A Study of Antibiotics:

Chemistry and phamacology of streptomycin =2 hours
Structure and Pharmacology of tetracyelings (detailed stucture clucidation of tetracyeline) -2 hours
Gramicidin, s survey of mnticencer antibiotics =1 T

4, Dietary Factors:
Study of waler-soluble vitamins {Structure elucidation, symthens)

Chemistry and biological functions of Thiamine -2 hours
Riboflavin : -1 hour
Pyridoxine -1 hour
Pantothenic acid and Folic acid -2 hoars

A Drugs from Medicinal Plants:
A study of active ingredients of some well-establizshed Indian medicinal plants -2 hours
A survey of Chinese medicinal plants -2 hours

L. .o —

Al T

Applicable from iﬁqfsq:n'u year 202323 onwards
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References:

PRESCRIBED BOOKS:

3

[T

Fuye's Principles of Medivinal Chewmistry, Thoanas Lemke and otfer editors, Lippineots Willinmns
& Wilkins: 7 Ed., 7012

M. E. WollT, (Editor) Burger's Medicinal chemistry, Volume I, 5h Fd, John Wiley & Sons, 19%35.
Thomas L Lemke, Victoria F Roche, 8 William Zite, David A, Willinms,Foye's Principles of Medicinal
Chemistry {South Asian Edition) 8ih BEd. Woliers Elrwer {Publisher), 2020

C. Hansch, P.G. Sammes and I, B, TaylonEditors) Comprehenzive Medicmal Chemistry Vols |
and 4, Pergamon Press, 1991,

Muolecalar Recognition of Amiloride Analogs: A Molecular Electrostatic Potential Analysis, J.
Med. Chem., 35, p 1643, 1992,

Robert K. Murry, DK, Granner, P.A. Mayes and V.W. Rodwell Harper's Biochemistry,25th Ed,
MeGraw Hill, Lange medical books, 1999

REFERENCE BOOKS:

1
2,

I.B. Tuylor and I.D. Kennewell, Introductory Medicinal Chemistry, Ellis Horwood, 1981.
Yvonne Connloy Martin, Eber Hard Kutter, VolkhardSustel{Editors), Modern Drug Rescarch,
Vol.12, Paths to better and safer drugs, Marcel Dekker., Inc, 1989,

Applicable from academic yeas 2012-23 onwards
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PCHM-404 E-1 (i): Environmental Chemistry

(Eleetive) (3 CREDITS — 42 Hours)

Course Objectives:

I

W

Dremonstrate knowledge of chemical and biochemical principles of fundemental environnental
processes in air, waler, and sml.

Recngnize different types of toxic substances & responses amnd analyze toxicological information.
Apply basic chemical concepits to analyze chemical proceszes involved m different environmental
problems {air, water & soil),

T create awareness about various water purification methods, wastewater treatment methods mnd the
chemistry mvolved.

To study the cavse and effect ol environmental pollution by hazardous wastes and some mitigation
sirategies.

Ta explain the present energy crisis and different aspects of sustaimability,

To understand the role of ethical values i addréessing anvironmental issues.

Course Outeomes: Upon completion, the student will be able to

2.
3.

Use technical and analytical skills to quantify the level and effects of xenobiotics in environmental
compartments (air, water, soil, biota).

Apply the concepts studied in the course (o solve environmental problems.

Understand the need to live in harmony with nature.

Syllabus:

Applicable from a;@tﬁll::] '}'ﬁr 202223 onwards GE
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1. Air Pollution:

Adr pollutants - Afr quality standards -1 hour
Production, fute, effects and coniral of gaseous pollutants - Oxides of carbon, nitrogen and Sulphur -
Cyrganic air pollitants =1
hour

Mhotochemical reactions, photochemical smog, Greenhouso offoot 2 hours
Acid rain and Ozone depletion, -1 hours
Particles in the atmosphere - physical behaviour - physical and

chemical processes for particle formation -1 hours
Compozition of inorganic and organic particles- toxic metals and radioactive particles Effects and control of
particles -1 hour

2. Water Pollution:
Watcr quality - Water pollutants (inorganic and organic) - Sources, fale, effects and controlling measures -

Chernical speciation -4 hours
Pollution by Redionoclides - Biochemical oxygen demand -Chemical oxygen demand, -2 hours
Eutrophication, Biodepradation of pollutants. -1 hour
3. Water Treatment:

Hardness of water and its renioval - removal of solids and other toxic materials -1 hour
Treatment of water for drinking - Electrodialysis, ion exchange, -1 hour
Reverse nsmosis, desalination processes, -1 hour
Removal of iron, manganese, phosphorous, calcium and nitrogen -1 hour
Treatment of water for industrial purposes — -1 hour

Applicable from acadermic year 2022-23 onwards 69
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Sedimentation, coagulation, floceulation, filtration, -2 howirs
Adsorption, disinfection of water - -1 hour
Sewape treatment (physical and chemical methods) - «1 hour
Health effects of drinking water treatment technol egics

Impaet of detergents, pesticides and other sdditives on sewage treatiment =] B

4. Oils in Fresh & Marine Water:
Sources of oil pollution -Chemistry and fate of hydrocarbonz

Oil in mnoff and groundwater — -1 hour
Biodegradation - effect on aguatic organisms and commbouries — -1 hour
Treatment and dizspogal technology. -1 hour

5. Soil Pollution:
Soil pollutants -Inorganic, organic

Pesticides, radionuclides -1 hour
Sources and effects on nature and properties of soil, crops, plants and terrestnal aromals, -1 hour
6. Hazardous Wastes:

Mature and sources of hazardous wasies -1 hour
Classification, chameleristics & constituents =1 hour
Transport and effects -1 hour
Hazardous wastes in Geosphere, Hydrosphere, Biosphere and Atmosphere -2 hours
Reduction, treatment by physical and chemical methods -1 hour
Thermal treatment methods -1 hour
Biodegmdation of wastez -1 hour
Disposal of hazardous wastes. Waste management and Industrial by-products -1 hour
Matural hazards and management- control of subsurfice migration of Hazardous Waste -1 hour

E-Waste: effect on the environment: Sources-constituents and their effects-poltution of water, soil and air-
Methods of treatment and disposal-Extraction of gold and other precions metals

froam E-waste, -3 hours
7. Walues in Environment:

The philosophy and Technology of living in wne with nature and its assets -1 hour
Nature-A silent teacher, Ecology-The Indian Approach -1 hour

References:

PRESCEIBED BOMIES:
1. Stanley E. Manahan, Enviremmental Chemistry . 10™ Ed., CRC Press, 2017,

2. Wander Meulen and Hrudey, Oil in FreshWaler, Pergamon, 1987, ;

3. Lippmann and Schlesinper, Chemical Contamination in the Human Environment, OUP, Oxford,
1974,

4. John C, Crittenden, R, Rhodes Trussell, David W. Hand, Kerry ). Howe, George Tehobanoglous,
Water Treaiment - Principles and Design, 3 Ed., Wiley, 2012,

REFERENCE BOOKS:

1. B.) Finlaysom— Pite and NN, Pits Ir, Atmospheric Chemistry, Wiley, 1986,
2. MM Varma, Hazardous end Industrial Wastes, HMCRI, 1988,
3. IM. Montzomery, Water Treaiment - Pnnciples and Desien, Wiley, 19835,

Applicable from aca dn:l;mn:w:-ar 200 2-23 onwards )
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PCHM-404 E-I (ii): Functional Materials

(Elective) (3 CREDITS-42 hours)

Counse Objectives:

1, Owerview of muaterinls used in vanous functional devices.
2. Understand the working of various functional devices using these materinds.
3. Teach the structure, compesition and role of various materials vsed in functional devices.

Course Quicomes: Upon completion, the student will be able to

1. Gain knowledge of different kindz of materials used in functional devices.

2. Explain the working of various Tunctional devices using these materials.

3. Enow the struglure, composition and role of vadous materials used in vardous functional devices.
d. Apply the knowledge gained in designing materials for the applications studied.

Svllabus:

L. Introduction (o Materials, Classification with examples =2 hours

2. Introduction (o Crvstals:
Lattice, Unit Cell, Types of Lattices’ Bravais Lattice, Lattice Planes, Miller Indices

Defects and Types: Point, Linear, Planar, Volomao -2 hours
3. Material Synthesis:

Soft Chemistry Routes -1 hour
Preparation of Materals in Different Configurations (Bulk, Polyerystalline, Ceramie,

Single Crystals, Thin Films) -1 hour
Crystal Growth Techniques =2 hours
Thin Filin Preparation: AC/DC Sputtering, Laser Ablation, Growth Kinetics

Influence af Substrate Material on the Growth Aspects of Films; =1 hour
solid-Siate Reaction Route, Kinetics of Solid-State Reactions, Mechanical Alloving =1 hour
4, Charpcterization Technigues

X-rav/Blectron/Neutron Diffraction -1 hour
EEM, CryoSEM, TEM, EDX -2 hours
X-PES (ESCA), UV-PES -1 hour
STM, AFM - Principls, Various Imaging Modes -1 hour
Concentration, Size and Zeta Potential Measurement by Light Seattering

S1ze determination by Absorption Spectroscopy -1 howr
TGA, DTA, DECPnnciple, Working and Applications g =1 howr
Chamactenzation of Magnetic Matenals: Susceptibility — Mametic, Diamagnetic, Paramapgnetic and their
Measurement; Magnetism — Ferro, Ferri, Antiferre ' -1 howr

—
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5. Organic Electronic Materials:

Basic theory and design of Molecular wires, Resistors, Diodes, Logic Gates «2 hours
Orrganic Light Emitting Diodes: Intraduction, Structure of OLEDs, Working, Applications -1 hour
Fulaicatiom methods, Types O TN, PLEDS, Varous Configurations 1 hour
Different Generations — 1%, 2™, 3™, 3,5% -1 hour
p-type Materialz, n-type Materisls, Ambipolar matesials -1 hour
Materials for Blue/Green /Red'white OLEDs, Quantum Dot OLEDs, TADF Materials -1 hour
Ferovskites- Synthesis, Structure, Characierization, Electronic Properties and Applications -2 howrs

TransistorsOFETs -Strocture, Various design configurations, Fabrication, Working and Applications
Types of Maolecules used and their properties -2 hours

Conducting/Semiconducting Materials: Small Molecules, Polymers: Types of Conducting

Palymers. Chemical and Electrochemical Routes of Synthesis. Doping and Dedoping of

Comjugated Polymers, Soliton, Polaren, Bipelaron Formation in Condusting

Polymers. Conduction Mechanisms. -2 hours

&, Orpanic Photonic Materials:
Organic Solar Cells - Fabrication, Working Mechanism and Characterization, 1,2,3 Generations -3 hours

Maolecules for NLO and Imaging =1 hour
Photorefractive Materials =1 howur
Photoconductive Materals =1 hour
Photochromic and Electrochromic Materials =] hour
7. Other Applications: Smart Materials, Thermoeleetric Materials
Piezoelectric Materinls, Pyroelectric Matenials, Ferroelectric Materials =4 hotirs
References:

1. R 1D Tilley, Understanding Solids: The Science of Materials, Wiley, 2013.

2. W.T. Hosford, Marterials Bcience: An Intermediate Text, Cambnidge Univ. Press, 2071,

3. James F. Bhackelford, Introdwction to Materials Science for Engineers, Prentice Hall, 2015.

4, Milton Ohring, Materialz Science of Thin Films, 11 Edition, Academic Press 2001,

3. W. D. Callister, Materials Science and Engineering, Wiley, 2010,

6. Anthony R West, Solid State Chemistry and its Applications, Wiley, 2014,

7. Yang Leng, Materinls Characterization; Introduction to Microscopic and Spectroscopic Methods,

Jahn Wiley & Sons (Asia) P, Lad., 2013,
£, Sam Zhang, Lin Li, Ashok Kumar, Matemals Chamctenzstion Techniques, CRC Press 2004,
9. Douglas A, Skoog, F. James Holler, Stanley R. Crouch, Principles of Instrumiental Analys:s, 7 ed.,
Cenpage Leaming 201 8. '
[0, T. 11 Miller and U, H. F, Bunz, Functional Oreande Matecials Wiley-%CH, 2007,

11, Sam-Shajing Sun, Larry B, Dalton, Intreduction to Organic Electronic and Optoslestronic faterialg

and Devices CRC Press, 2008,
12. 8. Ogawa, Organic Electronics Materials and Devices Springer, 2015
13, Craig A Rogers, Intellipent Materials —Scientific American, p, 122, 1995,
1. B. Culshow, Sman Stroctures and Matevialz, Artech House, Norweod, A, 1998,
15, Y, Osada and 5.8, Ross — Murphy, Intelligent Gels Seientific American, Mayl993,

o™ T
Applicable from scademaiv-vsir 2022-23 pawards
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PCHM-404 E-1 {iii}: Photophysics of Organic Molecnles

(Elective) (3 CREDITS-42 hours)

Course Objectives:

1. To introduce the students o the new aréa of chemistry known as photophysical chemistry of organic
molecules.

2. To make students aware of the intricecies of all the mdistive and non-radiative events taking place in
a molecule.

3. To make students understand the fundamcatals, principles end instrumeatation of ultrafast
spectroscopic technigques.

Courge Duteomes: Upon completion, the student will be able to

L

Understand photophysical chemistry and its nuances.

2, Tossess the knowledge of all radistive and non-radiative processes happening in a molecule and be
able to apply them to explain processes happening in a novel molecule,

1. Understand the fundamentals, principles and instrumentation of ultrafast speciroscopic techniques

and be able 1o identify the best technigue for a problem at hand,

Evliabus:

1. Bnsics:
Frank-Condon Principle, Oscillator Strength, Absorption Cross-Section, Extinction Coefficient, Einstein's A
and B Coefficients, Fermi-Golden Rule, Types of Transitions — CT, MLCT, LLCT, MMCT, LMCT, TICT

=1 hvars
Instrumentation; Light Sources, Wavelength Selectors, Sample Holders and Detectors — Photodiodes, PMTs,
CCDs -2 hours

2. Fluorescence Spectroscopy:

Luminescence, Types of Luminescence, Singlet State Vs Triplet State, Kasha's Rule, Absorption Spectra vs
Fluoresgence Bpectrn, Fluerescence wvs Phosphorescence; Stokes Shifi, Photobleaching, Self-Absorption;

Fluoraphores — Intringie, Extrinzic with examples -2 hours
Fluorescence Setup — L-Format, T-Formaot; Fluorescence Measurements — Steady State and Trme Eesolved
Parameters Meazured in Floorescence Expenments -1 hour
Lifetime Messarements = Phase Fluoremetry, Pulse Fluoromeny (TC5PC) -3 hours

Wariables That Affect Fluorescence & Phosphorescence Quantum  Yield; Effect of Fluorophore
Concentration on Fluorescence Intensity « derivation

-2 hoairs
Solvent Effects — General and Specific; Solvent Refaxation, Fluorescenee Quenching and its types -2 hours
Fluorescence Polanization, Flucrescence Anisotropy, Fluorescence Resonance Energy Transfer (FRET)

-3 howurs
Fluorescence Sensing; 21 Electronic Spectroscopy -2 howrs
Applicable from Ell:__n_-gnﬁltf:' year 200227 vanwnrds 73
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3. Photophysics of Organic Molecules:
Fhysical and Photophysical Processes in Electronically Exeited Molecules; Radiative Transitions — Delayed

Fluorescence (E-Type and P-Type) and Phosphorescence =1 o
Spin-Forbidden Radiative Transitions and Spin-Orbit Coupling =1 Tl
Radiative Transitivns in Molecular Comyplexes, Excimers and Excipleses, Fnnssion from Exciled Singleis
and ‘Imiplets — Azulene Anomaly -1
hour

Non-Eediative Trangiions — Porametérized Model of Redintionless Transitions, Relstion of Rates and
Efficiencies of Radiationless Transitions to Molecule Structure, Factors Influencing the Rate of Vibration

Eelaxation -2 howrs
Evaluation of Rate Constants for Radistionless Processes, Internal Conversion (8,-51), Intersvatem Crossing
{51-T, T1-50), Perturbation of Spin-Forbidden Radiationless Transitions =2 howrs
Elcctron Transfer; Markus Theory =2 hours
Proton-Coupled Electron Transfer, Redox Properties of Excited Stetes of Coordination Compounds: The
Case of [Ru(Bpyk] © =1 haur

4. Ultrafast § pectroscopy:
Principle. Instrument layvout, Working and Applications. of Microsecond Spectroscopy, Nanosecond
spectroscapy, Picosecond Spectroscopy, Femtosecond Spectroscopy - Fluorescence Upconversion, Transient

Abzomption Spectroscopy, Attosecond Spectroscopy =0 hours
Degencrate Four-Wave Mixing (DWFM) — Principle, Instrument layout and Application of DFWM in Study
of - Femtosecond Excited Dynamics, Rotational Dyvnamics and Solvation Dynamics -6 hours
References:
ERESCRIBED BOOKS

1. Rohatpi Mukheree, Fundamentals of Photochemistry 3™ Ed., New Apge International Publisher 2018,

2. Micholas J. Turro, Modern Moleculnr Photochemistry University Science Books 19%1.

1. John Bettaley Birks, Photophvsics of Aromatic Maolecules, Wiley Inferscience, London 1970,

4. A H. Zewnil, Femtochemistry : Ultrafast Dynamics of the Chemsical Bond, World Scientific, 1984,

5. W, T, Silvast, Leser Fundamenials, Cambridge. 2003,

G, H Abramezyk, Introduction (o Laser Spectroscopy, Elzevier 2005,

7. Atanu Bhattacharya, Ultrafast Optics and Spectroscopy in Physical Chemistry, World Scientific-115c

Press, 2017,
LEFERENCE
Skoog, Holler and Crouch, Panciples of Instrumental Analysis, 7th Ed., Cengage Leaming, 2017,
L Michael Hollas, Modem Spectrascopy, 4 Ed,, Wiley-Blackwell; 41h edition, 2003,
GGerhard Hertzberg, Molecular Specira and Molecular Structure, Vol-1 and 11, Read Books Ltd, 2013,
Joseph R. Lakowicz, Principles of Fluorescence Spectroscopy 3™ Ed., Kluwer Academic! Plenum
Puhlishers, 1999,
5. Bemard Yaleorand Mario W, Berberan-Santos, Molecutar Fluorescenee; Principles and Applications,
2™ Ed., Wiley-VCH, 2013,
6. A Douhal, ed. Femtochemistry and Femiobiology: Ultrafast Dynamics in Molocular Science, Waorld

Se Ll b =—

Scicatific, 2002,

~ Applicable from academic yoar 22 2-23 onwards 4




PFCHM-405 E-IT {i}; Biocatalysis lor Industry and Environnient

{Elective) (3 CREDITS - 42 Hours)

Course Objectives:

i

'E‘l.'l

To study the advantages and limitations of biocatalysts in organic synthesis and the enitena thal one
may choose for using biocatalysts over conventional catalysts,

. To provide an overview of the different enzyme classes coupled to the eatalyzed chemical reactions

with stereochemistry invalved and methods (o optimize (he sterecchemical cutcome.

To introduce the concept of bioreactors, various configurations and modes of operation.

To discuss several industrial bioprocesses such as biomass hydrolysis, enzymatic conversion of

biomass components like cellulose, hemicellulose and lignin to sugars and other value-edded
roducis.

ﬁ'n learn aboul the large-scale bioremediation techniques enployed towards remediating

contaminated soils and water bodies for controlling pollution.

Course Outeomes: Upon completion, the student will be able to

Distingnish reaction mechanisms of enzymes from the different main classes and be able to choose
preferred enzymes based on their class for the various chemeal reactions.

2. Recognize advantages and disadventages of diflerent reaction media for enzymatic reactions and be
able 1o decide suitable reaction conditions as per the individual reactions.

3. Decide and choose an appropriate bioresctor configuration needed based on the biotransformations o
be carried out.

4. Appreciate the commercial importance of bioprocesses towards the production of value-added
products in several industries.

5. Have the knowledge of the large scale bioremediation techniques employed in Environmental
remedigfion amd pollubon control,

Syllabus:

Applicable from acedemic yenr 2022-13 omwards
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1. Biotransformation, Biocatalyst and Chemical Industry:

Basic organic reaction mechapian, common prejudices against enzymes, advantages and disadvantages of
biceatalysts, isolated enzyme versus whole cell systems, Enzymatic and Microbial Reactions -4 hours
Applicstion i Orgunie Synthesis Myduwlvile Reactions, Reductions, Oxidations, Formation of C-C Boods,

=2 hours
Additions and Eliminations Keactions. -4 hours
Special Technigques Involving the use of Enzymes and Microorganisms: Extending and Improving Bio-
teansformations, Purified Enzymes! Crude Enzymes, Extracts, Substrate Modifications. -2 hours
Effects of Temperature on Enzyme Selectivity, Enzymes in Organic Solvents, Advantages of
Biotransformations i Organic Solvents, -1 hour
Designing a Solvent System for Enzyme-Catalyzed Reactions. -1 hour
Immobilized Enzymes and Immobilized Microorpanisms, Principal Immobilization
techniques, Lipase powders. -2 hours
Enzymes Covalently Bonded on Newtral Polymers, Cross-Linked Enzyme Crystals (CLEC). Cofactor
Regeneration Technigues- -1 hour
2. Microbial Kinetics Reaction theory and kinetics, Cell growth and Kinetics. -1 hour
Yield and maintenance, cocfficient coneepts, Determination of microbial kinetics from batch data

-1 hour
Suhstrate utilization and product formation kinetics, =1 hour
Enzyme inhibition, reversible inhibition, -1 heur
non-competitive/uncompetitive inhibition, irreversible inhibition, -2 b
pH effects on enzyme kinetics. -1 hour

3, Bioreactor Operation
Batch, fed-batch and chemostat operation of bioreactors, Evaluation of kinetic and yield parameters in
chemostal euliure, Bioreacior configurations, Fermenior operation — initiation, operation and harvest of

batches -2 hours
Application of Biotechnology 1o Chemical Production, Single-step Reactions of Commercial Importance,
Multi-step Reactions of Commercial Importance -2 hours

Biomass hydrolyvsis, enzymatic conversion of biomass components {cellulose, hemicellulose and lignin) o
sugars and other value-added products, Enzymes commonly used in processing systems: Carbohydrases,

proteases, lipases and oxidoredociases. -2 hours
Hiological Routes to Optically Active Epoxides, The Production of Optically Pure Natural and Unnatural
Amino Acids, hydroxylstion of steroids at unactivated carbon centers, Case Study. -2 hours

4. Biorcmediation and Bislogical Methods Tor Pollution Control:
Environmental remediation: Bioremediation and biodepradation - molecular biological approaches o

sustainable development. -2 hours
Bioremedintion of Tossil fuels like oil, coal, pesticides and PCBs. -1 hour
Amnaerohic and aerobic degradation, site characierization, treatsbility assessment, remediation technology
selection -2 hours
Diesign of in situ remediation technigues, phytoremediations, Case Study. -2 hours
Environmental enhancement: Positive intervention: molecular biological approsches 1o increasimg
biochemical tolerance (crop protection, fertilizers) -2 hours
Clean technologies: biofechnological alternatives (o present energy sources -2 hours
and commiodity production; -1 howur

OO0
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References:

PRESCRIBED BOOKS:

i

Dable Mukesh, Anil Kumar and Vilas Gajanan Gaikar, Biotransformations and Bioprocesses,
Murcel Dekher, Mow York, USA, 2004,
Toble Mukesh and Anil Kumar Distreatment of Industrial Fifluents, Blsovier, LISA, 2005,

3. H. G. Davies, . R, Kelly, R. H. Green and Stanley M. Roberts, Biotransformations in Prﬂpalulilr'e

.

Orpanic Chemistry, Academic Press, New York, 1989,

Kunt Faber, Biotransfoomations in Onganic Chemistry, Springer Verlag, Berlin, 2018,

Pauline M. Doran, Bioprocess Engincering Principles, Academic Press. 1995, ISBN-13:978-0-12-
220R56-0

REFERENCE BOOKS:

Lt

Michnel L. Shuler and FikretKargi Bioprocess Engineering, Basic concepts, Second Edition, FTR
Prentice Hall, 2001, ISBN 0-13-081908-5,

Peter Grunwald, Biocatalysis: Biochemical fundamentals and applications, Impenal college
Press, 2000, ISBN-11 978-1-86094-771-1; ISBN-10 1-86094-771-9

(Gideon Grogan, Practical Biotransformations: A beginners’ guide, First edition, John Wiley &
Sons, 2009, ISBN 9781405193672,
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PCHM-405 E-I1 (ii): Organic Chemistry of Nataral Products

[(Eleetive) (3 CREDITS - 42 Hours)

Course (hjectives:

1. To provide an overview of the field of natural product chemistry.

2. Using selected examples, this course describes the process ol isolation and identification of natural

products from natuml sources.

The course covers their chemical synthesis, biological activities, and ecological relevance.

Special emphasis is given to secondary metabolites related o terpenes, alkaloids and flavonoids.

5. Tolearn basic principles of organic chemistry through the study of natural products- structure,
stereochemistry and synthesis

-

IE_'nurm:: Outeonies: Upon completion, the student will be able 1o

1. Predict the biosynihete pathways of a4 secondary metabolite,

2, Outline the total synthesis of any metabolite coversd in the syvllabus,

3. Know the methods for isolation, purification and characterization of secondary metabolites.
4, Salve organic chemistry problems uging chemical and spectral methods.

Syllabus:

1. Methods in Nataral Produet Chemistry:

Techniques used in isolation -1 hour
Determination of structures of different types of plant secondary metabolites- =2 hours

2. Biosynthesis:

Introduction to acetate malonate pathway -1 howr
Acetate mevalonate pathway -2 hours
Shikimic acid pathway -2 howrs
3, Terpencs and Steroids;

Structure elucidation of citral -2 hours
Phaotochemistry of santanin -2 hours
Synthesis of longifolene -2 houes
Total synthesiz of sternid hormones -2 hours
Synthesis of Prostaptendims (PGF20) -2 hours
4. Alkaloids:

Biosynthesis ol opium alkalaids: Stereochemisivy and rearrangemenis of morphine -2 hour=
Dretermination of structure of strychnine -2 hours
Stercochemistry and synthesis of guinine — -2 hours
Photochemistry of Colchicine- -2 hours
5. Oxygen Heteroeyelic Compounds: Structure efucidation of flavonoids with o smitable exunple

(use of eolour reactions, UV, MS,PC&"H NMR)- -2 hours
Determination of structure of scandenin by gpectral methods -2 Tuots

Applicable from achdeinic yem 202223 omvwarda
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6. Antibiotics:

Reactions of penicillin -2 hours
Total synthesis of enti-cancer antibioties such as daunorubicin -3 hours
7. Chemical Ecology:

A inhoductony study:

Chemistry of insects with paricular reference to chemical defence mechansms, pheromones -2 haotirs
Plant defence chemicals - Allelo - chemicals and Phytoalexins

(examples and their use m agriculture) -2 hours

B. Problem-Solving Sessions: Cnitical analysis and interpretation of data from current literature concerning
natural products, -3 hours

Beferenees:

FRESCRIBED BOOKS;

1. M. R Krishnaswamy, Chemistry of Natural Products — A Unified Approach, University Press,
Hyderabad, 1999,

2. K. C. Nicolaowand E. I. SBorensen, Classics in Total Synthezis, VCH, 2014

3. K. Wakanishi et al {Editors) Natural Produacts, Vols 1, 2 and 3, Academic press 1974, 1975 and 1983,

4. J, Mann, R. 5. Davidson, J, B. Hobbs, D. ¥. Banthorpe and J. B. Harborne, Natural Products,
Addison Wesley Longman Limited, 1994,

5. E.J. Corey and Xue-Min Cheng, The Logic of Chemical Symthesis, John Wiley and Song, 1995,

REFERENCE BOOKS:
1. Coffey (Editor), Rodd"s Chemistry of Carbon Compéunds, Vals 2 C, D, and E with supplements and
volumes 4E, G and H, Elscvier 1974 101985,
2. 1. Apsimon (Editor), Total synthesis of Natore] products, Vols LV and VI Academic Press, 1973,
1983 and 1984,
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PCHM 405 E -11 (iii): Advanced Aspects of Polymer Chemistry

(Elective) (3 CREDITS-42 Hours)

Course Objectives;

1. To study various methods employed in the synthesis of polymers and develop an undeestanding of the
chemical kinetics and mechenistic aspects that are involved.

2. To develop an understanding of the stereochemistry of polymers, and their thermal and mechanical
properties as outlined i the syllabus.

1. Te learn about polymer processing, and the additives used in polymer products,

4. To understand polymer stability and polymer degradation i the eovironment.

5. To understand the applications of polymers in different lechmologies.

Course Outeomes; Upon completion, the student will be able to

1. Design polymier synthesis schemes.

2. Appreciate palymer structure-property relationship.

3. Solve numerical ond structural problems related to systems studied,
4. Identify polymers for different applications.

Syllabus:

1. Condensation Polymerization:

Molecular weight distribution in linear polymerization polyfunctional step reaction polymerization-1 hour
Newer types of step Polymenization-Dendrimers -1 hour
Phenol-formaldehyde, Melamine- formaldehyde, Urea-formaldehyde -1 hour
1. Addition polvmerization:

Determination of absolute ratc constants - encrgetic charsctenistics -1 hour
Auto acceleration -1 hour
General conziderations on Living Radical Polymerization -1 hour
Intraduction to ATRP and RAFT <2 bours

3. Surfactants in polymerization:

Different types of surfactonts -1 hour
4. Polymerization through fonic species:

Anionic polymerization of the carben-carbon double bond - Block copolymers, -1 howr
Chain transfer in ionic Polymerization-Living polymers -2 hows

5. Theory of copolymerization: .
Statistical derivation of copolymer composition equation-kinetics of co-polymerization. Applications of co-
polymerization. -2 hours

&, Stereorepular Polymerization:
Types of stereoisomerism in polymers - Propertiess of stereoregular polymers -1 hour
Farees of slereo regulations in alkene polymerization, - Kinetics -3 hours

Applicable from acaderic year 2022-23 cnwards
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7. Polymer Structure and Physical Froperties:

Palymer erystallinity -1 hour
Crystalline melting point - Glass transition lemperature -1 hour
Factors affecting Tw and T, =1 howir

Property requirements and polymer utthzation: fibers, flexable and ngd plastics, and elastomers -1 hour

8. Mechanical behaviour of Polymers;

Mechanism of deformetions and strenpgthening of pebymers:

Deformation of semi-crystalline polymers: mechanism of elastic deformation and mechanism of plastic
deformation, Factors that influence the mechanical properties of semi-crystalline polymers =1 hour
Deformation of elastomers -1 hour

9, Polymer Characterization:
Electron microscopy and diffraction, Mass, NMR, -2 hours

10. Polymer Additives: -2 hours
Plasticizers, Antioxidants, heat stabilizers, UV Stbilizers, Flame retarders, Colorants, Cuning agents and
lubricants.

11. Basics of Polymer Processing, -2 hours
Extrusion, moulding (compression, transfer, injection, thermoforming, blow moulding, reaction mjection
moulding), calendarng and coating.

11. Polymer Degradation and the Enviromnment: -2 howrs
Degradation and stability, Thermal degradation, Oxidative and L'V Stability, Chemical and Hydrolvtie
astability, Effects of radiation, Mechano Degradation; Recyeling, Incincration and Biodegradation

13. Polymers for Advanced Technologies:
Membrane science and technology: Membrane separation -membrane preparation-Mechanizms of transport

-3 hours
Biomedical engineering and drug delivery: Controlled drg delivery-Gene Therapy-Antimicrobial Polymers-
Tissue enginecring- Kidney dialysis and artificial organs -3 hours
Applications in electronics and encrgy: Eleetrically conductive polymers-Polymeric Batteries-Organic
photovoltaic polymers-Electronic Shielding-Dielectrics-Electronic encapsslation -2 hours
Photonic polymers: Konhinear optical polymers-Light- emiiting diodes -1 hour
Sensor applications -1 hour

Releretees:

FRESCRIBED BOOMKE:

1. G. Odian, 'rineiples of Polymensation, 4”’ Ed., John Wiley & Sons., Mew Jersey, 2004,

2. HR Allecck, FW. Lompe and J, E. Mark, 'i:-l:li'll:ﬂi"lr!ﬂil'?nr_':.' Polymer Chemistry, 3™ ed., Pearson Education
Imic. New Jersey 2003.

1. W. D. Callister Jr. and D. G. Rethwisch, Materials Science and Engineering — An Introduction, 9%
edition, 2014, Wiley N1,

4. C.E. Carrabier ., Sevmour’Carraher’s Polymer Chemistry, 3™ ed,, Marcel Dekker Inc., New York 2000,
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5. Joel R Friend, Polymer Seience and Technology, 37 Edition, Pearson Education, New Jersey, 2014,
6. M. Chanda, Introduction to Polymer Science and Chemistry — A Problem Solving Approach, 2% Ed,
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CRC Press, USA 2013,

REFERENCE BOOKS:
1. M. TI'. Stevens, Folvmer Chemistiy, 2nd od., Oxford University Press 1990,

2. L. M. Sperling, Introduction to Physical Polymer Science, 4th ed,, John Wiley & sons, New Jersey 1993,
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PCHM-406: Practical: Computational Applications in Chemistry =11

2 CREDITS

o se Orjectives:

To familiarize the students with the procedure and principles of molecular docking.

To teach the fundamentals of molecular dynamics (MD) and its practical applications.

1
2,
3. To expose the students 10 various numerical methods using Scilab,
4. To impart the nuances of statistical analysis to studesnts.

Course Outcomes: Upon completion, the student will be able to

Perform molecular docking simulations,

Perform molecutar dynamic (MD) simulations and interpret the resulis.

Run GROMACS and compuie various propertics of macromolecular systems.
Enow the basics of numerical methods and Scilab programming.

Perform vanous statistical analyses,

ol e o

Svllabus:

T
3 AFERT

Applicoble from aGademic year 2022-23 onwards

Py
' I =1 §lifamai 1 |
L | I - L TIAE ] 1
' L AL =)
i

- "
r': B

o

B4

A A OSSO NN T

el alelelcReslalzsReRe

—



D aon

=y

£

=

™~

BN M

e

1. Molecular Docking -9 hours

B

asics of Molecular Docking, Types of Docking, Scoring Functions, Performing docking with Awto dock or

Autodock Vima or Pyrx, Pymaol, MOE

2, Moleculur Dynamics Simulations 30 Boers
Introduchion o Maolecular Mechamics

Introduction to force ficlkds

Force field parameterization

Bagics of Molecular Dynamics Simulation

E

nergy minimization and MD Simulations

Trajectory generation and structure analysis

Introduction to Gromacs software

Electrostatic Surface Potential in Biomolecules

Solvation in Biomolecules

Hybrid Calenfations: Quantum Mechanics'Molecular Mechames (QRM/MM)

1. Btatistical Analvsis Using RSoftware =27 honrs

2.

agt i

bl — LA
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=

Descriptive Statistics — Varables (Numerical-Ratio Scale, Interval Scale, Categorical-Nominal,
Ordinate); Data Structures; Central Measures of Tendency-Mode, Median, Mean

Measures of Dispersion — Standard Deviation, Varance; Measures of Distribution — Skewness and
Kurtosis

Data Visualization —Scaiter Plot, Bar Plot, Histogram and Pie Chart, Inferential Statistics
Repression — Linear, Monlinear; Correlation - Pearson Correlation, Spearman Correlation, Kendall's
Correlation

Faired Samples t-test, One-Sample t-test, Two-Sample t-tesi

Analvsiz of Variance (ANOVA), Normality test of datasets

. Numerical Methods Using Scilab Seftware -18 hours
. Introduction o Numerical Methods
. Determination of Eigenvalues and Eigenvectors of 2 Square Matrix.

. Finding derivatives - Numerical Differentiation

. Bolving Integrals - Numerical Integration.

. Bolving Differential Equations Using Euler Method/Runge-Kutta Method.
. Performing an Exponential Fit and Analysing Residuals

Referonces:

Applicoble from acndemie vear 2022-23 onwards 44
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|. K.l Ramachandrn, G, Deepa, K. Namboori, Computational Chemistry and Molecular Modelling
Principles and Applications Springer-Verlag Berlin Heidelberg, ISBN-13 978-3-540-7T302-3. WIS,
2. Errol Lewars, Computational Chemistry Introduction o the Theory and Applications of Molecular and

Ouantamn Mechamics 3™ B, 2004 Klower Academic Publishers New York, Boston, Dordrecht, London,

Moscow, ISBN: 1-4020-7285-0. 2014,

3. Frenkel I ond Berend 8, Understonding Moleculor Simulations From Algorithms to Applicotions, 2
Ed., Academic Press New York, 2002,

4. David C. Young, Computational Chemistry: A Practical Guide for Applying Techniques to Real-World
Problems. John Wiley & Sons, Inc, 201 1.

5. W. Koch, M. C. Holtheusen, A Chemist's Guide to Density Functional Theory - [SBN 3-527-30372-3,
20411,

f. A.C.Nomis, Computational Chemistry, Wiley-Bluckwell, ISBN-13:978-0471279495, John Wiley, 1981.

7. €. E. Frogherg, Numerical Analysis, 2™ Ed., Addison-Wesley Educational Publishers Inc., Macmillan,
1570,

8. M.J, Maron, Numerical Analysis - A Praciical Approach, 2 Ed., ISBN-13:978-0534982119 Macmillan
Publishing Company, 1991.

9. H. M. Antia, Numerical Methods for Scientists and Engineers, 3™ Ed., ISBN-13:978-3764367152, Tata
MeGraw Hill, 2002,

PCHM-407: Project work

8 CREDITS
Course Objectives:
1. To train students towards designing research experimental plans with resource optimization and
time management.

2. To offer the hands-on experience of performing rescarch experiments.
3, Murture the key scientific skills of date analysis, documentation and presentation of experimental
research data in the form of a brief thesis and slide deck presentation.

rEﬂIIrSE Outcomes: Upon completion, the student will be able to ]
1. Desipn probable experimental plans for an identified research proliem based on the availability of
TESOUICES,

2, Perform research exporiments with the knowledse of laboratory and instrument related safety
Procanions,

3. Analyse the experimental data and resulis.

4. Document and present the outcomes of the research project in a eoherént and scienfific manner,

Submission of dissertation and comprehensive viva of the project work:

The final project report is submitted 1o the university oz a dissertation in prescribed format. The department
panel consisting of project supérvisors, Head of the department amd Dean of rescarch conduct a
comprehensive viva voce after a slide deck presentation by the student The aszessment for the Project
Work includes 1/5th weightage Tor the review of the preliminary report submitted by the student al the end
of the 3rd semester + 1/5th weightage for the Project Waork viva-voce conducted ot the end of the 4th
semester + 3/5th weightage for the double evaluation of the Project Report (by one intemal and an extemnal
examaner) snbnutted 4t the end of the fourth semester.

Applicable from nc_gd@;ﬁﬁ‘jﬁm 2223 onwands B5
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