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CHHATRAPATI SHAHU JI MAHARAJ UNIVERSITY, KANPUR

STRUCTURE OF SYLLABUS FOR THE

PROGRAM: M.Sc., SUBJECT: Chemistry (University Campus)

15" YEAR / I SEM
COURSE CODE COURSE TITLE MIN | CIA | ESE | MAX.
Ul CREDITS MARKS
B02U0701T CORE | Inorganic Chemistry | 4 25 | 75 100
B02U0702T CORE | Organic Chemistry | 4 25 | 75 100
B02U0703T CORE | Physical Chemistry | 4 25 | 75 100
B02U0704T CORE | Analytical Chemistry 4 25 | 75 100
B02U0705P | PRACTICAL Inorganic chemistry Practical 4 25 | 75 100
PROJECT | RESEARCH PROJECT =
TOTAL 20 500
5T YEAR / lI'° SEM
BO2U08B01T CORE | Inorganic Chemistry Il 4 25 | 75 100
B02U0802T CORE | Organic Chemistry |l 4 25 | 75 100
B02U0803T CORE | Physical Chemistry I 4 25 | 75 100
B02U0804T i
B02U0805T ELECTIVES ; fi:‘l’j'i?;';:"ta' Enemalsy 4 |25 |75| 100
B02U0B06P | PRACTICAL Organic Chemistry Practical 4 25 | 75 100
BO2U0807R PROJECT | RESEARCH PROJECT 8 25 | 75 100
MINOR ELECTIVE FROM OTHER FACULTY (IN 157 YR- Ist/lind SEM)* 4/5/6 | 25 | 75 100
TOTAL 32 700
1IN° YEAR / llI*° SEM
B02U0901T CORE | Applications of Spectroscopy 4 25 | 75 100
B02U0902T CORE | Advance Principles of Physical Chemistry 4 25 | 75 100
gggggggﬂ_’ NY TWO 1.Bioinorgar.1ic, Nuc!ear and Supramolecular Chemistry 2 | 75 100
ELECTIVES 2.Bio-organic Chemistry
B02U0905T TO BE 3.Nano Chemist
: y 4 25 { 75 | 100
BO2U0Y06T | CHOSEN | 4. Pharmaceutical Chemistry
BO2U0907P  |PRACTICAL| Physical Chemistry Practical 4 25 | 75 100
PROJECT | RESEARCH PROJECT -
TOTAL 20 500
IN° YEAR / IV™ SEM
B02U1001T Advanced Organic Chemistry
B02U1002T Advanced Physical Chemistry
B02U1003T Advanced Inorganic Chemistry
B02U1004T |ANY THREE| Applications of Chemistry in Industries
B02U1005T | ELECTIVES Physical Methods in Chemistry g ;g ;: igg
B02U1006T TO BE Green Chemistry 5 25 | 75 100
B02U1007T CHOSEN | Photochemistry
B02U1008T Materials Chemistry
B02U1009T Chemistry of Materials, Petrochemicals and Fertilizers
BO2U1010T Waste Management
BO2U1011T CORE | Polymer Chemistry 5 25 | 75 100
BO2U1012R PROJECT | RESEARCH PROJECT 8 25 | 75 100
TOTAL 28 500
GRAND TOTAL 100 2200
NOTE:

by




NOTE:

*A MINOR ELECTIVE FROM OTHER FACULTY SHALL BE CHOSEN IN 15T YEAR (EITHER Ist /
lInd SEMESTER) AS PER AVAILABILITY.

In both years of PG program, there will be a Research Project or equivalently a research-
oriented Dissertation as per guidelines issued earlier and will be of 4 credit (4 hr/week), in
each semester. The student shall submit a report/dissertation for evaluation at the end of
the year, which will be therefore of 8 credits and 100 marks

Research project can be done in form of Internship/Survey/Field work/Research project/
Industrial training, and a report/dissertation shall be submitted that shall be evaluated via
seminar/presentation and viva voce.

The student straight away will be awarded 25 marks if he publishes a research paper on
the topic of Research Project or Dissertation.
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Semester 1

Inorganic Chemistry-I ~ Paper Code: BO2U0701T Credits:4

Unit 1: Chemical Bonding
Walsh diagram; Evidence of MO pictures from spectra and reactivity; Molecular term symbols
(ground & excited state). pn - dn bonding , 3C-2e bonding, p-bond, 8-bond.

Unit 2: Coordination Chemistry
Crystal field theory, Splitting of d orbitals .Crystal field stabilization energies in weak field and
strong field environments, spectrochemical series. and Jahn-Teller effects on energy levels.

Unit 3: Magnetochemistry
Van Vleck equation and its applications, Curie and Curie-Weiss laws, zero-field splitting, spin-

orbit coupling, quenching of orbital contribution, para and diamagnetism, ferromagnetic,
ferrimagnetism & antiferromagnetic coupling,.

Unit 4: Metal Ligand Equilibrium

Equilibria Stability of mononuclear, polynuclear mixed ligand complexes in solution, Stepwise
and overall formation constants, trends in stepwise constants factors affecting the stability of
metal complexes — chelate effect, determination of stability constants

Unit 5: Reaction Mechanism
Inert and labile complexes-Explanation of lability on the basis of CFSE. Substitution reactions

(dissociative, associative, Id, & Ia mechanisms) in square planar, tetrahedral and octahedral
geometries with special reference to d" ion complexes.

Books Recommended:

1. D. F. Shriver, P. W. Atkins and C. H. Langford, Inorganic Chemistry, Oxford University Press, New York
(1990.)

2. B. Douglas, D. McDaniel and J. Alexander, Concepts and Models of Inorganic Chemistry, 3rd Edn, John Wiley

and Sons, Inc., New York (2001).

3. J. E. Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chemistry: Principles of Structure and Reactivity, 4th

Edn, Harper Collins College Publishers, New York (1993).

4. T. P. Fehlner, J. —F. Halet and J. —Y. Saillard, Molecular Clusters — A Bridge to Solid State Chemistry,

Cambridge University Press, Cambridge (2007).

5. M. Driess and H. Noth (Eds.), Molecular Clusters of the Main Group Elements, Wiley-VCH, Weinheim (2004).

6. O. Kahn, Molecular Magnetism, VCH, New York (1993).

7.P. Braunstein, L. A. Oro and P. R. Raithby (Eds.), Metal Clusters in Chemistry, Wiley-VCH, Weinheim (1999).

8. M. H. Chisholm (Ed.), Early Transition Metal Clusters with n-Donor Ligands, VCH, New York (1995).

9. J. D. Lee, Concise Inorganic Chemistry, Chapman and Hall, London (1991).
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Semester 1

Organic Chemistry-I ~ Paper Code: BO2U0702T Credits: 4

Unit 1: Reactive intermediates & Aromaticity
General methods of generation, detection, stability, reactivity and structure of the
intermediates, Classical and non-classical carbocations and carbanions; radicals, radical
cations, radical anions, carbenes, arynes and nitrenes, Aromaticity: Concept of aromaticity,
benzenoid and non-benzenoid aromatic compounds

Unit 2: Stereochemistry

Molecular symmetry and chirality, stereoisomerism: definitions, classifications, configuration
and conformation ( R-S), Conformational analysis of n-Butane, cyclohexane and decalenes,
optical activity in bi-phenyl, allenes and spiranes

Unit 3: Rearrangement and Reactions

Pinacol/Pinacolone ~ Rearrangement, Wagner-Meerwein ~ Rearrangement, Wolff
Rearrangement , Hofmann Rearrangement, Curtius Reaction, Lossen Rearrangement, Schmidt
Reaction, Beckmann Rearrangement, Favorskii Rearrangement and Claisen Rearrangements,
Aldol Reaction, Perkin Reaction,Stobbe Reaction, Reimer-Tiemann Reactions.

Unit 4 :Aliphatic ,Electrophilic and nucleophilic substitution reaction
Nucleophilic (SN' & SN?) substitution reaction, Electrophilic substitution reaction.
Elimination reaction, Regioselectivity

Unit 5: Photochemistry of Carbonyl Compounds

Photo reduction of Ketone, Norrish Type I and II, photochemistry of a,f unsaturated ketones
and cyclic ketones, Barton reaction and Hoffmann Loeffer Fretage reaction. Paterno Buchi
reaction, olefin, Cis — Trans isomerism, dimerisation, Photochemistry of aromatic compounds:
Rearrangement, isomerisation and addition to olefin. Photochemistry of Butadiene and Di-n-
methane rearrangement, Photofries rearrangement.

Books Recommended:

1. Clayden, Greeves, Warren and Wothers, Organic Chemistry, Oxford University Press (2001).

2. M.B. Smith & Jerry March, March's Advanced Organic Chemistry, S"Edition, John Wiley & Sons,
New York (2001).

3.Peter Sykes, 4 Guide book to Mechanism in Organic Chemistry, 6 Edition, Orient Longman Ltd.,
New Delhi (1997).

4.S. M. Mukherjee and S.P Singh , Reaction Mechanism in Organic Chemistry, lst Edition ,
Macmillan India Ltd., New Delhi (1990).

5.T.H. Lowry and K.S. Richardson, Mechanism and Theory in Organic Chemistry, 3 Edition,
Addison—Wesley Longman Inc. (IS Edition) (1998).

6. G.S. Zweifel and M.H. Nantz, Modern Organic Synthesis, Freeman and Company, New York
(2007). :

7. M.S. Singh, Advanced Organic Chemistry: Reactions and Mechanism, Pearson Education
(Singapore) Pvt. Ltd. (2005).



Semester 1

Ehysical Chemistry-I ~ Paper Code: BO2U0703T Credits:4

Unit 1: Chemical Kinetics

Rate laws and temperature dependence, steady state approximation, kinetics of
complex reactions, oscillatory reactions (Belousov- Zhabotinskii reaction),
determination of reaction mechanism, collision and transition state theories of rate
constant, Catalysis and enzyme kinetics, experimental techniques for fast
reactions(stopped-flow, temperature-jump and flash photolysis).

Unit 2: Chemical thermodynamics

Thermodynamics properties: enthalpy, entropy, free energy, Partial molar properties in
ideal mixture, chemical potentials, its determination and variation with temperature and
pressure, Gibbs -Duhem equation. Fugacity and activity, variation with temperature and
pressure, variation of Fugacity of a gas mixture, Duhem- Margules equation and its
application. Le-Chatelier’s principle, Phase equilibria and phase rule, thermodynamics of
ideal and non-ideal gases and solutions.

Unit 3: Statistical Thermodynamics

Introduction: concept of ensembles, Thermodynamic probability, Boltzmann distribution
law, Boltzmann Planck equation and its significance, Fermi-Dirac and Bose -Einstein
distribution ,Translational, Rotational , Vibrational and Electronics partition function, its
application in the case of monoatomic and diatomic molecules.

Unit 4: Electrochemistry

Electrochemistry of solutions, Deby- Huckel — Onsager treatment and its extension , Metal /
Electrolyte interface: OHP and IHP, potential profile across double layer region,
potential difference across electrified interface; structure of the double layer: Helmholtz-
Perrin, Gouy-Chapman, and Stern models.

Unit 5: Semiconductors(SC)/ Electrolyte Interface

Semiconductor (SC)/electrolyte interface: Creation of space charge region, capacity
of space-charge, Mott-Schottky plots for n-type and p-type semiconductors,
determination of flat-band potential and donor/acceptor densities, application of
SClelectrolyte interface in solar cells.

Books Recommended:

1. J.O. M. Bockris and A.K.N. Reddy, Modern Electrochemistry, Vol.2A & B, 2™ Ed. Plenum Press, New
York (1998).

2. E. Fermi, Thermodynamics, Dover Publications , New York (1956).

3. K. J. Laidler, Chemical Kinetics, 3" Ed. Harper & Row, New York (1987).

4. P. W. Atkins and J. D. Paula, Physical Chemistry, 8 Ed., Oxford University Press, New York (2006).
5.1raN. Levine, Physical Chemistry, 5"Ed., Tata Mc Graw Hill Pub. Co. Ltd. ,New Delhi (2001).

6. P.W. Atkins, Compréhensive Physical Chemistry, Oxford University Press, New York (2006).



Semester I

Analytical Chemistry  Paper Code: B0O2UO704T Credits: 4

Unit 1: Basics of Filtration processes:

Introduction to unit processes and unit operations, Screening, Mixing, Coagulation and
Flocculation, Sedimentation: Type of settling, Filtration for wastewater treatment. Types of
filters -rapid sand filter, slow sand filter, high rate filter, pressure filter. Gravitational settling,
Centrifugal impaction, Inertial impaction, Diffusion, Electrostatic precipitation,

Unit 2: Electron Microscopy:

Introduction, Principle and Instrumentation of Scanning Electron Microscope(SEM) and
Transmission Electron Microscope (TEM).

Unit 3: Separation Techniques:

Solvent extraction (liquid-liquid extraction), general principles, relationship between
extraction and distribution coefficient, distribution ratio, multiple extractions, extraction of
metal organic complexes and ion association complexes.

Unit 4: Chromatographic Techniques:

Classification, basic principles and theory of chromatography, Paper and thin-layer
chromatography: various techniques of development, visualization and evaluation of
chromatograms, lon-exchange chromatography: ion exchange process, synthesis and structure
of ion-exchange resin, resolution, retention parameters, jon-exchange capacity.

Unit 5: Thermal Analysis:

Theory, methodology and applications of thermogravimetric analysis (TGA), Differential
Thermal Analysis (DTA), and Differential scanning calorimetry (DSC). Principles,
techniques and applications of thermometric titration methods.

Books Recommended:

1. Bassette and co-workers, Vogel's Textbook of Quantitative Chemical Analysis, Longman Group UK (1 989).
2. C.N Banwell, Fundamentals of Molecular Spectroscopy, 4™ Ed., McGraw Hill Education (2017).

3. M.H. Willard, L.L. Merrit, , J.A. Dean, F.A. Settle, Instrumental Methods of Analysis, 7% Ed. , CBS
Publishers & Distributors (2004).

4. F.W. Fifield, D. Kaley , Principles and Practice of Analytical Chemistry, 4" Ed., Blackie Academic and

Professional (1995).
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Semester 1

Inorganic Chemistry Practical Paper Code: BO2U0O705P
Credits:4

1. Qualitative analysis of inorganic mixture salts containing six-radicals including rare
element salts and interfering radicals.
a) Qualitative analysis of acid radicals
b) Qualitative analysis of basic radicals
c) Qualitative analysis of interfering radicals.
2. Quantitative analysis
a) Estimation of chloride ion in water sample.
b) Estimation of copper in a solution of cupric salts.
c) Estimation of nickel by gravimetric analysis
3. Determination of total hardness of water.
4. Preparation of inorganic and coordination compounds and their characterization
a) hexaaminenickel(Il)chloride
b) tetraamminecopper(Il)sulphate monohydrate
5. Separation of the components by Paper chromatography
a) Mixture of amino acids
b) Mixture of sugars

¢) Ortho & Para nitrophenol

Books Recommended:

I. M. Kolthoff, P. J. Elving and E. B. Sandell , Treatise on Analytical Chemistry, Pt-1, 11, 111, The Interscience
Encyclopedia, Inc., New York (1959).

2) A.1. Vogel, 4 Text Book of Quantitative Inorganic Analysis, 3rd Ed., Longmans (1961).



Semester I1

Inorganic Chemistry-I  Paper Code: BO2U0801T Credits:4

Unit 1: Chemistry of s and p block elements
Classification, synthesis, reaction, structure and bonding in Boranes, Nitrogens and

Phosphorous compounds, Lipscomb’s topological concept, styx rule, Wade’s rules. Alkali
metal complexes with macrocyclic ligands, Aqueous and complex chemistry of beryllium and
aluminium.

Unit 2: Chemistry of d block elements
Synthesis, structure, reactions properties and bonding of 4d and 5d elements. molybdenum
blue, tungsten blue, ruthenium blue, platinum blue, tungsten bronze, ruthenium red.

Unit 3: Chemistry of f Block Elements
Chemistry of Lanthanide: electronic configurations — oxidation states — Lanthanide contraction
—its consequences — magnetic and spectral properties — occurrence, extraction and separation
techniques , Use of lanthanides and their compounds.

Chemistry of Actinides: Synthesis of Trans uranium - electronic configurations —
oxidation states position in the periodic table — actinide contraction — comparsion of magnetic
and spectral properties of actinides with those of lanthanides

Unit 4 : Organometallic Chemistry

Historical development, classification, nomenclature, valence electron count, oxidation
number and formal ligand charge. 18-electron rule, concept of hapticity; synthesis, structure
and bonding of homo and heteroleptic metal-carbonyls, nitrosyls, alkyls, alkenes, allyl,
alkynes, and arenes.

Unit 5: Metal Clusters
Cages and metal clusters, Metal carbonyl clusters: skeletal electron counting, Wade-Mingos-
Louher rule, Application of isolobal and isoelectronic relationships, capping rules, carbide,
nitride, chalcogenide and halide containing clusters Cr, Re, Nb, Ta, Mo and W clusters, Cluster
compounds in catalysis.

Books Recommended:

1. F. Basaloand R.G. Pearson, Mechanism of Inorganic Reactions, 2™ Ed., Wiley Eastern Ltd., New
Delhi (1967).

2. D.F. Shriver and P.W. Atkins, Inorganic Chemistry, 3" Ed., ELBS, London (1999).

3. F.A. Cotton and G.Wilkinson, Advanced Inorganic Chemistry, 6" Ed., John Wiley & Sons, New
York (1999).

4. Keith F. Purcell and John C. Kotz ,/norganic Chemistry, W.B. Sauders Com., Hong Kong (1987).
5. Martin L. Tobe and John Burgess, Inorganic Reaction Mechanisms, I* Ed. Longmans (1999).
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Semester I1

Organic Chemistry-11 Paper Code: B0O2U0802T Credits:4

Unit 1: Addition to carbon-carbon multiple bonds

Addition to carbon-carbon multiple bonds: Addition reactions involving electrophiles,
nucleophiles and free radicals, cyclic mechanisms. Orientation and reactivity, Hydrogenation
of double and triple bonds

Unit 2: Pericyclic Reactions
Cycloaddition, Electrocyclic, Sigmatropic and Cheletropic reactions.

Unit 3: Heterocyclic synthesis
Introduction, synthesis and properties of Thiophene, Furan, Pyridine, Pyrrole, Quinoline and
Indole.

Unit 4: Reagents in Organic synthesis
Grignard reagent, NaBHs, LiAIHs, Gilman’s reagents, Lithium dimethyl cuprate, DDQ,
oxidising agents: SeOx.

Unit 5: Organic Synthesis
Disconnection approach (one and two group), C-C, C-X disconnection, 1, 3 and 1, 5-difuctional
compounds.

Books Recommended:

1. Clayden, Greeves, Warren and Wothers, Organic Chemistry, Oxford University Press (2001).
2. M.B. Smith & Jerry March, March’s Advanced Organic Chemistry, 5" Ed., John Wiley & Sons,
New York (2001).

3. Peter Sykes, 4 Guide Book to Mechanism Inorganic Chemistry, 6"Ed., Orient Longman
Ltd., New Delhi (1997).

4. G. S. Zweifel and M. H. Nantz, Modern Organic Synthesis, Freeman and Company, New
York (2007).

5. S.M. Mukherjee and S.P. Singh , Reaction Mechanism in Organic Chemistry, 1 Ed.,
Macmillan India Ltd., New Delhi (1990).

6. T.H. Lowry and K.S. Richardson, Mechanism and Theory in Organic Chemistry, 3Ed.,
Addison—Wesley Longman Inc. (1998).

7. S.M. Mukherjee and S.P. Singh, Pericyclic Reactions, Mac Millan India, New Delhi (1980).

8. Jagdamba Singh and LDS Yadav, Advanced Organic Chemistry/Organic synthesis, Pragati
Prakashan (2011).

8. I. Fleming, Pericyclic Reactions, Oxford University Press, Oxford (1999).
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