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Syllabus of 3-Year Degree/4-Year Honours in Chemistry

SEMESTER — |

COURSE TYPE: MAJOR
COURSE NAME: GENERAL CHEMISTRY-I
COURSE CODE: BSCCEMMJ101

Course Type: MAJOR Course Details: MJC-1 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: 100 Practical | Theoretical | Practical Theoretical
3 (Theory) + 2 (Practical) 30 15 20 35

On completion of this course, the students will be able to understand:
Learning objectives:

1. Learning scientific theory of atoms, concept of wave function.

2. Elements in periodic table; physical and chemical characteristics, periodicity.

3. To predict the atomic structure, chemical bonding, and molecular geometry based on
accepted models.

4. Identity of given element, relative size, charges of proton, neutron and electrons, and their
assembly to form different atoms.

5. Physical and chemical characteristics of elements in various groups and periods
according to ionic size, charge, etc. and position in periodic table.

6. Characterize bonding between atoms, molecules, interaction and energetics hybridization
and shapes of atomic, molecular orbitals, bond parameters, bond- distances and energies.

7. Basic of organic molecules, structure, bonding, reactivity and reaction mechanisms.

8. Aromatic compounds and aromaticity, mechanism of aromatic reactions.

9. Understanding hybridization and geometry of atoms, 3-D structure of organic molecules,
identifying chiral centers.

10. Electrophile, nucleophiles, free radicals, electronegativity, resonance, and intermediates
along the reaction pathways.

11.Mechanism of organic reactions (effect of nucleophile/leaving group, solvent), substitution

vs. elimination.
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Syllabus:

1. Atomic Structure (8 Lectures)

Bohr’s theory, its limitations and atomic spectrum of hydrogen atom. Wave mechanics: de’
Broglie equation, Heisenberg’s Uncertainty Principle and its Significance, Schrodinger’s
wave equation, significance of y and w?. Quantum numbers and their significance. Radial
and angular wave functions for hydrogen atom. Radial and angular distribution curves.
Shapes of s, p, d and f orbitals. Contour boundary and probability diagrams. Pauli’s
Exclusion Principle, Hund’s rule of maximum multiplicity, Aufbau’s principle and its

limitations, Variation of orbital energy with atomic number.

2. Periodic Table (7 Lectures)

Effective nuclear charge, shielding or screening effect, Slater rules, variation of effective
nuclear charge in periodic table. lonization enthalpy, Successive ionization enthalpies and
factors affecting ionization energy. Applications of ionization enthalpy. Electron gain
enthalpy, trends of electron gain enthalpy. Electronegativity, Pauling, Mullikan, Allred-
Rochow scales, electronegativity and bond order, partial charge, hybridization, group
electronegativity. Sanderson electron density ratio.

3. Chemical Bonding (10 Lectures)

Covalent bond: Lewis structure, Valence Shell Electron Pair Repulsion Theory (VSEPR),
Shapes of simple molecules and ions containing lone-and bond-pairs of electrons multiple
bonding, sigma and pi-bond approach, Valence Bond theory, (Heitler-London approach).
Hybridization containing s, p and s, p, d atomic orbitals, shapes of hybrid orbitals, Bents
rule, Resonance and resonance energy, Molecular orbital theory. Molecular orbital diagrams
of simple homonuclear and heteronuclear diatomic molecules, MO diagrams of simple tri
and tetra-atomic molecules, e.g., N, Oy, Cy, By, F,, CO, NO, and their ions; HCI, BeF,
CO,, BF; (idea of s-p mixing and orbital interaction to be given). Covalent character in ionic
compounds, polarizing power and polarizability. Fajan rules, polarization. lonic character in
covalent compounds: Bond moment and dipole moment. ionic character from dipole
moment and electronegativities. Metallic Bond: Qualitative idea of free electron model,

Semiconductors, Insulators.
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4. Basics of Organic Chemistry (20 Lectures)

Organic Compounds: Classification and nomenclature, concept of hybridization, orbital
pictures of bonding and shapes of molecules, calculation of formal charges and double bond
equivalent.

Electronic  displacements:  Inductive  effect, electromeric  effect, resonance,
hyperconjugation, mesomeric effect, bond polarizability, steric effect, steric inhibition of
resonance.

Reactive intermediates: Method of generation, shape and relative stability of carbocations,
carbanions, free radicals, carbenes, nitrenes, arynes, energy profile diagrams, electrophilic/
nucleophilic behaviour of reactive intermediates (elementary idea).

Introduction to organic reactions: Electrophiles and nucleophiles, hemolytic and
heterolytic bond cleavage, homogenic and heterogenic bond formation, addition, elimination
(E1, Ez Eicg etc.) and substitution (SN*, SN?, SN' etc.) reactions, curly arrow rules in
representation of mechanistic steps.

Stereochemistry: Concept of asymmetry; Stereoisomerism; Conformations and
configurations; Flying-wedge, Fischer, Sawhorse and Newman projection formulae and their
interconversions; nomenclature D/L, R/S, E/Z

Practical:

Qualitative analysis of organic special element N, S, Cl, Melting point, Functional group
detection -NH;, -NO,;, -CONH,, phenolic-OH, -COOH, >C=0, -CHO and derivative
preparation.

Recommended Books :

1. R.L.Duttaand G.S. De, Inorganic Chemistry, Pt — I, 7" Edn, 2013, The New Book
Stall, 2013.

2. R. Sarkar, General and Inorganic Chemistry, Pt- I, 2" Edn, Books & Allied (P) Ltd,
2009.

3. A. K. Das, Fundamental Concepts of Inorganic Chemistry, (Vol. 1-3), 2" Edn, CBS
Publisher, 2012.

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

5. J. E. Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chemistry: Principles of

th
Structure and Reactivity, 4 Edn, Pearson Education, India, 2006.
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N. N. Greenwood and A. Earnshaw, Chemistry of the Elements, an Edn, Elsevier,
India, 2005.

J. D. Lee, Concise Inorganic Chemistry, 5™ Edn, Oxford University Press, 1999.

F. A. Cotton, G. Wilkinson, C. M. Murillo and M. Bochmann, Advanced Inorganic

Chemistry, 6th Edn, John Wiley and Sons, Inc., New York, 1999.

F.A. Carey and R.J. Sundberg, Advanced Organic Chemistry Part A and Part B, 4th
Edn., Plenum Press, New York, 2001.

M. B. Smith, March’s Advanced Organic Chemistry 8" Edition, Wiley.

T. H. Lowry and K.C. Richardson, Mechanism and Theory in Organic Chemistry, 3rd
Edn., Harper and Row, New York, 1998.

H. Neurath, The Proteins: Composition, Structure and Function, Vols. 1-5, Academic
Press, New York, 1963.

T. W. G. Solomons, C. B. Fryhle and S. A. Snyder, Organic Chemistry, 12" Edition,
Wiley.

M. Loudon and J. Parise, Organic Chemistry 6™ Edition, Mc Millan Learning.

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

P. Sykes, A Guide to Mechanism in Organic Chemistry 6" Edition, Orient Longman.
D. Nasipuri, Stereochemistry of Organic Compounds, 2™ Edn, Wiley Eastern, New
Delhi, 1993.

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

N. Tewari, Organic Chemistry, A Modern Approach Volume 1 & 2, Mc Graw Hill
Education.

R. T. Morrison and R. N. Boyd, Organic Chemistry 6™ Edition, Prentice Hall of India.
L. Finar, Organic Chemistry, Vol I, 6th Edn., Addison Wesley Longmann, London,
1998.

A. K. Nad, B. Mahapatra & A. Ghosal, An Advanced Course in Practical Chemistry,
New Central, 2007.

S. Ghosh, M. Das Sharma, D. Majumdar and S. Manna, Chemistry in Laboratory,
Santra Publication Pvt. Ltd.

Vogel’s Text Book of Practical Organic Chemistry 5™ Edn. Longman.
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COURSE TYPE: MINOR

COURSE NAME: GENERAL CHEMISTRY-I
COURSE CODE: BSCCEMMN101

Course Type: MINOR Course Details: MNC-1 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: 100 Practical | Theoretical | Practical Theoretical
3 (Theory) + 2 (Practical) 30 15 20 35

Learning Objectives and Syllabus are same as Chemistry Major course code BSCCEMMJ101
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COURSE TYPE: SEC

COURSE NAME: INDUSTRIAL CHEMISTRY (SEC-1)

COURSE CODE: BSCCEMSE101

Course Type: SEC (Theoretical) Course Details: SEC-1 L-T-P: 2-1-0
CA Marks ESE Marks
Credit: 3 Full Marks: 50 Practical | Theoretical | Practical Theoretical
15 35

On completion of this course, the students will be able to understand:

Learning objectives:

1.

o &~ N

Understanding to the chemistry of paints, varnishes and dyes.

Preparation and uses of various compounds including KMnO4, CaC2, alloy steels etc.

Understanding the chemistry of ceramics.

Concepts of corrosion: cause and prevention.

Various fire-extinguishers and their chemical contents.

Syllabus:

Paints (8 Lectures)

Paints, Varnishes and Synthetic Dyes: Primary constituents of a paint, binders and solvents

for paints. Oil based paints, latex paints, baked-on paints (alkyd resins). Constituents of

varnishes. Formulation of paints and varnishes. Synthesis of Methyl orange, Congo red,

Malachite green, Crystal violet.

Electrochemical and Electro-thermal Industries (3 Lectures)

Preparation and use of Potassium permanganate, hydrogen peroxide, synthetic graphite,

calcium carbide, carborundum, alloy steels

Ceramics (4 Lectures)

Refractories, pottery, porcelain, glass, fibre glass

Rusting of Iron and Steel

Cause and prevention of corrosion

(3 Lectures)
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Industrial Safety and Fire Protection (4 Lectures)

Flash point, fire extinguishers — foam, carbon dioxide, sprinkler system, inert gases.
Recommended Books :

1. G.T. Austin, Shreve’s Chemical Process Industries, Mc Graw Hills, 5™ Edition.

2. Jain, P.C. & Jain, M. Engineering Chemistry Dhanpat Rai & Sons, Delhi.

3. B.K. Sharma & H.Gaur, Industrial Chemistry, Goel Publishing House, Meerut 1996.
4. E.Stocchi, Industrial Chemistry, Vol-I, Ellis Horwood Ltd. UK 1990.
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SEMESTER — 11

COURSE TYPE: MAJOR
COURSE NAME: GENERAL CHEMISTRY-II
COURSE CODE: BSCCEMMJ201

Course Type: MAJOR Course Details: MJC-2 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: 100 Practical | Theoretical | Practical Theoretical
3 (Theory) + 2 (Practical) 30 15 20 35

On completion of this course, the students will be able to understand:

Learning objectives:

1. Physical properties and related laws of gas and liquid states are described.

2. Understanding Kinetic model of gas and its properties.

3. Maxwell distribution, mean-free path, kinetic energies.

4. Behaviour of real gases, its deviation from ideal behaviour, equation of state, isotherm,
and law of corresponding states.

5. Liquid state and its physical properties related to temperature and pressure variation.

6. Properties of liquid as solvent for various household and commercial use.

7. Understand the basics of chemical kinetics: determination of order, molecularity, theories
of reaction rates, determination of rate of opposing/parallel/chain reactions with suitable

examples, application of steady state kinetics, Steady-state approximation.

Syllabus :
1. Acid-Base and lonic Equilibrium (12 Lectures)

Bronsted Lowry’s concept, co-solvating agents, differentiating and leveling effect, Theory
of solvent system, Lux Flood concept, Lewis concept- Stability of the adduct (Drago-
Wayland equation), change of bond length parameter in adduct formation, -acidity of the
ligands, synergistic effect, Usanovich’s concept. Strength of hydracids and oxyacids,
different factors in determining acid-base strength: steric effects (B- and F-strain),

salvation, H-bonding; Hard and Soft acid base (HSAB) principle: classification and
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characteristic, hardness and frontier molecular orbital (FMO), Non-aqueous solvent (lig.
NH,;, lig. SO,). lonic Equilibria: Strong, moderate and weak electrolytes, degree of
ionization, factors affecting degree of ionization, ionization constant and ionic product of
water. lonization of weak acids and bases, pH scale, common ion effect; dissociation
constants of mono-, di- and tri-protic acids Ostwald’s dilution law, pH, buffer solution and
buffer capacity, Henderson equation, hydrolysis and hydrolysis constant of salts,

indicators: acid-base and its function, Hammett acidity function

2. Redox Potential and Redox Equilibria (10 Lectures)

Some basic aspects of redox reactions, equivalent weights of oxidants and reductants, ion-
electron method of balancing redox reactions, complimentary and noncomplimentary redox
reactions, overpotential, electron and atom transfer in redox reactions, Standard redox
potentials, sign convention, Nernst equation, electrochemical series, formal potential and
its importance in analytical chemistry; Redox potential: effect of complex formation, effect
of precipitation, effect of pH change, EMF Diagram (Latimer, Frost), thermodynamic
aspects of disproportionation and comproportionation reactions, redox potential and
equilibrium constants, redox titration and redox indicators, function of Zimmermann
Reinhardt (ZR) solution

3. Chemical Kinetics — I (8 Lectures)

Introduction, reaction rate and extent of reaction, order and molecularity; kinetics of zero,
first, second, fractional and pseudo-first order reactions; determination of order of reaction,
opposing, consecutive and parallel reactions (first order), concept of steady state and rate
determining step, chain reaction: elementary idea, illustrations with H,-Br, and H;-O;

reactions. Temperature dependence of reaction rate, Arrhenius equation.

4. Properties of Fluids (15 Lectures)

a) Properties of Gas - Maxwell’s speed and energy distributions in one-, two- and three-
dimensions, distribution curves, different types of speeds and their significance, principle of
equipartition of energy and its application to calculate the classical limit of molar heat
capacity of gases, Transport properties of gas, Thermal conductivity, Viscosity: mechanism,

temperature and pressure dependence, relationship with mean free path. Collision of gas

10
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molecules, collision diameter, collision number and mean free path, frequency of binary
collision in same and different molecules, wall collision and rate of effusion.
Nature of imperfect gases with reference to van der Waals, Diterici and virial equations of
state; Amagat’s and Andrews’ curves; continuity of states; critical constants; Boyle
temperature; reduced equation of state. VVapour density and limiting density, intermolecular
forces.
b) Properties of Liquids - Viscosity of liquids: principles of determination (falling sphere,
Poiseuille’s equation and Ostwald viscometer); temperature dependence, liquid crystal.
Surface energy and surface tension: temperature dependence; vapour pressure over a curved
surface; conditions of convexity and concavity of meniscus; wetting. Principles of

determination (capillary-rise and drop-weight methods).

Practical:

2-
1. CO; /HCOj estimation

Titration of Na,CO; + NaHCO; mixture vs HCI using phenolphthalein and methyl orange
indicators
2. Hardness of Water

To find the total hardness of water by EDTA titration
3. Estimation of Fe*

Titration of ferrous iron by KMnO,/K,Cr,0,

4. Estimation of alkali content in antacid tablet
5. Surface tension of a liquid/solution by drop-weight/drop number.
6. Viscosity coefficient of a liquid/solution by Ostwald viscometer.

Recommended Books :
1. R.L.Duttaand G.S. De, Inorganic Chemistry, Pt — I, 7" Edn, 2013, The New Book
Stall, 2013.
2. R. Sarkar, General and Inorganic Chemistry, Pt- I, 2" Edn, Books & Allied (P) Ltd,
2009.
3. A. K. Das, Fundamental Concepts of Inorganic Chemistry, (Vol. 1-3), 2" Edn, CBS
Publisher, 2012.

11
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D. F. Shriver, P. W. Atkins and C. H. Langford, Inorganic Chemistry, Oxford
University Press, New York, 1990.
J. E. Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chemistry: Principles of

th
Structure and Reactivity, 4 Edn, Pearson Education, India, 2006.

N. N. Greenwood and A. Earnshaw, Chemistry of the Elements, 2nd Edn, Elsevier,
India, 2005.

J. D. Lee, Concise Inorganic Chemistry, 5™ Edn, Oxford University Press, 1999.

F. A. Cotton, G. Wilkinson, C. M. Murillo and M. Bochmann, Advanced Inorganic

Chemistry, 6th Edn, John Wiley and Sons, Inc., New York, 1999.

G. W. Castellan, Physical Chemistry, Narosa Publishing House, Calcutta, 1995.

K. L. Kapoor, A Text Book of Physical Chemistry (Vol. 1 & 5), Macmillan India
Limited, New Delhi.

P. C. Rakshit (Revised by S.C. Rakshit), Physical Chemistry, Sarat Book Distributers,
Kolkata.

Ira N. Levine, Physical Chemistry, PHI Learning Pvt. Ltd.

R. A. Alberty and R. J. Silbey, Physical Chemistry, John Wiley and Sons, Inc., New
York, 1995.

D. A. McQuarrie and J. D. Simon, Physical Chemistry: A Molecular Approach, Viva
Books Private Limited.

P. W. Atkins & Julio De Paula, Physical Chemistry, Eighth Edition, Oxford
University Press, Oxford

P. W. Atkins & Julio De Paula, Elements of Physical Chemistry, Fifth Edition,
Oxford University Press, Oxford

A. Bahl, B. S. Bahl and G. D. Tuli, Essentials of Physical Chemistry, S Chand
Publications.

Pahari and Pahari, Problems on Physical Chemistry, New Central Book Agency (P)
Ltd.

A. Ghoshal, Numerical Problems on Physical Chemistry, Books and Allied (P) Ltd.
A. K. Nad, B. Mahapatra & A. Ghosal, An Advanced Course in Practical Chemistry,
New Central, 2007.

S. Ghosh, M. Das Sharma, D. Majumdar and S. Manna, Chemistry in Laboratory,
Santra Publication Pvt. Ltd.

12
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COURSE TYPE: MINOR
COURSE NAME: GENERAL CHEMISTRY-II
COURSE CODE: BSCCEMMN201

Course Type: MINOR Course Details: MNC-2 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: 100 Practical | Theoretical | Practical Theoretical
3 (Theory) + 2 (Practical) 30 15 20 35

Learning Objectives and Syllabus are same as Chemistry Major course code BSCCEMMJ201

13
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COURSE TYPE: MD
COURSE NAME: CHEMICAL SCIENCE
COURSE CODE: MDC213

Course Type: MD Course Details: MDC213 L-T-P: 3-0-0
CA Marks ESE Marks
Credit: 3 Full Marks: 50 Practical | Theoretical | Practical Theoretical
15 35

On completion of this course, the students will be able to understand:

Learning objectives:
> Knowledge of Polymer chemistry
Application of polymer in everyday life
Basic concepts and classifications of drugs, medicines, cancer therapy

Knowledge of applications of different essential drug molecules

YV V VY VY

Elementary idea about bioinorganic chemistry

Unit-I: Polymer (15 Lectures)

Basic concept, definition of polymers, natural and synthetic polymers, monomers, polymers,
degree of polymerization, simple idea of polymer structure: homopolymer (linear, branched,
cross-linked) and copolymer (random, block, graft), polymerization reaction step (growth,
addition, ring opening), importance of polymers both natural and synthetic, Biodegradable

polymers.

Number and weight average molecular weights of polymers - significance, structure,
properties and use of natural rubber, synthetic rubber (neoprene), synthetic fibres (Nylon 66,

polyester), plastics like polyethylene and PVC, macromolecules and environment.
Unit-1I: Chemistry in everyday life (30 Lectures)

Drugs: Definition of drug, relation between drugs and medicine, designing a drug: drug
target & drug metabolism, drug-target interaction, side effects, secondary effects and toxic

effects of drugs, classification of drugs, Some important class of drugs and its use: antacids,

14



Syllabus of 3-Year Degree/4-Year Honours in Chemistry

antihistamines, antifertility, neurologically active drugs (tranquilizers, narcotic analgesic

and non-narcotic analgesic), antimicrobials, antibiotics, antiseptics, disinfectants.

Cancer treatment: Anticancer compounds (Pt-complexes and metallocenes), Basic concept in

chemotherapy, radiation therapy, immunotherapy.

Bioinorganic Chemistry: metal dependent disease, Essential metals: role of metal ions in
biological systems (specially Na+, K*, Mg?+, Ca?*, Fe3*/2*, Cu2*/+, and Zn?*) detoxification by

chelation therapy for Pb and As poisoning, lithium therapy in psychiatric mind disorder.

Recommended Books:

1. S.R. Palit, Elementary Physical Chemistry; Book Syndicate Private Limited.
2. M. S. Bhatnagar, A text book of polymer chemistry, S. Chand Publication

3. Mamta & M. Nithya Devi, Elements of Polymer Chemistry, Anmol Publishers.

4. A.K. Das, Bioinorganic Chemistry, 2nd Edn, Books & Allied (P) Ltd, Kolkata, 2004.

5. G. L. Patrick, Introduction to Medicinal Chemistry, Oxford University Press, UK,
2013.

6. H. Singh & V.K. Kapoor, Medicinal and Pharmaceutical Chemistry, Vallabh
Prakashan, Pitampura, New Delhi, 2012.

7. A.Kar, Medicinal Chemistry, New Age International (P) Limited, Publishers.

15
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COURSE TYPE: SEC
COURSE NAME: PHARMACEUTICAL CHEMISTRY (SEC-2)

COURSE CODE: BSCCEMSE201

Course Type: SEC (Theoretical) | Course Details: SEC-2 L-T-P: 2-1-0
CA Marks ESE Marks
Credit: 3 Full Marks: 50 | Practical | Theoretical | Practical Theoretical
15 35

On completion of this course, the students will be able to understand:
Learning objectives:

1. Understanding of different drug design and discoveries.
2. Different classes of drugs and their examples
3. Some knowledge about aerobic and anaerobic fermentation chemistry.

4. Some idea about production of various drug related components.
Syllabus :
1. Drugs & Pharmaceuticals (15 Lectures)

What are drugs and why do we need new ones? Drug discovery and design, Sources of drugs
and lead compounds, Natural sources, Drug synthesis, pharmacokinetics and
pharmacodynamics? Introduction to drug action, Absorption, Distribution, Metabolism,
Elimination, Solubility and drug design, The importance of water solubility, Salt formation,

Structure—activity relationships (SARs), Lipophilicity, Electronic effects and steric effects.

Drugs & Pharmaceuticals Drug discovery, design and development; Basic Retrosynthetic
approach. Synthesis of the representative drugs of the following classes: analgesics agents,
antipyretic agents, anti-inflammatory agents (Aspirin, paracetamol, Ibuprofen); antibiotics
(Chloramphenicol); antibacterial and antifungal agents (Sulphonamides; Sulphanethoxazol,
Sulphacetamide, Trimethoprim); antiviral agents (Acyclovir), Central Nervous System agents
(Phenobarbital, Diazepam), Cardiovascular (Glyceryltrinitrate), antilaprosy (Dapsone), HIV-
AIDS related drugs (AZTZidovudine).

16



Syllabus of 3-Year Degree/4-Year Honours in Chemistry

2. Fermentation (5 Lectures)

Aerobic and anaerobic fermentation. Production of (i) Ethyl alcohol and citric acid,
(if) Antibiotics; Penicillin, Cephalosporin, Chloromycetin and Streptomycin, (iii) Lysine,
Glutamic acid, Vitamin B2, Vitamin B12 and Vitamin C.

Recommended Books :

1. G. L. Patrick, Introduction to Medicinal Chemistry, Oxford University Press, UK,
2013.

2. H. Singh & V.K. Kapoor, Medicinal and Pharmaceutical Chemistry, Vallabh
Prakashan, Pitampura, New Delhi, 2012.

17
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SEMESTER - 111

COURSE TYPE: MAJOR

COURSE NAME: INORGANIC CHEMISTRY-I

COURSE CODE: BSCCEMMJ301

Course Type: MAJOR Course Details: MJC-3 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: | Practical | Theoretical | Practical | Theoretical
3 (Theory) + 2 (Practical) | 100 30 15 20 35

On completion of this course, the students will be able to understand:

Learning objectives:

1. Understanding coordination compounds — its nomenclature, and various types of ligands

2. Concept of Valence Bond Theory and its applications and drawbacks

3. Different types of isomerism (both geometrical and optical) in coordination chemistry

4. Understanding chelate effect, macrocyclic effect and their relation with the stability of the

complex

5. Application of coordination complexes

6. Chemistry, reactivity and various properties of s- and p-block elements.

7. Hands on experience on the identifications of various acid and basic radicals and

qualitative analysis of radicals from a mixture of salts.

8. d- block chemistry including 1%, 2" and 3" row transition elements on their various

oxidations state, magnetic properties, complex formation etc.

Syllabus:
Theory

1. Coordination Chemistry— I (20 Lectures)

Coordinate bonding: Double and Complex salts, Werner’s Coordination theory, different
types of ligands, metal chelates, IUPAC nomenclature of coordination compounds (up to
two metal centers), electronic theory of complex compounds, effective atomic number
(EAN) and its limitations, Valence bond theory in coordination compounds: different
geometry, outer and inner orbital complexes, magnetic criterion of bond type, Principle of
electro neutrality of atoms, limitations of VBT. Stereochemistry, Coordination number,
factors favouring low and high coordination numbers, isomerism (ionization, hydrate,
ligand, linkage, coordination, geometrical, optical isomerism in square planar and

18
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octahedral complex) in coordination compounds, concept of Stability constant (stepwise
and overall), chelate effect, macrocyclic effect and macro-polycyclic effect, application of

coordination complexes in chemical analysis. Crystal Field Theory: splitting of d"
configurations in octahedral, square planar and tetrahedral fields, crystal field stabilization
energy (CFSE) in weak and strong fields; pairing energy. Spectrochemical series, Jahn-
Teller distortion. Octahedral site stabilization energy (OSSE) and structures of spinels.

2. Chemistry of s and p Block Elements (13 Lectures)

General properties of s-and p-block elements, Comparative account of physical and
chemical properties of the s and p-block elements, Relative stability of different oxidation
states, diagonal relationship and anomalous behaviour of first member of each group.
Allotropy (if any) and catenation (if any), hydrides, halides, oxides, oxy- acids (if any),
inert pair effect (if any), complex chemistry (if any); Properties and reactions of important
compounds (i) Structure, bonding and reactivity of B,Hg; (SN)X with X =24
phosphazines; interhalogens. (ii) Structure of borates, silicates, polyphosphates, borazole,
boron nitride, silicones, thionic acids (iii) Reactivity of polyhalide ions, pseudohalogens,
fluorocarbons, freons and NOXx with environmental effects.
(iv) Chemistry of hydrazine, hydroxylamine, phosponitrile, N>, thio- and per-sulphates.

Compounds of Noble Gases: Occurrence and uses, rationalization of inertness of noble
gases, Clathrates; preparation and properties of XeF,, XeF,andXeFg; Bonding in noble gas
compounds, Xenon oxygen compounds. Molecular shapes of noble gas compounds
(VSEPR theory).

3. Chemistry of d Block Elements (12 Lectures)

General comparison of 3d, 4d and 5d elements with special reference to electronic
configuration, variable valency, ability to form coordination complexes, spectral magnetic
catalytic properties

Chemistry of some representative compounds: K,Cr,0,, KMnO,, Prussian blue,
Turnbull’s blue, K,[Fe(CN)s], K;[Ni(CN),], H,PtCls, Na,[Fe(CN)sNO], Millon’s Base,
Ruthenium red, Magnus green salt, Reinecke’s salt.

Practical
Qualitative analysis

Qualitative analysis of mixtures containing not more than three radicals from among the
following:

19
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1. Basic Radicals: Silver, lead, mercury, bismuth, copper, cadmium, arsenic, antimony, tin,
iron, aluminium, manganese, chromium, nickel, cobalt, zinc, calcium, strontium, barium,
sodium, potassium

2. Acid Radicals: Chloride, bromide, iodide, bromate, iodate, silicate, fluoride, arsenite,
arsenate, phosphate, nitrite, nitrate, sulphide, sulphite, thiosulphate, sulphate, borate,
ferro/ferri-cyanide, chromate, dichromate.

Insoluble Materials: Al,O3, Fe,0,, Cr,03, SNO,, SrSO,, BaSO,, CaF,.

Recommended Books:

1.

10.
11.

12.

R. L. Dutta and G. S. De, Inorganic Chemistry, Pt — I, 7" Edn, 2013, The New Book Stall,
2013.

R. Sarkar, General and Inorganic Chemistry, Pt- 1, I, 2"Edn, Books & Allied (P) Ltd, 20009.
A. K. Das, Fundamental Concepts of Inorganic Chemistry, (Vol. 1-3), 2™Edn, CBS Publisher,
2012.

A. K. Das, Fundamental Concepts of Inorganic Chemistry, (Vol. 4-7), CBS Publisher, 2014.
D. F. Shriver, P. W. Atkins and C. H. Langford, Inorganic Chemistry, Oxford University
Press, New York, 1990.

Douglas, D. McDaniel and J. Alexander, Concepts and Models of Inorganic Chemistry,

d
3r Edn, John Wiley and Sons, Inc., New York, 2001.
J. E. Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chemistry: Principles of Structure and

th
Reactivity, 4 Edn, Pearson Education, India, 2006.

nd
A. Das and G. N. Mukherjee, Elements of Bioinorganic Chemistry, 2 Edn, U. N. Dhur and
Sons, Kolkata, 2002.

nd
N. N. Greenwood and A. Earnshaw, Chemistry of the Elements, 2 Edn, Elsevier, India, 2005.
J. D. Lee, Concise Inorganic Chemistry, 5"Edn, Oxford University Press, 1999.
F. A. Cotton, G. Wilkinson, C. M. Murillo and M. Bochmann, Advanced Inorganic

th
Chemistry, 6 Edn, John Wiley and Sons, Inc., New York, 1999.
J. J. Katz, G. T. Seaborg and L. R. Morss (Eds), The Chemistry of the Actinide Elements,

d
Vols I and II, 2n Edn, Springer Verlag Gmbh, 1986.
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13. R. B. Jordan, Reaction Mechanisms of Inorganic and Organometallic Systems, Oxford
University Press, 1998.

14. A. G. Sharpe, Inorganic Chemistry, 3"Edn, Pearson Education, New delhi, 2004.

15. D. Banerjea, Inorganic Chemistry: A Modern Treatise, Asian Books Private Ltd, 2012.

d
16. 1. Vogel, A Text Book of Quantitative Inorganic Analysis, 3r Edn, Longmans, 1961.
17. M. Kolthoff, P. J. Elving and E. B. Sandell, Treatise on Analytical Chemistry, Pt-I, Il, lll, The

Interscience Encyclopedia, Inc., New York. 1959.
18. A. K. Nad, B. Mahapatra & A. Ghosal, An Advanced Course in Practical Chemistry,
New Central, 2007.
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COURSE TYPE: MAJOR
COURSE NAME: PHYSICAL CHEMISTRY-I

COURSE CODE: BSCCEMMJ302

Course Type: MAJOR Course Details: MJC-4 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: | Practical | Theoretical | Practical | Theoretical
3 (Theory) + 2 (Practical) | 100 30 15 20 35

On completion of this course, the students will be able to understand:
Learning objectives:

1. Understanding different mathematical functions.

2. Learning about mathematical probability and correlations.

3. Concepts of sampling and analysis of data.

4. First Law of thermodynamics and concepts.

5. Understanding the concept of system, variables, heat, work, and their relations.

6. Concept of heat of reactions and use of equations in calculations of bond energy, enthalpy,
etc.

7. Solids, lattice parameters — its calculation, application of symmetry, solid characteristics
of simple salts.

8. Basic principle of laws of electrochemistry.

9. Concept of ion atmosphere.

10. Application of conductance measurement.

Syllabus:
Theory
1. Mathematics in Physical Chemistry (8 Lectures)

Preliminary ideas of functions, limits, derivative, physical significance, basic rules of
differentiation, maxima and minima, applications in chemistry, Error function, Properties of
Gamma function, exact and inexact differential, ldea of distribution functions.
Transformation properties for Cartesian to polar coordinates. Partial differentiation, rules of
integration, definite and indefinite integrals. Separation of variables, Permutations,
combinations, theory of probability, complex number. Introduction to matrix algebra,
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addition and multiplication of matrices, inverse, adjoint and transpose of matrices, unit and
diagonal matrices.

2. Thermodynamics — I (12 Lectures)

Basic formalism, concept of thermal equilibrium and zeroth law of thermodynamics, state
and path functions, partial derivatives and cyclic rule, concept of heat and work, reversible
and irreversible processes, graphical representation of work done.

First law, U and H as state functions, concept of Cp and Cy and their relations for ideal and
van der Waals equation, Joule’s experiment and its consequence, isothermal and adiabatic
processes, calculations of g, w, U and H for reversible, irreversible and free expansion of
gases (ideal and van der Waals) under isothermal and adiabatic conditions.

Thermochemistry: Kirchoff’s equation, heat changes during physicochemical processes at
constant Pressure and VVolume, bond dissociation energies, resonance energy.

3. Properties of solids (13 Lectures)

Crystal, Steno’s Law, Hauy’s Law (law of rational intercepts), law of constancy of symmetry,
Weiss indices, Miller’s indices, Unit cell, Bravais Lattice, Crystal systems, crystal class,
Bragg’s equation with derivation, methods of crystal analysis, application of Bragg’s
equation, Born Haber cycle, Born-Lande equation, crystal structure of sodium chloride and
potassium chloride, Lattice vector and reciprocal lattice vector, Brillouin zone.

Some basic crystal geometries: simples cube (sc), body centred cube (bcc), face centred cube
(fce), diamond cube (dc), close packing models: hexagonal close packing (hcp) (ABAB...
type), cubic close packing (ccp) (ABCABC... type), tetrahedral and octahedral holes,
packing efficiency.

Crystal defects: stoichiometric and nonstoichiometric, point defects, Schottky and Frenkel,
colour centres, dislocations, free electron theory of metallic bonding (qualitative treatment),
band theory and electrical properties of solids (qualitative idea),conductor, semiconductor,
insulator in the light of band theory, n—type and p-type semiconductors.

4. Electrochemistry — I (12 Lectures)

Conductance and its measurement, cell constant, specific and equivalent conductance, their
variations with dilution for strong and weak electrolytes, molar conductance, transport
number and determination by Hittorf methods, Kohlrausch’s law, Walden’s rule, ion
conductance and ionic mobility, application of conductance measurement (determination of
solubility product and ionic product of water), conductometric titrations.

lon atmosphere, asymmetry and electrophoretic effects, Wien effect and Debye-Falkenhagen
effect, Activity and activity coefficients of electrolyte/ion in solution, Debye-Huckel theory,
Debye-Huckel limiting law (with derivation), solubility equilibrium and influence of
common and indifferent ions.

Practical

23



Syllabus of 3-Year Degree/4-Year Honours in Chemistry

pH-metric titration of weak (mono- and di-basic acid) against strong base.

Study of kinetics of H,O, decomposition catalysed by KI.

Conductometric titration of an acid (strong, weak, monobasic, dibasic, mixture of
weak and strong acid) against strong base.

Recommended Books:

=

10.
11.

12.

13.
14.
15.
16.

17.
18.

G. W. Castellan, Physical Chemistry, Narosa Publishing House, Calcutta, 1995.

Ira N. Levine, Physical Chemistry, PHI Learning Pvt. Ltd.

R. A. Alberty and R. J. Silbey, Physical Chemistry, John Wiley and Sons, Inc., New
York, 1995.

S. Glasstone, Text Book of Physical Chemistry, Macmillan and Company Ltd.,
London, 1951.

T. Engel and P. Reid, Physical Chemistry, Pearson Education, New Delhi, 2006.

D. A. McQuarrie and J. D. Simon, Physical Chemistry: A Molecular Approach, Viva
Books Private Limited.

P. C. Rakshit (Revised by S.C. Rakshit), Physical Chemistry, Sarat Book Distributers,
Kolkata.

P. W. Atkins & Julio De Paula, Physical Chemistry, Eighth Edition, Oxford
University Press, Oxford

P. W. Atkins & Julio De Paula, Elements of Physical Chemistry, Fifth Edition,
Oxford University Press, Oxford

R.G. Mortimer, Physical Chemistry, Third Edition, Elsevier Academic Press.

P. Monk, Physical Chemistry Understanding our Chemical World, John Wiley &
Sons Ltd.

K.L. Kapoor, A Text Book of Physical Chemistry (Vol. 1 — 5), Macmillan India
Limited, New Delhi.

S. Pahari, Physical Chemistry (Vol. 1 & 2), New Central Book Agency (P) Ltd.

Berry, Rice & Ross, Physical Chemistry, Oxford University Press.

W. J. Moore, Physical Chemistry, Longman Green and Co. Ltd., 1953.

Pahari and Pahari, Problems on Physical Chemistry, New Central Book Agency (P)
Ltd.

Ghoshal, Numerical Problems on Physical Chemistry, Books and Allied (P) Ltd.

J. C. Ghosh, Experiments in Physical Chemistry, Bharati Bhawan Publishers and
Distributors, Patna, 1994
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19.S. K. Maity and N. K. Ghosh, Physical Chemistry Practical, New Central Book
Agency (P) Ltd.
20. A. K. Nad, B. Mahapatra & A. Ghosal, An Advanced Course in Practical Chemistry,
New Central, 2007.
COURSE TYPE: MINOR

COURSE NAME: INORGANIC & ORGANIC CHEMISTRY

COURSE CODE: BSCCEMMN301

Course Type: MINOR Course Details: MNC-3 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: | Practical | Theoretical | Practical | Theoretical
3 (Theory) + 2 (Practical) | 100 30 15 20 35

On completion of this course, the students will be able to understand:
Learning objectives:

1. Atomic theory and its evolution.

2. Learning scientific theory of atoms.

3. To understand atomic theory of matter, composition of atom.

4. ldentity of given element, relative size, charges of proton, neutron and electrons, and their
assembly to form different atoms.

5. Defining isotopes, isobar and isotone.

6. Coordination compounds — Concepts of double salts and complex salts, Werner theory,
stereochemistry and isomerism.

7. Reactivity, stability of organic molecules, structure, stereochemistry.

8. Stereochemistry of organic molecules — conformation and configuration, asymmetric
molecules and nomenclature.

9. Understandings of Carbohydrates, classification, structure and configuration.

Syllabus:

Theory
Group - A
1. Nuclear Chemistry (10 Lectures)

Nuclear Stability: neutron-proton ratio and Segre’s chart, modes of decay and neutron-proton
ratio, packing fraction, mass defect and nuclear binding energy, magic number; Radioactive
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decay, units of radioactivity, different modes of decay, half-life and average-life of
radioelements, radioactive equilibrium, natural radioactive disintegration series, principles of
determination of age of rocks and minerals, radiocarbon dating, group displacement law,
artificial radioactivity, types of nuclear reactions (n, p, o, d and y), reaction cross section,
nuclear fission, fusion reaction and spallation, nuclear energy and power generation,
application of radioactivity in analytical chemistry.

2. Coordination Chemistry (13 Lectures)

Double and complex salts, Werner’s Coordination theory, different types of ligands, metal
chelates, IUPAC nomenclature  of coordination compounds (upto two metal centers),
electronic theory of complex compounds, effective atomic number (EAN) and its limitations,
Valence bond theory in coordination compounds: different geometry, outer and inner orbital
complexes, magnetic criterion of bond type, Principle of electroneutrality of atoms,
limitations of VBT. Stereochemistry, Coordination number, factors favouring low and high
coordination numbers, isomerism (ionization, hydrate, ligand, linkage, coordination,
geometrical, optical isomerism in square planar and octahedral complex etc.) in coordination
compounds, chelate effect, application of coordination complexes in chemical analysis

Group - B

3. Stereochemistry 11 (11 Lectures)

A) Optical isomerism: Optical activity of organic compounds: optical rotation, specific
rotation and molar rotation, racemic compounds, racemisation (through cationic, anionic,
radical intermediates and through reversible formation of stable achiral intermediates),
resolution of acids, bases and alcohols via diastereomeric salt formation.

B) Cycloalkanes and Conformational Analysis:

Types of cycloalkanes and their relative stability, Bayer’s strain theory, Methods of formation
of cycloalkanes: Conformation analysis of cycloakanes, Energy diagrams of cyclohexane:
Chair, Boat and Twist boat forms - Relative stability with energy diagrams.

4. Carbohydrate chemistry (11 Lectures)

Classification, Structure and configuration of D- arabinose, D — ribose, D- glucose, D —
fructose and Sucrose (Fischer and Haworth projection): Structure determination of D-
glucose: Epimers and Anomers; Mutarotation Osazone formation, Oxidation and reduction of
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D — glucose; Stepping up and stepping down of monosaccharides; Conversion of aldose to
ketose and vice — versa; Elementary idea about starch and cellulose.

Practical

Inorganic Qualitative analysis

Qualitative analysis of mixtures containing not more than three radicals from among the
following:

1. Basic Radicals: Lead, bismuth, copper, arsenic, iron, aluminium, manganese, chromium,
nickel, cobalt, zinc, calcium, strontium, barium, sodium, potassium

2. Acid Radicals: Chloride, bromide, iodide, fluoride, arsenite, arsenate, phosphate, nitrite,
nitrate, sulphide, sulphate, borate.

Recommended Books:

1. R.L.Duttaand G.S. De, Inorganic Chemistry, Part — I, The New Book Stall, 7" Edn,
2013.

2. P. K. Dutt, General and Inorganic Chemistry, (Vol- 1 & II).

3. S. N. Poddar & S. Ghosh, General & Inorganic Chemistry (Vol | & 1), Book
Syndicate Pvt Ltd.

4. S. Sengupta, Organic Chemistry.

5. Bahl and Bahl, Organic Chemistry, S. Chand Publications.

6. R. K. Bansal, Organic Chemistry.
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SEMESTER - IV
COURSE TYPE: MAJOR
COURSE NAME: ORGANIC CHEMISTRY-I

COURSE CODE: BSCCEMMJ401

Course Type: MAJOR Course Details: MJC-5 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: | Practical | Theoretical | Practical | Theoretical
3 (Theory) + 2 (Practical) | 100 30 15 20 35

On completion of this course, the students will be able to understand:
Learning objectives:

1. Thermodynamic criteria for reactivity, stability of organic molecules, structure,
stereochemistry.

2. Reaction mechanism of substitution, elimination and addition reaction

3. Mechanism of organic reactions (effect of nucleophile/leaving group, solvent), substitution
vs. elimination.

4. Electrophile, nucleophiles, free radicals, electronegativity, resonance, and intermediates
along the reaction pathways.

5. Stereochemistry and concept of different types of isomerism.

6. Preparation, properties and reaction of some functional groups.

7. Understanding different types of name reaction.

Syllabus:

Theory

1. Reaction Mechanism 11 (18 Lectures)
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Reaction thermodynamics: Free energy and equilibrium, enthalpy and entropy factor,
calculation of enthalpy change via Bond dissociation Energy, intermolecular &
intramolecular reactions

Reaction kinetics: Rate constant and free energy of activation; free energy profiles for one-
step, and two-step reactions; catalyzed reactions, principle of microscopic reversibility;
Hammond’s postulate. Method of determination of reaction mechanism.

Substitution and Elimination Reactions: Nucleophilic substitution reactions

Substitution at sp* carbon centre [alkyl halides, allyl halides, benzyl halides, alcohols, ethers,
epoxides, a-halocarbonyls: mechanisms (with evidence)], relative rates & stereochemical
features: SN, SN?, SN?, SN* (allylic rearrangement) and SN' reactions, effects of solvent,
substrate structure, leaving group and nucleophiles (including ambident nucleophiles: cyanide
& nitrite); substitutions involving Neighbouring Group Participation.

Elimination reactions

El, E2, E1cB and Ei (pyrolytic syne limitations); formation of alkenes and alkynes;
mechanisms  (with evidence), reactivity, regioselectivity (Saytzeff/Hofmann) and
stereoselectivity; comparison between substitution and elimination reactions, comparison
between nucleophilicity and basicity.

Addition reactions to C-C unsaturated bonds

Alkenes: Electrophilic additions to alkenes and alkynes with mechanisms (Markownikoff /
Anti-Markownikoff addition), Oxymercuration-demercuration, Hydroboration-oxidation,
Ozonolysis, Reduction (catalytic and chemical), syn and anti-hydroxylation. 1,2- and 1,4-
addition reactions in conjugated dienes, addition of HX to allenes, addition of 1,3-dipolarions
to alkenes and alkynes.

Alkynes: Acidity, Electrophilic and Nucleophilic additions. Hydration to form carbonyl
compounds, Alkylation of terminal alkynes.

2. Stereochemistry 11 (15 Lectures)

Optical isomerism: Optical activity of organic compounds: optical rotation, specific rotation
and molar rotation, racemic compounds, racemisation (through cationic, anionic, radical
intermediates and through reversible formation of stable achiral intermediates), resolution of
acids, bases and alcohols via diastereomeric salt formation, optical purity and enantiomeric
excess.

Concept of prostereoisomerism

Prostereogenic centre; concept of prochirality: topicity of ligands and faces (elementary
idea); pro-R/pro-S, pro- E/pro-Z and Re/Si descriptors; pro-r and pro-s descriptors of ligands
on propseudo asymmetric centre.

Conformational Analysis
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Meaning of conformational analysis, difference between configuration and conformation,
concept of dihedral and torsion angle, conformation of ethane, propane, n-butane,
halohydrins and 1,2-diols; Baeyer strain theory, conformation of cyclic molecules with
special reference of cyclohexane and its derivatives.

3. Functional Group Chemistry I (12 Lectures)

Alcohols: Preparation, properties and relative reactivity of 1°, 2°, 3° alcohols, Bouvaelt-
Blanc Reduction; Preparation and properties of glycols: Oxidation by periodic acid and lead
tetraacetate, Pinacol-Pinacolone rearrangement.

Phenols: Preparation and properties; Acidity and factors, Ring substitution reactions,
Reimer-Tiemann Reactions, Kolbe’s—Schmidt Reactions, Fries rearrangement, Claisen
Rearrangement, Houben-Hoesch reaction, Leaderer-Manasse Reaction, Gattermann Reaction.

Ethers and Epoxides: Preparation and reactions. Acid and base catalysed ring opening of
epoxides, Orientation and stereochemistry of epoxide ring opening, Reactions with Grignard
reagents and Organolithium compounds, Reactions of epoxides with alcohols, ammonia
derivatives and LiAIH,.

Practical

Identification of single organic compound with general reaction and tests of the following
compounds:
1. Liquid organic compounds

a) Methyl alcohol, b) Ethyl alcohol, ¢) Acetone, d) Formic acid, e) Acetic acid, f) Aniline,
2. Solid organic compounds

g) Urea, h) Tartaric acid, i) Succinic acid, j) Salicylic acid, k) Glucose, I) Resorcinol

Recommended Books:

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

2. S. Sengupta, Basic Stereochemistry of Organic Molecules, 2009.

3. D. Nasipuri, Stereochemistry of Organic Compounds, 2nd Edn., Wiley Eastern, New Delhi,
1993.

4. J. March, Advanced Organic Chemistry: Reactions, Mechanisms and Structure, 5th Edn.,
John Wiley, New York, 1999.

5. S. P. McManus, Organic Reactive Intermediates, Academic Press, New York, 1973.
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F.A. Carey and R.J. Sundberg, Advanced Organic Chemistry Part A and Part B, 4th Edn.,
Plenum Press, New York, 2001.

T. L. Gilchrist and C. W. Rees, Carbenes, Nitrenes and Arynes, Nelson, New York, 1973.

T. H. Lowry and K.C. Richardson, Mechanism and Theory in Organic Chemistry, 3rd Edn.,
Harper and Row, New York, 1998.

H. Neurath, The Proteins: Composition, Structure and Function, Vols. 1-5, Academic Press,
New York, 1963.

T. W. G. Solomons, Organic Chemistry,

G. M. Loudon, Organic Chemistry

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

I. Fleming, Frontier Orbitals and Organic Chemical Reactions, John Wiley, 1980.

W. Caruthers, Modern Methods of Organic Synthesis, 3rd Edn., Low Price Edition,
Cambridge University Press, 1996.

. H. O. House, Modern Synthetic Reactions, 2nd Edn., Benjamin, 1971.

. P. Sykes: A Guide to Mechanism in Organic Chemistry.

. R. T. Morrison and R. N. Boyd: Organic Chemistry

. R. 0. C. Norman and J. M. Coxon: Principle of organic synthesis

. I. L. Finar, Organic Chemistry, Vol |, 6th Edn., Addison Wesley Longmann, London, 1998.

. S. Warren, Organic Synthesis: The Disconnection Approach, 1°Edn, Wiley, 2012.
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COURSE TYPE: MAJOR
COURSE NAME: PHYSICAL CHEMISTRY-II

COURSE CODE: BSCCEMMJ402

Course Type: MAJOR Course Details: MJC-6 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: | Practical | Theoretical | Practical | Theoretical
3 (Theory) + 2 (Practical) | 100 30 15 20 35

On completion of this course, the students will be able to understand:
Learning objectives:

1. Second Law of thermodynamics and concepts.

2. Understanding the concept of entropy; reversible, irreversible processes.

3. Learn the application of thermodynamics: Joule Thompson effects, partial molar
guantities.

4. Understanding the equilibrium on the basis of thermodynamic parameters.

5. Understanding the Le Chatelier’s principle from thermodynamics.

6. Concepts of thermodynamic probability and relation with entropy.

7. Calculation of entropy using 3™ law of thermodynamics.

8. Concepts of partition functions.

9. Concepts of four colligative properties, their interrelations and applications

10. Thermodynamic parameters related to mixing for binary solutions.

Syllabus:

Theory

1. Thermodynamics — Il (24 Lectures)
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Second law of thermodynamics and its need, Kelvin, Planck and Clausius statements and
their equivalence, Carnot cycle and refrigerator, Carnot’s theorem, thermodynamic scale of
temperature

Physical concept of entropy, Clausius inequality, entropy change of system and surroundings
for various processes and transformations, entropy change during isothermal mixing of ideal
gases, entropy and unavailable work, auxiliary state functions (G and A) and their variations
with T, P and V, criteria of spontaneity and equilibrium

Thermodynamic relations, Maxwell relations, thermodynamic equation of state, Gibbs-
Helmholtz equation and its consequence, Joule-Thomson (J-T) experiment inversion
temperature, J-T coefficient for a van der Waals gas, general heat capacity relations
Additivity rule, partial molar quantities, chemical potential and its variation with T and P,
Gibbs-Duhem equation, fugacity of gases and fugacity coefficient.

Nernst heat theorem and its implications, approach to zero Kelvin, Planck’s formulation of
third law and absolute entropies.

2. Chemical Equilibrium (5 Lectures)

Thermodynamic condition of equilibrium, degree of advancement and Le Chatelier’s
principle, Van’t Hoff isotherm, isobar and isochore.

3. Statistical Thermodynamics (8 Lectures)

Thermodynamic probability, entropy and probability, Boltzmann distribution formula (with
derivation), application to barometric distribution, partition function and thermodynamic
properties (U, H & P), Einstein’s theory of heat capacity of solids and its limitations

4. Colligative properties (8 Lectures)

Chemical potential; ideal and nonideal solutions; Raoult’s law and Henry’s laws.

Colligative properties: relative lowering of vapour pressure, ebullioscopy, cryoscopy and
osmosis (thermodynamic treatment only). inter relationships and abnormal behaviour in
solution, van’t Hoff i-factor. AG, AS, AH and AV of mixing for binary solutions, vapour
pressure of solution, ideal solutions.

Practical

1. Effect of ionic strength on the rate of persulphate-iodide reaction
2. Kinetics of saponification of ester by conductometric method.
3. Conductometric verification of Ostwald dilution law

Recommended Books:

1. G. W. Castellan, Physical Chemistry, Narosa Publishing House, Calcutta, 1995.
2. Ira N. Levine, Physical Chemistry, PHI Learning Pvt. Ltd.

33



10.
11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

Syllabus of 3-Year Degree/4-Year Honours in Chemistry

R. A. Alberty and R. J. Silbey, Physical Chemistry, John Wiley and Sons, Inc., New
York, 1995.

S. Glasstone, Text Book of Physical Chemistry, Macmillan and Company Ltd.,
London, 1951.

T. Engel and P. Reid, Physical Chemistry, Pearson Education, New Delhi, 2006.

D. A. McQuarrie and J. D. Simon, Physical Chemistry: A Molecular Approach, Viva
Books Private Limited.

P. C. Rakshit (Revised by S.C. Rakshit), Physical Chemistry, Sarat Book Distributers,
Kolkata.

P. W. Atkins & Julio De Paula, Physical Chemistry, Eighth Edition, Oxford
University Press, Oxford

P. W. Atkins & Julio De Paula, Elements of Physical Chemistry, Fifth Edition,
Oxford University Press, Oxford

R.G. Mortimer, Physical Chemistry, Third Edition, Elsevier Academic Press.

P. Monk, Physical Chemistry Understanding our Chemical World, John Wiley &
Sons Ltd.

K.L. Kapoor, A Text Book of Physical Chemistry (Vol. 1 — 5), Macmillan India
Limited, New Delhi.

S. Pahari, Physical Chemistry (Vol. 1 & 2), New Central Book Agency (P) Ltd.

Berry, Rice & Ross, Physical Chemistry, Oxford University Press.

W. J. Moore, Physical Chemistry, Longman Green and Co. Ltd., 1953.

Pahari and Pahari, Problems on Physical Chemistry, New Central Book Agency (P)
Ltd.

Ghoshal, Numerical Problems on Physical Chemistry, Books and Allied (P) Ltd.

J. C. Ghosh, Experiments in Physical Chemistry, Bharati Bhawan Publishers and
Distributors, Patna, 1994

S. K. Maity and N. K. Ghosh, Physical Chemistry Practical, New Central Book
Agency (P) Ltd.

A. K. Nad, B. Mahapatra & A. Ghosal, An Advanced Course in Practical Chemistry,
New Central, 2007.
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COURSE TYPE: MINOR
COURSE NAME: ORGANIC & PHYSICAL CHEMISTRY

COURSE CODE: BSCCEMMN401

Course Type: MINOR Course Details: MNC-4 L-T-P: 3-0-4

CA Marks ESE Marks
Credit: 5 Full Marks: | Practical | Theoretical | Practical | Theoretical
3 (Theory) + 2 (Practical) | 100 30 15 20 35

On completion of this course, the students will be able to understand:
Learning objectives:

1. Understanding the preparation methods of few organic compounds

2. Understandings of different types of biomolecules, e.g, amino acids. proteins, etc, synthesis
and properties of these molecules.

3. Knowledge of Macromolecular chemistry

4. Laws of thermodynamics and concepts.

5. Understanding the concept of system, variables, heat, work, and laws of thermodynamics.
6. Understanding the concept of heat of reactions and use of equations in calculations of
bond energy, enthalpy, etc.

7. Understanding the concept of entropy; reversible, irreversible processes.

8. Knowledge of reversible reactions and Chemical Equilibrium.

Syllabus:

Theory

Group - A
1. Organic Synthesis (6 Lectures)

Preparation and synthetic uses of diethyl malonate, ethylacetoacetate and Grignard reagents
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Preparation of TNT phenyl acetic acid, salicylic acid, cinnamic acid, sulphanilic acid, phenyl
hydrazine, nitrophenols, nitroanilines, picric acid glycerol, allyl alcohol, citric acid.

2. Macromolecules (9 Lectures)

Introduction, definition of macromolecules, natural and synthetic polymers, monomers,
polymers, degree of polymerization, simple idea of polymer structure: homopolymer (linear,
branched, cross-linked) and copolymer (random, block, graft), polymerization reaction step
(growth, addition, ring opening), importance of polymers both natural and synthetic.

Number and weight average molecular weights of polymers — significance, structure and use
of natural rubber, synthetic rubber (neoprene), synthetic fibres (Nylon 66, poly ester), plastics
like polyethylene and PVC, macromolecules and environment.

3. Amino acid and Protein (7 Lectures)

Essential and non-essential amino acid; Synthesis of glycine and alanine; Isoelectric point;
Detection of amino acid (Ninhydrin reaction) Classification of Protein, Geometry of peptide
Linkage elementary idea about primary and secondary structure of protein; Denaturation of
proteins.

Group - B

4. 1% law and 2" law of Thermodynamics (18 Lectures)

Thermal equilibrium and zeroth law, First law, reversible and irreversible work, criteria of
perfect gas, isothermal and adiabatic expansions, Joule-Thomson effect (derivation
excluded); Thermochemistry: Hess’s law and its application

Second law and its elementary interpretation, Carnot’s cycle and theorems, Clausius
inequality, criteria of spontaneity, free energy and entropy.

5. Chemical Equilibrium (5 Lectures)
Conditions of spontaneity and equilibrium, degree of advancement and Le Chatelier
principle; Van’t Hoff isotherm, isobar and isochore.

Practical
Quantitative analysis of organic compounds.
Estimation of: 1. Glucose by Fehling’s solution, 2. Phenol by bromate bromide method
Recommended Books:
1. A. Sangal, Advanced Organic Chemistry, Vol. 1, Krishna Prakashan Media (P) Ltd,
Meerut, India, 2012.
2. S. R. Palit, Elementary Physical Chemistry; Book Syndicate Private Limited.

3. P. C. Rakshit, Physical Chemistry; Sarat Book Distributers.
4. Dr. A. K. Mondal, Degree Bhouto O Sadharan Rasayan; Sarat Book Distributers.
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5. A. Ghoshal, Sadharan O Bhouto Rasayan; Books and Allied (P) Ltd.
6. S. Sengupta, Organic Chemistry.

7. Bahl and Bahl, Organic Chemistry, S. Chand Publications.

8. R. K. Bansal, Organic Chemistry.

COURSE TYPE: SEC
COURSE NAME: FUEL CHEMISTRY (SEC-3)
COURSE CODE: BSCCEMSEA401

Course Type: SEC Course Details: SEC-3 L-T-P: 2-1-0
CA Marks ESE Marks
Credit: 3 Full Marks: | Practical | Theoretical | Practical | Theoretical
50 15 35

On completion of this course, the students will be able to understand:
Learning objectives:

1. Concepts of different renewable and non-renewable energy sources
2. Understanding the Coal as a fuel

3. Fractionation of coal tar and coal liquification

4. Other non-petroleum fuels and their production and uses

5. Understanding of various petrochemicals and their uses

6. Concepts of lubricants and their various properties

Syllabus:

Theory

1. Energy Sources (6 Lectures)

Review of energy sources (renewable and non-renewable). Classification of fuels and their calorific
value.

Coal: Uses of coal (fuel and nonfuel) in various industries, its composition, carbonization of coal.
Coal gas, producer gas and water gas—composition and uses. Fractionation of coal tar, uses of coal
tar bases chemicals, requisites of a good metallurgical coke, Coal gasification (Hydro gasification and

Catalytic gasification), Coal liquefaction and Solvent Refining.

2. Petroleum and Petrochemical Industry (10 Lectures)
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Composition of crude petroleum, Refining and different types of petroleum products and their
applications. Fractional Distillation (Principle and process), Cracking (Thermal and catalytic
cracking), Reforming Petroleum and non-petroleum fuels (LPG, CNG, LNG, bio-gas, fuels derived
from biomass), fuel from waste, synthetic fuels (gaseous and liquids), clean fuels. Petrochemicals:
Vinyl acetate, Propylene oxide, Isoprene, Butadiene, Toluene and its derivatives Xylene.

3. Lubricants (4 Lectures)
Classification of lubricants, lubricating oils (conducting and non-conducting), solid and semisolid

lubricants, synthetic lubricants. Properties of lubricants (viscosity index, cloud point, pore point) and
their determination.

Project report on industrial/Academic Institute visit (internal assessment, marks 15)

Recommended Books:

1. B. Shaikia, Fuel Chemistry, Mahaveer Publications, 2021.
2. S. K. Juneja and A. Kumar, Fuel Chemistry & Chemistry of Cosmetics & Perfumes, S.
Dinesh & Co. 2021.
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