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AEDP Programme Qutcomes

° To prepare the students for a career in Chemistry.
¢ To prepare the students for Higher Education and Research in Chemistry.

® To develop a conceptual understanding of the subject and to develop an inquisitiveness in
the subject.

o To enable the student to acquire basic skills necessary to understand the subject and to
master the skills to handle equipment’s utilized to leamn the subject.
¢ To generally promote wider reading on the subject and allied inter disciplinary subject,



Metallic bond and Hydrogen Bond

Concept of metallic bond, The free electron model, The valence bond model, The band madel
(molecular orbital approach), semiconductor and insulators. Concept of hydrogen bond, nature of
hydrogen bonding, consequences of hydrogen bonding and its Importance.

List of experiments
A. General Experiments
1. Calibration and use of apparatus
2. Preparation of solutions of different Molarity/Normality.
B. Acid-Base Titration
1. Estimation of oxalic acid using a standard NaOH solution
2. Estimation of sodium carbonate using standard HCL
3. Estimation of carbopate and hydroxide present together in a mixture.
4. Estimation of carbonate and bicarbonate present together in a mixture,
Text Books:
I. B. R. Puri, L. R. Sharma, K. C. Kalia, Principles of Inorganic Chemistry, Vishal
Publishing Co., 33" Ed., 2017.
2. G. I Jeffery, J. Bassett, J. Mendham, R. C. Denney, Vogel's Textbook
of Quantitative Chemical Analysis, John Wiley and Sons, 1989.
Reference Baoks:

S

. 1. D. Lee, Concise Inorganic Chemistry, Wiley India, 2010.
. B. E. Douglas, D. H. McDanicl, J. J. Alexander, Concepts and Models
of InorganicChemistry, John Wiley & Sons, 1994.

3. P. W. Atkins, T. L. Overton, J. P. Rourke, M. T. Weller, F. A. Armstrong,
Shriver and Atkins Inorganic Chemistry, 5th Edition, Oxford University Press,
2010.

4. P.Chndra, C. Gupta, Chemical Dynamics and Coordination chemistry, 1% Ed., 2022.

5. A, K. Das, M. Das, Fundamental Concepts of Inorganic Chemistry, lst
Edition,Volume CBS Publishers & Distributors Pvt. Ltd,, 2014.

6. J. E. Huheey, E. A. Keiter, R. L. Keiter, 0. K. Medhi, Inorganic Chemistry-

Principles of Structure and Reactivity, Pearson Education, 2009,

ba



Unit-III: Chemistry of Unsaturated Hydrocarbons
Carbon-Carbon Pi Bonds: Formation of alkenes and alkynes by elimination reactions,
Mechanism of E;, E3, Eicb reactions, Saytzeff and Hofmann eliminations.
Reactions of alkenes: Electrophilic additions their mechanisms
(Markowniko fif AntiMarkowniko ff addition), mechanism of oxymercuration-demercuration,
hydroboration-oxidation, ozonolysis, syn and anti- hydroxylation (oxidation).1,2- and 14-
addition reactions in conjugated dicnes and Dicls-Alder reaction; Reactions of alkynes: Acidity,

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

Unit-IV: Chemistry of Aromatic Hydrocarbons
Aromaticity: Hiickel’s rule, aromaticity in benzenoid and non-benzenoid compounds, cyclic
carbocations/ carbanions and heterocyclic compounds with suitable examples,
Electrophilic aromatic substitution with mechanism: halogenation, nitration, sulphonation and
Friedel-Craft’s alkylation/acylation with their mechanism. Directing effects of the functional
groups.

List of Experiments

1. Detection of extra elements (N, Cl, Br, Yand S) in organic compounds by Lassaigne’s test.

2. Functional group tests for alcohols, phenols, carbonyl and carboxylic acid groups in known
organic compounds.

3. Separation and purification of any one component of following binary solid mixture
(Benzoic acid/p- Toluidine; p-Nitrobenzoic acid/p-Aminobenzojc acid; p-Nitrotolune/p-
Anisidine) based on the solubility in common laboratory reagents/solvents like water {(cold,
hot), ethanol (cold, hot), dil. HCI, dil, NaOH, dil.NaHCO; etc. and using chromatographic
techniques.

4. Determination of melting point and boiling point of different organic compounds

Text Books:
1. R.T. Morrison, R. N, Boyd, S. K. Bhattacharjee, Organic Chemistry, 7" Ed., Pearson
Education India, 2010.
2. Bahl, B. S. Bahl, Advanced Organic Chemistry, 5" Ed., S. Chand, 2012.
3. A.S. Furniss, A. J. Hannaford, P. W. G, Smith, 4. R, Tatchell, Vogel’
4. Textbook of Practical Organic Chemistry, 5" Ed., Pearson Education India, 2003

Reference Books:
1. T. W. Graham Solomons, C. G. Fryhle, 8. A. Snyder, Solomons’ Organic Chemistry,
Global Ed., Wiley, 2024,
2. J. Clayden, N. Greeves, S. Warren, Organic Chemistry, 2 Ed., Oxford Publisher, 2012.
R. K. Bansal, Organic Reaction Mechanism, 3™ Ed., Tata McGraw-Hill Publications, 1998
4. D. Nasipuri, Stereochemistry of Organic compounds, 4* Ed, New Age International
Publisher, 2020.
5. P. Sykes, A Guidebook to Mechanism in Organic Chemistry, 6" Ed., Pearson Education,
2003.
6. F. 4. Carey, R J. Sundberg, Advanced Organic Chemistry, Part-A and Part-B, 5" Ed,
Springer 2007.
7. N. K. Vishnoi, Advanced Practical Organic Chemistry, 3¢ Ed, Vikas Publishing House,
2009.
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1.1.3 Mineral Processing, Extractive Metallurgy, and Nonaqueous Solvents

Credit-04
Full mark-100

Course objective:

To equip students with fiundamental knowledge and practical understanding of metallurgy, metal

extraction, and nonaqueous solvent systems, for effective application in scientific and industrial
contexts.

Course Qutcomes:

I. To understand the basic principles involved in the processing of rinerals, and their
beneficiation.

2. Explain different extractive metallurgical processes for the extraction of metals from ores.
3. To understand the different refining methods of metals

4. To develop knowledge of solvent systems beyond water and their applications in chemical
reactions.

UNIT-I: Occurrence of minerals and beneficiation

Occurrence of metal-bearing minerals in nature (based on standard electrode potentials), Mineral
wealth of Odisha and India, minera] mining {open and underground mining), General mineral
beneficiation processes before extraction (crushing/grinding, froth flotation, gravity, electrostatic
separation, and magnetic separation).

Unit-II: Extractive metallurgy

Pyrometallurgy: Calcination and roasting, Ellingham diagram, use of carbon and carbog monoxide for
reduction of metal oxides, electrolytic reduction, smelting and converting.  Examples of the
pyrometallurgical route for extracting metals from their ores (iron and copper).

Unit-I: Extractive metallurgy

Hydrometallurgy: Different leaching processes, Concentration/purification by solvent extraction
(liquid-liquid extraction), ion exchange and precipitation processes. Electrowinning, Methods of
purification of metals: electrolytic process, parting process, van Arkel-de Boer Process, Mond’s
process, and Zone refining. Example of the hydrometallurgical route for extracting aluminium from
bauxite ore (Bayer process).

Unit-1V: Non-aqueous solvents

Introduction, classification of solvents, physical properties of solvents, general characteristics of
solvents: self-ionization and levelling effect, reactions in non-aqueous solvents: liquid ammonia, liquid
sulphur dioxide, anhydrous sulphuric acid, anhydrous HF, liquid N2Os, Failure of auto-ionization
theory and coordination model.

List of experiments
1. Analysis of fron content in iron ore (by acid leaching/dichromate titration)
2. Analysis of aluminium content in bauxite ore (By acid leaching/EDTA titration)
3. Separation of Fe(III)-Cu(I) mixture solution by solvent extraction (Ethyl acetate/HCI) and
estimation of Cu(I)) present in the aqueous medium.
4. Virtual laboratory experiments: Students should explore the virtual labs for the following
experiment and prepare reports for each experiment.



1.1.5 Introduction to Polymer science and Polymer processing

Credit-04
Full mark-100

Objectives:

The course aims to provide an overall view of the fundamentals of polymers, polymeric processes, and
polymeric products of industrial importance. Also, fo provide the students with praetical exposure to
polymer industries with hands-on training on Polymer processing

Course Qutcomes:
On completion of the course, the students should be able to

Explain the classification of polymers, fibres, resins, etc,

Acquire knowledge on varions techniques of polymerisation

Explain reactions of polymers and polymer processing from raw materials to finished products,
Acquire knowledge on important polymeric products

Acquire hands-on training on the synthesis of simple polymeric compounds and polymer
testing

Lk~

UNIT-X: Introduction to Polymer Science:

Monomers, polymers and macromolecules, nomenclature and classification of polymers, functionality
of monomers. Brief outlines of types of polymerisation and important properties of polymers,
Techniques of polymerization: Buik, solution, emulsion and suspension polymerization. Plastics and
Fibres, Epoxies and Silicones: amino polymers, phenol formaldehyde resins.

UNIT-II: Fillers and additives

Types of fillers: organic and inorganic fillers, fillers, cellulosic fibres; applications and uses.

Polymer additives: plasticisers - classification, mechanism, properties, methods of plasticization,
effects on physical and chemical properties, stability; flexibilizers; colourants; antioxidants; antistatic
agent,

Unit-I0: Polymer processing Techniques:

Moulding, moulding powder, processing of moulding powder, mixing, curving, types of moulding:-
compression mouiding, extrusion moulding, injection moulding, blow moulding, process parameters
and defect analysis.

Unit-IV: Rubbers and adhesives:

Classification of rubber, latex, processing of latex (concentration, coagulation), compounding of
rubber, vulcanizations of rubber. Synthetic rubbers: Preparation and applications of SBR, Butyl rubber,
Nitrile rubber, Neoprene and Silicone rubber

Adhesives: theory, surface treatment, joint designs, physical nature of adbesives, types of adhesives,
natural glue- application- elastomer adhesive: synthetic adhesives, olefinic polymer adhesives, types of
epoxy adhesives



1.2.1 Fuels, energy storage devices and cleaning agents

Credit-04
Full mark-100

Course Objectives:

This course is designed to provide an overview on fundamental scientific knowledge of energy
resources such as coal and fiels: to make students Icarn the principles, design and working of energy
storage devices with reference to batteries and supercapacitors; to impart scientific and technical
know-how of cleaning agents such as soaps and detergents.

Course OQufcomes:
On completion of the course, the student shall be able to:
1. Explain the chemistry of ficis and classification of fuels based on the calorific values
2. Understand the importance of coal as a fuel and for non-fiiel purposes,
3. Learn about the refining and different types of petroleum products
4. Explain the function of a battery, its components and fundamental electrochemical processes in
common battery systems.
5. Learn about the composition, preparation, and cleaning actions of soaps and detergents.

UNIT-I: Fuel Chemistry and Introduction to Coal

Conventional and non-conventional energy sources, classification of fuels and their calorific values,
Introduction of coal, uses of coal (fuel and non-fuel) in various industries, ils types and composition,
carbonization of coal. Coal gas, producer gas and water gas: composition and their uses; uses of coal-
tar based chemicals, requisites of a good metallurgical coke, coal gasification (hydro gasification and
catalytic gasification), coal liquefaction and solvent refining,

UNIT-I1: Petrolenm and Petrochemicals

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.

UNIT-III:
Energy storage devices: batteries and supercapacitors

Primary and secondary batteries and their role in the energy system, battery components and their role,
characteristics of batteries. Working of the following batteries: lead-acid and lithtum-ion batteries and
solid-state electrolyte batteries {SSBs). Fuel cells, solar cells, and polymer cells. Supercapacitors-
introduction, types of supercapacitors: Electrical double layer, pseudo and hybrid Supercapacitors.

UNIT - X: Cleaning agents - Soaps and detergents

Chemistry of soap and detergents, raw materials {or soaps (oil/fats) and detergents (surfactants, binders and
builders), saponification of fats/oils, surfactants from petroleum hydrocarbon (alkyl benzene sulfonates,
linear alkyl benzene sulfonates, sodium lauryl sulphate). Different types of soap and their composition,
synthetic detergents-classification. Preparation of soaps and detergents, cleansing action of soap and
detergents. Advantages and disadvantages of soaps and detergents,



SEMESTER-II

2.1.1. States of matter, and Ionic equilibrium

Credit-04

Full mark-100
Course Objectives:

The objective of this course is to develop basic and advanced concepts regarding gases and

liquids. §t aims to study the similarities and differences between the two states of matter and

the reasons responsible for these. The objective of the practical is to develop skills for

working in physical chemistry laboratory:

Course Qutcomes:

1. Derive mathematical expressions for different properties of gas and liquid and
understand their physical significance.

2. Apply the concepts of gas equations and liquids while studying other chemistry courses
and understand the importance of pH in everyday life.

3. Understand different lattice systems and apply the working principles of XRD for
understanding erystal structure by powder and single crystal method.

4. Handle the stalagmometer and Ostwald viscometer properly and determine the density of
aqueous solutions. Data reduction, interpretation using numerical and graphical methods.

Unit-I: Gaseous state
Kinetic molecular model of a gas, Collision frequency, Collision diameter, Collision cross
section, Mean free path and viscosity of gases, including their temperature and pressure
dependence, Relation between mean free path and coefficient of viscosity, Maxwell
distribution of molecular velocities (no derivation); average, root mean square and most
probable velocities and average kinetic energy, Law of equipartition of energy, Behaviour of
real gases: Deviations from ideal gas behavior, Causes of deviation from ideal behavior,
Vander Wall equation and its application, Compressibility factor Z, and its variation with
pressure for different gases, Critical Phenomenon and critical constant derivation,

Unit-II: Liquid state
Qualitative treatment of the structure of the liquid state; physical properties of liquids; vapour
pressure, surface tension and coefficient of viscosity, and their determination. Effect of
addition of various solutes on surface tension and viscosity. Capillary action in relation to
cohesive and adhesive forces, Explanation of cleansing action of detergents. Temperature
variation of viscosity of liquids and comparison with that of gases. Qualitative discussion of
structure of water.

Unit- III: Solid state
Nature of the solid state, law of constancy of interfacial angles, law of rational indices, Miller
indices, elementary ideas of symmetry, symmetry elements and symmeiry operations, seven
crystal systems and fourteen Bravais lattices; X-ray diffraction, Bragg’s law, a simple account
of rotating crystal method and powderpattern method. Analyses of powder diffraction patterns
of NaCl, CsCland KC1. Defects in crystals (stoichiometric and non- stoichiometric).

Unit-IV: Tonic equillibria
Strong, moderate and weak electrolytes, degree of ionization, factors affecting degree of
jonization, ionization constant and ionic product of water. Ionization of weak acids and bases,
PH scale, common ion effect; dissociation constants of mono- and diprotic acids. calculation
of hydrolysis constant, degree of hydrolysis and pH for different salts, Buffer solutions;



2.1.2 Chemical thermodynamics, Equilibrium, and Colligative property

Credit-04
Full mark-100

Course Objectives:
The learners should be able to apply principles and laws of thermodynamics to reversible and
irreversible systems. The students will understand the change in thermodynamic properties,
cquilibrium constants, partial molar quantities, and chemical potentjal,
Course Outcomes:
By the end of the course, the students will be able to:

o Discuss the laws of thermodynamics and applications to natural phenomena.

® Acquire a strong foundation of partial molar properties, its variation with temp
and pressure for different systems and able to apply on the thermodynamics of
simple mixtures,

* Inculcate firm foundations in the fundamentals and application of chemical equilibrivm,
and AG derive the relationship between different equilibrium constants.

e Understand the basic concept of Solutions of non-volatile solutes, colligative
properties. Calculate various thermodynamic  properties (AHneutralization,
AHhydration & Cv) for chemical reactions using calorimeter.

Unit-I: Chemical thermodynamics

Intensive and extensive variables; state and path functions; isolated, closed and open systems;
zeroth law of thermodynamics. First Jaw: Concept of heat, q, work, w, internal energy, U, and
statement of first law; enthalpy, H, relation between heat capacities, calculations of q, w, U and H
for reversible, irreversible and free expansion of gases (ideal and van der Waals) under
isothermal and adiabatic conditions. Thermochemistry: Heats of reactions: standard states;
enthalpy of formation of molecules and jons and enthalpy of combustion and its applications;
calculation of bond energy, bond dissociation encrgy and resonance energy from thermochemical
data, effect of temperature (Kirchhoffs equations) and pressure on enthalpy of reactions.

Unit-II

Carnot cycle, efficiency of heat engine, Carnot theorem; Second Law: Concept of entropy;
thermodynamic scale of temperature, statement of the second law of thermodynamics; molecular
and statistical interpretation of entropy. Calculation of entropy change for reversible and
irreversible processes. Third Law: Statement of third law, concept of residual entropy,
caleulation of absolute eniropy of molecules. Free Energy Functions: Gibbs and Helmholtz
energy; variation of S, G, A with T, V, P; Free energy change and spontaneity. Relation between
Joule-Thomson coefficient and other thermodynamic parameters, inversion temperature, Gibbs-
Helmholtz equation, Maxwell relations, thermodynamic equation of state.

Unit-IXI: Systems of variable composition

Partial molar quantities, dependence of thermodynamic parameters on composition; Gibbs
Duhem equation, chemical potential of ideal mixtures, change in thermodynamic functions in
mixing of ideal gases. Chemical equilibrium: Criteria of thermodynamic equilibrium, degree of
advancement of reaction, chemical equilibria in ideal gases, concept of fugacity. Thermodynamic
derivation of relation between Gibbs free energy of reaction and reaction quotient (vant Hoff's



2.1.3 Organic Spectroscopy
Credit-04
Full mark-100

Course Objectives:

To provide knowledge on the principles of different advanced spectroscopic methods such as
UV-Visible, FTIR, NMR and Mass-spectrometry and to develop analytical aptitude for the
interpretation of structure of the organic compounds by applying these spectroscopic methods.
Imparting practical knowledge on UV-visible $pectroscopy and colour of compounds.

Course Outcomes:

1. Gaining knowledge on the principles of UV-visible and Infrared Spectroscopic techniques.

2. Gaining knowledge on the principles of NMR Spectroscopic techniques.

3. Gaining knowledge on the principles of Mass Spectrometry techniques.

4. Understanding and interpretation of different spectra of organic molecules.

Unit-I: UV-Visible Spectroscopy
Types of electronic transitions, Amax, Lambert-Beer’s law and its limitations, Chromophores
and Auxochromes, Bathochromic and Hypsochromic shifts, Intensity of absorption;
Instrumentation (brief idea only), Application of Woodward rules for calculation of Amax for
the following systems: o, B- unsaturated carbonyl compounds, acids and esters; Conjugated
dienes, distinction between cis and trans isomers.
Unit-II: FTIR Spectroscopy
Fundamental and non-fundamental molecular vibrations; IR absotption positions of O and N
containing functional groups; Effect of H-bonding, conjugation, resonance and ring size on IR
absorptions; Fingerprint region and its significance; application in simple functional group
analysis

Unit-I0: NMR Spectroscopy

NMR Spectroscopy: Basic principles of Proton Magnetic Resonance, chemical shift and
factors influencing it; Equivalent and non-equivalent protons, Spin-spin coupling and coupling
constant; Anisotropic effects in alkene, alkyne, aldehydes and aromatics; Interpretation of
NMR specira of simple organic compounds. *C NMR spectroscopy, chemical shift values and
interpretation of NMR spectra. preliminary idea on NMR of 1N, °F, *'P nuclei.

Unit-IV: Mass Spectrometry

Introduction, Basic principle, Fragmentation pattern, instrumentation, Determination of
molecular formulae, molecular ions, Parent peak, Base peak, isotopic peak and metastable ion
peak. Use of molecular fragmentation, McLafferty rearrangement, Mass spectra of some
classes of compounds (hydrocarbons, alcohols, phenols, ketones, aldehydes, acids and esters).
Problems involving identification of organic compounds using UV, IR, NMR spectroscopy
and Mass spectrometry.

List of Experiments
) Using an UV-visible spectrophotometer, obtain the uv-visible spectrum, determine the
Amax value and, after comparing the spectra of the following molecules, predict the
effect of auxochrome and conjugation on absorption maxima.



2.1.4 Analytical Chemistry
Credit-04
Full mark-100

Course Objectives:

The objective of this course is to provide a sound physical understanding of the principles of analytical
chemistry and to show how these principles are applied in chemistry and related disciplines-especially
in life sciences and environmental science. Students should gain hands-on experience with analytical
instrumentation commonly used in chemical analysis, such as spectrophotometers, chromatographs,
and mass spectrometers,

Course Qutcomes:

1. Perform calibration and standardization procedurcs to ensure the accuracy and precision of
analytical measurements, adhering to established protocols and standards,

2. Apply a variety of analytical techniques, such as spectroscopy, chromatography,
electrochemistry, and titrimetry, to quantitatively and qualitatively apalyze chemical
substances.

3. Collect, analyze, and interpret experimental data accurately using appropriate
statistical methods and error analysis techniques.

4. Develop critical thinking and problem-solving skills and Implement quality control and
assurance practices, including the use of control charts and validation of analytical
methods, to ensure the reliability and reproducibility of analytical results,

Unit I - Tools and Data Handling

Calibration of tools, sampling. Errors and Statistics: significant figures, rounding off, accuracy
and precision, determinate and indeterminate errors, standard deviation, propagation of errors,
confidence limit, test of data; F, Q and t test, rejection of data, and confidence intervals.

Unit II — Separation Techniques

Solvent Extraction: distribution Coefficient, distribution ratio, solvent extraction of metals,
multiple batch extraction, counter-current distribution. - Chromatographic Techniques:
classification, theory of chromatographic separation, distribution cocefficient, retention,
sorption, efficiency and resolution.

-Column, jon exchange, paper, TLC & amp; HPTLC: techniques and application. - Gas
Chromatography: retention time or volume, capacity ratio, partition coefficient, theoretical
plate and number, separation efficiency and resolution, instrumentation and application.

Unit I — Spectroscopic Technigues

Electromagnetic radiation, absorption, and emission of radiation — instrumentation: sources,
monochromators, detectors, - Flame spectrometry: flame emission, AAS, ICP, instrumentation
and application. - Absorption spectrometry: UV-VIS, IR, instrumentation, techniques and
applications.

Unit IV — Thermal and Electroanalytical Techniques

Thermogravimetry: instrumentation and techniques, TGA curves, DTA and DSC,



2.2.1 Industrial Chemicals and Environment
Credit-04

Full mark-100
Course Objectives:

The objectives of a course are to make the student aware about the intricate relationship between the
industrial process, the production and uses of chemicals/gases and their profound impact on the
environment; manufacturing, application, analysis and hazards of inorganic chemicals; air and water

pollution, control measures for air and water pollutants, effluents, wastewater treatment and
envirenment.

Course Outcomes:
By studying this course, the student will be able to
1. Understanding manufacturing processes, handling and storage of inorganic chemicals.
2. Realise the hazardous effects of the inorganic chemicals on human beings and vegetations,
3. Understand the composition of air, various air pollutants, effects and control measures of air
pollutants.
4. Understand different sources of water pollutants, water quality parameters, impacts of water
pollution, industrial effluents and water treatment.
5. Develop analytical skills in cuvironmental chemistry, and apply a range of analytical
techniques for the detection and characterization of environmental poliutants.
6. Apply the principles of environmental chemistry for mitigating environmental pollution,
promoting environmental conservation,
UNIT-X
Industrial Gases and Inorganic Chemicals
Industrial Gases: Larpe scale production, uses, storage and hazards in handling of the following
gases: oxygen, nitrogen, argon, hydrogen, acetylene, carbon monoxide, chlorine, sulphur dioxide,
Inorganic Chemicals: Manufacture, applications and hazards in handling the following chemicals:
hydrochloric acid, nitric acid, sulphuric acid, caustic soda, common salt, bleaching powder, sodium
thiosulphate, hydrogen peroxide, potash alum, potassium dichromate and potassium permanganate.

UNIT-II

Environment and its segments

Ecosystems: Biogeochemical cycles of carbon and nitrogen and aquatic ecosystems

Air Pollution: Major regions of atmosphere. Chemical and photochemical reactions in atmosphere,

Air pollutants: types, sources, particle size and chemical nature; Photochemical smog: its

constituents and photochemistry. Environmental effects of ozone and Ozome depletion. Major

sources of air poltution. Pollution by SOa, CO,, CO, NOy, and H:S and control procedures. Effects

of air pollution on living organisms and vegetation. Greenhouse effect and global warming.

UNIT-IU

Water Pollution: Sources and nature of water pellutants, Techniques for measuring water pollution,
Impacts of water pollution on hydrological and ecosystems. Aquatic pollution: inorganic, organic,
pesticide agricultural, industrial and sewage, detergents, oil spills and oil pollutants. Water treatment
and purification (reverse osmosis, ion exchange). Effluent treatment (primary, secondary and tertiary
treatment). Industrial effluents treatment (textile, dairy and agrochemicals). Water quality parameters
for wastewater, industrial water and domestic water,

UNIT-IV
Energy and Environment



SEMESTER-ITI

3.1.1 Acids and Bases and Chemistry of main group elements

Credit4
Full mark 100

Course Objectives:
To provide the basic knowledge on general principles of acids and bases, chemistry of's- and p-block
elements. Students can learn about chronological developments of the concepts of acids and bases. It
will help students to get aware of the pH scale and classify a substance as acidic, basic, or neutral
based on their pH or hydrogen ion concentration. Students can achieve the knowledge regarding
volumetric analysis and preparation of metal complex.
Course Outcomes:

1. Know how the various theories of acid and base, and understand the occurrence and

purification of metals

2. Learn the different properties of s- and p-block elements

Understand the preparation and properties of inorganic polymers,

4. Achieve knowledge on how to standardize, estimate and prepare inorganic compounds/metal
ions.

L

Unit—1I: Acids and Bases

Different concepts of acids and bases: Arrhenius theory, Bronsted-Lowry theory, Lewis
theory, The Lux- Flood definition, The Usanovich definition, acids and bases in proton
solvents, Concept of conjugate acid and conjugate base, Concept of pH, Pearson’s
classification of Lewis acid and Lewis bases into Hard and Soft Acids and Bases (HSAB),
HSAB principle, application of HSAB principle.

Unit — II: Chemistry of s-Block Elements

General characteristics: melting point, flame colour, reducing nature, diagonal relationships
and anomalous behavior of first member of each group. Reactions of alkali and alkaline earth
metals with oxygen, hydrogen, nittogen and water. Common features such as ease of
formation, thermal stability and solubility of the following alkali and alkaline earth metal
compounds: hydrides, oxides, peroxides, superoxides, carbonates, nitrates, and suiphates.
Complex formation tendency of s-block elements: structure of the following complexes:
crown ethers and cryptates of Group I; Hydride and their classifications: ionic, covalent and
interstitial, EDTA complexes of calcium and magnesium. Solutions of alkali metals in liquid
ammonia and their properties.

Unit— III: Chemistry of p-Block Elements

Electronic configuration, atomic and jonic size, metallic/non-metallic character, melting
peint, ionization enthalpy, electron gain enthalpy, electronegativity, catenation, allotropy of C,
P, S; inert pair effect, diagonal relationship between B and Si and anomalous behavior of first
member of each group. interhalogen and pseudo halogen compounds, Structure, bonding and
properties  (acidic/basic nature, stability, ionic/covalent mature, oxidation/reduction,
hydrolysis, action of heat) of the following:

* Hydrides: hydrides of Group 13 (only diborane), Group 14, Group 15, Group 16 and Group
17.

*  Oxides: oxides of phosphorus, sulphur and chiorine
°  Oxeacids: oxoacids of phosphorus and chlorine: per oxoacids of sulphur



3.1.2 Chemistry of halogen, oxygen and sulphur containing organic compounds

Credit 4
Full mark 100

Course Objectives:
To provide the knowledge on organic compounds containing halogen, alcohol, phenol, thiol, cther,
thioether, aldehydes, ketones, carboxylic acids and its derivatives as functional groups. Further to

know their preparation, properties and reactivity for developing the skills required for synthesizing a
target molecule from a given molecule.

Course Qutcomes:

1. Understanding on preparation, properties and reactions of haloalkanes, haloarencs, and organic
compounds containing C, H, O and S functional groups.

2. Basic knowledge on various name reactions and their mechanisms involving substitution,
addition, elimination and condensation.

3. Knowledge on functional group interconversion and synthetic applications of different organic
compounds.

4. Knowledge on various finctional group detection in organic compounds and preparation of
derivatives of functional groups.

Unit-I: Chemistry of Halogenated Hydrocarbons

Alkyl halides: Methods of preparation, nucleophilic substitution reactions — SN, SN2 and SNj
mechanisms with stereochemical aspects and effect of solvent and nucleophiles. substitution vs.
elimination.

Aryl halides: Preparation, including preparation from diazonium salts, nucleophilic aromatic
substitution; SNAr, Benzyne mechanism.

Relative reactivity of alkyl, allyl/benzyl, vinyl and aryl halides towards nucleophilic substitution
reactions.

Unit-Il: Alcohols, Phenols, Ethers and Epoxides

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 effecting it, Ring substitution reactions,
Reimer— Tiemarm and Kolbe’s—Schmidt Reactions, Fries and Claisen rearrangements with
mechanism;

Ethers and Epoxides: Preparation and reactions with acids, Reactions of epoxides with alcohols,
Ammonia derivatives and LiAIH,.

Sulphur containing compounds: Preparation and reactions of thiols and thioethers

Unit-INI: Carbonyl Compounds

Structure, reactivity and preparation. Nucleophilic additions, Nucleophilic addition-elimination
reactions with ammonia derivatives with mechanism; Mechanisms of Aldol and Benzoin condensation,
Knoevenagel condensation, Perkin, Cannizzaro and Wittig reaction, Beckmann rearrangements, o
halo-form reaction and Baeyer-Villiger oxidation, - substitution reactions, oxidations and reductions
(Clemmensen, Wolff-Kishner, LiAlH,;, NaBH,, MPVO.: Addition reactions of unsaturated carbonyl
compounds: Michael addition.



3.1.4 Phase equilibrium, Chemical dynamics, catalysis and surface chemistry

Credit 4
Full mark 100

Course Objectives:
This course is offered by School of Chemistry as a core subject for the B.Se. programme, with an
emphasis on fundamental understanding phase equilibrium and chemical kinetics. The objective
of this course is to develop basic and advance concepts regarding of Surface chemistry and
catalysis. It aims to study the similarity and differences between adsorption isotherms and
reasons responsible for these. The objective of the practical is to develop skills for working in
physical chemistry laboratory pertaining to kinetics & adsorption isotherms. The student will
perform experiments based on the concepts learnt in Physical chemistry-ITT course,
Course Qutcomes:
By the end of the course, the students will be able to:

1.

Establish the phase rule for one, two component systems, eutectics; and its thermodynamic
derivation; fundamentals of physical transformation of pure materials.

Interpret chemical kinetics of chemical reactions and its impact on reaction mechanism.
Differentiate between homogenous and heterogenous catalysis & Acid Base Catalysis, differentiate
between Physical adsorption, chemisorption and various adsorption isotherms.

Determine distribution coefficicnts of solution mixtures, Interpret and use data generated
from kinetic studies by graphical and experimental methods,

Unit-I: Phase Equilibria-I

Concept of phases, components and degrees of freedom, derivation of Gibbs Phase Rule for
nonreactive and reactive systems; Clausius-Clapeyron equation and jts applications to solid-
liquid, liquid-vapour and solid- vapour equilibria, phase diagram for one component systems, with
applications (H20 and sulphur system). Phase diagrams for systems of solid-liquid equilibria
involving eutectic (Pb-Ag system, desilverisation of lead), congruent (ferric chloride-water) and
incongruent (sodium sulphate- water) melting points,

Unit-II: Phase Equilibria-IT

Three component systems, water-chloroform-acetic acid system, triangular plots.

EBinary solutions: Gibbs-Duhem-Margules equation, its derivation and applications to fractional
distillation of binary miscible liquids (ideal and non-ideal), azeotropes, partial miscibility of
liquids, CST, miscible pairs, steam distillation. Nernst distribution law: its derivation and
applications,



3.1.4 Chemistry of Organometallic Compounds

Credit4

Full mark 100
Course Objectives

To provide the basic knowledge and cutting-edge developments in the field of organometallic
chemistry. This includes the classification of organometallic compounds, the concept of hapticity and
the 18-electron rule governing the stability of a wide vatiety of organometallic species. Specific
organometallic compounds are studied in detail to understand the basic concepts. It familiarizes the
versatility of phosphine/NHC ligands as well as metathesis reactions. It provides much fundamentals
about the qualitative inorganic analysis having multiple radical mixtures.

Course Qutcomes:

1. Understand the basic concepts of organometallic compounds pertaining to their synthesis,
structure and bonding

2. Understand the mechanistic phenomena of organometallic based catalytic reactions

3. Get knowledge on the versatility of phosphine/NHC ligands, and industrially important
metathesis reactions.
4. Understand and explain the basic principles of qualitative inorganic analysis

Unit - I: Organometallic Compounds-I

Definition of organometallic compound, classifications, nature of metal-carbon bond,
nomenclature, the 18-electron rule, Concept of hapticity of organic ligands. Metal carbonyls:
electron counting of metal carbonyls of 3d series. General methods of preparation (direct
combination, reductive carbonylation, thermal and photochemical decomposition) of mono and
binuclear metal carbonyls of 3d series. Structures of mononuclear and binuclear carbonyls of Cr,

Mn, Fe, Co and Ni using VBT. n-acceptor behaviour of CO (MO diagram of CO to be discussed),
synergic effect and use of IR data to explain extent of back bonding, Zeise’s salt: preparation and
structure, evidence of synergic effect and comparison of synergic effect with that in carbonyls

UNnit — I: Organometallic Compounds-II

Metal Alkyls: Important structural features of methyl lithium (tetramer) and trialkyl aluminium
(dimer), concept of multicentre bonding in these compounds. Role of triethyl aluminium in the
polymerisation of ethene and propylene (Ziegler — Natta Catalyst). Ferrocene: preparation and
reactions (acetylation, alkylation, metallation, Mannich condensation, nitration, halogenation, sitylation,
borylation,sulphonation), structure and aromaticity, comparison of aromaticity and reactivity with that
of benzene. Fluxional molecules. Concept of coordinative unsaturation, oxidative addition, reductive
elimination, insertion reaction, migratory insertion, intramolecular hydrogen transfer reaction, agostic
interaction.

Unit — ITI: Organometallic Catalysis

General idea of catalysis, turnover number (TON), turnover frequency (TOF), hydrogenation of
alkenes using Wilkinson's catalyst, Tolman catalytic loop, hydroformylation of alkenes {using cobalt
catalyst), enantioselective hydrofomylation, wacker process, mosanto acetic acid synthesis, cativa
process, hydrosilylation reactions, reduction of carbon monoxide by hydrogen (Fischer-Tropsch
reaction). Concept of Pd-catalyzed cross-coupling reactions.

Unit —IV: Neutral Spectator Ligands and Metathesis Reactions

Steric and electronic structure of phosphine ligands, basicity of phosphine, monodentate and
multidentate phosphines, cone angle, bite angle, N-heterocyelic carbenes (NHC), synthesis of NHC,



3.2.1 Pharmaceutical, Fermentation, and Pesticides

Credit 4
Full mark 100

Course Objectives:
The objectives are to introduce students to a basic understanding of drugs and pharmaceuticals with a
synthetic approach to some representative drugs; to introduce the foundational principles of
fermentation processes, and to develop an understanding of pesticide formulation and impact. This
course also aimed to prepare students for careers in applied science and industrial manufacturing.
Course Qutcomes;

1. To describe the systematic approach involved in the design and development of drugs,

2. Acquire a critical knowledge of the synthetic techniques of drugs.

3. Explain the fermentation processes for the synthesis of antibiotics and natural products.

4. To explain the synthesis, properties, uses and adverse effects of pesticides

Unit-I: Drugs & Pharmaceuticals — I

Drugs & Pharmaceuticals, sources and classification of drugs, drug discovery, design and
development, drug-target interaction, therapeutic action of different classes of drugs.

Basic Retrosynthetic approach, synthesis of the representative drugs of the following classes: analgesic
agents, antipyretic agents, anti-inflammatory agents (Aspirin, paracetamol, ibuprofen)

Unit-II: Drugs & Pharmaceuticals - I

Synthesis of some more representative drugs: Antibiotics (Chloramphenicol); antibacterial and
antifungal agents (Sulphonamides: Sulphacetamide, Trimethoprim); antiviral agents (Acyclovir),
Central Nervous System agents (Phenobarbital, Diazepam), Cardiovascular (Glycerol triturate),
antilaprosy (Dapsone), HIV-AIDS related drugs (AZT-Zidovudine).

Unit-1II: Fermentation:

Aerobic and anaerobic fermentation. Production of (1} Ethyl alcohol and citric acid, (ii) Antibiotics:
Penicillin, Cephalosporin, Chloromycetin and Streptomycin, (i) Lysine, Glutamic acid, Vitamin B2,
Vitamin B12 and Vitamin C.

Unit-IV Pesticides

Introduction, types of pesticides (Insecticides, Herbicides), natural and artificial pesticides, benefits
and adverse (toxic) effects, structure-activity relationship. Biopesticides, uses and future perspectives.
Synthesis and technical manufacture and uses of representative pesticides in the following classes:
Organochlorines: Gammexene, Organophosphates (Malathion, Parathion, pyrethroids), Carbamates
(Carbofuran and carbaryl); Quinones. Pheromones, repellents and

rodenticides.

List of experiments:

Preparation of Aspirin

Estimation of aspirin.

Preparation of magnesium bisilicate (Antacid)

Determine the acid-neutralising capacity of a commercial antacid tablet. (By back titration
method)

o



3.2.2  Inorganic chemicals of industrial importance
Credit 4
Full mark 100

Course Objectives: The aim is to teach the students about fertilizers, surface coating, silicate
industries, etc. They will also be provided with knowledge of the characterization of some industrial
compounds and their preparations.

Course Outcomes: Students will gain an understanding of

e Properties and the types of different glasses, ceramics, and cement,

e Different types and mamufacture of fertilizers, and composition of paint pigments.
s Alloy formulation, elements present in alloys, different types of steel, etc.

They will be able to prepare some industrial chemical compounds.

Able to analyse the components in some of the industrial produets.

Unit I: Silicate Industrics

Glass: Glassy state and its properties, classification (silicate and non-silicate glasses).

Manufacture and processing of glass. Composition and propettics of the following types of glasses:
Soda lime glass, lead glass, armoured glass, safety glass, borosilicate glass, fluorosilicate, coloured
glass, photosensitive glass.

Ceramics: Important clays and feldspar, ceramic, their types and manufacture. High technology
ceramics and their applications.

Cements: Classification of cement, ingredients and their role, Manufacture of cement and the

sefting process, quick-setting cements.

Unit TI: Fertilizers

Different types of fertilizers. Manufacture of the following fertilizers: Urea, ammonium nitrate,
calcium ammonium nitrate, ammonium phosphates; polyphosphate, superphosphate, compound and
mixed fertilizers, potassium chloride, potassium sulphate.

Chemical explosives: Origin of explosive properties in organic compounds, preparation and explosive
properties of lead azide, PETN, cyclonite (RDX). Introduction to rocket propellants.

Unit IIT: Surface Coatings

Objectives of coating surfaces, preliminary treatment of surfaces, classification of surface coatings.
Paints and pigments: formulation, composition and related properties. Qil paint, Vehicle, modified oils,
Pigments, toners and lakes pigments, Fillers, Thinners, Enamels, emulsifying agents. Special paints
(Heat retardant, Fire retardant, Eco-friendly paint, Plastic paint), Wax polishing, Water and Oil paints,
additives, Metallic coatings, metal spraying and anodizing.

Unit IV: Alloys

Classification of alloys, ferrous and non-ferrous alloys, and Specific properties of elements in alloys,
Manufacture of Steel (removal of silicon, decarbonization, demanganization, desulphurization,
dephosphorization) and surface ireatment (argon treatment, heat treatment, nitriding, carburizing).
Composition and properties of different types of steels,



MDC1: Nuclear and Radiation Chemistry

Credit 3

Full mark 100
Learning objectives:

The objective of this course is to provide a comprehensive understanding of the foundational principles
of nuclear chemistry and nuclear reactions, to study the different types of nuclear reactors,
measurement of radioactivity, and to provide the elementary ideas of radiation chemistry. Additionally,
this course covers some real-world applications to emphasise the importance of nuclear and radiation
chemistry in various sectors.

Outcome

L. Explain the basics of nuclear chemistry, radioactive decays, and nuclear reactions.
Acquaint with the principles and working of different types of nuclear reactors.
Understand the principles and working of different radioactivity detector systems.
Illustrate an elementary idea of radiation chemistry and radiolysis of water
Comprehends the scientific and industrial applications of radioactive clements and isotopes

LU

Unit-1: Fardamentals of nuclear chemistry

Nucleus and its classification, nuclear forces, nuclear stability, binding energy, nuclear models.
Radioactive decay (Radicactive elements, general characteristics of radioactive decay, decay kinetics -
decay constant, half life, mean life period), units of radioactivity, Transient and secular equilibria,

Nuclear reactions: Bethe notation, types of nuclear reactions (n, p, @ d and ¥), conservation of
quantities (mass-encrgy and linear momentum) in nuclear reactions, reaction cross-section, compound
nucleus theory and nuclear reactions,

Unit-I1:

Nuclear reactors: Types of nuclear reactions, nuclear fission, nuclear fusion, nuclear reactor:
classification of reactors, the natural uranjum reactor, breeder reactor. nuclear fusion and stellar energy.

Measurement of radioactivity: idea about accelerators and detectors, Van de Graaf and linear
aceelerators, synchrotrons, Geiger-Muller detector, Scintillation detectors,

Unit-I1X:

Radiation chemistry: Elementary ideas of radiation chemistry, radiolysis of water and aqueous
solutions, unit of radiation chemical yield (G-value), radiation dosimetry (Fricke’s imeter), units of
radiation energy (Rad, Gray, Rontgen, RBE, Rem, Sievert).

Nuclear pollution and safety: Interaction of radiation with matter, Radiolysis of water, Radiation
dosimetry, disposal of nuclear waste.

Unit IV: Applications of nuclear chemistry in selective fields:

Energy Generation: Nuclear fusion and fission

Analytical Methods: Radioactive isotopes, Isotope dilution analysis, Neutron Activation Analysis
{NAA), charged particle activation analysis, radiocarbon dating and geological dating

Medicine and healthcare: Medical isotopes, diagnostic imaging, and radiation therapy.

Agriculture and Food Science: Food irradiation, pest control, crop mutation breeding



SEC-I: Corrosion and Prevention
Credit 3

Full mark 100
Course Objectives:

Most of the industries such as chemical, mining and petroleum industries are facing the corrosion
problems. In a recent survey made in India it was estimated that the annual loss due to corrosion is
approximately 3 — 4% loss of the GDP. The course is offered to impart: Knowledge about the problem
faced by industries, Develop understanding about the mechanism and process of corrosion, Knowledge
about various methods for protection against corrosion. The scientific principles and methods that
underlie the cause, detection, measurement, and prevention of many metal corrosion problems in
engineering practice.

Course Qutcomes:

l.  To obtain detailed understanding of corrosion science and technology, basic theory and
correlation with materials degradations
2. Students should able to solve the problems related to corrosion analysis and to design a suitable
material for causes
3. To examine corrosion reliability issue in industry using corrosion instrument and standards
4. Corrosion data interpretation, analysis, and integration and Understand the criteria for determining
corrective action for high-level corrosion problems within various industrial systems
UNIT-I:
Definition of corrosion, Cotrosion Damage, Classification of corrosion, Electrochemical Aspects,
Electrochemical Reactions, Mixed Potential Theory
UNIT-Ii:
Polarization, Passivity, Environmental Effects, Effect of Oxygen and Oxidizers, Effect of
Temperature, Effects of Corrosive Concentration, Effect of Galvanic Coupling Using Mixed Potential
Theory
UNIT-INI:
Corrosion Testing: Standard Expressions for Corrosion Rate, Galvanic corrosion, Erosion Corrosion,
Crevice Corrosion, Intergranular Corrosion, Pitting, Siress Corrosion. Tafel and Linear Polarization,
AC Impedance, Small-Amplitude Cyclic Voltammetry. Paint Tests, Sea Water Tests. Interpretation of
Results
UNIT-IV
Materials Selection, Alteration of Environment, Design, Cathodic and Anodic Protection, Coatings,
High-Temperature Corrosion and Mechanisms and Kinetics, High-Temperature Materials, Corrosion
problems in selected industry
Text Books:
1. Mars G. Fontana, Corrosion Engineering, 3rd edition, McGraw-Hill Book Company, 1986
2. David Talbot and James Talbot, Corrosion Science and Technolo gy, CRC Press, New York, 1998
3. H. H. Uhlig and R. W. Revie, Corrosion and Corrosion Control, Wiley (NY) (1985)
Reterence Books:
1. K.E. Perumal and V.S. Raja, Corrosion Failures: Theory, Case Studies, and Solutions™ 1st edition,
Joln Wiley & Sons, USA
2. ASM Handbook Vol-13 (A, B & C)



SEMESTER-TV

4.1.1 Coordination Chemistry, Chemistry of d- and £-block elements, Inorganic Reaction
Mechanism and electron transfer reactions

Credit 4
Full mark 100

Course Objectives:

To provide the knowledge on the coordination compounds which find manifold applications in the
diverse fields such as industrial catalysis, metallurgy, pharmaceutical industry, paints and
pigments. Studenis will achieve the knowledge about the diverse kinetic aspects of the
coordination compounds. They will also be familiarized with the chemistry of d- and f-block
elements and get an idea about horizontal similarity in a periodin addition to vertical similarity in
a group. Besides, the idea of inorganic reaction mechanism and the importance of eleciron
transfer reactions have been reviewed. Synthesis and estimation of inorganic compoundshave
been included to enhance the practical skill of students in this regard.

Course Outcomes:

1. Understand the chemistry of coordination compounds, and d- and £-Block elements.

2. Explain magnetic properties and colour of complexes on the basis of Crystal Field Theory.

3. Understanding the fundamental importance of inorganic reaction mechanism and
electron transfer reaction

4. Achieved the knowledge of the preparation of inorganic complex, estimation by EDTA
method and gravimetric method.

Unit — I: Coordination Chemistry

Werner’s Coordination theory, JUPAC nomenclature of coordination compounds, isomerism in
coordination compounds with coordination numbers 4 and 6. A brief idea about chelate effect, and
labile and inert complexes. Valence bond theory and its application to complexes of coordination
numbers 4 and 6. Examples of inner and outer orbital complexes. Crystal field theory and its
application, measurement of Ao. Calculation of CFSE in weak and strong fields, concept of
pairing energies, factors affecting the magnitude of Ao. Qctahedral vs, tetrahedral coordination,
tetragonal distortions from octahedral geometry, Jahn-Teller theorem, square planar geometry.

Qualitative aspect of Ligand field theory, and MO Theory (bonding and antibonding
interactions, idea about ¢, o*, m, #*, n —MO).

Unit — II: Chemistry of d- and f-Block Elements

Chemistry of transition metals: General group trends with special reference to electromic
configuration, colour, variable valency, magnetic properties (no temperature dependence),
catalytic properties, and ability to form complexes. Distinction among the first, second and third
transition series. Chemistry of Ti, V, Cr, Mn, Fe and Co in various oxidation states (excluding
their metallurgy). Some importantcompounds of Cr, Mn, Fe and Co and their roles as laboratory
reagents; Potassjum dichromate, potassiumpermanganate, potassium ferrocyanide, potassium
ferricyanide, sedium nitroprusside and sodium cobaltinitrite. Chemistry of Lanthanides and
Actinides: electronic configuration, oxidation states, colour, spectral and magnetic properties.
Lanthanide contraction (causes and effects), separation of Janthanides by ion exchange method.



4.1.2 Natural Products, Heterocyclic Compounds, Nitrogen containing compeunds and
Polynuclear Hydrocarbons

Credit4
Full mark 100

Course Objectives:
Imparting information on natural products, nitrogen based organic compounds, heterocyclic
compounds and polynuclear hydrocarbons with their chemical properties and structura)
elucidation. Imparting hands on training in estimation and analysis of organic compounds.

Course Qutcomes:

L.

Gaining knowledge on preparation, properties and synihetic application of nitrogen

containing compounds including diazonium salts.
2. Understanding on isolation and structural clucidation of natural products and heterocyclic
compounds and their chemical reactions.
Knowledge on structure and properties of fused aromatic compounds.
4. Learning on various procedures of estimation of organic cormpounds.

Unit-I: Nitrogen Containing Functional Groups
Amines: Effect of substituent and solvent on basicity; Preparation from nitro and nitriles and
properties: Gabriel phthalimide synthesis, Carbylamine reaction, Mannich reaction,
Hoffmann’s exhaustive methylation, Hofmann-elimination reaction; Distinction between 1°,
2° and 3° amines with Hinsberg reagent and nitrous acid.
Diazonium Salis: Preparation and their synthetic applications.
Unit-11: Dyes and Polynuclear hydrocarbon derivatives

Classification, colour and constitution; Mordant and Vat dyes; Chemistry of dyeing. Synthesis
and applications of: 4zo dyes — Methyl orange and Congo red (mechanism of Diazo coupling);
Triphenylmethane dyes- Malachite Green, and crystal violet; Phthalein dyes— Phenolphthalein
and Fluorescein. Edible dyes with example.

Preparation of Polynuclear Hydrocarbons: Reactions of naphthalene, anthracene,
phenanthrene, acenaphthene, pyrene. Preparation and their structure elucidation {naphthalene)
and important derivatives of naphthalene and anthracene.

Unit-IIT: Heterocyclic Compounds

Classification and nomenclature, Structure, aromaticity in S-numbered and 6-membered rings
containing one heteroatom, Reaction and mechanism of substitution reactions of Furan,
Pyrrole, Thiophene and Pyridine. Synthesis of Pyrrole (Paal-Knorr synthesis, Knorr pyrrole
synthesis), Furan (Paal Knorr synthesis, Fiest- Benary Synthesis), Derivatives of Furan;
Furfural and Furoic acid (preparation only) Pyridine (Hantzsch synthesis). Pyrimidine
(synthesis fiom B-keto acid), Bicyclic Heterocyclic compound: Indole (Fischer indole synthesis
and Madelung synthesis) Quinoline (Skraup synthesis, Fricdlander Synthesis).

Unit I'V: Natural Products

Natural occurrence, Genmeral structural features, Isolation and their physiological action.
Hoffmann’s exhaustive methylation, Emde’s modification, Structure elucidation, synthesis and
medicinal importance of Hygrine, Nicotine, Quinine and Morphine, Terpenes: Occurrence,



4.1.3 Conductance, electrochemistry, electrical properties of atoms and melecules

Credit 4

Full mark 100
Course Objectives:

This course offers in introductory knowledge of ¢lectrolytic conductance depth knowledge of
electrochemical cells. Students are expected to have background knowledge in physical
chemistry and mathematics up to the +2 level for this course. The objective of the practical is to
develop skills for working in physical chemistry laboratory.

Course Qutcomes:

By the end of the course, the students will be able to:

1. The text provides an in-depth analysis of the conductance nature of electrolytic solutions,
their thermodynamics, Debye-Huckel theory, ionic strength, mean ionic activity coefficient,
and the Debye- Huckel limiting law.

2. Explain dynamic electrochemical processes and skill development to analyse it.

Understand the dynamic electrochemical processes and skill development to analyse it.

4. Develop skill to solve problems on Electrochemical Cells, electrode potentials, emf &
solubility product measurements, potentiometric titrations, pK and pH measurements.

(%]

Unit-I: Conductance-I

Arrhenius theory of electrolytic dissociation. Conductivity, equivalent and molar conductivity and
their variation with dilution for weak and strong clectrolytes. Molar conductivity at infinite dilution.
Kohlrausch law of independent migration of ions. Debye-Hiickel-Onsager equation, Wien effect,
Debye-Falkenhagen effect, Walden’s rules.

Unit-IT: Conductance-I{

Ionic velocities, mobilities and their determinations, transference numbers and their relation to ionic
mobilities, determination of transference numbers using Hittorf and Moving Boundary methods.
Applications of conductance measurement: () degree of dissociation of weak electrolytes, (ii) ionic
product of water (jii) solubility and solubility product of sparingly soluble salts, (iv) conductometric
titrations, and (v) hydrolysis constants of salis.

Unit-III: Electrochemistry-I

Quantitative aspects of Faraday’s laws of electrolysis, rules of oxidation/reduction of ions based on
half-cell potentials, applications of electrolysis in metallurgy and industry.

Chemical cells, reversible and ireversible cells with examples. Electromotive force of a cell and its
measurement, Nernst equation; Standard electrode (reduction) potential and its application to different
kinds of half-cells. Application of EMF measurements in determining free energy, enthalpy and
entropy of a cell reaction, (ii) equilibrium constants, and (iii) pH values, using hydrogen, quinone-
hydroquinone, glass electrodes.

Unit-IV: Electrochemistry-I1

Concentration cells with and without transierence, liquid junction potential; determination of activity
coefficients and transference numbers. Qualitative discussion of potentiometric titrations (acid-base,
redox, precipitation). Electrical properties of atoms and molecules: Basic ideas of electrostatics,
Electrostatics of dielectric media. Clausius-Mosotti equation and Lorenz-Laurentz equation {no
derivation), Dipole moment and molecular polarizabilities and their measurements.



4.2.1 Basic quantum chemistry, Molecular & electronic spectroscopy and photochemistry

Credit 4
Fuall mark 100

Course Objectives:
This course is offered by School of Chemistry as a core subject for the B.Sc. pro gramme, with an
emphasis on fundamental understanding of Quantum chemistry, molecular spectroscopy, and
photochemistry. Students are expected to have background knowledge in mathematics up to the
+2 level for this course. The objective of the practical is to develop skills for working in pheysical
chemistry laboratory. The student will perform experiments based on the concepts learnt in
Physical chemistry-V course.
Course Outcomes:
By the end of the course, the students will be able to:
1. Understand the postulates of quantum mechanics, Construct the Schrédinger wave equations for 1-
D box, 3- D box, Rigid rotor, and SHO and able to interpret the solution of Schridinger cquation.
2. Understand LCAO-MO compare with VBT of H2 molecule. Apply the fundamentals of Quantum
mechanics to interpret molecular spectroscopy.
3. Calculate quantum yield of photochemical reactions.
4. Interpret the data obtained from graphical methods of Lambert-Beer’s law experiments and
corelate with UV-Vis spectroscopy.
Unit-I: Quantum Chemistry-I
Quantum mechanical operators, Postulates of quantum mechanics, Schrédinger equation and its
application to particle in one-dimensional box {complete solution) - quantization of energy levels,
zero-point energy, normalization of wave functions, probability distribution functions, nodal
properties. Extension to three- dimensional boxes.
Qualitative treatment of simple harmonic oscillator model of vilbrational motion: Seiting up of
Schrédinger equation and discussion of solution and wave functions. Vibrational energy of diatomic
molecules and zero- point energy.
Rigid rotator model of rotation of diatomic molecule: Schridinger equation, transformation to
spherical polar coordinates. Derivation of rotational energy expression of diatomic molecule.
UNIT-II Chemical Bonding
Chemical bonding: Covalent bonding, valence bond and molecular orbital approaches, LCAQ-

MO treatment of H, . Bonding and antibonding orbitals. Qualitative extension to Ha.
Comparison of LCAQO-MO and VB treatments of H, (only wave functions, detailed solution not
required) and their limitations. Localized and non- localized molecular orbitals treatment of
triatomic {BeH,, H,O) molecules.

Unit-IIX: Molecular Spectroscopy

Interaction of electromagnetic radiation with molecules and various types of spectra; Born-
Oppenheimer approximation.

Rotation spectroscopy: Selection rules, intensities of spectral lines, determination of bond lengths of
diatomic molecules, isotopic substitution.

Vibrational spectroscopy: Classical equation of vibration, computation of force constant, amplitude of
diatomic molecular vibrations, anharmonicity, Morse potential, dissociation energies, fundamental
frequencies, overtones, hot bands, degrees of freedom for polyatomic molecules, modes of vibration.
Vibration-rotation spectroscopy: diatomic vibrating rotator, P, Q, R branches.



4.2.2 Solid and porous materials, and magnetochemistry

Credit 4

Marks 100
Course Objectives:

To provide a basic understanding of the solid and porous materials with their diverse applications.
Students will learn about some inorganic solids of technological importance, in addition to synthesis,
characterisation and applications of different porous materials. It is also aimed to provide a basic
understanding of magnetochemistry and molecular magnetism.

Course Qutcomes:

1. Learn about the different inorganic solid materials, including theory and methods for the
development of new materials with desired properties.

2. Know how pores can influence the properties of materials

3. Demonstrate an increased knowledge and understanding of magnetochemistry with critical
thought and achieve the ability to analyze magnetochemical studies and data

4. Explain the principles that underlie the ability of various power cells and develop new idea of
constructing power cell

5. Synthesis of materials/porous materials (Sol-gel, hydrothermal, microwave). (Similarly other
materials synthesis can be designed).

Unit —I: Inorganic solids of technological imporiance

Semiconducting and superconducting oxides: Introduction, general characteristics, and applications
Solid electrolytes: Introduction, fast ion transport; classification, synthesis, and properties of solid
electrolytes. Specific applications in solid-State batteries, fuel cells, and gas sensors.

Silicate materials: Clays: Introduction, types with examples, characteristics and major applications.

Unit — II: Porous materials
Introduction, classification of pores (micro-, meso-, and macro-porous materials with examples),

Introduction, types, synthesis, and key properties of some advanced porous materials: Zeolites,
Mesoporous silica, Metal organic frameworks (MOFs), Covalent organic frameworks. Characterization
of porous materials: Surface and porosity analysis by gas adsorption (BET method).

Unit-II: Applications of porous materials

Some special applications of the above porous materials in the fields: Petroleum refining, catalysis,
energy storage and conversion, gas storage (Hy/CO,), gas/solvent separation, water treatment, targeted
drug delivery, etc.

Unit-IV: Magnetochemistry

Magnetic substances: Terminology related to magnetic properties, classification, cooperative
magnetism, ferromagnetic substances and related aspects, application of hard and soft ferromagnetic
substances. Para-, ferro- and antiferro-magnetism: Temperature dependence of magnetic susceptibility,
Curie‘s Law and Curie-Weiss Law, Pathways of ferro- and antiferromagnetism, magnetic properties of
an electron, paramagnetism and thermal energy, spin-orbit coupling. Magnetic properties of compounds
of d- and f-block elements: concentrated and dilute systems, magnetically frustrated systems, single



MDC-2 Nanoscience and Nanotechnology

Credit 3
Full mark 100

Course Objectives:

This course aims to introduce the fiundamental concepts and importance of the emerging fields of
nanoscience and nanotechnology, with a focus on materials at the nanoscale, their preparation,
characterization and applications.

Course Outcomes:

Understand the fuindamental concept of nanodimensional materials.

- Learn the various synthetic methods of nanomaterials,

. Know different characterization techniques of nanomaterials and their principles.

Understand the important properties nanomaterials and stabilization of nanoparticles.

- Appreciate the recent applications of nanomaterials,

- Appreciate the recent applications of nanomaterials and gain interest in conducting research in the
field of nanoscience

LW

Unit-1: Basics of nanomaterials

Nanoscale regime and its importance, nano versus bulk, quantum confinement and its consequences,
nanoscale in 0D, 1D, 2D and 3D with examples, quantum dots, nanoparticles, nanostructures
(nanowires, thin films, nanorods), carbon nanostructures (carbon nanotubes, carbon nanofibers,
fullerenes), nanocomposites. Concepts of magnetic- and superparamagnetic nanoparticles. Properties
of nanomaterjals due to the effect of size and surface energy. Concept of stabilization of
nanoparticles (Electrostatic and steric).

Unit-II: Synthesis of nanomaterials

Concept of top-down and boltom-up approaches, synthesis of nanomaterial by top-down method:
high-energy ball milling and lithograph, bottom-up methods: Physical vapour deposition (PVD),
chemical vapour deposition (CVD), Ion sputtering, Electro-deposition. Solution-based chemical
methods of synthesis: chemical reduction, precipitation and co-precipitation, sol-gel synthesis, reverse
micelles, hydrothermal and solvothermal synthesis with examples. Bio-mediated synthesis.
Stabilization of nanoparticies.

Unit-II1: Properties and characterization of nanomaterials

Properties of nanomaterials: Optical, Magnetic, Electronic and mechanical. Use of the following
characterization techniques for manomaterials (Basic working principles and experimental data
obtained without instrumental details are to be covered): Powder X-ray diffraction, UV-visible
spectroscopy, Scanning Electron Microscopy (SEM), Transmission Electron Micrescopy (TEM),
Energy Dispersive X-ray Spectroscopy (EDX), X-ray Photoelectron Spectroscopy (XPS), Zeta
potential and Dynamic light scattering (DLS)



SEC-II: Biochemistry

Credit 3

Full mark 100
Course Objectives:

The objective of this course is to familiarize the student with various biomolecules interacting with metal
lons, biomolecular catalysis, and to get knowledge about the metabolism of various biomolecules.

Course Qutcomes

1. Imparting knowledge on various metal jons involved in biological processes.

2. Understanding the principle of catalysis and energetics in complex biochemical reactions.

3. Understanding of various enzymes and their functions in biology.

4. Gaining knowledge on metabolism of dietary and endogenous bio-macromolecules.

Unit-I:

Metal ions in biology:

General introduction to important metal ions (Na, K, Mg, Ca, Cu, Fe, Zn, Co and Mo) and their functions,
passive and active transport processes, Na+ /K+ pump, calcium pump, ionophores. Storage and transport
of iron, copper and zinec. Siderophores, ferritin and transferrin in regard to iron-storage and transportation.
Chemistry of porphyrin, iron porphyrins (heme proteins): hemoglobin (Hb), myoglobin (Mb) and their
behavior as oxygen carrier, 02 affinity, cooperativity and Bohr’s effect, heme protein as electron carrier
with particular reference to eytochrome-c and cytochrome-450, and cytochrome oxidase. Non-heme iron-
sulphur protein as electron carrier (rubredoxins and ferredoxin). Non-heme oxygen uptake protein
(hemerythrin and hemoeyanin). Chemistry of chlorophyll: Photosynthesis, the light and dark reaction.

Unit-II:

Biomolecular Catalysis:

Metal-activated enzyme and metalloenzyme. Biological significance and mechanistic aspects of
carboxypeptidase, carbonic anhydrase, blue-oxidases, non-blue oxidases, superoxide dismutase,
Catalases, peroxidases, structure and biolo gical functions of molybdenum nitro genase.

Unit-ITI:

Basic Bioorganic chemistry (11 hrs)

Basic considerations, proximity effects in organic chemistry, molecular adaptation- Bio~isosterism,
molecular recognition at the supra molecular level. Examples of some typical enzyme mechanism:
chymotrypsin, ribonuclease, lysozyme. Cofactors as derived from vitamins, coenzymes, prosthetic
groups, apoenzymes. Structure and biological functions of coenzyme A, Thiamine pyrophosphate,
pyridoxal phosphate, NAD*, NADP*, FMN, FAD, lipoic acid, Vitamin Bi,.

Mechanism of reactions catalyzed by cofactors. A Nucleophilic displacement on a phosphorous atom,
multiple displacement reaction and coupling of ATP cleavage to endergonic processes, transfer of
sulphate, addition and elimination reactions, enolic intermediates in the isomerization reactions,
cleavage and condensation, isomerization, rearrangement, carboxylation, decarboxylation.

Unit-IV:
Metabolism of biomolecules:
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List of experiments

1. Preparation of nylon-6,6 / Polyaniline

2. Preparations of pheno I-formaldehyde resin-novalac / phenol-formaldehyde resin resold.

3. Preparation of urea-formaldehyde resin

4. Redox polymerization of acrylamide

5. Precipitation polymerization of acrylonitrile

6. Determination of molecular weight by viscometry:

a. Polyacrylamide / Polystyrene
b. (Polyvinyl pyrolidine (PVP)

7. Determination of acid value/saponification value of a resin,

8. Determination of hydroxyl mumber of a polymer using colorimetric method.

9.  Estimation of the amount of HCHO in the given solution by sodium sulphite method

10. Analysis of some IR spectra of polymers ~ Identification of labelled peaks in IR

spectra of known polymer.
Text Books:

v V. R. Gowarikar, Jayadev Sreedhar, N. V. Viswanathan, Polymer Science 1 Edition,
New Age International Publishers, 1986,

v FPremamoy Ghosh, Polymer Science and T echnology: Plastics, Rubber, Blends and
Composites, 3'Edition, McGraw Hill Education, 2010,

v' P. Bahadur & N, V.Sastry, Principles of polymer science, Narosa Publishing
house, New Delhi2002



Unit-I'V: Examples of Green Synthesis/ Reactions and some real-world cases-II

Surfactants for carbon dioxide — replacing smog producing and ozone depleting solvents with CO2 for
precision cleaning and dry cleaning of garments; Designing of Environmentally safe marine antifoulant;
Rightfit pigment: synthetic azopigments to replace toxic organic and

Inorganic pigments; Synthesis of a compostable and widely applicable plastic (poly lactic acid) from com;
Development of Fully Recyclable Carpet: Cradle to Cradle Carpeting

Future Trends in Green Chemistry

Oxidizing and reducing reagents and catalysts; multifunctional reagents; Combinatorial green chemistry;

Proliferation of solventless reactions; Green chemistry in sustainable development. (Bio- diesel, bio-
ethanol ang biogas).

List of experiments

Acetylation of primary amine {Aniline to N-phenylacetamide) using Zn dust.

Nitration of salicylic acid by green method (Using calcium nitrate and acetic acid).

Bromination of acetanilide using ceric ammonium nitrate/KBr.

Microwave assisted nitration of Phenols using Cu(NO;),.

Detection of elements in organic compounds by green method (Sodium carbonate fusion)

Base catalyzed Aldo] condensation (Synthesis of dibenzalpropanone)

Vitamin C clock reaction using vitamin C tablets, tincture of iodine, hydrogen

peroxide and liquid laundry starch. Effect of concentration on clock reaction.

8. Photoreduction of benzophenone to benzopinacol in the presence of sunlight.

9. Diels Alder reaction in water: Reaction between furan and maleic acid in water and
at room teroperature rather than in benzene and refiux.

10. Preparation and characterization of nanoparticles (Cu,Ag) using plant extract,
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Text Books:
v P.T. Anastas & JK. Warner, Green Chemistry- Theory and Practical, Oxford
University Press 2000.
V' V.K. Ahluwalia & M. Kidwai.: New Trends in Green Chemistry, Anamalaya Publishers,
New Delhi 2004.

v' V. Kumar An Introduction to Green Chemistry, Vishal Publishing Co., 2015,
Reference Books:

v A.S. Matlack. Introduction to Green Chemistry, Marcel Dekker 2001.

v' 4 K. Das and M. Das, Environment Chemistry with Green Chemistry, Books and dllied
(P) Ltd. 2010.

v' RK. Sharma, LT. Sidhwani & M.K Chaudhari. LK. Green Chemistry Experiment:A

monograph International Publishing House Pvt Ltd. New Dellii. Bangalore CISBN978-
93- 81141-55-7, 2013.



7.1.3 Research Methodology

Credit 4
Full mark 100

Course Objectives:

To make the students aware of fundamental but mandatory ethical practices in chemistry. To
introduce the concept of data analysis. To learn to perform literature survey in different modes. To
make the students aware of safety bandling and safe storage of chemicals. To make students
aware about plagiarism and how to avoid it. To teach the use of different e-resources.

Course Qutcomes:
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By the end of the course, the students will be able to:
Follow ethical practices in chernistry
Do Data analysis
Literature survey in different modes
Use e-resources.
Avoid plagiarism, understand the consequences and how to avoid

Unit-1: Scope of Research, Research Databases and Metrics

Define research problem, review literature, formulate hypothesis, design research/experiment,
collect and analyse data, interpret and report, importance and future scope. Print Database
(traditional): Sources of information: Primary, secondary, tertiary sources; Digital: Databases
(modern source): Google Scholar, Web of science, Scopus, UGC INFONET, SciFinder, PubMed,
ResearchGate, E-consortium, e-books; EBSCO: e-Resources Gateway for Universities of Odisha
(odisha university | OSHEC | e-Resources for Universities and Colleges of Odisha); Research
metrics: Impact factor of Journal, h-index, i10 index, Altmetrics, Citation index; Author identifiers/
profiles: ORCID, Publons, Google Scholar, ResearchGate, VIDWAN.

Unit-II: Statistical tools and validation for chemists

Types of data, data collection-Methods and tools, data processing, hypothesis testing, Normal and
Binomial distribution, tests of significance: t-test, F-test, chi- square test, ANOVA, multiple range
test, regression and corrclation. Features of data analysis with computers and sofiwares -Microsoft
Excel, Origin, SPSS,

Unit-TII: Research and Publication ethics:

Ethics with respect to science and research, Scientific Misconducts: falsification, fabrication and
plagiarism, similarity index, software tools for finding plagiarism (Turnitin, Drillbit/Urkund etc),
redundant publications; Publication Ethics: Introduction, COPE (Committee on Publication Ethics)
guidelines; conflicts of interest, publication misconduct: problems that lead to unethical behaviour
and vice versa, types, violation of publication ethics, authorship and contributorship, predatory
publishers and journals; IPR - Intellectual property rights and patent law, commercialization, copy
right, royalty, trade related aspects of intellectual propetrty rights (TRIPS)

Unit-IV: Science Communications:

Types of scientific documents: Full length research paper, book chapters, reviews, short
communication, project proposal, Letters to editor, and thesis; Thesis writing — Windows and/or
linux operating system, programming fundamentals, basics of high level programming language-C



7.2.1 Oxidation, Reduction, Reagents, Rearrangements and Name Reactions

Credit 4
Full mark 100

Course Qutcomes:
After completing the course, students will be able to:
1. Explain the mechanism and synthetic application of oxidation reactions using different oxidising
agents KMnQs, CrOs, PCC, PDC, SeO., 0504, and peracids.
2. Describe selective reductions using NaBH,, LiAlHa, catalytic Ha, Wolff-Kishner, Clemmensen,
and dissolving metal reductions.
3. Select and justify the use of specific reagents for functional group interconversion,
protection/deprotection, and C-C bond formation. Include organometallics, coupling agents, and
Lewis acids.
4. Ilustrate mechanisms of different rearrangement and name reactions
Unit-I: Oxidation Reactions
Oxidation of (a) alcohols to carbonyls by chromium, manganese, aluminium, siiver, ruthenium,
DMSO, hypervalent iodine and TEMPO based reagents, (b) alkenes to epoxides by peroxides/per
acids, Sharpless asymmetric epoxidation, Jacobsen epoxidation, Shi epoxidation {c) alkenes to
carbonyls with bond cleavage by Manganese, Osmium, Ruthenium and lead based oxidants and
ozonolysis (d) alkenes to alcohols/carbonyls without bond cleavage, Wacker oxidation, selenium,
chromium based allylic oxidation process.

Unit-Ii: Reduction Reactions
Reduction reactions (a) in heterogeneous medium by Palladium/Platinum/Rhodium/Nickel
(Resenmund reduction) and in homogeneous medium (Wilkinson reaction). Noyori asymunetric
hydrogenation. (b) Metal based reductions using Li/Na in liquid ammonia (Birch reduction),
Sodium, Magnesium, Zinc, Titanium and Samarium. (¢) Reduction by hydride transfer reagents:
Aluminium alkoxide, Sodium borohydride (NaBH4), di-isobutylaluminium hydride (DIBAL-H),
Sodium cyanoborodydride, Lithium trialkylborohydride, reduction with hydrazine (Wolff-Kischner
reduction), reduction with trialkyltinhydride.

Unit-ITI: Reagents in Organic Synthesis
Functionalized Grignard Ireagents, organozine, organo-lithium, organocopper, organopalladium,
lithium diisopropylamide (LDA), Dicyclohexylcarbodiimide (DCC), organosilicon, organoborane,
organotin, crown ethers, Dichlorodicyano benzoquinone (DDQ), Osmium tetroxide, 1,3-Dithiane,
Trimethyl silyl iodide, Tri-n-butyl tin hydride,

Unit-IV: Rearrangement and Name Reactions
Nature of migration and migratory aptitude of groups in rearrangements reaction, Wagner-
Meerwein, Favorskii, Fries, Benzil-Bengzilic acid, Arndt-Eistert synthesis, Neber, Beckmann,
Hofmann, Schmidt, Lossen, Shapiro reaction, Von-Richter, Sommelet-Hauser rearrangement,
Wolff, Stevens reaction.



7.2.2 Chemistry of Biomolecules

Credit 4
Full mark 100

Course Objectives:

The objective of this course is to familiarize the student with biomolecules such as
carbohydrates, amino acids, proteins, peptides, lipids and enzymes. The student will
comprehend the structure, nomenclature, and properties of various biomolecules and their
functions in biological systems. It will also help the learners to build the concept of metabolism
by studying the chemistry and energetics of biomolecules in biochemical reactions.
Course Qutcomes
1. Imparting knowledge on various biomolecules with their detailed classification,
structure, nomenclature and functions.
2. Understanding the chemistry and energetics of food to energy conversion in biclogical
Systems.
3. Gaining knowledge on type of enzymes and their roles in metabolism of biomolecules in
various biochemical reactions.
4. Practically determine saponification value and iodine number of fat and oil and
determine the reducing andnon-reducing sugars by Benedict's reagent.

Unit-1:

Carbohydrate

Occurrence, classification (momno-, di- and poly- saccharides), chemical structure, constitution and
absolute configuration of glucose and fructose, epimers and anomers relationships, mutarotation,
determination of ring size of glucose and fructose, Haworth projections and Fischer projection
conformational structures, interconversions of aldoses and ketoses. Chemical properties of
monosaccharides and Killiani-Fischer synthesis and Ruff degradation; Synthesis of Disaccharides —
(Sucrose, Lactose and maltose) by condensation reactions.

Unit-I¥: Amino Acids, Peptides, Proteins and Nucleic acids

Amino acids: Classification, Synthesis, ionic properties and reactions. Zwitterions, pK, values,
isoelectric point and electrophoresis.

Peptides: Classification, Determination of their primary structures-end group analysis, methods of
peptide synthesis. Synthesis of peptides using N-protecting, C-protecting and C-activating groups-
Solid-phase synthesis.

Proteins: Structure of proteins, protein denaturation and renaturation.

Nucleic Acids: Components of nucleic acids, Nucleosides and nucleotides; Structure, synthesis and
reactions of: Adenine, Guanine, Cytosine, Uracil and Thymine; Structure of polynucleotides.

Unit-I: Lipids

Introduction to oils and fats, common faity acids present in oils and fats, role of lipids in our body,
structure and classification, importance of omega-3 and omega-6 fatty acids and their sources.
Physical and chemical properties of oils and fats, acid value, saponification value, iodine value,
smoke point, flash point, fire point, and specific gravity, Chemical reactions of oil and fat, rancidity,
conversion of oil to fat through hydrogenation, Baudouin test, Halphens test, Hexabromide test.



SEMESTER VIIT

8.1.1 Quantum chemistry & Statistical Thermodynamics

Credit 4

Full mark 100
Course Objectives:

This course is offered with an emphasis on fundamenta] understanding of Quantum
chemistry, molecular spectroscopy, and photochemistry. Students are expected to have
background knowledge in mathematics up to the +2 level for this course. The objective of
the practical is to develop skills for working in physical chemistry laboratory.
Course Qutcomes:
By the end of the course, the students will be able to:
1. Understand the approximation method encompassing Linear variation principle,
perturbation theory.
2. Apply HMO to different conjugated systems.
3. Acquire a firm knowledge of statistical methods, Ensambles, and apply the concept of
molecular partition functions to macroscopic systems.
4. Compare the thermodynamic properties of different statistics.

Unit-I:
Approximation Methods: The variation theorem, linear variation principle, Perturbation theory (first

order and non-degenerate). Applications of variation method and perturbation theory to the Helium
atom.

Unit-II;
Huckell theory of conjugated systems, Calculation of m-bond energy, delocalization energy,
electronic & charge density calculation, and bond order. Applications to ethylene, butadiene,
cyclopropanol radical, and cyclobutadiene.

Unit-I11:
Fundamentals of Statistical methods, Starling’s approximation, Statistical Thermodynamics:
mathematical & thermodynamic probability, Maxwell Boltzman distribution between partition
function. Types of Partition functions: translational, rotational, vibrational and electronic partition
functions.

Unit-IV;
Types of Statistics- Bose-Einstein statistics, Maxwell-Boltzman, Fermi-Dirac statistics. Calculation
of results of three types of statistics.

Text Books:
v' D. A. MeQuarrie, Quantum Chemistry, Viva Books, Reprint, 2011, Indian Student Edition
v’ Statistical Thermodynamics: M. C. Gupta, New Age Pvt Publication
v Statistical Mechanics and Thermodynamics, C. Garrod, Oxford Univ. Press, New York.

Reference Book:
v Atkin'’s Physical Chemistry: P. W. Atkins, J. D. Paula, Oxford University Press
v’ Statistical Mechanics, D. 4. McQuarrie, University Science Books, California.



8.1.2.A Pericyclic reactions, Photochemistry and Retrosynthesis

Credit 4
Full mark 100

Course Objective

Course Outcomes:
1. Understand the concepts related to organic Synthesis, mechanisms.

Apply their understanding about the photochemical reactions of industrial significance.

Evaluate the photochemical reactions based on the influence of the substifuents on substrate
molecules.

Design new photochemical reactions in order to achieve the required product(s).

AW

Unit-I: Pericyclic Reaction-J:
Molecular orbital Symmetry, Frontier orbitals of ethylene, 1,3-butadiene, 1,3,5-hexatriene and allyl
system. Classification of pericyclic reactions. Woodward-Hoffinann rules, Correlation diagrams, FMO

and PMO approaches. Electrocyclic reactions - Conrotatory and disrotatory motions, 4n, 4n+2 and ally]
Systems.

Unit-IT: Pericyclic Reaction-II:

Cycloaddition reactions - Suprafacial and antarafacial additions, 4n and 4n+2 systems, Correlation
diagrams and FMO method, Allowed and forbidden reactions. Diels-Alder reactions: retro Diels- Alder
reaction- FMO mechanism for endo- and exo-selectivity, stereochemistry, inter- and intramolecular
reactions.

Sigmatropic rearrangements: [i,j] H-shifts and C-shifts, Supra and antarafacial migrations, retention and
inversion of configurations, Sommelet—Hauser, Claisen, thio-Claisen, Cope, Oxa and aza-Cope
rearrangements, Ene reaction.

Unit-111: Photochemistry:

First order Photochemical processes  Light absorption, Fluorescence and Phosphorescence.
Photochemistry of Alkene: Isomerization, Intramolecular reactions of the olefinic bond,di-n- methane,
oxa di-n- and aza di-m-methane rearrangements, Photochemistry of vision, Photochemistry of Carbonyl
compounds: Norrish type I and 11 reaction, Paterno-Buchi reaction, Photoreduction. Photochemistry of
Arenes: Photochemical aromatic substitution, addition and isomerisation reaction. Photo-Fries reactions of
anilides, Barton reaction, the mechanisms of reactions involving fiee radicals- Sandmayer, Gomberg-
Bachmann, Pschorr, Ulmann and Hunsdiecker reactions. Singlet molecular oxygen reactions.

Unit-IV: Retrosynthesis:

An introduction to synthons and synthetic equivalents, disconnection approach, functional group
interconversions, the importance of the order of events in organic synthesis. one group C-X and two group
C-X disconnections, chemo selectivity, reversal of polarity, cyclisation reactions. One Group C-C
disconnection: Alcohols and carbonyl compounds, regioselectivity, Alkene synthesis, use of acetylenes
and aliphatic nitro compounds in organic synthesis. Two group C-C Disconnections:

Diels-Alder reaction, 1,3-difunctionalised compounds, o, B- unsaturated carbonyl compounds, control in
carbonyl condensations, 1,5-difonctionalised compounds. Michael addition and Robinson annuiation.



8.1.2.B Chemical group theory, electronic Spectra of metal complexes, and nuclear chemistry

Credit 4
Full mark 100

Course Objectives:

To provide basic knowledge on Symmetry of molecules applied through mathematical group theory.
Gives idea about the electronic transitions between d-orbitals, L-§ coupling, qualitative Orgel
diagrams for different d systems, selection rules for electronic Spectral transitions, charge transfer

Course Qutcomes:

1. Learn a significant knowledge on formal group theory for understanding molecular
spectroscopy.

2. Explore the fundamentals of electronic spectra of coordination complexes.

3. Understand the stability of nucleus and its reactions, and the applications of radioisotopes in
different fields.

4. Achieve the knowledge on quantitative estimation of important Ingredients in various

commonly used products, and also get the synthetic skills of preparing key inorganic
compounds

Unit - I: Fundamentals of group theory
Symmetry operation, Symmetry element, classification of Symmetry elements, definition of
group, subgroup, cyclic groups, molecular point groups, group multiplication table, group
generators, symmetry of platonic solids, conjugacy relation and classes, matrix representation of
symmetry elements.



V' D. Gabel R Moss, Boron Neutron Capture Therapy: Toward Clinical
Trials of Glioma Treatment, Springer-Verlag New York Inc., Ist Fd
2012,

V' A.J Elias, General Chemistry Experiments, University Press, 2007,

v Y. R Sharma, Modern Approach ro Practical Chemistry, Kalyani Publishers, 2008

v Vogel's Qualitative Inorganic Analysis, 7% Ed, Revised by G. Svehela, 4™
Ed., Person, 2007,



