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SEMESTER —1 (Total Marks 100, Credit 12)
Inorganic Chemistry — 1 (Core-I) Marks 50, Credit 6
Unit-1; Atomic Struciure and Nuclear Chemistry (16 L)

Nuclear Stability: neutron-proton ratio and Segre's chart, modes of decay and neutron proton-ratio,
packing fraction, mass defect and nuelear binding energy, magic number; Radioactive decay, units of
radioactivity, different modes of decay, half-life and average life of radioelements, radicactive

equilibrium, natural radioactive disintegration series, principles of determination of age of rocks and
minerals, radio carbon dating, disintegration series (Naturally occurring), group displacement law,
artificial radioactivity, nuclear fission, fusion reaction and spallation, nuclear energy and power
generation, application of radicactivity in analytical chemistry

Bolir's theory and its limitation, Sommerfeld theory (no derivation) and hyperfine splitting of spectral
lines, Bohr*s correspondence principle, de Broglie matter waves, penetration and quantum defects of
atomic arbitals, concept of atomic orbitals: shapes, radial and angular wavefunetion (qualitative idea),
radial distribution probability funection of s, p, d and [ orbitals (gualitative idea); significance of
different quantum numbers, many clectron atoms and ions: Pauh 5 exclusion prineiple, Hund's rule,

Aulbau principle; energy level of atomic orbitals and wriling of the electron configuration of atoms,
term symbals of atoms and ions (some illustrative cﬁﬂmplﬁ)

Unit-I1: Periodic Table and Periodic properties ‘ S (15 L)

Modem version of fthe periodic table and extépded periodic table, connection among
valency/oxidation number, electron distribution, positionof the elements

Periodicity of properties: atomic radii, ionig radii, covalenl radii, Vander Waals radii, ionization
energy, ionic potential, electron affinity, ;:lﬁctmucg,ﬂtwlry Pauling’s. Mulliken’s, Jaffe-Hinzes™ and
Allred-Rochow's scales: clectronegativity equalization principle, controlling factors, applications,
Effective nuclear charge {Slater’s rule, -::lfsmcfitmy caleulations), catenation. metallic and non-metallic
character R

Properties of boarder line eiemenls, #amndary periodicity, relativistic efTects, exchanse energy, inert
pair effect, diagonal relationship.: pbquhanty of the lirst and second row elements

Unit-111: Chemieal Bonding in Covalent Compounds {Preliminary Concept) {15 L)

Concept of hybridization: directional character of covalent bonds, cquivalent and non-equivalent
hybrid orbitals, Bent's rule, resonance effects and resonance energy, covalent bond energy and bond
length, Controlling factors; Valence Shell Electron Pair Repulsion theory (VSEPR): Shape of the
molecular species, stereochemically active lone pairs, VSEPR in the light of electron domain theory

Covalent radii (tetrahedral and octahedral); partial ionic character in covalent bonds, Pi-bonding: p - p
,p -d and d -d interaction, importance in controlling different molecular properties (C vs S, N vs P. O
vs S etc); -bonding in boron compounds, -bonding and properties of oxyacids of different nonmentals,
electron deficient Cowvalent bonds (Qualitative approach): 2c-le, 2c-3e, 3c-2e (H-bridge bond),
banana bonds, odd electron molecules

Unit-1V: Molecular Orbital Theory of Covalent Compounds und Some Aspecis of Covalent
Bonding {14 L)

Molecular orbital theory (MOT): LCAQ approach, shape and symmetry of the bonding and
antibonding molecular orbitals, symmetry elements of the sigma, pi and delta molecular orbitals, bond
orders, bond lengths
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Molecular orbital models for hemonuclear diatomic species, interaction of hybride alomic orbitals,
symmetry interaction among the Mos, conditions of LCAQ, bond order, molecular orbital models tor
heteronuclear diatomic species: CO, NO, HCI, ete and polyatomic species (e.g. H:0, BeH: COq. BF,
elc.). MOT of Inert gas componnds (3c-de bond)

Organic Chemistry — 1 (Core-11) Marks 50, Credit &

Unit-1: Classification and nomenclature (3 L)

Classification of organic compounds; Nomenclature with special reference to polycyclic, bridee-head,
aromatic, heterearomatic and heterocyclic compounds.

Unit-TI: Structure, bonding and properties of Organic molecules; Organie acid-bases (11 L)

Hybridisation of atomic orbitals; orbital picture of ethane, ethene, ethyne, allene and benzyne; state of
hybridisation and bonding properties; delocalised bonds, resonance. steric inhibition of resonance,
hyperconjugation, tautomerism, aromaticity, non-aromaticity and anti-aromaticity; Inductive and field
efteet; Dipole moment; Intermolecular forces of atiraction:- Sulutc Solvent interaction; Acid base
principles; Relation between structure and acidity & basicity; Effect of solvent on acids and bases:
Muolecular orbitals of ethylene, butadiene and ha:-'.atnene TIDM[} and LUMO concept.

T
‘ e

Unit-IIT: Organic reaction mechanism : An lnlrm.:lu'(:.t_mn (14 1L)
Homolysis and heteralysis of bands; Thermodynamies and kinetics of organic reactions, Transition
stale theory and Hammond's postulaie with energy profile: principle of microscopic reversibility,
kinetically and thermodynamieally controlled reactions; Primary and Secondary kinetic isotope
elfects: cross over experiments; Study of. B,e-actwe intermediates : Generation, shape, stability and
reactions of carbocations, carbanions, free ‘tedicals, arynes, ylides, carbenes and nitrenes;
classification of organic reactions, nut:li:n'ph |_:]_frﬂ,.and electrophiles.

Vs

Unit-TV: Aliphatic and aromatic. nuci&npl;lllc substitutions (12 L)

Free radical and nucleophilic subsht{mnns at sps Carbon; Sy, Swe, Spe Sy Sy reactions: WGP phase
lransfer catalysis; use of crown ether; functional group lransformations using Sp reaclions,
nucleophilic substitutions at sp: carbon.

Aromatic Sy processes : Addition — elimination mechanism, ArSy mechanism, elimination — addition
mechanism, orientation and reactivity.

Unit-¥ : Statie stereochemistry=1 (20 L)

Concept of constitution, configuration and conformation of organic molecules; ¢lements of symmetry,
symmetry operations, chirality and chiral centre(s), optical activity and optical isomerism, optical
rotation, optical purity, enantiomeric excess, racemisation. resclution of racemic acids, bases and
alcohols, confipurational nomenclature : /L, R/S, erythrolithreo ; stereochemical representation.
Fischer, Newman, Sawhorse, Flying wedge and their interconversions; Axial chirality of allenes,
biphenyls and their R/Y descriptions. Geometrieal isomerism @ eisitrans and E/Y nomenclature;
conformational isomerism : eclipsed, staggered, gauche arrangements; svoperiplaner, syoclinal,
anticlinal, antiperiplaner conformations, contormational analysis of ethane m-butane, 1, 2 dihaloethane
and ethylene glycol.
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SEMESTER - Il (Total Marks 100, Credit 12)
Physical Chemistry — I (Core-TTT) Marks 50, Credic 4
Unitl — 1: Properties of Gas (16 L)

ldea of distribution functions, properties of pamma functions, Maxwell’s specd 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 elassical
limit of molar heat capacity of gases

Collision of gas molecules, collision diameter, collision number and mean free path, frequency of
hinary collision in same and different molecules, wall collision and rate of effusion

Andrew's and Amagat’s plots, compressibility factor, van der Waals equation and its features, eritical
constants and critical state, Jaw of corresponding states, virial equation; significance of second virial
coefficient, Boyle temperature, Dieterici equation and its fealures

Unit — IT: Thermodynamics 1 (12 L)

Basic formalism, concept of thermal equilibrium and zeroth law of thermodynamics. state and path
funetions, partial derivatives and cyelic rule, concept of hear am‘l wm'k reversible and irreversible
processes, graphical representation of work done

First law, U and H as state functions, concept of Cp and Cwam.l their relations, Joule's experiment and
its consequence, isothermal and ndiabalic processes | J

Thermochemistry: Kirchofl"s equation, heal changes durmg plwum:ncltem1|cai processes at constant
P/V. bond dissociation encrgics, Bormn-Haber” 3cy-:]é

Unit — V: Properties of Fluids T (10 L)

General features of fluid flow {streamlln:band tiirbulent flows) Reynolds number, nature of viscous
drag for streamline motion, Newton®s oquatmn. Viscosity coefficient, kinctic theory of gas viscosily,

viscosity of gases vs liquids, Poiseuille’s equation and its derivation, temperature dependence of
viscosity, intrinsie viscosity, principle of determination of viscosity coefficients of liquids by Ostwald
viscometer and falling sphere methods .

Wature of the liquid state, vapour-pressure, surface tension, surface energry, excess pressure, capillary
rise and measurement of surface tension, condition of welling, vapour pressure over a curved surface,
temperature-dependence of surface tension, principle of determination of surlace tension, cencept of
liquid crystals and superfluids

Physical Chemisiry-1 Lab Marks 50, Credit 2

1, Surface tension of a liquid/selution by drop-number method.

2. Viscosity coefficient of a liquid/solution by Ostwald viscometer,

Organic Chemistry-11 (Core-1V) Marks 50, Credit@) L JﬂL ’
Unit-T: Static Stereochemistry-11 (8L) M
Prochirality, topicity of ligands and faces (Pro — R, Pro — 8 and Re/Si; designation). Asymmelric

synthesis; Cram's rule. Conformational analysis of cyclohexane and its mono and di-subsituted

derivatives with chair, boat and twist boat forms and their symmetry propertics, and their chiroptic
properties.
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Unit-IT : Elimination Reactions (6 L)

El, E2 and E1¢B machanisms, their mechanistic spectrum, orientation, stereoselectivity; elimination
vs substitution; sps-elimination : Pyrolysis of ester, Xanthate, teri — N oxide,

Unit-I11 : Electrophilic nnd radieal addition to € — C multiple bonds (8 L)

Halogenalion, hydrohalogenation, hydration, hydrogenation, epoxidation, hydroxylation, ozonolysis,
hydroboration, 1, 3 dipolar addition, electrophilic addition to conjugated dienes and allenes, radical
addition of HBr; reduction of alkynes and benzenoid aromatics, Diels — Alder reaction.

Unit-1¥ : Nucleophilic addition to carbonyl group (10 L)

Reaction with water, alechols, amines, thiols, HCN, bisulfite; Wittig reaction, MPV reduction,
reduction with lithium aluminium hydride and sodium borohydride, Wolf-Kishner reduction,

Clemensen reduction, Bouveault-Blanc reduction, addition of organometallics, addition of

diazomethane; Cannizaro reaction, aldol condensation ineluding directed aldol reaction, Claisen
condensation, Knoevenagel reaction, Stobbe reaction, Reformatsky reaction, Mannich reaction,
Darzen's glycidic ester synthesis, Perkin reaction, Henzmn cnndensannn nucleophilic addition
(Michael addition) to , unsaturated carbonyl system. ity

Organic Chemistry-11 Lab Marks 50, Credit 2
Qualitative analysis of organic compound : % - 3

A. Study on Physical Properties : Physical State, Colour, odour, acid-base character, ignition,
solubility and melting point. e, ‘

B. Detection of special elements (N, S éhfhj'f-l,asmignc's Lest,

C. Detection of functional group : = COQH OH (Phenolie), — COOR, Carbonyl group
{aldelydic and ketonic) , >C=C= (unsEeratmn) —NHz, — NOs, — CONH: and CONHAr (anilido)

D. Preparation of a suitable derwalwu ul one functional group present in the sample.
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SEMESTER — 111 (Total Marks 150, Credit 18)
Inorganic Chemistry — LI (Core-Y) Marks 50, Credit 4
Unit-1: Chemistry of s and p Block Elements (14 L)

General properties of s- and p-block elements, Comparative account of physical and chemical
properties of the s and p-block elements, the diagonal relationship, variation of electronic
configuration, elemental forms, metallic nature, magnetic properties (if any), catenation properties (if
any), hydrides, halides, oxides, oxy-acids (if any), inert pair effect (if any) complex chemistry (if
any] in respect of the following elements

(i) S-block elements; Li-Na-K, Be-Mg-Ca-Sr-Ba,
(ii) P-block elements: B-Al-Ga-In-Tl, C-Si-Ge-Sn-Pb, N-P-As-Sb-Bi, (-5-8e-Te,
F-Cl-Br-1, He-Ne-Ar-Kr-Xe

Properties and reactions of important compounds

(i) Structure, bonding and reactivity of BsHy; (SN, with x = 2. 4; phosphazines;
interhalogens. (ii) Structure of borates, silicates, polyphosphates; borazole, boron nitride,
silicones, thionic acids. (m} Reactivity of polyhalides, psenda halldr:s fluorocarbons,
freons and NOx with environmental effects. (iv) Chemlstly of“h}'drazm:,. hividroxylaming,
Wi, Lhio- and per-sulphates

Compounds of Noble Gases: structure, preparation aud{c:a.ctu,rzty

Unit-11: Acids and Bases and lonic Equilibria (15 L)

Brinsted Lowry’s concepl, cosolvating agenl ig &'.ffere:nllahng and leveling effect, Theory of solvent
system, Lux-Flood concept, Lewis canceptn Stability of the adduct (Drago-Wayland equation),
change of hond length parameter in, gddunl formation, -acidity of the ligands, synergistic effect,
Usanovich's concept

Strength of hydracids and oxyaﬁd;_;:‘ ::liﬁ:{:rr:nt factors in determining acid-base strength: inductive
effect and hypereonjugation, steric effects (B- and F-strain), salvation, H-bonding

Hard and Soft acid base (HSAB) principle: classification and characteristic, hardness and frontier
molecular orbital (FMO), electronegalivity and hardness and sofiness, symbiosis, theoretical back
ground, application of the concept; acid-base equilibria in solution: hydrolysis of salts, Pu calculation,
buffer, acid-base neutralization eurves and selection ol indicator

Inorganic Chemistry — 11 Lab Marks 50, Credit 2

Qualitative analysis

Qualitative analysis of mixtures containing not more than four radicals from among the following:
BASIC RADICALS: Silver, lead, mercury, bismuth, copper, cadmium, arsenic, antimony, tin, iron,
aluminium, manganese, chromim, nickel, cobalt, zine, calvium, strontium, barium, sodium,
potassium

ACID RADICALS: Chloride, bromide, iodide, bromate, iodate, silicate, fluoride, arsenile, arsenate,
phosphate, nitrite, nitrate, sulphide, sulphite, thicsulphate, suplbate, borate, ferro/ferri-cyanide,
chramate, dichromate

Insoluble Materials: Al;Os, ey, Cr0s, SnOz, Sr80,, BaSOy, CaFz
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Organic Chemistry — I {Core-¥1) Marks 50, Credit 4
Unit-l: Molecular rearrangements and Named reactions (10 L)

Wagner-Meerwein, Pinacol-Pinacolones, Dakin, Baycr-Villiger, Beckmann, Favorsky, TToffmann,
Logsen, Schmidt, Curtius, Benzil — benzilic acid, dienone-phenol, Walf, Claisen, Fries, Photo Fries,
Orton, Demjanoy, Benzidine Semidine.

Birch, Von Richter, Houben-Hoesch, Amdi-Eistert homologation, HVZ, Hunsdiecker, Oppenaur,
Sandmeyer, Stephen, Williamson ether synthesis,

Unit-1l: Aromatic electrophilic substitutions 8L)

Mechanism, orientation and reactivity: nitration, nitrosation sulfonation, halogenation Friedel-Crafis,
Haworth Synthesis, Gatterman — Koch, Gatterman, Hoesch, Vilsmeier — Haack, Reimer — Tiemann,
Kolbe — Schmidt, Chloromethylation, Manasse, Kolbe.

Unit-111: Synthesis, physical properties and reactions {10 L)

(i) Aliaphalic and aromatic nitrogen compounds : gmincs, nitro compounds, nitro alkanes, alkyl
nitrites, aromatic diazonium compounds, dilzomethane; (u} mlmphenuls amionophenols, nitro
amlmcs amino carboxylic acids.

Organic Chemistry — 111 Lab Marks 50, Credit 2
Quantitative analysis of organic compound ; g 5l

Estimation of : 1. Glucose by Fehling’s solution, 2. E'E:éfiélne, 3. Aniline

Physical Chemistry — Il (Core-VID) Marks 50, Credit 4

e
-

Unit — I: Thermodynamics I1 & ;}p;_i__ii’é'a__!_iﬂr'i (20 L)

Second law of thermodynamics aﬁd__ilé ncTéH, Kelvin, Planck and Clausius statemenis 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 funelions (G and A) and their variations with T, P and
V. criteria of spontaneity and equilibrium

Thermodynamic relations, Maxwell relations, thermodynamic equation of state, Gibhs-Helmhollz
equation and its consequence, Joule-Thomson (J-T) experiment inversion temperature, J-T coefTicient
for a van der Waals gas, general heal capacity relations

Additivity rule, partial molar quantities, chemical potential and ils variation with T and P, Gibbs-
Duhem equation, fugacity of gases and fugacity coefficiem

Unit —11: Statistical Thermodynamics & Third Law (8 L)

Thermodynamic  probability, entropy and probability, Bolizmann 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

Wemst heat theorem and its implications. approach (o zero Kelvin, Planck's formulation of third law
and absolute entropies
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Unit — I11: Chemical Kinetics -1 (10 L)

Introduction, reaction rate and extent of reaction, order and molecularity; kinetics ol zero, first,
second, fractional and pseudo-first order reactions; determination of order of reaction, opposing,
consecutive and parallel reactions (first order), concepl ol steady state and rale delermining step,
chain reaction: elementary idea, illustrations with He-Br. and Hs-0O; reactions

Temperature dependence of reaction rate, Arrhenius equation

Unit—1V¥: lonic Equilibria (6L)

Ostwald’s dihrtion law, pH, bufTer solution and buller capacity, Henderson equation, hydrolysis and
hydrolysis constgnt of salts, indicators: acid-base and its function, Hammett acidity function

Unit - V. Properties of Solid (6 L)

Unit cell, Bravais lattice, crystal system, packing in cubic erystals, Miller indices, Bragg’s equation
and ils applications, crysul structures of NaCl and KCL, Crystal defects

Physical Chemistry — Il Lab Marks 50, Credit 2

1. Kinetics of decomposition of Hz0; by potassium iodide

2. Solubility/solubility product of Mg-carbonate in presamuiabbunce of commeon ions and‘or neutral
electrolytes. o

&

Industrial Chemistry (SEC) L Marks 50, Credit 2

Water B L)

e

Types of water, analysis of water {;.'llﬂc _{’Iypes of hardness), for municipal and industrial use

s

Electrochemical and Elcmru-thcrﬁi'ul.]ndustﬁes 3 L)

Preparation and use of Potassium permanganate, hydrogen peroxide, synthetic graphite, calcium
carbide, carborundum, alloy steels

Ceramics {4 L)
Refractories, pottery, poreelain, glass, fibre glass

Rusting of Tron and Steel (3 L)

Cause and prevention of corrosion

Industrial Safety and Fire Protection 4 L)
Flash point, fire extinguishers — foam, carbon dioxide, sprinkler system, incrt gases.

Pollution (3L)
Types of wastes — industrial, domestic, electronie; their eauses and control

8
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Pharmaceutical Chemistry (SEC) Marks 50, Credit 2
Drugs & Pharmaceulicals (as L)

Drug discovery, design and development; Basic Retrosynthetic approach. Synthesis of the
representative drugs of the following classes: analgesics agenis, antipyretic agents, ant-inflammatory
agents (Aspirin, paracetamol, Ibuprofen); antibiotics (Chloramphenicol); antibacterial and antifungal
agents  (Sulphonamides;  Sulphanethoxazel, Sulphacetamide, Trimethoprim); antiviral agents
(Acyelovir), Central Nervous System agents (Phenobarbital, Diazepam),Cardiovascular (Glyceryl
Lrinitrate), antilaprosy (Dapsone), HIV-AIDS related drugs (AZT- Zidovudine).

Fermentation (SL)

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

S,
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SEMESTER — IV (Total Marks 150, Credil 18)

Inorganic Chemistry — L1 (Core-Y1II) Marks 50, Credit 4

Unit-1: Chemistry of d and { Block Elements (151L)

d-Block elements: 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

f-Block Elements: comparison of the general properties (v.g. electronic configuration, oxidation state,

variation in atomic and ionic (3+) radii, complex formation, magnetic and spectral properties) of

lanthanides and actinides, f-contraction, similarities between the later actinides and the later
lanthanides, spectral properties (in comparisen with the d-block elements), isolation and occurrence,
use of the metals, principle of separation of lanthanides, chemistry of separation ol Np, Pu and Am
fram L

Chemistry of same representative compounds: KaCraOm, thDJ,, K.q|1-'L(LN’i< I, Ka[Ni{CN}4], HaPtCls,
Naz[Fe(CN}NOJ

Unit=-11: Coordination Chemistry-1: Bonding in Cuur{ln;mimn Compounds (Preliminary
Coneepl) and Properties of Coordination Cumgpurl&s o {16 L)

Werner's Coordination theory, differenl types uf_‘-'?liy,,ands melal chalates, 1/PAC nomenclature of

coordination compounds, clectronic thcl:nr‘:,r of complex compounds, effective atomic number (EAN)
and its limitations, Valence bond theory in l’:wrdmahun compounds: different geomebry. outer and
inner orbital complexes, magnetic crztermn ot Jbond type, Principle of electroneutrality of atoms,
limitations of VBT i

Stercochemistry, Coordination number,. factors favouring low and high coordination numbers,
isomerism (ionization, hydrate, ligand:: linkage, coordination. geometrical and optical etc.) in
coordination compounds, concept “of Sldbﬂll}- constant (slepwise and owverall), chelate effect,
macrocyclic effect and macropelycy lic effect, labile and incrt complexes, substitution reaction on
square planer complexes. trans-effect (preliminary concept) in square planar complexes. application
of coordination complexes in chemical analysis, elucidation of structure of coordination compounds,
metal complexes in biospherce

Inorganic Chemistry — 111 Lab Marks 50, Credit 2
Preparation

Chrome alum. Mohr's salt, Cuprommonium sulphate, sodium nitroprusside. hexamine cobalt(I1T)
chloride, Iris (ethane 1,2-ammine) nickel(TIT) chloride

Organic Chemistry — IV (Core-1X) Marks 50, Credit 4
Umit-1: Heteroeyelic com pounds (6 L)
Syntheses, propertics and uses of furan, pyrrole, thiophene, pyridine, quinoline, isoquinoline and

indole

10

10
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Unit-TT: Alicylic compounds 31L)

Structure of simple alicyelic compounds up to six-membered ring. strain theory in classical and
modern theoretical approach, effect of strain on reaction, ring synthesis-principles controlling ring
closure reactions, rules for ring closure (Baldwin's rule), ring expansion and contraction process.

Unii-111; Amino acids and Proteins (6 L)

Essentinl and non-essential amino acids, iseelectric point, ninhydrin reaction, synthesis of glvcine,
alanine and tryplophan; classification of proteins. geometry of peptide linkape, elementary idea ahout
primary and secondary structures of proleins; C-terminal, N-terminal and their determination; peplide
synthesis, Merrifield synthesis

Unit-IV: Carbohydrate chemistry (8 L)

Chemistry of monosaccharides and disaccharides including structures and configurations: D-glucose,
fructose, and sucrose; stepping-up and stepping-down of monosaccharides, conversion of aldose to
ketose and vice versa; mutarotation, epimerization, anomeric effect, reducing sugars, elementary idea
about starch and cellulose

Unit-¥: Alkaloids and Terpenenoids (6L.)

Intreductory discussion on terpenenoids and ﬂlkﬂloidﬁ;_-:h?m}r:ﬁth_esis of squalene; determination of
structures of citral, a-terpineo, piperine, ephedrine and coniine

Organic Chemistry — TV Lab Marks 50, Credil 2

Identification with general reaction and tests. Q-I:Ehe I‘n;.:i"ﬂowing compounds:
a) Methyl alcohol, b) Ethyl aleohol, ¢) Acetone, d) Formic acid, e) Acetic acid. ) aniline, g) Nitro
benzene, h) Tartaric acid. 1) Succinic g,cld;' D_Sa]:c'. lic acid, k) Glucose ) Resorcinol

Physical Chemistry — ITI (Core-X) . Miarks 50, Credit 4

Unit — I: Chemical Eqguilibrium ) {6 L)

Thermodynamic condition of equilibrium, degree of advancement and Le Chatelier®s prineiple, vVan't
HofT isothern, isobar and isochore

Umit — TI: Electrochemisiry (20 L)
Conductance and its measurement, cell constant, specific and equivalent conductances, their
variations with dilution for strong and weak electralytes, molar conductance, transport number and
determination by Hittorf methods, Kohlrausch's law, Walden’s rule, jon cenductance and ionic
mobility, application of conductance measurement (determination of solubility product and ionic
product of water). conductometric titrations

lon atrosphere, asymmetry and electrophoretic effects, Wien effect and Debye-Falkenhagen effeet,
Activity and activity coefficients of electrolytefion in solution, Debye-Huckel theory, Debye-Huckel
limiting law (with derivation), solubility equilibrium and influence of common and indifferent ions
Electrochemical cells, half cells/electrodes with types and examples, cell reactions and
thermodynamics of cell reactions, Nemnst equation, standard cells, calomel, Ag/AgCl, quinhydrone
and glass electrodes: features and applications, potentiometric titrations {acid base and redox),
concentration cells, liquid junction potential

11

11
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Unit = 111: Chemical Kinetics —11 6 L)
Collision theory of bimolecular reactions, unimolecular reactions, Lindemann theory, transition state
theory, free energy and entropy of sctivation, pressure-dependence of rate constant, primary kinctic
salt efTect

Homogeneous catalysis, with reference to acid base and enzyme catalyses, heterogeneous catalysis

Unit — 1¥: Interface & Diclectrics (12 L)

Special feature of interfaces, physical and chemical adsorptions, Langmuir and Freundlich adsorption
isatherms, surface excess and Gibbs adsorption isotherms, heterogeneous calalysis (single reactant)
Electrical double layers, zeta potential, overvoltage, Stern double layer (qualitative idea), Tyndall
effect, electrokinetic phenomena (qualitative idea), colloids and clectrolytes, micelle and reverse
micelle, eritical micelle constant {CMC)

Electrical properties of molecules, polarizability, induced and orientation polarization, Debye and
Clausius-Mossoll equations (without derivation) and their applications

Origin and tvpes of intermolecular forces, dilTerent Lypes of potential and their diagrams

Physical Chemistry — I1I Lab Marks 50, Credit 2

1. Equilibrium constant of the reaction KI + I; = KI; by partition method.

2, Conductomeiric titrations of an acid or a base (acid may be monabasic/dibasic, and similarly for the
base) " il

3. Potentiometric titrations of an acid or a base (m:__[_d-mn;fjbe'ﬁmnobasiefdibasic. and similarly Tor the
base) % B

Chemistry of Cosmetics & Per!’u_mi:s:éiEC] Marks 50, Credit 2
Preparation and Use of Cosmetics & Perfumes (20 L)
A general study including preparation and uses of the following: Hair dye, hair spray. shampoo,
suntan lotions, face powder, lipsticks, talcum powder, nail enamel. creams (cold, vanishing and
shaving creams), antiperspirants and artificial flavours. Essential oils and their importance in cosmetic

industries with reference o Eugenol, Geraniol, sandalwood oil, eucalyprus, rose oil, 2-phenyl ethyl
alcohol, Jasmone, Civetone, Muscone.

Fuel Chemistry (SEC) Marks 50, Credit 2
Energy Sources (6 L)

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

12

12
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Caal: Uses of coal (fuel and nonfuel) in various industries, its composition, carbonization of coal.
Coal gas, producer pas and water gas—composidon 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 liguefaction and Solvent Refining,

Petroleum and Petrochemical Industry (10 L)

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 (gnseous and liquids), clean fuels. Petrochemicals:
Vinyl acetate, Propylene oxide, Isoprene, Butadiene, Toluene and its derivatives Xylene.

Lubricants (4 L)

Classificalion 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.
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SEMESTER — V (Total Marks 200, Credit 24)
Organic Chemistry —V (Core-XI1) Marks 50, Credit 4
Unit-I: Mcthodology in organie synthesis ' (8L)

Disconnection approach, synthons, synthetic equivalents, umpolung, one-group disconnection of
alcohols, olefins and ketones; svnthesis involving enolates and enamines with special reference to
diethy] malonate and ethyl acetoacetate; Robinson annelation; synthesis through protection of
functional groups

Unit-11: Pericyelic reactions BL

FMO approach, definition, classification, electrocyclic reactions (including Woodward-Hofmann
selection rules): [4+2] eveloaddition with special reference to Diels-Alder reaction, alder ene reaction,
[2+2] cycloaddition; sigmatropic reactions: [1j] and [ij] shifis, [1.3] and[L,5] H-shifts, [3,3]
sigmatropic shifts with reference to Cope and Claisen rearrangements

Unit- 111: Spectroscopy % (15 L)

UV: Electronic transitions with reference Lo o-o®, n-a*, n—r:' n-n:l transitions; absorption maximum
and absorption intensity, cffoet of solvent: Woodward- Flséhar rule with reference to conjugated
system Hke dienes, trienes and o f-unsaturared carhnny‘lﬂ lnciudmg cyelic systems

IR: Hooke's law, strewching and bending wauuuns. charﬂcmu istic and diagnostic stretching
frequencies, factors affecting stretching frequencics, {Jl-bondmg clectronic factor, ring size), finger-
print region, disgnostie bending frequencies ﬁ}r benzens and its o=, m- and p-isomers

1H NMR: Principle, nuclear spin, NMHnnLtNE fiuclei, chemically equivalent and nonequivalent
protens; chemical shift, upfield and duwnﬁeid shifts; shieldingfdeshielding of protons in systems
involving C-C, C=0, C=C, benzene,. cyclnhexane, spin-spin splitling with reference to CUH;UHBr,
CH.CH-OH. Br:CHCH.Br, L.harai..l.enbhe 1H NMR signals for simple molecules.

Application of the above ‘ipfbﬂl‘l‘t}S{:UHIc methodﬂ. in structure elucidation of simple organic molecules

Organic Chemistry —V Lab Marks 50, Credit 2
Preparation -
1. Condensation  : preparatian af phithalimide
2. Nitration 2 nfivation of nifro benzene and acetanilide
3. Oxidation d Cheiddisenion of benzyl alcobol
4. Hydrolysis 2 hydrolisis of amide
3. Rearrangement
reaction 1 Benzil-benzilic acid rearrangement
Inorganic Chemistry — LIV (Core-X11I) Marks 50, Credit 4
Unit-1: Redox Potential and Redox Equilibria (12 L)

Some basic aspects of redox reactions, equivalent weights of oxidants and reductants, ion-eleciron
method of balancing redox ractions, complimentary and noncomplimentary redox reactions,
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disproportionation and comproportionalion 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: efféct of complex formation, effecr of
precipitation, elTect of P« change, chemistry of aqua regia and mixed acids

EMF Diagram (Latimer, Frost and Pourbaix), thermodynamic aspects of disproportionation and
comproportionation reaclions, redox potential and equilibrium constants, clock reaction, redox
titration and redox indicators, function of Zimmermann Reinhardt (ZR) sohtion

Unit-11: Bivinorganic Chemistry (L)

Essential metals: role of metal ions in hiological systems (specially Na., K., Mgs, Cau, Fevm, Clizn,
and Znx) and in different mealloproteins and metalloenzymes, metal jon transport across biological
membrane, Na.- ion pump, icnophores, biological functions of hemoglobin and myoglobin,
cytochromes and ferredoxing, carbonate bicarbonate buffering system and carbonicanhydrase,
biological nitrogen fixation, photosynthesis: photosystem-1 and photosystem-II. metal dependent
disease, deloxification by chelation therapy for Phand As poisoning

Important metal complexes in medicines (Examples only); ﬁﬁmﬁumhnl activity. antiarthritic gold
complexes, anticancer compounds (Pi-complexes and meullucene';) lithium therapy in psychiatric
mind disorder G T

S

Unit-111: Organometallic Compounds (131

Definition, a brief history, nomenclature, classification, . importance of organometallic compounds as
reagents, additives and catalysts, elfectives atmm:, number rule {18 electron rule), counting of
electrons L
preparation, properties and bonding in - na:rhnnj.l witrosyl and cyanide complexes, 1R-resulis as
diagnostic tools in the identifi c&tmll of natire of bonding in such -acid complexes, metal-olefin
complexes: Zeise’s salt {preparation, q.ttu:tun: and bonding). ferrocene (preparalion, structure and
reactions), heptacity of urganumalall;u ligands and their examples, differemt types of reaction
{elementary idea): oxidative '1ddttmn, reductive ¢limination, insertion

Inorganie Chemistry — IV Lab " Marks 50, Credit 2

Volumetric analysis:

Redox titrations- permanganometry, dichromatometry, iodometry and iodimetry
Volumetric analysis of mixtures involving not more than two different estimations:
Fe +Cu, Fe + Cr, Fe + Ca, Ca + Ba, Ca + Mg etc.

Creen Chemistry (DSE) Marks 50, Credit 6

Unit - 1: Introduction to Green Chemistry &L

What is Green Chemistry? Need for Green Chemistry. Goals of Green Chemistry, Limitations/
Obstacles in the pursuit of the goals of Green Chemistry

Unit = IT: Principles of Green Chemistry and Designing a Chemical synthesis (34 L)

Twelve principles of Green Chemistry with their explanations and examples and special emphasis on
the [ollowing:
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Designing a Green Synthesis using these principles; Prevention of Waste/ byproducts; maximum
incorporation of the materials used in the process into the final products, Atom Feonomy, caleulation
of atom ccanomy of the rearrangement, addition, substitution and elimination reactions,

Prevention/ minimization of hazardous/ toxic products reducing toxicity, risk = (function) hazard »
exposure;, waste or pollution prevention hierarchy.

Green solvents— supéercritical Nuids. water as a solvent for organic reactions, ionic liguids, fluorous
biphasic solvent, PEG, solventless processes, immobilized solvents and how to compare greenness of
solvents.

Energy requirements for reactions — alternative sources of energy: use of microwaves and ultrasonic

erergy.

Sclection of starting materials; avoidance of unnecessary derivatization — careful use of
blocking/proiecting groups.

Use of catalvlic reagents (wherever possible) in preference to stoichiometric reagents: catalysis and
green chemistry, comparison of heterogencous and homogeneous catalysis, biocatalysis, asymmelric
calalysis and photocatalysis. 3

Unit — I11: Examples of Green Synthesis/ Reactions andamne real world cases (18 L)

R

1. Green Synthesis of the following compounds: adlplt. amd q..dlei.hol disodium iminodiacetate
(alternative ta Strecker synthesis) S

2. Microwave assisted reactions in water: }Icmm Elimination, methyl benzoate 10 benzoic acid,
oxidation of tohiens and alcohols; microwave assistéd reactions in organic solvents Diels-Alder
reaction and Decarboxylation reaclion b

3. Ultrasound assisted reactions: soncchcnugal Sm*jmons-Smﬂh Reaction (Ultrasonic alternative to
lodine)

Environmental Chemistry (DSE) - Marks 50, Credit 6
Unit-1: The Atmosphere (15 L)

Composition and structure of the atmosphere: troposphere, stratosphere, mesosphere and
thermosphere, ozone layer and its role; major air pollutants : CO, 50z, NO and particulate matters —
their origins and harmiul effects, problems of orzome layer depletion, green house effect, acid rain and
photochemical smog, air pollution episodes, air quality standard, air pollution control measures
cyclone collector, clectrostatic precipitator, catalytic converter, detection, collection and principles of
estimation of CO, NO,, 80, H.S and SPM in air samples

Unit-TT: Aspects of Environmental Inorganic Chemistry (I5 L)
Atmospheric stability and temperature inversion, greenhouse effect, global warming and cooling,
ozone depletion and involved chemical reactions, the disaster of endosulfan in kasargod in kerala

smog formation, acid rain, eutrophication in natural water bodies, Minamata disease, Bhopal disaster,
hazard of nuclear disaster (Chernobyl and Fukushima Daiichi), nuclear disaster management

Unit-TIT: The Hydrosphere (I51L)
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Waler pollutanis: action of soaps and detergents, phosphates, industrial effluents, agrieultural runoff,
domestic wastes; thermal pollution radicactive pollution and their effects on animal and plant life,
water pollution episodes, waste water treatment: chemical treatment and microbial treatment; water
quality standards: DO, BOD, COD, TDS and hardness parameters, desalination of sea water; reverse
osmasis, electro dialysis. delection and estimation of As, Hg, Cd, Pb, Cr, NHy and F , NOlsy |, NO: in
water sample

Linit-1¥: The Lilhosphere and Pollution control (15 L)

Soil pollution and contrel measures, biochemical effects of As, Ph, Cd, g, Cr, and their chemical
speciation, monitoring and remedial measures; noise pollution, agricultural and industrial pollution,
green solulion to various envirommental hazards

Solid State Chemistry (DSE) Marks 50, Credit &
Unit-1: Basic Concepts and selected structure (14 L)

Some basic crystal geometries: simples cube (sc), body nentrcd cube (bee), face centred cube (fee),
diamond cube (dc), close packing models: hexagonal clme pﬁ‘nkmﬂ {hep) (ABAB... tvpe), cubic close
packing (cop) (ABCABUC... type), tetrahedral and octnhedrulholca. packing efficiency

Struetural interences (Simple) from crysca]luch&mwﬂ parame[erq* Structure of Tonic Crystals: AB-
type (i.e NaCl, CsCl and {Zn5, (sphelarite and wurlz.lLe)] “AB: type {CaFz, 5i0: and Ti0z), lmenile
and perovskite (ABOK), spinel (AB:(Qs) B s

Unit-11: Crystallographic Basies g (14 L)

Crystal, Steno’s Law, Hauy’s Law {law uf almnal intercepis), law of constancy of symmetry, Weiss
indices, Miller’s indices. Unit cell, _J-lrn'" [ attice, Crystal systemns, crystal class, Bragg's equation
with derivation, methods of -:r;n'ﬂ_ta] ‘analysis, application of Bragg's equation, crystal structure of
sodivm chloride and potassium chlut:jde, Lattice vector and reciprocal lattice vector, Brillouin zone

Unit-TTI: Chemical Bonding in Solids (14 L)

Energetics of ionic bond formation and concept of laitice energy (thermodynamic basis), Bom-Lande
equation. Kapustinski equation, controlling factors of lattice energy.

lonie radii (Pauling’s crystal and univalent radii, Shannon’s crystal radii), Pauling's rules for ionic
crystals, general properties of metals: free electron theory of metallic bonding (qualitative treatment),
band theory and electrical properties of solids (qualitative idea), inlrinsic and extrinsic semiconductor
with examples from main group elements, alloys and intermetallic compounds: Hume-Rothery rules,
electron compounds

Unit-IV: Properties of Solids {18 L)

Crystal defects: thermodynamics aspect of defects, stoichiometric and nonstoichiometric, point
defects, Schottky and Frenkel, colour centres, dislocations, conductor, semiconductor, insulator in the
light of band theory, n-type, p-type, semiconductors, transistor, semiconductor Hall effect and Hall
co-efficient; superconductivily in solids, ferroslectricity.
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SEMESTER — VI (Total Marks 200, Credit 24)
Inorganic Chemistry — V (Core-XI1I) Marks 50. Credit 4

Unit-TI: Coordination Chemistry-I1: Crysial Field Theory; Magnetochemistry: Origin of Colours
in Transition Metal Compounds (13 L)

Crystal field theory: Splitting of d-orbitals in different geometries (octahedral, tetrahedral and square
planar), crysial field stabilization energy (CFSE), Jahn-Teller distortion, specirochemical series, low-
spin and high-spin complexes, pairing energy, factors affecting 10q value, critical 10 Dq value.
Origin of colour in coordination complexes: [-5 coupling, ground state terms, selection rules, Orgel
diagrams, charge transfer spectra (preliminary idea)

Magnetochemistry: differnet types (dia-, para-, ferro and antilerromagnetic), orbital and spin magnetic
moment, spin only moments of d. fons, superexchange and antiferromagnetic ineractions (simple
examples); stabilization of unusual oxidation states of metal centres, linkage isomerism: HSADB
concept and -bonding effeet.

Unit-11: Introduction to Analytical Chemistry (10 L)

Errors in chemical analysis: accuracy, precision, de:ennjﬂ'atég_- indeterminate, systematic and random
errors; source, effect and detection of systematic errorsy distribution of random errors; standard
deviation of ealeulated results- sum or difference, pmducf Qr ‘quotient, significant figures, rounding
and expressing results of chemical computations.

Solvent extraction, distribution ratio, principle of mlvent extraﬂ.{mn exiraction equilibrium and etfect
of Pw; Complexometric titration, masking and demasking agents, metal indicators, Inner-metallic
complexes, application in analytical chemistry,

Inprganic Chemistry — TV Lah Marks 50, Credit 2

|. Complexometric Titration: =
CalOs and MgC0Os in mixiune; Mg:» a.nd“Zup in mixture.

2. Gravimetric Analysia:

(i} Estimation of nickel {11} using I}umeihyl lyaxime as the precipitant.

(i1} Estimation of copper as CuSCN.

(iii) Estimation ol iron as Fea(); after precipitating iron as Fe(OTTh and ITeating at clevated
temperature etc

3. lon-gxchanger: Cation content of a sample by cation exchanger

4. Solvent extraction

Physical Chemistry — IV (Core-XI1Y) Marks 50, Credit 4
Unit — 1z Phase Equilibria & Colligative Properties (18 L)

Definition of phase. component and degree of freedom, phase rule and its derivation, phase diagram,
phase equilibria for one-component system: water and carbon dioxide, first order phase transition and
Clapeyron equation, Clausius-Clapeyron equation: derivation and applications

Liquid-vapour equilibrium for two-component syslems, Duhem-Margules equation, Henry's law,
Konowaloff's rule, deviation from ideal behavior, azeotropic solution, liquid-liquid phase diagrams
for phenol-water, triethylamine-water and nicotine-water systems, solid-liquid phasc diagram, sutectic
mixture, Nernst distribution law, salvent extraction
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AG, AS, AH and AV of mixing for binary solutions, vapour pressure of solution, ideal solulions,
colligative properties, Raoult’s law; ebullioscopy, eryoscopy and osmosis (thermodynamie treatment
only): inter relationships and abnormal behavior in solution, van’t Hoff i~factor

Unit — Il: Symmeiry & Group Theory (5L)
Introduction. symmetry elements and operations with illustrations, symmetry ¢lements and physical
properiies, group and symmetry group, group multiplication table, point group

Unit — 111: Quantum Chemistry (15 L)
Black body radiation, Planck’s radiation law, photoelectric effect. Wilson-Sommerteld quantization
rule, application (o Bohr atom, harmonie oseillator, rigid rottor and pardele in 1-d box, de Broghie
relation and energy quantization in Bohr atom and box, Heisenberg uncertainty principle, Bohr's
correspondence principle and its applications 1o Bohr atom and particle in 1-d box

Elementary concept of operators, eigenfunctions and eigenvalues, linear operators, commuiation of
operalors, expectation value, hermitian operator, properties, Schridinger’s time independem equation,
acceptability of wave function, probability interpretation ol wave [unction

Particle in a box, selting up of Schrédinger’'s equation of |-d box, its solution and application,
degeneracy

Unit — 1V: Photochemisery & Spectroscopy :: (10 L)
Primary photophysical processes, potential cnergy diagram,’ Franu]i:-tondon principle and vibrational
structure ol el-:u.,lrunn. specira, bond disseeiation, dﬂ:d}' of' e;e.::lted state by rmilam-e and ncm'admtwe
plmmchemlcﬂ] equilibrium, photm,cnsmzcd reactions, kmjanc.ﬂ. of 11 decomposition

Alkali metal spectra, multiplicity of spectral lines, ldeu of spin quantum number, physical idea of spin
orbit coupling

Rotationa| spectroscopy of diatomic moieml.cs ngid mtator model, characteristic featurcs (spacing
and intensity)
Vibrational spectroscopy of diatomic molmul, .

Emlplc Harmonic Qscillator (SHO) model

Physical Chemistry — I'V Lah Marks 50, Credit 2

1. Kinetics of saponification of ester by, conductometric method.
2. Conductometric verification of fiﬂtwald dilution law

3. Colorimetric determination of pK, of methy] red

Chemistry of Nanomaterials (DSE) Marks 50, Credit 6

Unit-1: Basic Concepts on Nanomaterials (14 L)
The scope and challenges of nanomaterials chemistry, the nanoscale and colloidal systems,
fundamentals of surface and interfacial chemistry, chemical potential and surface curvature, surface
encrgy and stabilization of nanoscale materials, electrostatic stabilization, interaction between two
particles (DLVO theory), steric stabilization

Unit-11: Synthesis and Fabrication of Nanomaterials {14 L)

Top down and bottom up techniques, zero-dimensional nanomaterials: nanoparticles, synthesis of
metallic, semiconducting and oxide nanoparticles, one-dimensional nanostructures: nanowire and
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nanorods, fundamentals of VLS and SLS prowth, two-dimensional nanostructures: thin films,
physical and chemical vapor deposition (PVD and CVD), Diamond films, sol-gel films

Unit-III: Special Nanomaterials (16 L)

Graphene, Carbon fullerenes (detailed on bonding and structure), carbon nanotubes: classification and
physical characteristics, porous materials: micro and mesoporous materials, core-shell structures,
guantum dot, metal-polymer structures, arganic-inorganie hybrids, Metal-Organic framework (MOF),
interealation compounds, nanocomposites

Unit=I¥: Characterization, Properties and Applications of Nanomaterials (16 L)

X-ray Diffraction (XRD), Scherrer's Formula, scanning and tunneling electron Microscopy
(preliminary idea), size dependent properties: Electrical, optical, catalytic and magnetic: melting point
and lattice constants, nanobots, nanocatalysis. catalysis by gold nanoparticles, biological applications
of nanoparticles

Dynamic Sterecchemistry (DSE) Marks 50, Credit 6

Unit-1: Gencral Introduction F a (8 L)

Reginselective, regio specific and chemusulucIivugumndfionﬁ'; stereo-selectivity and stereospecificity;
Stercoseleactive reactions : Classifieation, terminology and principles;

Unii-=11: Synthetic Approach ' (12 L)

o

Asymmetric synthesis and Asymmetric '!ﬁaﬁmiﬂn; Diastereo selective synthesis ; Asymmetric

synthesis with chiral substrates, cram's rule.—. ts application and deviation, Felkin-Anh Model Prelog's
rule, Enantio Selective synthesis. .

el

Unit-111: Stereochemical Aspnct%_,o__l a few Organic Reactions (Z0 L)

Polar addition reactions to alkene, Prevost and woodward Hydroxylation, Hydroxylation by OsO.
followed by reductive cleavage, Catalytic reductions of alkenes and alkynes, Nucleophilic substitution
on saturated carbon, By and Bz reaction, stereoconvergent Elimination, stereochemical aspects of &
few Molecular rearrangement — Pinacol rearrangement, Beekmann rearrangement, Claisen
rearrangement and Cope resrrangement,

Unit-1V: Alicyclic svstem {20 L)

Conformation and Reactivity in cyclohexanes; Steric effcct and steroclectronic effect; Neighbouring,
group elfects, effects of conformation on rearranpement and transannular reactions in alicyclic
gystem: Dinsterco selection in eyclie system. Reactions of cyclohexane derivatives, Hydrolysis of
ester of cyclohexane carboxylic acids, Esterilication Reaction of cyclohexane carboxylic acids, Swy,
Sy Di. [z NGP, reactions. Hwdride reduction of cyclohexanones to cyclohexanols, oxidation of
eyclohexanols with Chromic acid, Merged substitution — climination reaction, Reaction of 2-
Aminocyclohexanal by Nitrous acid, Pinacol-pinacolone rearrangement in cyclohexanediels.

Quantlum Chemistry & Spectroscopy (DSE) Marks 50, Credit 6
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Unit — 1: Quantum Mechanics {18 L)

Summarization of the results of some experiments black-body radiation, photoelectric effect, Davizon
and Germer experiment, Frunek-Hertz experiment, identification of classical and quantum sysiems,
Baohr's correspondence principle with examples; postulates of quantum mechanics, properties of wave
functions, operators and related theorems

Degeneracy; Schridinger equation, energy-eigenvalue equation, expectation value, eigenvalue and
spread of observation, definition of uncertainty;

Free particle system — position, momentum, energy and uncertainity relation, motion of three
dimension, degeneracy, potential harrier, tunnelling

Vibrational motion of a particle, classical mechanical treatment, quantum mechanical treatment and
their comparison

Rotational motion of a particle — Schrodinger equation and wave [unclion, spherical angular
coordinates, complete wave function (spherical harmonies) Physical interpretation Elementary
discussion of the H-atom solution

Unit — IT: Atomic Spectra {12 L)

Quantum numbers, orbital and spin angular momenta of elecirons, Stern-Gerlach experiment, vector
atom model, term symbels (one and two optical electron systems) normal and anomalous Zeeman
effect, Paschenback effect

Unit — ITT: Molecular Spectroscopy e (30 L)

Electromagnetic spectrinm and melecular processes-assoliated with the regions

Rotational spectra: classification of molecules into spherical, symmetric and asymmetric tops:
diatomic molecules as rigid rotors energy levels, selection rules and spectral leatures, isotope effect,
intensity distribution, effect of non-rigidity an ;,pEl.tr;;l features

Vibrational spectra of diatomics: pul.unl&a‘i egfiergy of an oscillator, Harmonic Oscillotor
approximation, energy levels and selection® rules anharmonicity and its effect on energy levels and
spectral Teatures: overtones and hot bandS h'lbmtlunwmtahon spectra of diatomics: origin; selection
rules; P, Q and R branches e

Raman spectra: origin, selection ru]aa rotational and vibrational Raman spectra of diatomics

NMER spectra: theory, relaxation DEOGESS, instrumentation, chemical shift and shielding, factors
contributing to magnitude of shiclding. spin internctions its origin, equivalent protons, qualitative idea
of energy levels of AX and A2 systems, a few representative examples Mossbauer Spectra: Origin,
Chemical shift, Quadruple effect
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CENERIC ELECTIVE

GE — 1 - Bagics in Organie and Inorganic Chemistry (Corg) Marks 30, Credit 6

[N.B.: GE — | for Honours Course (Except Chemistry Honours)|

Unit— I: Atomic Structure (12 L)

Bohr’s theory. energy and radius caleulations for U-like atoms, dual natore of mawer and light, de Broglio’s
relationship, Ileisenberg’s uncertainty principle (gualitative), quantum nombers, Paali exclusion principle,
qualitative imtroduction of orbitals, shapes of orbitals, electron distribution of elements - Aufban prineiple and
Hund s rule.

Unit — II: Radioactivity (R L)

Theory of disimegration, rate constant, hall life period (their interrelationship = deduction) idea of disintegration
series, artificial wansmutation and artificial radioactivity. uses and abuses of radioactivity. Stability ol atomic
nueleus, nfp ratio, mass defect, binding energy,

Unit— 111: Periodic Table and Periodic Properties {10 L)

Periodie law, Periodic classification of elements on the hasis of electron disiribwiion, s-, p- and d-block
elements, connection among valeneies, clectron distribution and positions of the elements in the long form of
the periedic table. Peripdic properties: atomic madii, ionic radil, covalent radii, ionisation energy, electron
alTinily, electronegativity and itz diffcrent scales. %

Unit—I'V: Functional Nature of Organic Compounds nencll, ALy
Classification of vrganic compounds in lermsof functional groups; u:.mr THPAC nomenclature and valence bond
slrueiures. G,

Unit— ¥: Electron Displacement in Molecules it (7L)

Coneept of  Inductive effect, Blectromeric elTecl Il)'Pf-‘l'Wﬂngmmm Reronance, Steric  Inhibition of
ResenanceAromaticity and Tautomerism.

Unit— VI Introduetion to Or zanic Renction Mcchumsm - {20 Ly
Homolytic and heterolytic bond  cleavage, Reaction intermediates: carbocation, carbanion, frec radical
{genstalion, shape, stability and reaction ) '

Classification of organic reactions {substitution, elimination, addition and rearrangement) and reagent Lypes
{electrophiles, nucleophiles, acids and bases),:Ideas vl organic reaction mechanism (SN1, SN2, El and E2)
Aromalic electrophilic substitulion mechanism, tricitation and reactivity, bromine and HBr addition to alkenes
mechanism :

GE - 1I - Elementary Physical Ellé;listry & Organic Chemistry Marks 50, Credit 4
|N.B.: GE = 11 for Honours Course (Except Chemistry Honours)]

Unit—1: Kinetic Theory of Gases (8 L)

Ideal gas equation, derivation of gas laws, Maxwell's speed and energy <distributions (derivation excluded),
distribution curves; different types of speeds and their significance, concept of equipartition principle, van der
Waals equation, Virial equation, continuity of siate, Boyle temperture, critical constants, specific heats and
specific ratios, laws of partial pressure, vapour density and density method of determination ol molecular
weights, limiting density, abnormal vapour density, frequency of binary collisions; mean free path

Unit — 1I: Thermodynamics (12L)

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

Second law and its elementary interpretation, Carnot’s cycle and theorems, Clausiug inequalily, criterin of
sponianeity, froo energy and entropy

Unit— 111 Stereochemistry {200 L)

Cencept of ¢onstitution, confipuration and conformealion, chiralily and chiral centre , optical activity , optical
rotation, specifiec rotation, optical purity enantiomerism and diastereomerism, opiical isomerism  of lactic acid
and tartaric acid, 1, L and R, 5 nomenclature,

Geometrical isomerism with reference to fumaric acid and maleie acid: cis-trans and E, 7 nomenclature.
Contormational anolysis of ethane.
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Organic Qualitative Practical (Lah) Marks S0, Credit 2

Detection of elemenis (N, 8, Cl) and any one of the following groups in organic compounds (solid only): -MHa,
“NQz -CONHgz, ~OH, =C=0, -CHQ, ~-COOTH

GE —11I- Physical Chemistry & Inorganic Chemisiry Marks S0, Credit 4
IN.I5.: GE — 111 Tor Honowrs Course (Except Chemistry Honours)|

Unit = I: Phase Equilibria and Colligative Properties {10 L)

Phase rule equalion {derivation excluded);, phase diagram of waler system, Miscibllity (phenol-water) and
distillation of completely miscible binary liguid mixtures; azeotropes, Steam distillation

Graphical approach of Raoult’s law of vapour pressure and collipative propenies; osmosis, lowering ol (reezing
point. elevation of boiling point, experimental methods of determination of molecular weights of substances in
dilute solutions, van't Hoff *i* factor and abnormal bebaviour ol electrolytic solutions

Unit — I1: Electrochemistry {lI} L)
Llectrolytic conduction, transport number (experimental determination excluded), velocity of inns: specific,
equivalent and molar conductances. determination of equivalent conductivity of solutions, Kohiransch's law,
strong and weak clectrolyvtes, lon atmosphere; =l=ctr r:phnre:lu, ahd r:;lm:ﬂhnn effects, Debve-Huockel lhe:m}r
{qualitativi) and the limiting law .

Flectrochemical cells, half=cells (with types and examples), Nem ‘equation and standard electrode potentials,
standard cells

Unit— I1I: Chemical Kinetics (10 L)

Order and melecularity of reactions, infeprated rate Iuw-;{ﬁrtﬂ and: seq:nml urder), average life peried, coneept of
Arthenius activation energy

Calalysis. autocutalysis, enzyme catnlyst, camalyst pmwn.s, prﬂmurur&, elementary freatment of mechanism of
catilysis !

Unit - IT1: Chemical and Ionic Equilibrium (10 L)
Conditions of spontaneity and equilibrium, dr.gmc EF advnnccmml and Le Chatelier principle: Van™t Hott
isotherm, isobar and isochore

Ostwald dilution law, Henderson equation, nl.ul[ﬂhgu'll.un and acid-base indicators, bulfers, common jon elfect,
solubility product (application in analytical chemistry)

Inorgamnic Qualitaiive Practical :;:_i_.ab) B Marks 50, Credil 2

Detection of three radicals by analysi$ of mixture containing not more than three radicals from (he
following list (insoluble salts excluded)

Silver, lead, mereury, bismuth, copper, cadmium, arsenic, antimony, tin, iron, aluminium, chromium, zinc,
manginese, coball, mickel, caleium, strontium., barium, magnesium, sodium, potassium. ammaonium and their
oxides, hydroxides, chlorides, bromides, jodides, sulphates, sulphites, sulphides, thiosulphates, chromates,
phosphales, nitriles, nitrates and borates,

GE — IV- Inorganic Chemistry & Organic Chemistry Marks 50, Credit 4
[N.B.: GE — IV for Honours Course (Excepl Chemistry Honours)|

Unit - I: Chemical Forces and Molecular Structure {(120L)

lonic bond, covalent bond (octet rule and expanded octet). dative bond. deformation of jons and Fsjan®s rules,
Bom-Haber cvele, hydrogen bond: intra- and intermolecular, bond polarity and dipole moment. Rond lengths,
Bond angles and gualitative deseription of shapes of some simple molecules like COs, SOy, 10, BeCl;, B,
N, s, Cally, Callz, Cella.

Umnit — 11: Acids, Bases and Buffers (6 L)

Different concept of acids and bases, ionic product of walsr, sall hydrolysis, pH and s colorimebric
determination, Strengths of strongs and woak acids and bases.
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Unit— III: Oxidation and Reductivn (10 L)
Electronic concepts, oxidation number. ion-clectron method of balancing cquations, application of redox
reactions, idea of standard polential and formal potential. Derivation of thermodynamic quantitics of cell

reactions (AG. AH and AS),

Unit— 1V: Ohrganie Synthesis (12 L)
Preparation and synthetic vses of diethyl malonate, ethylacetoacetateand Grignard reapgents

Preparation of TNT phenyl acelic acid,, salicylic acid, cinpnamic acid, sulphanilic acid, phenyl hydrazine,
nitrophenals,nitroanilines, pieric acid glyeerol, allyl gleohol, citric acid.

Inorganic Quantitative (Lab) Marks 50, Credit 2
i Titration of W00, + NaHCOs mixture vs HC using phenolphthalein and methy] orange indicators
b, Mo find the total hardness of water by EDTA tiwation
e.  Titration of ferrous iron by KMnOuwWK2CraOs

Titration of forric iron by KMnOW K Cra0y using SnCls reduction

Recommended Books
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fnorganic Chemistry

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

R. L. Dutta, Inorganic Chemistry, Pt —1I, 5. Edn, 2013, The New Book Stall, 2006,

R. Sarkar, General and Inorganic Chemistry, Pt- L, 11, 2w Edn, Books & Allied (P) Ltd, 2009,

A, K. Das, Fundamental Concepts of Inorganic Chemistry, (Veol. 1-3), 2w Edn, CBS Publisher, 2012.
A. K. Das, Fundamental Concepts of Inorganic Chemistry, (Vel. 4-7), CBS Publisher, 2014,

G. Wulfsberg, Inorganic Chemistry, Viva Books Private Lid., New Delhi, 2001.

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

B. Dounglas, D. McDaniel and J. Alexander, Concepts and Models of Inorpanic Chemistry, 3= Edn,
John Wiley and Sons, Inc., New York, 2001.

J. E. Huheey, E. A. Keiter and R. L. Keiter, Inorganic Chermsn'y Frinciples of Structure and
Reactivity, 4w Edn, Pearson Education, India, 2006,
A. Das and G. N. Mukhetjee; Elements of Bioinotrganic Chc }str_v 2. Edn, U. N. Dhur and Sons,
Kolkata, 2002.

:.

& !

S. L. Lippard and J. M. Berg, Principles ﬂf'Biﬂinmg\@jc‘ QIQMIEW, 1« Edn, Panima Publishing, 19%95.

N. N. Greenwood and A. Earnshaw, Chemistry of the El»s_ig__nenls_, 2w Edn, Elsevier, India, 2005,

G. L. Miessler and D. A, Tarr, Inorganic Chc_glisiry, ;lu Ié;:lnj Pearson Education, India, 2004,

J. D, Lee, Congise Inorganic Chemistry, 5“,_,_5&.-..'.-":{;)55.1"01‘13 University Press, 1999,

F. A. Cotton, G. Wilkinson, C. M. Murillo am;i]srffht Bochmann, Advanced Inorganic Chemistry, Ga
Edn, John Wiley and Sons, Inc., New Yorks 1999.

J. ). Katz, G. T. Seaborg and L. IQ, Mqrs‘s [I'ds), The Chemistry of the Actinide Elements, Vols [ and
I, 2w Edn, Springer Verlag Gmhh "1'936

D. M. Adams. Inorganic Solids, Wiley, New York, 1992,

F. Basolo and R. G. Pearson, Mechanism of Inorganic Reactions, 2« Edn, Wiley, 1967,

R. B. Jordan, Reaction Mechanisms of Inorganic and Organometallic Systems, Oxford University
Press, 1998,

R. H. Crahtree, The Organometallic Chemistry of Transition Metals, 2nd Edn., JTohn Wiley, 1994,
G. 0. Spessard and G. L.. Miessler, Organometallic Chemistry, 2« Edn, Oxford University Press,
USA, 2009,

A. G, Sharpe, Inorganic Chemisiry, 3« Edn, Pearson Education, New delhi, 2004,

J. W.Steed and J. L. Atwood, Supramolecula Chemisiry, 22« Edn, Wiley, 2009,

A. K. Das, Bioinorganic Chemistry, 2« Edn, Books & Allied (P) Lid, Kolkata, 2004.

D. Banerjea, Inorganic Chemistry; A Modern Trestise, Asian Books Private Lud, 2012,

AL L Vogel, A Text Book ol Quantitative Inorganic Analysis, 3a Edn, Lonpmans, 1961,
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I. M, Kolthoff, P. 1. Elving and E. B, Sandell. Treatise on Anlytical Chemistry, Pt-1, I1, TIT, The
Interscience Encyclopedia. Inc., New York. 1959,

D. Harvey, Modern Analytical Chemistry, MeGraw-Hill, New York, 2000,

D. A. Skoog. Principle of Instrumental Analysis, 3. Fdn, Saunders College Publishing, New York,
1985,

G. D, Christian, Analytical Chemistry, 5. Edn. John Wiley, New York, 1994.

H. 1. Arnikar, Essentials of Nuelear Chemistry, 4. Edn Reprint. New Age International (P) Ltd
Publications. New Delhi, 2001,

D. A, Skoog, D. M. West and F. J. Holley, Fundamentals in Analytical Chemistry, 5w Edn, Saunders,
Philadelphin, 1988.

S. Lindsay and J. Barnes, 1igh Performanes Liguid Chromatography, John Wiley, New York, 1992,
D. G. Peters, J. M. Hayes and G. M. Hielije, Chemical Separations and Measurements: Theory and

Practice of Analytical Chemistry, Saunders, Wilzy Interscience, New York. 1974,
S. M. Khopkar, Basic Concepts of Analytical Chemistry, Wiley Eastern Ltd., New Delhi, 1998.
A, L. Underwood and R. A. Duy, Quantitative Analysis 6y Fdn, Prentice-Hall, 2009,

" 4 4

Organic Chemistry

W. 1. 1 Moble, Highlights of Organic Chemistry, MamT Dekker, 1974,

E.L.Eliel, 8 H. Wilen and 1..N. Mander, Slq_réfi’bb,ﬁ_mistry of Organic Compounds, John Wiley &
Sons, New York, 1954, <

S. Sengupta, Basic Stereochemistty of Egggaﬁ’tc"Mnleculﬁ, 2009, '

D. Nasipuri, Stereochemistry of qgg;r_ﬁi:@lﬁlnpnunda 2nd Fdn., Wiley Eastern, New Delhi, 1993,

D. L. Nelson, A. Lehninger, M. (ﬂ:x‘;j{yinﬂi;ﬂﬂﬁ of Biochemistry, 52« Edn, W .IL Freeman &
Company, 2008 :

W, Kemp. Organic Spectroscopy, 3rd Edn., MeMillan. Hong Kong, 1991,

D, H. Williams and L. Fleming, Spectroscopic Methods in Organie Chemistry, 5th Edn., Tata
MeGraw-Hill, New Delhi, 2005,

1. R. Dyer, Applications of Absorption Spectroscopy of Organic compounds, 2nd print Prentice Hall,
New Jersey, 1971, 10

1. March, Advanced Organic Chemistry: Reactions, Mechanisms and Structure, 5th Edn., John Wiley,
New York, 1998,

5. P. McManus, Orzanic Reactive Intermediates, Academic Press, New York, 1973,

F.A. Carcy and R.J. Sundberg, Advanced Organic Chemistry Part A and Part B, 4th Edn., Plemum
Press, Mew Yark, 2001.

T. L. Gilchrist and C. W, Rees, Carbenes, Nitrenes and Arynes, Nelson, New York, 1973,
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T. H. Lowry and K.C. Richardson, Mechanism and Theory in Organic Chemistry, 3rd Edn., Harper
and Row, New York, 1998,

D. L. Melson and M.M., Cox, Lebninger: Principles of Biochemisiry, W.H. Freeman Co, London,
2005.

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

T. W. G. Solomons, Organic Chemistry,

G. M. Loudon, Organic Chemistry

E. A. Davidsen, Carbohydrate Chemistry, Holt, Rineharl and Winston, New York1967.

J. Kennedy, Carbohydrate Chemistry, Clarendon Press, Oxford, 1988,

J. Clayden, N, Greeves, 5. 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
Univeraity Press, 1996, —;M

H. 0. House, Modern Synthetic Reactions, 2nd Edn., BErde]T[]]‘I, 1971.

P. Sykes: A Guide to Mechanism in Organic Chmﬂfstrg!_,l -'
J. A Joule and K. Mills: Heterocyelic Chemistry (4::: Edn)w
T. L. Gilchirst, Heterocyclic Chemistry, 3a Fdn, Paé’i%’nn’,"?ﬂﬂi

R.T. Morrison and R. N. Boyd: Organic Chertisiry =

R. O. C. Norman and J. M. Coxon: P‘rmmpl&ufm*gamc synthesis

L. L. Finar, Organic Chemistry, Vol l*.,ﬁlhﬁdu;vhddison Wesley Longmann, London, 1998,

I. L. Finar, Organic Chemistry, Vol lrmmdn ELBS, London, 1993,

Gareth Thomas, Medicinal {.‘hcmi-irrfj.-'; \‘v-'-'i-iuy, 2w Edn

Asim Kr. Das, Environmental with Green Chemistry. Books & Allied (P) Lid. 2004 5.

Warren, Organic Synihesis: The Disconnection Approach, 1. Edn, Wiley, 2012,

Ahluwalia, Green Chemistry Envirenmentally Benign Reactions, Ane Books-New Delhi, 2012,

Physical Chemistry

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

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

R. A Alberty and R, J. Silbey, Physical Chemistry, John Wiley and Sons, Inc.. New York, 1995,
G. K. Vemulapally, Physical Chemistry, Premtice-Hall of India Pvi. Lid., New Delhi, 2006.

5. Glasstone, Text Book of Physical Chemistry, Macmillan and Company Lid., London, 1951,
T. Engel and P. Reid, Physical Chemistry, Pearson Education, New Delhi, 2006,
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D. A. McQuarrie and J. D. Simon, Physical Chemistry; A Meoelecular Approach, Viva Books Private
Limited.

T1. Chatterjee, Physical Chemistry (Veol. [-111), Platinum

V. Kireey, Physical Chemistry, Mir Publishers, Moscow, 1978,

5. M. Yeremin, Tundamentals of Chemical Thermodynamics, Mir Publishers, Moscow, 1986,

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

. 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 Universily
Press, Oxford

5. M. Mukherjee, Introduction to Physical Chemistry, Art Union, Calcutta,

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

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

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 j‘kgcncy (P73 Lid.

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

K. L. Chugh & S. L. Agnish, A Text Book of Physical {.llmmlsp'y {(Vol 1 - 3), Kalyani Publishers.

K. J. Laidler, Chemical Kinctics, Pearson, New Delhi, 2014

W. 1. Moore, Physical Chemistry, Longman (J'reeri_h_fan'ﬂ {.;} llrl 1953,

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

A. Ghoshal, Numerical Problems on Phy&ipal.. Chemistry, Books and Allied (P) Ltd,

K. K. Rohatgi-Mukherjec, Fundamentals ot".-'l:_’ﬁhi:rtt;che:nisuy, New Age International (P) Limited,
Publishers, Tndiz, 2007, .,

C. N. Banwell and E. M. McCash, }"unclame.ntals of Molecular Spectroscopy. Tata MeGraw Hill
Publishing Company Limited, New: Delhi, 1994,

I M. TIollas, Modern Spectroscopy, fﬁurth Edition, John Wiley & Sons.

I. E. House, Fundamentals of Quantum Chemistry, Second Edition, Elsevier Academic Press.

P. Atkins & R. Friedman, Molecular Quantum Mechanics, Fourth Edition, Oxfor University

Press. Ira N. Levine, Quantum Mechanics, PTTT Learning Pvi. Lid., New Delhi, 2012

R. K. Prasad, Quantum Chemistry, New Age International (') Limited, Publishers.

M. Chanda, Atomic Structure and Chemical Bond Including Molecular Spectroscopy, Tata MeGraw
Hill Publishing Company Limited.

B. K. Sen, Quanium Chemistry including Spectroscopy, Kalyani Publishers

A. K. Chandra, Infroductory Quantum Chemistry, Tata MeGraw Hill Publishing Company

Limited. S. C. Rakshit, Molecular Symmetry Group and Chemistry, Sarat Book House

F. A. Cotton, Chemical Applications of Group Theory, Wiely-India, New Delhi, 2003,

A, Vincent, Moleeular Symmetry and Group Theory, John Wiley and Sons, New Yorl, 1988.
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R. Ameta, Symmetry and Group Theory in Chemistry, New Age [nteruational Publishers, Kolkata,
2013.

Praciicel

J. C. Ghosh, Experiments in Physical Chemistry, Bharati Bhawan Publishars and Distributors, Paina,
1994

Ghoshal. Mahapatra & Mad . An Advanced Course in Practical Chemistry, New Central Book Agency
(P) Ltd.

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

M. J. K. Thomas, J. Mendham, R. C. Denney, I. D. Barnes, Vogel's Quantitative Chemical Analysis.
6w Edn, Pearson Higher Education, 2000,

G. Svehla, Vogels Qualitative Inorganic Analysis, Tu Bdn, Dnrling Kindersley (RS) 2006.

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

Wogel's Text Book of Practical Organic Chemistry (5- Edﬂ}lH
Mann and Saunders, Practical Organic CI'IE!TIH[‘I"}' /

‘!?

Skill Enfiancement Course .

G. L. Patrick, Introduction to Medicinal Chemmh:‘v Oxford University Press, UK, 2013,

H. Singh & V K. Kapoor, Medicinal and Phannaccutu:a] Chemistry, Vallabh Prakashan, Pitampura,
New Delhi, 2012, 5 ;

E.Stocchi, Industrial Chemistry, }r-::rl L l'(llis Horwood Ltd. TR 1990,

Jain, P.C. & Jain, M. Enginecring Chamlgtly Dhanpat Rai & Sons, Delhi.

B K. Sharma & H.Gaur, Tndustrial Chemistry, Goel Publishing House, Meerul 1996,

B.K. Sharma & 1. Gaur, Industrial Chemistry, Goel Publishing House, Meerut 1956,

[N.B.: Digital analytical balance {accuracy up to third/fourth decimal) must be used for
experiments on inorganic, analytical and physical chemistry. |
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SEMESTER = 1 (Total Marks 50, Credit 6)
Basics in Organic and Inorganic Chemistry (Core) Marks 50, Credit 6

[N.B.: Core — 1 for B.Sc. Course with Chemistry & GE — 1 for Honours Course (Except
Chemistry Honours)]

Unit— I* Atomic Straciure (12 L)

Bohr's theory: energy and radius calculations for H-like atoms, dual nature of matter and light, de
Broglie's relationship, Heisenberg's uncertainty principle (qualitative), quantum numbers, Pauli
exclusion principle, qualitative introduction of orbitals, shapes of orbitals, electron distribution of
elements - Aufbau principle and TTund’s rule.

Unit — 11: Radioactivity (8L)

Theory of disintegration, rate constant, half life period (their interrelationship — deduetion) idea of
disintegration series. artificial transmutation and artificial  radioactivity, uses and abuses of
radioactivity. Stability of atomic nucleus, n/p ratio, mass defeet-binding energy.

Unit — I11: Periodie Table and Periodic Properties (10 L)

Periodic law. Periodic classification of elements "\'u_n_ the hasis of electron distribution, s-, p- and d-
block elemenis, connection among valencies, electron distribution and positions ef the elements in the
long form of the periodic table, Periodic propérties: atomic radii, ionic radii, covalent radii, ionisation
energy, electron affinity, electronegativity and-ils different scales.

Unit— IV: Funelional Nature nl'ﬂrggr_uié'{;}g‘i’i’fn pounds (3 L)
Classification of organic cumpnqﬁﬂs_fih‘ termsof functional groups, their IUPAC nomenclature and
valence bond structures. Ul

Unit — ¥: Electron Displacement in Molecules (7 L)

Concept of Inductive effect, Electromeric effect, Hyperconjugation, Resonance, Steric Inhibition of
ResonanceAromalicity and Tautomerism.

Unit — ¥1: Introduction to Organic Reaction Mechanism (20 L)

Homiolytic and heterolytic bond cleavage: Reaclion intermediates: carhacation, carbanion, free radical
{peneration, shape, stability and reaction )

Classification of organic reactions (substitution, elimination, sddition and rearrangement) and reagent
types (electrophiles, nucleophiles, acids and bases), Ideas of organic reaction mechanism (SN1, SN2,
El and E2} Aromatic electrophilic substitution mechanism, orientation and reactivity, bromine and
HBr addition to alkenes mechanism
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SEMESTER — 11 (T'otal Marks 50, Credit 6)
Elemenlary Physical Chemistry & Organic Chemistry (Core)
Marks 50, Credit 4

|N.B.: Core — 1l for B.Sc. Course with Chemistry & GE — 11 for Honours Course (Excepl
Chemistry Honours)|

Unit — I: Kinetic Theory of Gases {8 L)

Tdeal gas equation, derivation of gas laws, Maxwell’s speed and energy distributions (derivation
excluded), distribution curves; differsnt types of speeds and their significance, concept of
equipartition principle, van der Waals equation, Virial equation, continuity of state, Boyle
temperature, critical constants, specific heats and specific ratios, laws of partial pressure, vapour
density and density method of determination of molecular weights, limiting density, abnormal vapour
density, frequency of binary collisions; mean free path

Unit — I: Thermodynamics % (12 L)

Thermal equilibrivm and zeroth law, First law, reversible andirrcverfubla work, criteria of perfect gas,
isothermal and adiabatic expansions, Joule-Thomson cf‘ﬁ:et gdr:ﬁvntmn excluded); Thermochemistry:
Hezs's law and its application

Second law and its elementary interpretation, Gltmul'*;c nyulu and theorems, Clausivs inequality,
criteria of spontaneity, free energy and entropy

T

Unit — I11: Stereochemistry (20 L)

Concept of constitution, configuration a.nd cmfnrmalmn chirality and chiral centre , optical activity |
oplical rotation, specilic rotation.., (:pucai” purily enanliomerism and diastereomerism, oplical
isomerism of lactic avid and wrtaric acid, D, L and R, 8 nomenclature;

Geometrical somerism with reference o fumaric acid and maleic acid;  cis-trans and E, Z
nomenelature,

Conformational analysis of ethane.

Organic Qualitative Practical {Lalh) Mar ks 50y Credit 2

Detection of elements (N, 8, ClI) and any one of the following groups in organic compounds (solid
only): -NHz, -NOy, =COMH;, -OH, >C=0, -CHO, -COOH
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SEMESTER — 111 (Total Marks 50, Credit 6)
Physical Chemistry & Inorganie Chemistry (Core) Marles 50, Credit 4

[N.B.: Core — 111 for B.Sc. Course with Chemistry & GE — ITI for Honours Course (Except
Chemistry Honours)|

Unit — 1: Phase Equilibria and Colligative Properties {10 L)

Phase rule equation (derivation excluded); phase diagram of waler system, Miscibility {phenol-water)
and distillation of completely mizeible binary liguid mixtures; azeotropes, Steam distillation

Graphical appreach of Raoult’s law of vapour pressure and colligative properties: osmosis, lowering
of freezing point, elevation of boiling point, experimental methods of determination of molecular
weights of substances in dilute solutions; van’t Hoff *i* factor and abnormal behaviour of clectrolylic
solutions

Unie — IT: Tlectrochemistry (10 L)

Electrolytic conduction, transport number (experimental determination excluded), velocity of jons:
specific, equivalent and molar conductances, del&minatim'-:ﬁf efuivalent conductivity of solutions.
Kohlrauseh’s law, strong and weak electrolytes, lon aungsphere; electrophoretic and relaxation
effects, Debye-Huckel theory (qualitative) and the limi_ri'ng'-laiw.

Eleerrochemical cells, half-eells {with types and ;}J}caﬁn[jles) Ncr.ns.l equation and standard electrode
potentials, standard cells

Unit — I1I: Chemieal Kineties S (10 L)

Order and molecularity of reactions, mtf:grated razc laws (first and sccond order). average life period,
concept of Arrhenius activation energy e,

Catalysis, autocatalysis, enzyme c:ut:ilyst calalyst poisons, promoters, elementary treatment of
mechanism of catalysis :

Unit — 111z Chemieal and lonie Equilibrium (1o L)

Conditions of spontaneity and equilibrium, degree of advancement and Le Chatelier principle; Van't
Hoff isotherm, isobar and isochore

Ostwald ditution law, Henderson equation, neutralization and aeid-base indicators, buffers, commen
ion effect, solubility product (application in analyvlical chemistry)

Inorganic Qualitative Practical (Lab) Marks 50, Credit 2

Detection of three radicals by analysis of mixture containing not more than three radicals from the
following list (imsoluble salts excluded)

Silver, lead, mercury, bismuth, copper, cadmium, arsenic, antimony, tin, iron, aluminium, chromium,
zinc, manganese, cobalt, nickel, caleium, strontium, barium, magnesium, sodium, potassium,
ammonium and their oxides, hydroxides, chlorides, bromides, iodides, sulphates, sulphites, sulphides,
thiosulphates, chremates, phosphates, nitrites, nitrates and borates.
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Industrial Chemistry (SEC) (Optional) Marks 50, Credit 2

Waler (3 L)
Types of water, analvsis of water (different types of hardness), for municipal and industrial usc
Eleetrochemical and Electro-thermal Industrics (3L)

Preparation and use of Potassium permanganate, hydrogen peroxide, synthetic graphite, calcium
carbide, carborundum, alloy steels

Ceramics (4 L)
Refractories, pottery, porcelain, glass. fibre glass

Rusting of Tron and Steel (3 L)
Cause und prevention of eorrosion

Industrial Safety and Fire Proteetion ) (4 L)

#

Flash point, fire extinguishers — foam, carbon dioxide, sprinkler s¥stem, inert pases.

GL)

Pollution z ;

Types of wastes — industrial, domestie, electronic: their causes and control
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SEMESTER — IV (Total Marks S0, Credit 6)
Inorganic Chemistry & Organic Chemistry (Core) Marks 50, Credit 4

[N.B.: Core — IV for B.S¢, Course with Chemistry & GE — 1V for Honours Course (Except
Chemistry Honours)|

Unit — I: Chemical Forces and Molecular Structure {12L)

Tonic bond, covalent bund {octel rule and expanded octet). dative bond, deformalion of ions and
Fajan's rules, Borm-Haber cvele, hydrogen bond: intra- and intermolecular, bond polarity and dipole
moment. Bond lengrhs, bond angles and qualitative deseription of shapes of some simple malecules
like CO. 505, H20, BeCls, BF, NHs, CHa, C:Hs, C:H;, CiHe.

Unit = 11; Acids, Bascs and Buffers (6 L)

Different concept of acids and bases, ionic product of water, salt hydrolysis, pH and its colorimetric
determination, Strengths of strong and weak acids and bases.

Unit — 111: Oxidation and Reduction ’ {:'_ e (10 L)

Electronic concepts, oxidation number, ion-electron nml,hndof balancing equations, application of
redox reactions, idea of standard potential and fommal potential, Derivation of thermodynamic
quantities of cell reactions (AG. AT and AS). e

i

Unit — TV: Organic Synthesis \ (12 L)
Preparation and synthetic uses of diethyl n"i'ﬁ"lldnatﬁ;:’:'éthylacemacalmeﬂnd Grignard reagents

Preparation of TNT phenyl acetic aga.i_d.-..," salicylic acid, cinnamic acid, sulphanilic acid, phenyl
hvdrazine, nitmpllenuls,nitmanilineh,*hiéﬁc_aﬂid glyeerol, allyl aleohol, citrie scid.

<

Inorganic Quantitative (Lab) ‘: Marks 50, Credit 2

a. ‘Titration of Na:Ct: + NaHCOs mixture vs HCl using phenolphthalein and methyl orange
indicators

b. To find the total hardness of water by EDTA titration

¢, 'Titration of ferrous iron by KMnOy/K:CraOsy

d.  Titration of ferrie iron by KMnOy/K.Cr:0; using 5nCla reduoction

Chemistry of Cosmetics & Perfumes (SEC) (Optional) Marks 50, Credit 2
Preparation and Use of Cosmetics & Perfumes (20 L)

A general study including preparation and uses of the following: Hair dye, hair spray, shampoo,
suntan lotions, face powder, lipsticks, talcum powder, nail enamel, creams (cold, vanishing and
shaving creams), antiperspirants and artificial Bavours. Essential oils and their importance in cosmetic
industries with reference to Eugenol, Geraniol, sandalwood oil. eucalyptus, rose oil, 2-phenvl ethyl
aleohol, Jasmong, Civelong, Muscone,
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SEMESTER — V (Total Marks 50, Credit 6)

Applied Chemistry (Elective) Marks 50, Credit 6

|N.B.: Diseipline Specific Elective (DSE) for B.Se. Course with Chemistry|
Unit — 1: Analytical Chemistry (18 L)

(a) Accuracy and precision in analysis, tvpes of errors, data analysis and curve fitting (lincar ¥ = mX
+ C type), numerical problems, mean, mode and variant

(b) Principles of acid-base tilration, use of indicators and indicator constant, titration of Na:COs +
MNaHCO; mixture va HCI using different indicators, estimation of mixture of strong and weak acids,
qualitative discussion of salt hydrolysis (no derivation)

(c) Single electrode potential and emf of a chemical cell, principles of redox titration, use of redox
polentials, iodometry, iodimetry, use of K:CroOr and KMnO.: as oxidanl (acid, neulral and alkaline
media)

Unit — 11z Basic Principles of Green Chemistry PR (12 L)

Tools of green chemistry including the use of altcrnatiué"'fc%i:l stocks or starting materials, reagents,
solvents, target melecules, and catalysts (homugcﬂcous hctcrugencuus and biocatalvsis), green
chemistry as the alternalive chemistry for pmu:clmn ‘of éhvironment,

Unit — 111: Colloidal State g’ (12 L)

General classification, general methods of pereparatgm of lyophobic colleids and general properties of
colloids, ideas of coagulation, peptlzatn:m pmtemve colloids, dialysis, gold number, isoelectric point,
Brownian motion . W

Unit — IV: Macromolecular Chemistry, (81,

Introduction, definition of macrt:.i"rﬁblaculas, natural and synthetic polymers, monomers, polymers,
degree of polymerization, simple idea of polymer structure: homopolymer (linear, branched, eross-
linked) and copolymer (random, block, graft), polymerization reaction step {growth, addition, ring
opening), impartance 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.

Quantum Chemistry, Spectroscopy & Photochemistry (Elective) Marks 50, Credil 6

[N.B.: Discipline Specific Elective (IISE) Tor B.Sc. Course with Chemistry]
Unit — T: Quantum Chemistry (251L)

Black body radiation, Planck’s radiation law, photoglectrie effect, Wilson-Sommerfeld quantization
rule, application to Bohr atom, harmonic osecillator, rigid rotator and particle in 1-d box, de Broglie




01 May 2018

relation and energy guantization in Bohr atom and box, Heisenberg uncertainty principle, Bohr’s
correspondence principle and its applicatrions to Bohr atom and particle in 1-d box

Elementary concept of operators, eigenfunctions and eigenvalues, linear operators, commutation of
operators, expectation value, hermitian operator, propertics, Schriidinger’s time independent
equation, acceptability of wave function, probability interpretation of wave function

Particle in a box, seiting up of Schrodinger's equation of 1-d box, its selution and application,
degeneracy

Stationary Schrodinger equation for the H-atom in polar coordinates, separation of radial and angular
parts

Uniit — [1: Photochemistry (15 L)

Absorption, Lambert-Beer's law. photochemical Jaws, primary photophysical processes, polential
energy diagram, Franck-Condon principle, flucrescence and phosphorescence, Jablonsky diagram,
Laws of photochemistry, guantum yield, kinetics of HI decomposition, LHa-Bre reactions

Unit — I11; Spectroscopy ;. ) (20 L)
Alkali metal spoctra, multiplicity of spectral lines ¢ 3

Tt i
e

Rotational spectroseopy of diatomic molecules, rigjd,:-..irmni;ﬁ_r mhodel, characteristic leatures (spacing
and intensity ), applications

£ 5
Vibrational spectroseopy of diatomic moleculss, Simple-Harmonic Oscillator (SHO) model; vibration
rotation spectra, applications

NMR spectra, nuclear spin, Larmour premsfon,chemlml shill, spin-spin interaction

Pharmaceutical Chemistry (SEC) {Op:'l:ii}llal} Marks 50, Credit 2
Drugs & Pharmaceuticals (I5L)

Drug discovery, design and development; Basic Refrosynthetic approach. Synthesis of the
representative drugs of the following classes: analgesics agents, antipyretic agents, anti-inflammatory
agents (Aspirin, paracetamol, lbuprofen); antibiotics (Chloramphenicol); antibacterial and antifungal
apents (Sulphonamides; Sulphanethoxazol, Sulphacetamide, Trimethoprim}; antiviral agents
(Acyclovir), Central Nervous System agents (Phenobarbital, Diazepam)Cardiovascular (Gilyceryl
trinitrate), antilaprosy (Dapsonc), HIV-AIDS related drugs (AZT- Zidovudine).

Fermentation (5 L)
Aerobic and anaerchic fermentation. Production of (i) Ethyl alecohol and citrie acid, (ii) Antibiofics;

Penicillin, Cephalosporin, Chloromyeetin and Streptomycin, (iii) Lysine, Glutamic acid, Vitamin B2,
Vitamin B12 and Vitamin C.
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SEMESTER — VI (Total Marks 50, Credit 6)
Chemistry of Biomolecules & Chemotherapy (Elective) Marks S0, Credit 6

[N.B.: Discipling Specific Elective (DSE) for B.Sc. Course with Chemistry|
Unit — 1: Carbohydrate Chemistry (15 L)

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

Unit - 11: Amino acids and Protecin (A5 1)

Essential and non-sssential amino acid ; Synthesis of glycine and alanine ; Isoelectric point ;

Linkage elementary idea about primary and secondary strugture of protein ; Denaturation of proteins .

(15 L)

Unit — ITI: Heteroeyelic Compound and Nucleie acids™

Structures of furan, pyvmole, thiophene, Pyridine; *-ii.jifﬁmit‘l-:ine? Pyrimidine derivatives like uracil,
thymine andcytosine, purine and purine derivatives like adenine, guanine & uric acid : Reactivity and
basicity comparison between pyrrole and pyridine, Sviithesis of uric acid from barbituric acid .

Mucleosides. nuclectides, Nucleic acid, Str—ug;&?‘al.gdinpunem of RMA and DMA ; Secondary struclure
of DNA ( Watson and Crick Model ). " g

Unit - IV: Enzymes and Biochem lglﬁ'l""'li'g“ﬁé:ém-a (8 L)

Definition of terms : enz}rm'gs,‘:. L’:';fhclnrs, Coenzymes, Prosthetic groups Metalloenzymes,
Metabolism ( Catabolism and Arfabolism } : MNomenclature and Classification of enzymes |
Characteristics of enzymes ; Biochemical process : 1) Conversion of pyruvate to acetyl CoA ; ii)
glyeolytic degradation of D — glucose into lactic acid.

Unit - V: Chemotherapy (7 L)

Meaning of Chemotherapy, definition of drug, side effects, secondary effects and toxic effects of
drugs ; preparation and uses of the drugs :  Paracelamol, Aspirin. Sulphadiazineg, Phenobarbitol and
Metronidiazole.
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Advanced Inorganic Chemistry (Elective) Marks 50, Credit 6

[N.B.: Discipline Specific Elective (DSE) for B.Se. Course with Chemistry]
Unit — 1: Coordination Chemistry (15 L)

Double and complex salts, Werner®s theory. lipands, coordination number, inner metallic complexes,
chelate effect, different types of isomerism, IUPAC nomenclature.

Unit — 1I; Chemistry of Main Group Elements (30 L)

A comparative study of the elements belonging to a particular group to be made in briel on the basis
of their electron distribution and position in the periodic table. Struetures (exeluding stereochemisiry)
and propertizs of important compounds mentioned to be explained.

Group 1: Hydrogen — isotopes and binary hydrides, lithium and its similarities and differences from
other alkali metals, diagonal relationship with magnesium, lithium aluminium hydride,

Giroup 2: Caleium, stroncium and barium, hydrolith, calcium cyanamide, gypsum and plaster of paris.

Group 12: Zine, cadmium and mercury. Nesslar's rt*ngunt\,,_ﬁi“l__lun‘é base.

Group 13; Diborane, boron trifluoride, sodium borollyg?;iae; gﬁb’rg,anic benzene.

Group 1< Carbon, silicon, tin and lead, carhide,:s?ticﬁh"‘tﬂfbide, silicu, sodium silicate, Silica gel,
hydrofluorasilicic acid, silicon tetra chloride; glassﬁfﬁll!}l_gﬁue.

Group 15: Nitrogen, phosphorug, arsenic, antimony and bismuth, hydrazine, hydrazoic acid, hydroxyl
amine, hyponitrous acid, phosphorus uxyﬂ'g_id:%.,ﬂiﬁ‘l’ﬂa HaPOy, HaPOly, HaP20w and HPO:), sodium
bismuthate. . %

Giroup 16: Oxygen and sulphur, cnmposumh and structure of ozone, oxyacids of sulphur (H:80,,
H2S804, Mz8200, H:S:0%), persulphate.

Group [7: Fluorine. chloring, bromine and ioding, oxides and oxyacids of chlorine, isolation of
fluorine.

Group 18: Rare gases (isolation and uses) with special reference to general fluorides (structure)
Unit — I1I: Transition Metals (15 L)
Groups 6 and 7: Chromium, manganese, K:Cr0;, K;Cr(y, Cri,Cly, KMnO;, chrome alum.

Groups 8, 9 and 10: Iron, cobalt and nickel, principles of isolation of Ni (excluding details),
composition and uses of allovs, steels, rusting of iron, galvanization and tin plating.

Group 11: Cu, Ag, Au, principles of Ag and Au isolation

10

10
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Fuel Chemistry (SEC) (Optional) Marks 50, Credit 2
Energy Sources (6 L)

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

Coal: Uses of coal (fuel and nomfugl) in various industries, its composition, carbonization of coal,
Coal gas, producer gas and water gas—composition and uses. Fractionation af coal tar, uses of coal
tar bases chemicals, requisites of a good metallurgical coke, Coal gasification {Hydro gasification and
Catalytic gasitication), Coal liquefaction and Solvent Refining,

Petroleum and Petrochemical Industry (10 L)

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

Lubricants % 4L

Classification of lubricants, lubricating oils (conducting and ﬁﬁ:i-tnnduullng] Solid and semisolid
lubricants, synthetic lubricants, Properties of lubricants fwsu:‘sﬂy index, cloud point, pore poini) and
their determination. e
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Recommended Books

A. Sangal, Advanced Organic Chemistry, Vol. 1, Krishna Prakashan Media (P) Lid. Meerut,

India, 2012,
S. R. Palit, Elementary Physical Chemistry; Book Syndicate Private Limited.

P. C. Rakshit, Physical Chemistry: Sarat Book Distributers,

Dr. A. K. Mondal, Degree Rhouto O Sadharan Rasayan; Sarat Book Distributers.
A. Ghoshal, Sadharan O Bhouto Rasayvan;: Books and Allied (P) Ltd.

S. Ekambaram, General Chemistry; Pearson.

G. K. Mukherjee & J. Das, Ajaibo Rasayan, Books & Allied Pvt. [td.

R. L. Dutta and G. 8. De, Inorganic Chemistry, Part — T, The New Book Stall, 7¥ Bdn, 2013.

R. L. Dutta, Inorganic Chemistry, Part =1T, The New Book Stall, 5" Edn, 2006.

P. K. Dutt, General and Inorganic Chemistry, { Vol-1 & II]

=. M. Poddar & 8. Ghosh, General & Inorganic Chcm_:ig‘i.iéi; (Vol I & I1), Book Syndicate Pvt

Lid.

5. Sengupta, Organic Chemistry.

Bahl and Bahl, Organic Chemistry, 8. Chand l"ub_lmahurrs

R. K. Bansal, Organic Chemistry. 3

A. K. Das, Environmental Chemistry With Gru.n Chemistry.

A, Kar, Medicinal Chemistry

Sriram & Yopeswari, Medicinal Lhemi&lr’;ﬂ. ;

G A. Ozinand A. C. Arsenult, Ncmmziwlmsir} A Chemical Approach to Nanomatzrials,
C. M. R, Rao, A, Muller and A, K.. Cl:rcctllam Nanomaterial Chemistry: Recent Development

and New Directions.

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

H. Singh & V.K. Kapoor, Medicinal and Pharmaceutical Chemistry, Vallabh Prakashan,

Pitampura, New Delhi, 2012,

E.Stocchi, Industrial Chemistry, Vol-1, Ellis Horwood Ltd. UK 1990.

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

B.K. Sharma & H.Gaur, Industrial Chemistry, Goel Publishing House, Meerut 1996,

B.K. Sharma & H. Gaur, Industrial Chemistry, Goel Publishing House, Mccrut 1996.
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