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Generic Elective Papers (GE) (Minor-Ghemistry) (any four) for
other Departments/Disciplines: (Credit: 06 each)

GE: ATOMIC STRUCTURE, BONDING, GENERAL ORG/rN|C
CHEMISTRY & ALIPHATIC HYDROCARBONS
(Credits: Theory-04)
Theory: 60 Lectures

Secfion A: lnorganic Chemistry-l (30 Periods)

Atomic Structure : Review of: Bohr's theory and ffs limitations, dual behaviour of
matter and radiation, de-Broglie's relation, Heisanberg Uncertainty principle.
Hydrogen atom spectra. Need of a new approach to Atomic structure,

Significanoe of quantum numbers, orbital angular momentum and quantum numbers
m1 and ms. Shapes of s, p and d atomic orbitals, nodal planes. Discovery of spin,
spin quantum number (s) and magnetic spin quantum number (ms)

Rule_q fqf fi,lltng ele_clro,nq in va.riou-s, o_rb_ita!s-, Ele_c1r:onic, cpnf,gur:atjo_ns_ qt the_ atp_ms.
Stability of half-filled and completely filled orbitals, concept.of exr:hange energy.
Relative energies of atomic orbitals, Anomalous electronic configurations.

(14 Lectures)

Chemical Bonding and Molecular Structure

tonic Bonding; General characteristics of ionic bonding. Energy considerations in
ionic bonding, lattice energy and solvation energy and their importance in the context
of stability and solubility of ionic compounds. Statement of Born-Lande equation for
ealculation of la.ttice energyr Born-Haber, eycle and i.ts applieations, polarizing power
and polarizability. Fajan's rules, ionic character in covalent cornpoundi,' bond
moment, dipole moment and percentage ionic character.

Covalent bonding:VB Approach: Shapes of some inorganic molecules and ions on the
basis of VSEPR and hybridization with suitable examples of linear, trigonal planar,
square planar, tetrahedral, trigonal bipyramidal and octahedral anangements.

Concept of resonance and resonating structures in various inorganic and organric compounds.

({6 Lectures}

Section B: Organic Chemistry.f (30 Periods)

Fundamentals of Organic Chemistry

Physical Effects, Electronic Displacements: lnductive Effect, Electromeric Effect,
Resonance and Hyperconjugation. Cleavage of Bonds: Homolysis and Heterolysis.

M
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Structure, shape and reactivity of organic molecules: Nucleophiles and electrophiles.
Reactive lntermediates: carbocations, carbanions and free radicals.

Str:ength of organic acids and bases: Cornparative study with ernphasis on factors
affecting pK values. Aromaticity: Benzenoids and Huckel's rule.

(8 Lectures)

Stereochemistly

Conformations ruith respect to ethane, butane and cyclohexane. lnterconversion of
Wedge Formula, Newmann, Sawhorse and Fischer representations. Concept of
chirality (upto two carbon atoms). Configuration: Geometrical and Optical isomerism;
Enantiomerism, Diastereomerism and Meso compounds). Threo and erythro; D and
l=; eio - trans nornenclature; e lP Ruleg: R/ $ (for uBtq 2 ehiral c_arb_o_n atoms) and E. /
Z Nomenclature (for upto two C=C systems).

(10 Lectures)

Al iphatic Hyd rocarbons

Functional group approach for the following reactions (preparations & reactions) to
be studied in context to their structure.

Alkanes: (Upto {i Cetrbons). Preparation: Catalytic hydrogenation, Wurtz reaction, Kolbe's
synthesis, from Grignard reagent. Reactions:Free radical Substitution: Halogenation.

Af kenes: (Upto ti Carbons) Preparation; Elimination reactions: Dehydration of alkenes and
dehydrohalogenation of alkyl halides (Saytzeffs rule); cis alkenes (Partial catalytic
hydrogenation) and trans alkenes (Birch reduction). Reacflons; cis-addition (alk. KMnO4)
and trans -addition (bromine), Addition of HX (Markownikoffs and anti-Markownikoff's
addition), Hydration, Ozonolysis, oxymecuration-demercuration, Hydroboration-oxidation.

Alkynes: (Upto {i Carbons) Preparation; Acetylene from CaC2 and conversion into higher

alkynes; by dehalogenation of tetra halides and dehydrohalogenation of vicinal-dihalides.

Reactions: forrnation of metal acetylides, addition of bromine and alkaline l(Mn0a,
ozonolysis and r:xidation with hot alk. KMnOa.

(12 Lectures)

Reference Booksl
Ll J. D. l-ee: A new Aoncise lnorganic ehemistry, E L. B. S.
I F. A. Cotton & G. Wilkinson: Basic lnorganic Chemistry, John Wiley.
n Douglas, McDaniel and Alexader: Concepts and Models in lnorganic

Chemistry, John Wiley.
D James Ei. Huheey, Ellen Keiter and Richard Keiter: lnorganic Chemistry:

Frineiple;s of Structure and Reactivity, Pearson P-ublication.
n T. W. Grilham Solomon: Organic Chemistry, John Wiley and Sons.
D Peter Sykes: .4 Guide Book to Mechanism in Organic Chemistry, Orient Longman.
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n E. L. Eliel: Sfereochemistry of Carbon Compounds, Tata McGraw Hill.
, l. L. Finar: Organic Chemistry ffol. I & ll), E. L. B, S.

! R. T. Morrison & R. N. Boyd: Organic Chemistry, Prentice Hall,
.t Arun Bahl and'B'. S. Bahl: Advaneed Otganic Chemi9try;'S. Chand

cE LAB - l: ATOMIC STRUCTURE, BONDING, GENERAI-
ORGANIC CHEMISTRY & ALIPfIATrc HYDROCARBON$

50 Lectures
Secfion A: lnargarnlc Chemistry - Volumetric Analysis

'1. Estimation of sodium carbonate and sodium hydrogen carbonate present in a mixture.

2. Estimation of oxalic acid by titrating it with KMnOa.

3. Estimation of water of crystallization in Mohr's salt by titrating with l(MnOa.

4. Estimation of Fe (ll) ions by titrating it with K2Cr2O7 using inteinal indicator.

5. Estimation of Cu (ll) ions iodometrically using Na2S2O3.

Section B: Organic Chemistry

1. Detection of extra elements (N, S, Cl, Br, l) in organic compounds (containing upto
two extra etements)

Reference Books:
! Voge|s Qualitative lnorganic Analysis; A.l-. Vogel, Prentiee-Hall| 7th Edjtisn,
n Vogel's Quantitative ChemicalAnalysis, A.l. Vogel, Prentice Hall, 6th Edition.
n Textbook of Practicat Organic Chemistry, A.l. Vogel , Prentice Hall, Sth edition.
n Practical Organic Chemistry, F. G. Mann. & B. C. Saunders, Oriernt Longman, 1960.

GE- ll :CHEMICAL ENERGETICS, EQUILIBRIA & FUhICTIONAL
ORGANIC CHEMISTRY.I
(Credits: Theory-04)
Theory: 60 Lectures

Section A: Physical Chemistry-l (30 Lectures)

Chemical Energetics

Review of thermodynamics and the Laws of Thermodynamics.
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lmportant principles and definitions of thermochemistry. Concept of standard state

and standard elthalpies of formations, integral and differential enthalpies of solution

and dilution. Calculation of bond energy, bond dissociation energy and resonance

energy frorn tLrer,rnochernical data. Variation of enthalpy of a reaction with

temperatu re - K^irchhoff's equation.

(10 Lectures)

Chemical Equilibrium:

Free energy change in a chemical reaction. Thermodynamic derivation of the law of

chemical equilihrium. Distinction between G and Go, Le Chatelier's principle.

Relationships btltween Kp, Ksand Kl for reactions involving ideal gases'

(8 l-ectures)

lonic Equilibria:

Strong, moderate and weak electrolytes, degree of ionization, factors affecting degree of

ionization., ionization constant and ionie produet of water. lonization of weak acids and

bases, pH scale, common ion effect. Salt hydrolysis-calculation of hydrolysis constant,

degree of hydrolysis and pH for different salts. Buffer solutions. Solubility and solubility

prolduct of sparingly soluble salts - applications of solubility product principle'

(12 Lectures)

Section B: Organic Chemistry'2 (30 Lectures)

Functional group approach for the following reactions (preparations & reactions) to

be studied in context to their structure.

Aromatic hYdrocarbons

Preparation (case trenzene): from phenol, by decarboxylation, from acetylene, from

benzene sulPhonic acid.

Reacfions: (Case benzene). Etectrophilic substitution: nitration, halogenation and

sulphonation. Fri"d"l-craft's reaction (alkylation and acylation) (upto 4 carbons on

benzene). side chain oxidation of alkyt benzenes (upto 4 carbons on benzene)'

(10 Lectures)

Atkyt and Aryt Ftalides

Atkyl Halides (upto 5 Carbons) Types of Nucleophilic substitution (su1, sru2 and

S51i) reactions.

PreparatioR; from alkenes and alcohols'
47
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Reactions.' hydrolysis, nitrite & nitro formation, nitrile & isonitrile formation.
Williamson's ether synthesis: Elimination vs substitution.

Aryt HaHdos PreBarffian; (Chloro, brorno and iodo-benzene case.): frorn phenol,
Sandmeyer & Gattermann reactions.

Reactions (Chlorobenzene): Aromatic nucleophilic substitution (replacement by -OH
group) and effect of nitro substituent. Benzyne Mechanism: KNH2iNl-.l3 (or NaNH2/NH3).

(.1O. Lectures)

Alcohols and Phenols Upto 5 Carbons)

Alcoh.ols: Pre.paration:..Prep_aratio.n of 1o,2'and 3o alcohols: using Grignard reagent,
Ester hydrolysis, Redue-tion of aldehydes, ketones, car.b,oxylic acid and est-er.s.

Reacfions; With sodium, HX (Lucas test), esterification, oxidation (with PCC, alk.
KMno4, acidic dichromate, conc, HNog). oppeneauer oxidation Diols: (Upto 6
Carbons) oxidation of diols. Pinacol-Pinacolone rearrangement.

Phenols: (Phenol case) Preparation: cumene hydroperoxide method, from
diazonium salts. Reactions: Electrophilic substitution: Nitration, halogenation and
sulphonation. Reimer-Tiemann Reaction, Gattermann-Koch Reaction, Houben-
Hoesch Condensation, Schotten - Baumann Reaction.

(10 Lectures)

Reference Books:
n T. W. Graham Solomons'. Organic Chemistry, John Witey and Sons.
n Peter Sykes: A Guide Book to Mechanism in Organic Chemistry, Orient Longman.
! l.L. Finar: Organic Chemistry ffol. I & il), E. L. B. S.
n R. T. Morrison & R. N. Boyd: arganic Chemistry, prentice l-{all.
D Arun Bahl and B. S. Bahl: Advanced Organic Chemistry, S. Chand.
tr 61,if ffiIiHiifii.'n y",c at Chemistry +ti Edn Narosa (200rr).
I J. C. Kotz, P. M.'freichel & J. R. Townsend'. General C:hemistry Cengage

Lening lndia Pvt. Ltd., New Dethi (2009).
u B. tJ. Mahan: University Chemistry 3rd Ed. Narosa (1998).
! R. Fl. Petrucci: General Chemistry sth Ed. Macmillan Publishing Co.: New

York (1985).

GE LAB- tl: GHEMICAL ENERcETtcs, EeUtLtBRtA & FtJNcfloNAL
ORGANIC GHEMISTRY-I
60 Lectures
Secfion A: Physical Chemistry
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Thermochemistry
1. Determination of heat capacity of calorimeter for different volumes.
2. Determination of enthalpy of neutralization of hydrochloric acid with

sodium hydroxide.
lonic equilibria
pH measurements

a) Measurement of pH of different solutions like aerated drinks, fruit juices,
shampoos and soaps (use dilute solutions of soaps and shampoos to prevent
damage to the glass electrode) using pH-meter.

b) Preparation of buffer solutions:
(i) Sodium acetate-acetic acid
(ii) Ammclniumchloride-ammoniumhydroxide

Measurement o1'ther pH of bufter solutions and comparison of the values with

theoretical values.

Secfion B: Organic Chemistry
1. Purification of organic compounds by crystallization (from water and

alcohol) and distillation.
2. Criteria of Purity: Determinatisn of-melting and boiling p'oints,

3. Preparations:
Recrystallisation, determination of melting point and calculation of quantitative
yields to be clone.

(a) Brominatlon of Phenol/Aniline
(b) Benzoylation of amineslphenols
(c) Oxime and 2,4 dinitrophenylhydrazone of aldehyde/ketone

Reference Books

! A.l. Vogel: Textbook of Practical Organic Chemistry, Sth edition, Prentice-Hall.

n F. G. Mann & B. C. Saunders, Praclical Organic Chemistry, Orient Longman (1960),

n B.D. Khosla, Senior Practical Physical Chemistry, R. Chand & Co'

GE-lll : SCILUTIONS,
E[.ECTROCI.UEMISTRY
CHEMISTRY.II
(Credits ; Theory-04) Theory:

60 Lectures

Secfion A: Phy'sical Chemistry-2 (30 Lectures)

Solutions

Thermodynamics of ideal solutions: ldeal solutions and Raoult's law, deviations from

Raoult's law - non-ideal solutions. Vapour pressure-composition and temperature-
49
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composition curves of ideal and non-ideal solutions. Distillation of solutions. Lever
rule. Azeotropes.

Partial miscibility of liqui&r Cr:itical solution temperature; effect ol' impurity on partial
miscibility of liquids. lmmiscibility of liquids- Principle of steam distillation. Nernst
distribution law and its applications, solvent extraction.

Phase Equilibrium

Phases, cornponents and degrees of freedom of a system, criteria of phase equilibrium. Gibbs

Phase Rule and its thermodynamic derivation. Derivation of Clausius - Clapeyron equation and

its importance in phase equilibria. Phase diagrams of one-component systems (water and

sulphur)

Conductance

Conductivity, equivalent and molar conductivity and their variation with dilution for
weak and strong electrolytes. Kohlrausch law of independent migration of ions.

Conductometric titrations (only acid-base).

Electrochemlstry

Reversible and irreversible cells. Concept of EMF of a cell. Measurement of EMF of
a cell Nernst equation and its importance. Types of electrodes. Standard electrode
potential. Electrochemical series. Thermodynamics of a reversibler cell, calculation of
thermodynamic properties: G, H and S from EMF data.

Secfion B: Organic Chemisft-3 (30 Lectures)

Functional group approach for the following reactions (preparations & reactions) to
be studied in context to their structure.

Carborylic acids and their derivatives

earboxytic acids (aliphatic and aromatic)

Preparatian: Acidic and Alkaline hydrolysis of esters.

Reactions; Hell - Vohlard - Zelinsky Reaction.

Carboxylic acid derivatives (aliphatic): (Upto 5 carbons)

Preparation; Acid chlorides, Anhydrides, Esters and Amides from acids and their
interconversion.

Reactions, g66.rparative study of nucleophilici,ty of acyl derivativels. Retorrnatsky.
Reaction, Perkin condensation.

(6 Lectures)
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Amines and Diazonium Salts

Amines (Aliphatic and Aromatic): (Upto 5 carbons)

Preparation: from alkyl halides, Gabriel's Phthalimide synthesis, Hofmann
Bromamide reaction.

Reactions; Hofrnann vs. Saytzeff elimination, Carbylamine test, Hinsberg test, with

HNO2, Schotten -. Baumann Reaction. Electrophilic substitution (case aniline):
nitration, bromination, sulphonation. i

Diazonium salts; Preparation; from aromatic amines

Reactions; conversion to benzene, phenol, dyes

(6 Lectures)

Amino Acids, Peptides and Proteins:

Preparation of Amino Aclds; Strecker synthesis using Gabriel's phthalimide
synthesis. Zwitte rion, lsoelectrie po i nt' and E leetrophoresis.

Reactions of Amino acids: ester of -COOH group, acetylation of -Nl{z group,

complexation with Cu2* ions, ninhydrin test.

Overview of Prirnary, Secondary, Tertiary and Quaternary Structure of proteins.
(10 Lectures)

Carbohydrates: Classification, and General Properties, Glucose and Fructose (open
chain and cyclic structure), Determination of configuration of monosaccharides, absolute
configuration of Glucose and Fructose, Mutarotation, ascending and descending in
rnonos-aeeharides, Struetureof disaeharrides (suerose, eellobiose; rfialto$€, laetose)'

(8 Lectures)

Reference Books:

t U'ift:"d;,tffiiffi":4ffi" at chemistry4th Ed Narosa (2004).
I J. C. Kotz, P. M. Treichel, J. R. Townsend, General Chemistry, Cengage

Learning lnclia Pvt. Ltd.: New Delhi (2009).
I B. H. Mahan: University Chemistry,3rd Edn. Narosa (1998).
! R. H. Petruc;ci, General Chemistry, Sth Edn., Macmillan Publishing Co.: New

Yor:k (1985)
! Morrison, R. T. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (lndia)

Pvt. Ltd. (Pearson Education).
n Finar, l. L. Organic Chemistry (Volume 1), Dorling Kindersley (lndia) Pvt. Ltd.

(Pearson Education).
n Finar, l. L. Organic Chemistry (Volume 2,), Dorling. Kindersley (lndia) Pvt. Ltd.

(Pearson Education).
tr Nelson, D. 1.. & Cox, M. M. Lehninger's Princlples of Biochemisty /n Ed., W.

H. Freeman
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Berg, .,. M., Tymoczko, J. L. & Stryer, L. Biochemistry /h Ed',w' H' Freeman

GE LAB. III: SOLUTIONS, PHASE EQUILIBRIUM, COI\ID{.JCTANCE,

ELECTROCHEMISTRY & FUNCTIONAL ORGANIG CI-{EIIRISTRJI

60 Lectures
Secfion A: PhYsical Chemistry

Distribution

Study of the equilibrium of one of the following reactions by the distribution method:

lz(aq)+ t-(aQ) e !i(ag) .,.
C-u'-(a'i) + xNHz(aq) + [Cu(NHs)xl'

Conductance

lV. Determination of cell constant
V. Deterrnination of equivalent eonductancq degr:ee- of dissociation and

dissociation constant of a weak acid.
Vl. Perform the following conductometric titrations:

v. Strong acid vs. strong base
vi. Weak acid vs. strong base
vi. Weak acid vs. strong base

Secfion B: Organic Chemistry

Systematic Qualitative Organic Analysis of Organic Compounds possessing

monofunctional groups (-CObH, phenolic, aldehydie ketsniei anlide, nitl'o, amines)

and preparation of one derivative.

Reference Books:

E A.l. Vogel: Textbook of Practical Organic Chemistry, Prentir:e l{all, Sth Edn.

I F. G. Mann & B. C. $aunders: Practical Organic Chemistry, Orienrt L.ongman, 1960

n B.D. Khosla: Senior Practical Physical Chemistry, R. ChantJ & Co.

n Ahluwalia, V.K. & Aggarwal, R. Comprehensive Practical Organic Chemistry,

Universities Press,

GE- ]V:CHEHIISTRY OF S- AND P-BLOCK ETEMENT€i, $TATES OF

MATTER & CHEMICAL KINETICS

(Credits: Theory-O4)
Theory: 60 Lectures

4

General PrinciPles of MetallurgY
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Chief modes of occurrence of metals based on standard electrode potentials.
Ellingham diagrilms, for reduction of metal oxides using carbon as reducing agent.

(4 Lectures)
s- and p-Block Elements

Periodicity in s- and pblock elements with respect to electronic configuration, atomic
and ionic size, ionieation enthalpy, electronegativity (Pauling, Mulliken, and Alfred-
Rochow scales). Allotropy in C, S, and P.

Oxidation states with reference to elements in unusual and rare oxidation states like
carbides and nitrides), inert pair effect, diagonal relationship and anomalous
behaviour of first member of each group.

Compounds of s- and p-Block Elements

Hydrides and their classification (ionic, covalent and interstitial), structure and
properties with respect to stability of hydrides of p- block elements.

Concept of multicentre bonding (diborane).

Structure, bonding and their important properties like oxidation/reduction,
acidic/basic nature of the following compounds and their applications in industrial,
organic and environmental chemistry.

Hydrides,of nitrogert (NHs, NzH+, NsH, NFtzOH)

(26 Lectures)

Section B: Physical Chemistry-3 130 Lectures)

Kinetic Theory of Gases

Postulates of Kinetic Theory of Gases and derivation of the kinetic gas equation.

Deviation of reaf gases from ideal behaviour, compressibility factor, causes of
deviation. van der Waals equation of state for real gases. Boyle temperature
(derivation not required). Critical phenomena, critical constants and their calculation

from van der Waals equation. Andrews isotherms of CO2.

Solids
Forms of solids. Symmetry elements, unit cells, crystal systems, Bravais lattice types

and identification of lattice planes. Laws of Crystallography - Law of constancy of
interfacial angles, Law of rational indices. Miller indices. X-Ray diffraction by

crystals, Bragg's law. Structures of NaCl, KCI and CsCl (qualitative treatment only).

Defects in cryslals, Glasses and liquid cryslals.
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Chemical Kinetics

The concept of reaction rates. Effect of temperature, pressure, catalyst and other factors on
reastion rates. Order and molecularity of a reaction, Derivation of integrated rate equations
for zero, first and second order reactions (both for equal and unequal concentrations of
reactants)' Hatf-life of a reaction. General methods for determination of order of a reaction.
concept of activation energy and its calculation from Anhenius equation.

Theories of Reaction Rates: Collision theory and Activated Conrplex theory of
bimolecular reactions. Comparison of the two theories (qualitative treiatment only).

Reference Books:
0 G. M. kff py*et cbdty Trt. tt{e#Hil (?o07).I G. W. Casteilan: Physical Chemistry 4th Edn. Narosa (2004).n J q K9q: P_ M: 'freichel & J: R. Townsend: Generat cihemistry cengage

Lening lnciia Pvt. Ltd., New Dethi (2009).
ii B. H. Mahan: University Chemistry 3rd Ed. Narosa (1998).! R' H. Petrucci: General Chemistry sth Ed. Macmitlan Publishing Co.: New

York (1985).
! J. D. Lee: A New Concise lnorganic Chemistry, E.L.B.S.n F.A. cotton & G. wilkinson Basie tnorganie chemisf4y; John wiley,n D' F. Shriver and P. W. Atkins: tnorganic Chemistry, 6xford University press.
I Gary Wulfsberg: lnorganic Chemistry, Viva Books Fvt. t_tO.

GE LAB- lv:cHEMtsrRy oF s- AND p-BLocK ELEMTENTS, STATES
OF MATTER & CHEMICAL KINETICS
60 Lectures
Secfion A: lnorg.anic Chemistry

Semi=micro qualitative analysis using H2S of mixfures- not more than four ionic species
(two anions and two cations and excluding insoluble salts) out of the flollpwing:

cations : NH4+, ?b'*,lg*, Bi3*, cu2*, cd2*, sn2*, Fe3*, Al3*, co2*, cr3*, Ni2*, Mn2*, zn2*,
Ba*, sr2*, ca2*, K* '

Anions_ : co32- , s2-, so2-, szoa2-, Nos-, cH3coo-, ct-, Br-, t-, No3-,so ,r2- , poot-,Bog3-,

C2O42', F-

(Spof fesfs should be carripd out wherever feasibte)

Secfion B: Physical Chemistry

(l) surface tension measurement (use of organic solvents excluded).

a) Determination of the surface tension of a tiquid or a dilurte solution using a
stalagmometer.
b) Study of the variation of surface tension of a detergent solution with concentration.
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(ll) Viscosity measurement (use of organic solvents excluded)

a) Determination of the relative and absolute viscosity of a liquid or dilute
solutio+ rsing.an Ostwald s viscometer.
b) Study of the variation of viscosity of an aqueous solution with concentration
of solute.

Reference Books:

n A.l. Vogel, Qualitativc lnorganie Analysis, Frentice Hall, 7th Edn.

I A.l. Vogel, Quantitative ChemicalAnalysis, Prentice Hall, 6th Edn
B.D. Senior
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