GE I: ATOMIC STRUC1 URE. BONDING. GENERAL ORGANIC CHEMISTRY & ALIPHATIC
HYDROCARBONS

(Credits: 06): 60 Lectures

Section A: Inorganic Chemistry-1 (30 Lectures)
Atomic Structure: Review of: Bour's theory and its limitations, dual behaviour of matter and radiation,
de-Broghe’s rziation, Heisenberg Uncentainty princinle. Hydrogen atom spectra. Need of 2 new appreach
1o Atomic sir-<ture.

Significance of guantum numbers, orbital angular morentum and quantum numbers ml and ms. Shapes

of s, p and d aiomic orbitals. nodal planes. Discovery of spin. spin quanium number (s) and magnetic spin
guantum number (ms).

Rules for fling electrons 1n various orbitals, Electronic configurations of the atoms. Stability of half-
£i2d 2nd co=pletely filled orbitals. concept of exchenge energy. Relative energies of atomic orbitals,

Chemical Bonding and Molecular Structure

ionic Bonging: General characieristics of ionic baadirg. Encrgy considerations ir toric bondirg. iatuce
eqergy and soivation ensrgy and their importance in the context of subility and solubility of ionic
compounds. Statement of Born-Landé equation for calculation of lattice energy, Bom-Haber cycle and 18
zpplications, polarizing power and polarizability. Fajen’s rules, ionic character in covalent compounds,
bond moment, dipole moment and percentage ionic character.

Covalent bernding: VB Approach: Shapes of some inorganic molecules and ions on the basis of VSEPR
znd hybridization with suitable examples of linear, trigonal planar, square planar, tetrahedral, trigonal
Sipyramida’ and octahedrzl arrangements.

Concept o resonance and resonzling Structurss ir. vamnous inorgz—=c and organic compcunds. (16

Lectures)

Section B: Organic Chemistry-1 (30 Lectures)
Fundamen:zls of Organic Chemustry

Physical Efects. Electronic Displacements: i=ductive Effect, Ele-womeric Effect. Resonance znd
ion. Cleavage of Bozds: Homolys= and Heterolysis.

Structure, shape and reactivity of organic molecuies: Nucleophiles and electrophtles.

Reactive Intermediates: Carbocations, Carbanions and free radicals.

Strength of organic acids and bases: Comparative study with emphasis on factors

affecting pK values. Aromaticity: Benzenoids and Hiickel’s rule. (8 Lectures)

>

Stereochemistry

Conformeiions with respect 10 ethane, butane and cyclohexane. Interconversion of Wedge Formula,
Newmnann. Sawhorse and Fischer representations. Concept of chirality (upto two carbon atoms).
Configuration: Geometrical and Optical isomensmy; Epantiomerism, Diastereomerism and Meso
compounds). Threo and ervthro; D and L; cis - trans nomenclature; CIP Rules: R/ S (for upto 2 chiral

carbon atems) and E /Z Nomenclature (for upte wwo C=C systems). (10 Lectures)
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Aliphatic Hydrocarbons
roach for the following reactions {preparations & reactions) to be stud:2d in conisxt

Functionzal group appr
to ther structure.
Alkancs: (Upto S Carbons). Preparztion: Catalytic t.drogenation. Wurtz reaction. Kolbe s
reagent. Reactions: Free radical Substitution: Halogenation.
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Alkenes: (Upto 5 Carbons) Preparation: Elimination reactions: Dehydration of =zlkenes an
dehvdrohalogenation of alkyl haiides (Savizeff's rulej; cis alkenes (Partial cztalytic hydrogenation) and
alienas (Birch reduction). Rezctions: cis-additcn (alk. KMrpO4) and trans -azddituca (tromize).

wans aixen

Addidon of HX (Markownikofi's ard anti-Mazkownikoff's addition). Hvdration, Ozonolhys:s,
oxymecuraion-dermercurat ion. Hvdroborzuion-oxidauor.
lames: by

Alkynes: (Upto § Carbons) Prerara: ion: Acetylene from CaC2 and conversion into highes 2
dehzalogenauon of tetra halides znd dehydrohalogenation of vicinal-dihalides. Reactions: Zormation of

=tviid addition of bromine and alkaline KMnO4, ozonolysis and oxidation =itk hot zlk

metai acetyiides,
KMnO4. (12 Lectures)

Reference Books:

J.D. Lee: A new Concise Inorganic Chemistry, EL. B. S.

E A. Cotton & G. Wilkinson: Basic Inorganic Chemistry, John Wiley.

Douglas, McDaniel and Alexader: Concepts and Meodels in Inorganic

Chemistry, John Wiley.

Jemes E. Huheey. Ellen Keite and Richard Keiter: In norganic Chemustry:

Principles of Structure and Rezctivity, Pearson Pub.ication.

T. W. (xahm’n Solomon: Orgznic Chemustry, John Wiley and Sons.

Peter Sykes: A Guide Book 1o Mechanism in Orgazic Chemistry, Orient Longman.
F L. Liiel: Stereochemisiry o f Carbon Compo:nds, Tata McGraw Hill
I L. Finar: Organic Chemisty (Vol. I & II), E. L. B S,

R T Morrison & R. N. Boye Organic Chemistry, Prentice Hall.

Arun Bahl and 8. S. Bahl: Advanced Organic Cherustry, §. Chand
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-GE-II: CHEM‘CAL ENERGETICS, EQUILIBRIA & FUNCTIONAL ORGANIC CHEM]STRYW
- (Credits: ﬂl“’Lectures

Secﬂon A: PHQQCaI Chemistry—] (30 Lectures)
Chemical Efiergetics
- Review of thermodynamics and the Laws of Thermodynamics.
Important principles and definitions of thermochemistry. Concept of standard state and standard
& enthalpies of formations, integral and differential enthalpies of solution and dilution. Calculation of bond
~ energy, bond dissociation energy and resonance energy from thermochemical data. Variation of enthalpy
of a reaction with temperature — Kirchhoff’s equation. (10 Lectures)

: Chemical Equilibrium: Free energy change in a chemical reaction. Thermodynamic derivation of the
law of chemical equilibrium. Distinction between G and Go, Le Chatelier’s principle. Relationships
between Kp, Kc and Kx for reactions involving ideal gases. (8 Lectures)

lonic Equilibria: Strong, moderate and weak electrolytes, degree of ionization, factors affecting degree

of ionization, ionization constant and ionic product of water. lonization of weak acids and bases, pH

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

& for different salts. Buffer solutions. Solubility and solubility product of sparingly soluble salts —
applications of solubility product principle. (12 Lectures)

N

-~ Seciion B: Organic Chemistry-2 (30 Lectures)

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

“Aromatic hydrocarbons

Preparation (Case benzene): from phenol, by decarboxylation, from acetylene, from benzene sulphonic
acid. '

Reactions: (Case benzene): Electrophilic substitution: nitration, halogenation and sulphonation. Friedel-

Craft’s reaction (alkylation and acylation) (upto 4 carbons on benzene). Side chain oxidation of alkyl
benzenes (upto 4 carbons on benzene). (10 Lectures)

Alkyl and Aryl Halides

- Alkyl Halides (Upto 5 Carbons) Types of Nucleophilic Substltutlon (SN1, SN2 and SNi) reactions.
Preparation: from alkenes and alcohols.

Reactions: hydrolysis, nitrite & nitro formation, nitrile & isonitrile formation. Williamson’s ether
- $ynthesis: Elimination vs substitution.

_Aryl Halides Preparation: (Chloro, bromo and iodo-benzene case): from phenol, Sandmeyer &
“Gattermann reactions.

~Reactions (Chlorobenzene): Aromatic nucleophilic substitution (replacement by —OH group) and effect of
“nitro substituent. Benzyne Mechanism: KNH,/NH; (or NaNH,/NH3). (10 Lectures)

~ Alcohols and Phenols
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Bater hydrolysis, Reduction of aldehydes, ketones, carboxylic acid and esters. Reactions: With sodium,
(Lucas test), esterification, oxidation (with PCC, alk. KMnO4, acidic dichromate, conc. HNO3).
, pencauer oxidation Diols: (Upto 6 Carbons) oxidation of diols. Pinacol-Pinacolone rearrangement.
thenols: (Phenol case) Preparation: Cumene hydroperoxide method, from diazonium salts. Reactions:
lectrophilic  substitution: Nitration, halogenation and sulphonation. Reimer-Tiemann Reaction,
i ifitermann-Koch Reaction, Houben— Hoesch Condensation, Schotten — Baumann Reaction.
10 Lectures)
rence Books:
& T, W. Graham Solomons: Organic Chemistry, John Wiley and Sons.
¥ Peter Sykes: A Guide Book to Mechanism in Organic Chemistry, Jrient Longman.
$LL. Finar: Organic Chemistry (Vol. I & II), E. L. B. S,
' T. Morrison & R. N. Boyd: Organic Chemistry, Prentice Hall.
':_-- run Bahl and B. S. Bahl: Advanced Organic Chemistry, S. Chand.
63, M. Barrow: Physical Chemistry Tata McGraw-Hill (2007).
0, W. Castellan: Physical Chemistry 4th Edn. Narosa (2004).
# C. Kotz, P. M. Treichel & J. R. Townsend: General Chemistry Cengage
ing India Pvt. Ltd., New Delhi (2009).
- H. Mahan: University Chemistry 3rd Ed. Narosa (1998).

R H Petrucci: General Chemistry 5th Ed. Macmillan Publishing Co.: New
K (1985)

HLAB- 11: CHEMICAL ENBRGETICS, EQUILIBRIA & FUNCTIONAL
BANIC CHEMISTRY-I
on A: Physical Chemistry
hemistry 1. Determinatiqn of heat capacity of calorimeter for different volumes. 2.

fiination of enthalpy of neutralization of hydrochloric acid with sodium hydroxide.
fequilibria pH measurements

Bhsurement of pH of different s utions like aerated drinks, fruit juices, shampoos and soaps (use
'lutions of soaps and shampods to prevent damage to the glass electrode) using pH-meter. b)

ition of buffer solutions: (i) Sodium acetate-acetic acid (ii) Ammonium chloride-ammonium
Ride Measurement of the pH of buffer solutions and comparison of the values with theoret:cal

i B: Organic Chemistry

tion of organic compounds by crystallization (from water and
d distillation. -

i of Purity: Determination of melting an(d boiling points.
ons:

ion, determination of melting point any calculation of quantitative yields to be done.
tion of Phenol/Aniline

lation of amines/phenols

nd 2,4 dinitrophenylhydrazone of aldehyde/Retone
oks

el: Textbook of Practical Organic Chemistry, 5tk edition, Prentice-Hall.
nn & B. C. Saunders, Practical Organic Chemistry\ Orient Longman (1960).




GE-I11 : SOLUTIONS, PHASE EQUILIBRIUM, CONDUCTANCE, ELECTROCHEMISTRY &
FUNCTIONAL GRCUF ORGANIC CHEMISTRY-II (Credits: 6) : 60 Lectures
Section 4: Physical Chemistry-2 (30 Lectures)

Solutions

Therme-ivnamics of :dzal solutions: Ideal solutions and Rzoult’s law. deviations rom Raoult’s law — non-
ideal solutions. Vapour pressure-composition and temperature-COmMpOsition curves of ideal and non-ideal
soiutions. Distillation of solutions. Lever rule. Azeotropes. Partial miscibility of liquids: Critical sclutien
temperamure; effect of impurity on partial miscibility of iiquids. Immiscibility of liquids- Principle of
ctezm distillation. Nemnst distribution law and its applications, solvent extraction. (8 Lectures)

Phase Equilibrium

D ases, componenis and degrees of freedorr of a system. criteriz of phase equilibrium. Gibbs Phase Rule
2nd ‘ts thermodynzmic derivation. Denvaton of Clausizs — Clapeyron equation and its importance in
phase  equilibna. Phase diagrams of one-coxponent — Systems (water and sulphur)
(8 Lectures)

Conductance

Conductivity, equivalent and molar conductivity and their variation with dilution for weak and sirong
electrolvtes. Kohlrzusch law of independent migration of ions. Conductometric titrations (only acid-bese).
(6 Lectures)

Electrochemistry

Reversible and irreversible cells. Concept of EMF of 2 cell. Measurement of EMF of a cell. Nernst
ecuaticz and 1ts =portance. Tvpes of electrodes. Stancard electrode potent:al. Electrochemucal series.
Taermodynamics < a reversibie cell. calculation of thermodynamic propertics: G, H znd S from EMF
izta. (8 Lectures)

Section B: Organic Chemistry-3 (30 Lectures)

Functional group zoproach for the following reactions (preparations & reacticns) to be studied in conexi

to their structure.

Carboxylic acids and their derivatives Carboxylic acids (aliphatic and aromatic) Preparation: 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
rom acids and their interconversion. Reactions: Comparative study of nucleophilicity of acyl derivatives.
Reformatsky Reaction, Perkin condensation. (6 Lectures)
Amines and Diazonium Salts s

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

Preparation: from alkyl halides, Gabriel’s Phthalimide synthesis, Hofmann

~Bromamide reaction.

Reactions: Hofmann vs. Saytzeff elimination, Carbylamine test, Hinsberg test, with

HNO-. Schotten — Baumann Reaction. Electrophilic substitution (case aniline):

nitration, brominztion, sulphonation.

Diazonium salts: Preparation: from aromatic amines.

Rezactons: conversion to benzene, phenol. dyes. (6 Lectures)




Amino Acids, Peptides ang Proteins:
Freparation of Amino Acids: Strecker synthesis using Gabrie]’s phthalimide synthesis. Zwitterion,
Isoelectric point and Electrophoresis Reactions of Amino acids: ester of -COOH £roup, acetylation of —
NH2 group, complexation with Cu2+ions, ninhydrin tes:. Overview of Primary, Secondary, Tertiary and
Quaternary Structure of protemns. (10 Lectu’res)

Carbohvdrates- C;;ssiﬁcalion: and Genera] Properties, Glucose and Fructose (open chain ang cvclic
st.ucture), Determination of configuration of Mmonosacckarides, absolute configuration of Glucose and
Frictose, Mu(aroiauon, ascending and descending in monosaccharides. Stucture of disacharrides
(sucrose. cellobiose. maltose, lactose). (8 Lectures)

Reference Books:

G. M. Barrow: Phyvsical Cbemjsn}' Tata McGraw- Hill (2067).

G. W. Castellan: Paysica] Chemistry 4th E4. Narosa (20¢.).

J.C.Ketiz,P. M. Treichel, J. R. Townsend, Genera] Chermistry, Cengage

Leaming Indja Pvi. Lid.: New Delhi (2009).

B. H. Mahap- University Chemistry, 3r4 Edn. Narosa (1998).

R.H. Petrucci, Generz] Chernjstry. 5th Edn., Macmillan Pubh'shing Co.: New
York (1983).

Morrison, R. T. & Boyd, R N. Organic Chemistry, Dorling Kindersley (India)

Pvi. Ltd. (Pearson Education),

Finar, I L. Organic Chemistry (Volume 1), Dorling Kindersley ( India) Pyt I ¢q

(Pearson Education).

Finar, . . Organic Chemistry (Volume 2), Dorling Kinderzley (India P Pvi. Lud.
(Pzarson Edtca'lion)_

Nelson, D L. & Cox, M. M. Lehninger's Principles of Biocf‘.cmislry TULd, W I Freeman
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5 lV:GIEMISTRY OF S- AND P-BLOCK ELEMENTS, STATES OF MATTER &
«HEMICAL KINETICS)Credits:’T heory-06): 60 Lectures

Yetion A: Inorganic Chemistry (30 Lectures)

Beneral Principles of Metallurgy
fef modes of occurrence of metals based on standard electrode potentials. Ellingham diagrams for

ction of metal oxides using carbon as reducing agent. (4 Lectures)

3 -ind p-Block Elements
Hodicity in s- and p-block elements with respect to electronic configuration, atomic and ionic size,

ization enthalpy, electronegativity (Pauling, Mulliken, and Alfred- Rochow scales). Allotropy in G,iS,
P. Oxidation states with reference to elements in unusual and rare oxidation states like carbides and
des), inert pair effect, diagonal relationship and anomalous behaviour of first member of each group.

1 pounds of s- and p-Block Elements
irides and their classification (ionic, covalent and interstitial), structure and properties with respect to

_lity of hydrides of p- block elements. Concept of multicentre bonding (diborane). Structure, bonding
:}hcir important properties like oxidation/reduction, acidic/basic nature of the following compounds
their applications in industrial, organic and environmental chemistry. Hydrides of nitrogen (NH3,

i, N;H, NH,OH) (26 Lectures)

;!l B: Physical Chemistry-3 (30 Lectures)

jtic Theory of Gases
jlates of Kinetic Theory of Gases and derivation of the kinetic gas equation. Deviation of real gases

Hdeal behaviour, compressibility factor, causes of deviation. van der Waals equation of state for real
i Boyle temperature (derivation not required). Critical phenomena, critical constants and their
Hation from van der Waals equation. Andrews isotherms of CO,. (10 Lectures)

solids. Symmetry elements, unit cells, crystal systems, Bravais lattice types and identification of
lnncs Laws of Crystallography - Law of consiancy of interfacial angles, Law of rational indices.
4 ndices. X—Ray diffraction by crystals, Bragg’s law. Structures of NaCl, KCl and CsCl (qualitative

" t only). Defects in crystals. Glasses and liquid crystals. (10 L ectures)

iehl Kinetics
icept of reaction rates. Effect of temperature, pressure, catalyst and other factors on reaction rates.

molecularity of a reaction. Derivation of integrated rate equations for zero, first and second
iCtions (both for equal and unequal concentrations of reactants). Half-life of a reaction. General
j-for determination of order of a reaction. Concept of activation energy and its calculation from
equation. Theories of Reaction Rates: Collision theory and Activated Complex theory of
reactions. Comparison of the two theories (qualitative treatment only). (10 Lectures)



