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GET: ATOMIC STRUCTURE

HYDROCARBONS  BONDING, GENERAI, ORGANIC CHEMISTRY & ALIPHATIC

Secti s Inorgani
»A clion A: Inorganic Chemistry-1
tomic Structur i vy
-otructure: Review of: Bohr's (he its limitati i [ ati
derBrontie's mir, view of: Bohr’s theory and its limitations, dual behaviour of matter and radiation,
. Jie's rel isenbar inci
L. ation, ”()lh(,lﬂ)(llg Uncerfainty principle. Hydrogen atom spectra, Need of a new approach
to Atomic structure,
Significance of qus i s
.gj ficance of quantum numbers, orbital angular momentum and quantun numbers ml and ms. Shapes
ol's, p and d atomic orbitals, nodal planes. Discovery of spin, spin quantum number (s) and magnetic spin
Quantum number (ms).
, e ) ) i ) . . " P . - g a1 a - .
Rules for filling clectrons in various orbitals, Tilectronic configurations of (he atoms. Stability of hall
filled and completely filled orbitals, concept of exchange cnergy. Relative energies of atomic oroiats

Anomalous clectronic confligurations,

Chemical Bonding and Molecular Structure
lonic Bonding: General characteristics of ionic bonding. Fnergy considerations in ionic bonding, latticc
energy and solvation cnergy and their importance in the context of stability and solubility of ionic

compounds. Statement of Born-T.andé equation for calculation of lattice energy, Born-Haber cycle and ifs
applications, polarizing power and polarizability. Fajan’s rules, ionic character in covalent compounds,

hond 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 lincar, trigonal planar, squarc planar, tetrahedral, trigonal

bipyramidal and octahedral arrangements.
Concept of resonance and resonating structures in various inorganic and organic compounds.

Section B: Organic Chemistry-1

IFundamentals of Organic Chemistry
Physical Effects, Flectronic Displacements: Inductive Lffect, Flectromeric Effect, Resonance and

Hyperconjugation. Cleavage of Bonds: Ilomolysis and Heterolysis.

Structure, shape and reactivity of organic molecules: Nucleophiles and electrophiles.
Reactive Intermediates: Carbocations, Carbanions and free radicals.

Strength of organic acids and bascs: Comparative study with emphasis on factors
affecting pK values. Aromaticity: Benzenoids and Hiickel’s rule.

Stereochemistry
Conformations with respect to cthane, butanc and cyclohex . S :
a P F anc 4 yclohexanc. Tnterconversion of Wedge Formula,

Newmann, Sawhorse and Fischer representations. Concept of chivality (upto two carbon atoms).
Configuration: Geometrical and Optical isomerism; Enantiomerism, Diastercomerism and Meso
compounds). Threo and erythro; D and 1; cis - trans nomenclature; CIP Rules: R/ S (for upto 2 (‘hi}‘a]
carbon atoms) and E /Z Nomenclature (lor upto two C--C systems). l

Aliphatic Hydrocarhons
Functional group approach for the following reactions (preparations & reactions) (o be studied in contexi

(o their structure.



Alkancs: (Upto 5 Carbons). p

. reparation: alyti : i
from Grignard reagent. Re | Catalytic hydrogenation,

. e Wurtz reaction. Kolbe’s synthcsis.
actions: Frec radical Substitution: Halogena

tion.
Alkenes:  (Upto 5 Carbons)  Preparation:
dchydroha]ogenation of alkyl h

trans alkenes (Birch reduction
Addition of

Elimination reactions: Dehydration of alkenes and
alides (Saytzcffs rule); cis alkenes (Partial catalytic hydrogenation) and
). Reactions: cis addition (alk. KMnO4) and trans -addition (bromine),

HX  (Markownikoff’s and anti-Markownikoff’s addition), Hydration. Ozonolysis.
OXymecuration-demercuration, Hydroboration -oxidation.

Alkynes: (Upto 5 Carbons) Preparation: Acetylene from CaC2 and conversion into higher alkynes; by
dehalogenation of tetra halides and dchydrohalogenation of vicinal-dihalides. Reactions: formation of
metal acetylides, addition of bromine and alkaline KMnQ4, ozonolysis and oxidation with hot alk.

KMnO4.

Reflerence Books:

J.D. Lee: A neyy Concisce Inorganic Chemistry, £ 1. B. S.
. AL Cotton & G. Wilkinson: Basic Inorganic Chemistry, John Wiley.
Douglas, McDanicl and Alexader: Concepts and Models in Inorganic
Chemistry, John Wiley.
James L. Huheey, Ellen Keiter and Richard Keiter: ITnorganic Chemistry:
Principles of Structure and Reactivity, Pearson Publication.
T. W. Graham Solomon: Organic Chemistry, John Wiley and Sons.
Peter Sykes: A Guide Book to Mechanism in Organic Chemistry, Orient Longman.

I=. L. Elicl: Stereochemistry o f Carbon Compounds, Tata McGraw Hill.
I. L. Finar: Organic Chemistry (Vol. T & T1), I=. L.. B. S.

R.T. Morrison & R. N. Boyd: Organic Chemistry, Prentice Hall.
Arun Bahl and B. S. Bahl: Advanced Organic Chemistry, S. Chand



GE-];;CI»I;)«:MICAL ENERGETICS, EQUILIBRIA & FUNCTIONAL ORGANIC CHEMISTRY-1
(Credits:

Section A: Physical Chemistry-1
Chemical Energetics

Review of thermodynamics and the Laws of Thermodynamics.
Important principles and definitio

i ns of thermochemistry. Concept of standard state and standard
F: enthalpies of formations, integral and differential enthalpies of solution and dilution. Calculation of bond
A energy, b_ond dissociation energy and resonance energy from thermochemical data. Variation of enthalpy

.of areaction with temperature — Kirchhoff's equation.
-3
i Chemical Equilibrium: Free energy change in a chemical reaction. Thermodynamic derivation of the
~3 law of chemical equilibrium. Distinction between G and Go, Le Chatelier’s priiiciple. Relationships
~ . between Kp, K¢ and Ky for reactions involving ideal gases.

Ionic Equilibria: Strong, moderate and weak electrolytes, degree of ionization, factors affecting degrec
Ny of ionization, ionization constant and ionic product of water. lonization of weak acids and bascs. 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 —
- A applications of solubility product principle.
) Section B: Organic Chemistry-2
,v Functional group approach for the following reactions (preparations & 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-
miﬂ Craft’s reaction (alkylation and acylation) (upto 4 carbons on benzene). Side chain oxidation of alkyl

benzenes (upto 4 carbons on benzene).
-9

Alkyl and Aryl Halides

Alkyl Halides (Upto 5 Carbons) Types of Nucleophilic Substitution (SN1, SN2 and SNi) re

-3 .
actions.
- Preparation: from alkenes and alcohols.
Reactions: hydrolysis, nitrite & nitro formation
3 synthesis: Elimination vs substitution.
A Aryl Halides Preparation: (Chloro, bromo and iodo

. Gattermann reactions.

, nitrile & isonitrile formation. Williamson's ether

-benzene case): from phenol, Sandmeyer &

3 Reactions (Chlorobenzene): Aromatic nucleophilic substitution (replacement by ~-OH group) and cffect of
) nitro substituent. Benzyne Mechanism: KNH./NH; (or NaNHJNH;).

3 Alcohols and Phenols .

3 Alcohols (Upto 5 Carbons): Preparation: Preparation of 1°, 2° ang 3 alcohols: using Grignard reagent.

Ester hydrolysis, Reduction of aldchydes, ketoncs, carboxylic acid and esters. Reactions: With sodium,

| | £ -0

oo Ok 1

L & 4

~a



HX (Lucas test), esterification, oxidation (with PC
Oppeneauer oxidation Diols: (Upto 6 C
Phenols: (Phenol case) Preparation:

Electrophilic substitution: Nitration,
Gattermann-Koch Reaction, Houben—

C, alk. KMnO4, acidic dlchromate conc. HNO3).

arbons) oxidation of diols. Pinacol-Pinacolone rearrangement.

Cumene hydroperoxide method, from diazonium salts. Reactions:
halogenation and sulphonation. Reimer-Tiemann Reaction.
Hoesch Condensation, Schotten — Baumann Reaction.

Reference Books:

1 T. W. Graham Solomons: Organic Chemistry, John Wiley and Sons.

i Peter Sykes: A Guide Book to Mechanism in Organic Chemistry, Orient Longman
... LL. Finar: Organic Chemistry (Vol. I & II), E. L. B. S.

! R. T. Morrison & R. N. Boyd: Organic Chemistry, Prentice Hall.

I Arun Bahl and B. S. Bahl: Advanced Organic Chemistry, S. Chand.

.+ G. M. Barrow: Physical Chemistry Tata McGraw-Hill (2007).

. 1 G. W. Castellan: Physical Chemistry 4th Edn. Narosa (2004).

.+ J. C. Kotz, P. M. Treichel & J. R. Townsend: General Chemistry Ccn&,agc:
: i Lening India Pvt. Ltd., New Delhi (2009).

.+ B. H. Mahan: University Chemistry 3rd Ed. Narosa (1998)

s R. H. Petrucci: General Chemistry Sth Ed. Macmillan Publishing Co.: New

York (1985) 6(6



GE-111 : SOLUTIONS, PHASE EQUILIBRIUM, CONDUCTAN
FUNCTIONAL GROUP ORGANIC CHEMISTRY
Section A: Physical Clhemistry-2

Solutions

CE, ELECTROCHEMISTRY &
-I1 (Credits: 6) :

‘hermodynamics of ide ions: i ‘o
Thermodynamics of ideal solutions: Ideal solutions and Raoult’s law, deviations from Raoult’s law — non-

ider 1 / C e - syt .. . .
ideal solutions. Vapoul pressure-composition and temperature-composition curves of ideal and non-ideal

solutions. Distillation of solutions. Lever rule. Azeotropes. Partial miscibility of liquids: Critical solution

temperature; cffect of impurity on partial miscibility of liquids. Immiscibility of liquids- Principle of
steam distillation. Nernst distribution law and its applications, solvent extraction.

Phase Equilibrium

Phases, components 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).

Electrochemistry
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 reversible cell, calculation of thermodynamic properties: G, H and S from EMF
data.

Section B: Organic Clhemistry-3 :

Functional group approach for the following reactions (preparations & reactions) to be studied in context
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
from acids and their interconversion. Reactions: Comparative study of nucleophilicity of acyl derivatives.
Reformatsky Reaction, Perkin condensation.

Amines and Diazonium Salts

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, bromination, sulphonation.

Diazonium salts: Preparation: from aromatic amines.
Reactions: conversion to benzene, phenol, dyes.

X



Amino Acids, Peptides and Proteins:

preparation ol Amino Acids: Strecker synthesis using Gabricl’s phthalimide synthesis. Zwitterion,

Isocleetric point and Electrophoresis. Reactions of Amino acids: cster of -COOH group, acetylation of —
NH2 group, complexation with Cuz'ions, ninhydrin test. Overview of Primary, Secondary, Tertiary and
Quaternary Structure of proteins.

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 monosaccharides. Structure of disacharrides

(sucrose, cellobiose, maltose, lactose).

Reference Books:

- G. M. Barrow: Physical Chemistry Tata McGraw-!"} Hill (2007).

L1 G. W, Castellan: Physical Chemistry 4th Ed. Narosa (2004).

). C. Kotz, P. M. Treichel, J. R. Townsend, General Chemistry, Cengage

.. Learning India Pvt. Ltd.: New Delhi (2009).

. ' B. H. Mahan: University Chemistry, 3rd Edn. Narosa (1998).

. R. H. Petrucci, General Chemistry, 5th Edn., Macmillan Publishing Co.: New
York (1985).

' Morrison, R. T. & Boyd, R. N. Organic Chemistry, Dorling Kindersley (India)

Pvt. Ltd. (Pearson Education).
' Finar, I. L. Organic Chemistry (Volume 1), Dorling Kindersley (India) Pvt. Ltd.

' (Pearson Education).
Finar, I. L. Organic Chemistry (Volume 2), Dorling Kindersley (India) Pvt. Ltd.

(Pearson Education).
Nelson, D. L. & Cox, M. M. Lehninger’s Principles of Biochemistry 7% Ed., W. H. Freeman
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G- 1Y o el
ETTMICAL KINETICS (Credits: 06)

(AL
(e

CHEMISTRY OF S AND P-BLOCK ELEMENTS. STATES OF MATIER &

Soctton A: Inorganic Chemistry
General Principles of Metallurgy
Chiel modes of oceurrence of metals based on standard electrode potentials, Fllingham disers

reduction of metal oxides using carbon as reducing agent.

s- and p-Block Flements
Pertodicity n s- and p-block clements with respect 1o electronic configuration. atomic and ronic iz

Miotropy in (.S,

tonization enthalpy. electronegativity (Pauling. Mulliken. and Alfred- Rochow scales) Allorron

p ) ‘- B 0 4l 55 . N » . . ) - - - g .

and P, Oxidation states with reference to elements in unusual and rare oxidation siates like carnides
nitrides). inert pair effect. diagonal relationship and anomalous behaviour of first member of cach croup

Compounds of s- and p-Block Flements

Hydrides — .

l)’l 'lll'dus and their classification (ionic. covalent and interstitial). structure and propertics with respect to

stability of ides of p- e oole o~ ] A

'u;d i Y ’! hydrides of p- block elements. Concept of multicentre bonding (diborane). Structure. bonding

¢ eir : . . g onding

N ”“p;)-rld'?‘ propertics like oxidation/reduction. acidic/basic nature of the tollow ine compounds

¢ cir applications in industrial. organic . el el
strial. nic and environmental chemist i " it T

ry. Hydrides of nitrogen (N
N NGHL NTHLO1H ) y. Hydrides of nitrogen (NI

Section B: Physical Chemistry-3

Kinetic Theory of Gases

Postulates of Kinetic Theory of Gases and derivation of the kinetic gas equation. Deviatic ]
& 1 - Ll on ol 1

ey
cdl

from ideal behaviour. compressibility factor. causes of deviation. van der W aals cquation of state w»;:t“.:
gasces. Boyle temperature (derivation not required). Critical phenomena. criticzl (:-om;;n:.dlL " ::"“
calculation from van der Waals equation. Andrews isotherms of CO-. T And e
Solids

FForms of solids. Symmetry elements. unit cells. crystal systems. Bravais lattice 1y pes and identinication of
lattice planes. Laws of Crystallography - Law of constancy of interfacial angles. 1aw of rationai H?.Ji";‘;s.
Miller indices. X -Ray diffraction by crystals. Bragg’s law. Structures of NaCl. KCl and (s 441.313;3,3,:1._:

treatment only). Defects in crystals. Glasses and liquid crystals.

Chemical Kinetics
The concept of reaction rates. Effect of temperature. pressure. catalyst and other factors on reaction rates

Order and molecularity of a reaction. Derivation of integrated rate cquations for zero. 1irst and sccond

order reactions (bo a reaction. General
methods Tor determination ol orde
Theories of Reaction Rates:
{ the two theories (qualitative treatment only ).

th for equal and unequal concentrations of reactants). Halt lite of

r of a reaction. Concept of activation energy and its calculation from

/\”h nius qu,l'ili()n Collision thUf'_\ and Activated (Ufﬂ;’)i:‘. 53’.;‘{":. of
‘rhenius cquation.

bimolecular reactions. Comparison 0

Reference Books: ' -
G. M. Barrow: Physical Chemistry Tata McGraw-Hill (2007).

G. W. Castellan: Physical Chemistry 4th Edn. Narosa (%004)-. -
| C. Kotz. P. M. Treichel & J. R Townsend: General Chemistr Cengage
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