8. CHEMISTRY

PAPER-
SECTION-A: PHYSICAL CHEMISTRY

Unit-1:
' Classical thermodynamics |

Brief resume of conoepts of law of thermodynamms - free. energy -chemical poten’oal and
entroples = Partxal molar propemes — part;al mo[ar f{ee energy part;ai moiar volume and pama
molar hea’f content and thelr mgmf;oanoes - ooncept of—fugacﬂy and determmatlon of fugaolty -

activity — activity coefficient — Third law, of thermodynamlcs

Unit-ii:

" Chemical dynamms

Empirical rate laws — Theor;es of reactaon rates - Determmatlon of reac’uon mechan sm Reactlon
in so[u‘oone - cataiysed reac’uon kinetics -~ © ; _

: Eleotroohemlstry

Eiectrochem!stry of solu’oons =

g -assomaﬂon - Thermodynamlcs of. eleotr;fed mterfaoes — Lipmann ; equatlon —.Butler Vol umer

equatlon — theory of doub!e Iayer at m’cerfaoes and semloonduc’ior - corrosnon and prevention
methods : ; .
' Unn—!ll

' '-Surface chemlstry 3

;Ads i"o'n“:" Surface “fensi
'1sotherm BET- equatton surfaoe filfni on.ilqulds

Po!ymers Defmltton type of polymers - kmetle of poiymenzat;o

.....

—Solid state. ohemistry ~Structural ClaSSlftGBtion of SOlldS of - bmary a,”’

band theory of soizds

Phase equmbrsa Thermodynamio denvat:on of phase ruie - Three component systems and thelr'

application.
Unit-IV

“Quantum Meohan;cs
Postulates — Particle in box, rigid rotator — harmonic oscillator — vanatlon pnnolples first order

‘perturbation-principle — angular momentum

| Debye - Huokel Onsager treatment and Its extens'{on ion‘- "

ernary ‘compounds. —
defects in solids — E!ectnca! properties : Metals msulator semloonductor super conductors -




6_}/ *SECTION — B : INORGANIC CHEMISTRY

st ok

%
Periodic properties and chemical bondChemical periodicity, VSEPR theory for different types J
molecules, Walsh diagram (tri- and penta — atomic molecules), dn-pn bond, bent rule and
energetic of hybridization some simple reactions of covalently bonded molecules.

¢

Acid-base concept and Non-aqueous solvents

Hard-soft acid base concept — acid base strength — theoretical basis of hardness and softness.
Non aqueous solvents: types and characteristics — reactions in non-aqueous solvents.

Symmetry and Group Theory in Chemistry

Symmetry-elements and symmetry operations — definitions of group, subgroup, cosets relation
between orders of a finite group and its subgroup — Conjugacy relation and classes. Point
symmetry group = Stoneflies symbols — representations of groups by matrices (representation for
the Cn, Cnv, Cnh, Dnh groups) Z‘Character-of-a‘representation — The great Orthogonality theorem
(without proof) ' el ' s

Unit-fi

Chemistry of transition and inner transition elements: General characteristics of 1st row transition
elements and inner transition elements with special reference to ‘electronic structure, ionic radii,
oxidation states, complex formation, magnetic behaviour and spectral properties.

Coordination 'co'm_pb'd'hds 7 __ |
Nomenclature and.isomerism of coordination compounds — valence bond theory and its limitations
— Crystal field theory and:its applications to.octahedral, tetrahedral and square planer complexes —
Limitations of crystal.field :theory =-Molecular -orbital-theory: sigma bonding ‘and energy. level
diagram™in-octahedral;» tetrahedral-@nd~square “planar; complexes: bonding and energy’ level

diagram in octahedral complexes. -
Unitlt
Metal — Ligand Equilibria.in Solution -

n ¢ol

Stepwise and overall formation constants and their: nterrelation, factors affecting the stability of

metal'complexes — chelate'

Reaction mechanism of transition metal complexes

Er ofile yn
application of vz ie

‘Substittition regctions of octahedral complexesTacid-hydrolysis:— base ‘hydrolysis: conjugate base
mechanism-and-the direct/indirect evidences — Substitution reactions in square planar complexes:
the trans effect and its application to synthesis of complexes — theories of trans effect —
mechanism and factors affecting the substitution reactions

Nuclear chemistry | o
Rédi_dégﬁv’e di's'infég'rati_phs; radio ‘iso{-c‘)p'e's and _..t'hjé_ir"agjpl‘ibaﬁ'o'ns, fuclear reactions, fission and
fusion, radio analytical techniques and activation analysis. - .




e

UitV
Metal n complexes

Metal carbonyls: synthesis, structure and bondmg — vibrational, spectra of metal carbonyls for
bonding and structural elucidation - EAN concept and Japplrcatron to meta{

carbondyOrganometallic Chemustry

Orga nome’ra!hc .Chemrstry

Preparation, properties and applications alkyl and aryls of group- and Il metal (Li, Mg, Zn) and

transition metals (T, Ni,.' Cuand Pd). -

: Bioinorganic Chemistry .

Essential and trace metals in bio%og‘ca%ﬁprocesses — role of alkali and alkaline earch meta“j.ohs -

Na+- K+ Pump — metalloporphyrms wrth special reference to hemog!obsn and myoglobrn Metal

complexes in transmlss:on of energy - chiorophyhx photosystem! and photosystem A in

S e

cleavage of water - ATP as energy currency in biological system

‘ Structure and functron of metalloprotems in electron transport prccesses - cytochromes and

' -'ferrodoxm o | : |

' Biological nitrogen fixation, molybdenum nitrogenase, spectroscopic and other ‘evidences — Métal
e complexes in medicine. : = : ;

: PAPER ||

:"-.,SECTION‘A: ORGANIC CHEMISTRY

"...Umtl - U SN
: Stereochem;stry, structure and reactlwty ‘ i [ S aERe
Conformational - analysis of cycloaikanes dacalirrs eﬁ’ect of conformatron on reactlvrty,
conformation of sugars, steric strain due to unavoidable crowdmg Eiements of symmetry, chrrallty,
molecules with more than one chiral center, threo and erythro isomers, ‘methods of resolution,
optical ~ purity,. enantaoptrcanddrasterotopic atoms, groups ‘and faces “sterospecific = and
steroselective synthesis — Asymmietric synthesis — Optical activity in -th’e'-‘absencé of chirar carbon

(biphenyls, a'llhenes and spiranes), chirality due to helical shape.

Types of mechanisms types of reactions, thermodynamic and kinetic requirements, kinetic and
thermodynamrc control Potential energy dlagrams fransition states and intermediates, methods

of determlmng mechamsms lsotope effects.

Aripha‘nc nucleophrlrc substitution

The SN2, SN1, mixed SMN1 and SN2 and SET mechanisms. The neighbouring group mechanism,

——nsighbeuring-group participation by p and s bonds, anchimeric assistence



%

lfl \ ;\"
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22

* The SN1 mechanism. '-

%3 2

Nucleophllxc substitution at an allylic, aliphatic trigonal and a vinylic carbon. Reactlwty eﬁects of
substrate structure, attacking nucleophile, leaving group and reaction medium, phase transuar
catalysis and ultrasound, ambident nucleophile, leaving group and reaction medium, phase

transfer catalysis and ultrasound, ambident nucleophile, regioselectivity.

Aliphaticelectrophiiic substitution

Bimolecular mechanisms — SE2 and SEi. The SE1 mechanism, electrophilic substitution
accompanied by double bond shifts. Effect of substrates, leaving ground and the solvent polarity
on the reacti\kity.

Unit1l |

Aromatic Electrophilic Substitution

%

The arenium ion mechanism, orientation and reactivity, energy profile diagrams, the orth'olpara
ratio, ipso attach, orientation in other ring systems ~ Quantitative treatment of reactivity in
substrates and electrophlies — Diazonium coupling — Vilsmeir reaction, Gattermann - Koch

reaction. ; :
Aromiatic Nucled;ﬁﬁnié“sﬁ*stitution “THESNAF. SN, befizyne ARa"SRN1 mechanisms. Readtivity —
Sfect of substrate structure, leaving group and attacking nuleophile. The von Richter, Sommelet —
Hauser, and Smiles rearrangements. |

Free radlcal reactions

Types of free radac:a! reactlons free radical substitution mechanlsm mechamsm at an ammatlc
_substrate ne|ghbounno droup a35|stance - Reac’uvsty for ailphatic and aromatxc sustrates at a

'brldgehead Reactivity in the attackmg radlcals — The effec “of :Lsolvents on racttvnty Allylac

hangenatlon (NBS),_‘._omdatton of aidehydes to carboxyhc amds auto oﬁcidanon couphng of alkynes :

and arylatlon of aromatlc compounds by dlazon(um salts Sandmeyer reactlon Free radical

rearrangement Hunsdlecker reac’uon
Addlt:on to Carbon Carbon Muitupte Bonds "

Mechanism and stereochemlcal aspects of addltton reactions mvo[vmg electrophies, nucleophiles
and free radlcals reglo - and ‘chemo selectmty, orientation and reactivity. - Addition fo
cyclopropane ring — Hydrogendtton of double andtnple bonds hydrogenationof aromatic rings.
Hydroborahon - Mlchae[ react;on _

Add[tlon to.Carbon — Hetero Multlpte Bonds

Mechanism of metal Hydnde reductlon of saturated and unsaturated carbony?1 compounds, acids,

esters and nitriles. Addition of Grignard reagents,organozinc and organolithium reagents
tocarbony and unsaturaied carbony1 compounds. Witting reaction — Iiechanism of condensation



reactions involving enolates — Aldo'l, Knoevenagel, ‘C!aisen, 'Man'nich, Benzoin, Perkin and Stobbe
reactions. 7 ‘
Elimination Reactions

The E2, E1 and E1CB mechanisms and their spectrum —Orrentatlon of the double bond Reactivity
— effect of substrate ‘structures, attacking base, the leaving and the medium.Mechanism and

orientation in pyrolytic elrmlnatron
Unit-ll!

Pericyclic Reactions

Molecular orbital symmetry, frontier orbitals of ethylene, 1, 3--butadiene, 1,3,5 — hexatriene and
ally1 system. Classification of pericyclic reactions. Woodward - Hoﬁmann correlation diagrams.
FMO and PMO approach. Electrocyclic reactions - ‘conrotatory “and disrotatory motions -
antrafacial and suprafacial additions, 4n-and 4n+2 systems, 2+2 addltion of ketenes, 1,3 dipolar
cycloadditions and chelotropic reactions. o

Sigmatropic rearrangements-—'suprafaoral and antrafacial shifts of H; Sigmatropic shifts involving
carbon moret;es 3 3 —and 55 - Srgmatropzc rearrangements, Clarsen Cope and aza- Cope

rearrangements Flux:ona[ tautomer;sm Ene reactzon S S

; ‘.Photoohemrca! Reactlons

: !nteractlon of eleotromagnetrc radiation with matter type of exoltatrons fate ‘of excited mo[ecu!e

-'_*"'-quantum yield, transfer of exmtatzon energy, actrnometry

" Photochemrstry of Alkenes intramolecular reaot;ons of the olef nrc bond geometrroal 1somensm

| 'cyciisation reactlons rearrangement of1 4— and 1 5 dienes ; '

Photochemlstry of Carbonyt Compounds . Intramolecular reactrons of carbonyt compounds s 8
saturated, cyclic and acyclic, By unsaturated and a, ”[34 unsaturated compounds
cyclohexadienones ZHE : '

Photochemistry of Aromatic Compounds :Isomerisations, additions and substitutions.

- Photochemical formation_of smog.

Unit-IV

~ Disconnection approech

An introduction to synthons and synthetic equrva!ents dlsconnectlon approach, functional group
inter-conversion, the importance of the order of events in organic synthesis, one group C-X and
twoa_:;roup_ox disconnections, ohemoselectrvrty reversal of polarity, cychsatzon reaction and

amine synthesis.
" Protecting groups : Principle of protection of a[cohol amine, carbonyt and carboxy1 groups.



. SECTION-B: ANALYTICAL CHEM i

T‘.it—l 7

‘ -~
Introduction to analytical chemistry and datd processing -Role of analytical chemist. ),
classification of analytical methods, types of instrumental analysis

Environmental samples and their analyses

Aquatic poliution: Inorganic, organic, pesticides, agricultural, industrial etc.-Water qualify
parameters: dissolved oxygen, biochemical oxygen demand, solids, metals, content of chlorides,

fluoride, sulfate, phosphate, nitrate.
Analytical methods for measuring BOD, DO, COD, fluoride, nitrate (As, Cd, Cr, Hg, Pb, Se etc.)
Unitll

Ultraviolet and Visible 'Spectrosc'opyﬂ fh

5§

Various electronic transitions, Beer-Lambert's Law, effect of solvent on-electronic transitions,
Ultraviolet bands for carbony1 compolinds, unsaturated carbony compounds, dienes, conjugated

polyenes.Fieser — Woodward rules for conjugated dienes and carbony1 compounds, ultraviolet

" spectra of arornatic c'Orn'pounds &

_ Infrared Spectroscgp_y

Prrncrples - Vrbratlonal frequencies of alkanes, alkenes “alkynes, aromatic compounds, alcohols,

7 ethers phenol “aryl aminers. Detalled study of vibrational frequencies of carbony1 compounds

(Ke*or‘es aldehyde) esters a.nadcs aclds, anby ldes _la ctones, lactams anu conjug
carbonyl compounds H bondlng and solvent effect on vrbratronal frequenc;es overtones

combrnatlon bands and Fermr resonance

Nuclear l\/’laqnetlc Resonance Spectroscopv

_ Prlncrples chemacal -shift, spin- spln interaction, ‘shielding mechanism, chemical shift values and '

correlatron for protons bonded fo carbon (Alsphatrc olefmrc enols, carboxylrc acrds -amines,
amldes &mercapto) hemlcal exchange effect of deuteratlon ccmplex spin sp:n mteractron
between two three four and fve nucler (f rst order spectra) wrtual coupling. ‘Stereochemistry,
hrndred rotatron Karplus curve-varration of couplmg constant wrth dihedral angle. Slmplrflcat:on of

complex spectre nuclear magnetlc double resonance chemical shift reagents solvent effects.

-

Mass Spectrometry—analyms and abundance — Mass spectral fragmentation of organic

compcunds ‘common functzonal groups - Molecular ion peak — Metastable peak, Mc Lafferty

rearrangement

Problems releti nd to eluCldatlon of structure of srmple crganlc molecules using UWlS IR, NMR

and Mass spectral data.



Unit-il

Solvent Extractaon and ion exchanqe

So[vent Extrac’mon Pnnc:lples classmcatlon of extraction, mechanlsm of extractlon extractlen

: ‘.equmbna technlques of extractson appllcatrons in ana!ytrcal chemlstry

fon exchange Type of ion exchange resins, syntheSIS and characterlstlcs of ion exchange resins,
action of ion exchange resins, ion exchange equlhbrla technlque of ion exchange apphca‘uon of

on exchange in anaiytlcal chemistry. -
- Umt-l\,_’

Electron spin resonance

Principles zero filed sphttmg and Kramer's degeneracy, factors aﬁecting the g vaiue hyperfne

splitting and a_p_pl,lcatlens to sample radicals. -




