SYLLABUS FOR CHEMISTRY
PART -

Physical Chemistry
UNIT -1

Solid State: Laws of crystallography- Law of constancy of inferfacial angle-explanation taking
hexagonal crystal system as an example. Law of symmetry, Law of rationality of indices. Miller

indlices- Bravais lattices. X-ray diffraction by crystals. Perivation of Bragg's equation
UNIT-1I

Gaseous State: Maxwel!'s distribution of molecular velogities- Qualiative discussion ol the
collston number, mean free path and collision diameter Critical Phenomena: PV isothenms of
real gases, Continuity of states-principals. Isotherms of van der Walls equation. Relationship

betwetn eritical constanis and van der Wails constants, Law of corresponding states

Liguid State: Structure ol hguids-gquahitstive deseription. Structura) differences between soluds,
fguids and pases. Liquid crvstals-Explanation, classification with examples. Application of

lguid erystals in LCDs and thermal sensing

Solvents:Physieal properties of a solvent - density, dipole moment, specific conductance.
diclectrie constant, heats of Tusion and vapornzation, Reactions i agueous and non agueous

solvents, Water and ammonia.,
UNIT-II1

Colorimetry and Spectrophotometry: Theory of colorimetry and spectrophotometry. Beo

Lambent’s law mstrumentation and apphications of colonmetry and spectrophotometry.,

Ulraviolet absorption specteascopy: Absorpton lows Concept of molar abserptivity, encrgy
level, types of electronic excitstions, Frunk-Conden princtpal (explanation about red sifi and
Blue  shift), Concept ol chromophore  and  auxochrome.  Bathochromie,  hvpsochromic,
hyperchromic and hypochromie shifls. UV speetra of conjugated diences and e fl-unsaturated

carbony compounds,
IR spectroscopy: Principles & applications

Nuclear Magnetic Resonance Spectroscopy: Ongin of spectra, mstrumentation, solvents,
nuclear shielding and desheilding, chemcal shifl spm-spin splitting, coupling  constants,

interpretation of PMR spectrs




UNIT-IY

Photoeleetron spectroscopy: Basic prnciples, valence and core binding energies, shilts m

energies due to chemical forces photoclectron spectra

Mass spectrometry: Principal and instrumentation of mass spectrometer. Apphications in e
determinabons of Molecular mass amd isolopic abundance. Nitrogen rule, even clectron rul

Meclatfeny rearrangement

Ramin spectroscopy: Classical and  quanium theones of  Raman effeet. Congept’ ol
polarizability and polarzability ellipsoid. Rotations and vibrtional Ramin spectia, Selechion

s
UNIT-V

Thermodynamics: First law of thermodynamics, Joule-Thomson effect. Bond dissociation
energy and its calculation from thermo chemical data. Temperature dependence of enthaipy,
Kirchhoft™s equation. Second law of thermodynumics, Camot’s evele. Thermodynamic scale ol
temperature. Concept of entropy. Third law of thermodynamics-ils sigmficance, unatiamabiliy
ol absolute zero. Gibbs function (G) and Helmhboltz function (A) as thermodynimic guaniities, A
and G as criterion Tor thermodynamie cquilibnum and spontaneity, their advantage over eniropy

chonge. Varstion of Gowith PoYV and T

UNIT-VI

Surfuce chemistry: Adsorption of gases on solids: Frandlich and Langmunir adsorption ssotherm
Multlaver adsorpuion —BET equation. Determination of surface area and area of cross section ol

a molecule. Gibb™s adsorption isotherm

Solutions, ditute solutions and colligative properties: Ideal and non-ideal selutions, Methods
of expressing concentrations-Activity and Activity coefficients. Colligative properties: Raoult's
law of relative lowering of vapour pressure. Osmuosis and laws of Osmotic pressure. Elevation ol

Hatling point and depression of freceimg point

Physical properties and molecular structure: Optical activity, pelarization (Clausius-Mosolh

cquanion), orentation of dipoles in an ¢lectne field. dipole moment
Refraxtometry: Abbe’s refractometer and its applications
UNIT-VII

Binary mixtures: Liguid-liguid mistures, completely muscible liuids, ideal Tiguid mistures
qun-idenls systems showimg positive and negative deviation from Raoult’s baw, Vapour pressine,

Azeotropes, partially miscible liguids, Miscibility temperature and eritical solution tempariture




COSTY Effect of fmpurity on CST. Immiseible  Hauds, Steam  distillanon-prineiple  and

experimental detmls, Nernst Dhistribution Jaw

(hidation and Reduction:Use of redox potentinl data theomodynamic Teasibility psing free
energy, reducing and oxadizing tendency, Analysis of redox eouple. Redox stability in water,

Frost Latimier and Pourbare diagrams,
UNIT -VII

Chemical Kinetics:sConcentration dependence of rates, dilterential rate laws of simple ¢hermica

reations, zero, first, second, nth and pseudo fiest order (eaction

Derivation of rate constants Tor second order and ot order reactions with cgual il
concentrations Determination of erder os a reaction ~Differental, Integration, Half life penod
and lsolation methods, Transition state theory-Denvation of relationship between rate constin

and eguilibrium constant thermodynamic aspects of activation,

Catalysis: Rale of catalvst in aleering reaction ratg, Acid base cotilysis, speeific and general acid
base catalysis mechamsm ond kinetics, Engyme catalvsis, Derivation of Michaehs-Menten

ciaten,
UNIT-IX

Chemical Equilibrium: Denvation of relationship between equilibrium constant and  free
energy equation, Themmodvnamic derivation of law of mass action, Le Chatelier's Prncipil

Van't Hoffs reaction isotherm and reaction 1sochore (Van't Holf equation)

Phase Equilibrivm: Phase rule: Denvation of phase rule from phase equilibrium of one and twao

component system with examples,
UNIT-X

Electrochemistry: Transport number streng and weak electrolyvtes. Debye-Huckel-Onsagar
cquation for strong electrolytes(no denivation), Applications of conductivity measurements,
Reterence electrodes, Calomel, Quinhydrone, Ap-ApCl and plass electrode (Construction,
Electrode reaction, Wemst equation). B ME of cells and s measurements by potentiometnic
mcthod, caleulation of clectrode polential, computation of ¢ell EMF, relation between G and K
tor a cell reaction, Concentration cells: hquid junetion potential Determination of pH using
hydrogen electrode, Qumhydrone electrode and plass electrode by potentiometric methods

Decomposition potential polanzation and over voltage. Apphications of hvdrogen over voliage

Electrical dontble layer and its Thermodynamics: A briel surviy of Helmholtz - permn, Goiy
Champman and stern electrical double laver. Electraochemical enerpy sources- Balterjes,

Classification charsetenstics, Pnmary, secondary and Fuel cells.

Corroston & 11s prevention



UNIT-X1

Irreversible Electrode Process: Reversible and irreversible electrodes. Polanization. Ol
avervaltage concentrution Overvoltage, activation overvoltage. Oxveen over Yaltage. Bifedl of
temperature, current density and pH oon over voltage. Expenimental determuination of ove

voltape. Energy hartier and elecrrode Kinetes, Buttlus-Volmers equation, Talel equation
UNIT-XII

Quantum  Mechanies: Wave- particle duality of matenal particles. deBroghie  equation
Hemonberg uncertuinly principle. Concept of operators (operatar-oprind), algehra of operatons,
Commutiative and not-commutative operdtors, Tinear operators, Laplocian operator, Hamiltonan
operator, Elgen value, Eigen function, Hermutian operator, wum over rule, momie i, Wove
exquation for stretehed nings Schrodinger wave equation wave equanon for particles. Postuliates ol
quantum mechanies. Application of Schrodinger equation 1o a free particles and 10 particle
trapped oy potential Dield tone diménsion & three dimension). Degeneracy, wive equation for
Hlepuom separation and solution of |, and O equations. Application of Scheodinger equation toe
rigd rotator and hurmonie oscillator. Approximate methods-necessity ol approximate methods,
perturbation method, the theory of perturbation method - first order imd second order correction,
application to HE- atom (first order correction only i calculation of first jomzation potentinl and

binding energy. Vanation theorem statcment and proof

Elementary Quantum NMechanies: Quantum theory of radiatien (Black body  radiation),
Manck’s radiation law, Heot capacities of sohds, Photoelectnic effect, Compton effect, Quantum
numbers and thelr imppriance.

UNIT-XIII

Phatochemistry:  fntroduction, quintum yield and its determination, factors aftecting quanium
vield, actimometry. Term symbols and significance, Photosensitzation:  Photodegradation
Photocatalyst-Zn0), 102, principal, application of Zn01102 in the Photodegradation of
dves(1C), pesticidesiDDT) and in industnal elfluents. Effect of Photodegradation on COD valus

Nuclear Chemistry: nuclear reactions, fission, and fusion, radio analvtics) technigues amd

aclivntion '.I.H:Il}'.'-“.:s




PAR T -l

Inorganic Chemistry

UNIT |

Periodic Properties: Methods ol determination of Atoanic propertics Alomic size, lhomzaton
encrey, Electron affimity and  Electroncgativity Effective nuclear charge-shielding effea

Shater"s rule and s apphicanons, lonie radi
UNIT I

Chemistry of s-Block Elements:Hydndes and Complex hydrdes, Comparative study of lattice
energy, enthalpy of formation, enthalpy of hydration and solubility’s of alkali metal and alkaline
earth metal haldes, hydroxides and sulphates. Complexation tendencies of alkah metals with

crown cther. Boranes, Silicates & Phosphorous acids
UNIT I

Chemistry of d- and f-block elements: Flectronic configuration, stabilities of oxidation sutes
and complexing ability. Magnetic property, Expression lor magnetic moment, Compirative
treatment of 4d and 5d series with their 3d analogues, Lanthiumde contraction, Compartson

berween lanthamdes and actimides, Extraction of metals and Tlhngham diagram,

Allovs: Principles and purpose of alloying. effect of alloying, Stninless steel and mverse

steel-constituents, propertics and apphications

Nano Chemistry:  General methods of synthesis, chamcienzanon technigques, preparation ol

nano particle by chemical method, appheation of nano matenals
; |
LHNIT IV

Chemical Bonding:  lomie bonding and covalent bonding, Valence band theory, Concepl ol
hybridhzation, Valence Shell Election Pair Repulsion (VSEPR) theory, Basie prnnciple of
Moleoular orbital theory, Muolecular orbital diagrams of homo and heteronuclear species,
Solvition and Solubility of fonic solids, Polarising power and Polarisability of ions. Fajan’s rule
diagonal relationshup. Metallic bond-Application of Band theory for explaiming the electnical and

thenmal conductance.
UNITV

Theories of acids and bases: Bronsted and Lewis aoids and buses, Lux-Flood theory, solvent
leveling effects, HSAB concept, super acids. Reactions in non-aqueous media: Reactions in

molten salts




UNIT VI
Co-ordination Compounds: Nomenglature, lsomersm m conrdination compoinds

Metal-ligant Bonding in Transition Metal Complexes. Valence bond theory-examples lor sp
dsp2, dspd. d2sp3. and sp3d2 hybndisatien, Explananhon for magnetic properties. Crystal field
theory-important concepts of CFT, Crystal fields sphitting in octahedral, tetrahedral and square
planar complexes, crystal field stabthzanon energy. Caloulution of CFSE, spectrochemical seres.
Factors aftecting the erystal field splitting, Lymitation of Ck

Spectral Properties of Metal Compleses:  Term symbols, selection rules for elecironic
transititons-spin selection rule, the Laportic selection rule, Orgel diagrams, Tanabe-Sugano
diagrams, stereo somensm, chirality, CD, ORD, Coton effect and magnetic circular dichroism,

absolute configuration,

Metal-Ligand Equilibria in Solution: Step-wise and over-all formation constant and theis
relationships, trends inostep wise constant, kinetic and thermodynamic stabiliy of metal
complesds, determmation of Dinary  Tormation consinty by PH meter, spectrophotometry.

polarography, and by 1on exchange methods.

Kinetics and Mechanism of Reactions of Coordinmtion Compounds: Inert and labile
complexes, Mechanism of substitution resctions, classification of ligand substitution reactions in
fom

octahedral and square planar complexes, molecular rearringements of four and six coordinated

complexes.

Eleetron Transfer Reaction (Redox Reactions): lnner and outer sphere mechansms, one

clectron, two electron, complimentary and non complimentary electron-transfer reactions

UNIT Vil

Bio-inorganic Chemistry:

Metal lons in Biological Syvstems: Lssential and trace metals, active transport of cations,
ionophores, metalloproteing as enzymes carboxy pepudase, (catalases, peroxidases, eyviochorome
P450, copper oxidases) super oxide dismutase, vitamin B12, coenzyme, enzyme action inhibition
and poisoning. Metals in medicine- Metal deficiency, chelation therapy and metal complexes as

drugs. Chlorophyll and s role in photosynthesis

LUINIT Vil

Group Theory and Symmetry: Symmetry clements and Symmetry operalions.  groups,

subgroups, molecular point groups, Schoentlies notations, matnx representiahions of svmmetry

operation, matnix representations of groups, Reducible and Tireducible represenmtations, characters




of representations, The grea ortbogonality theorem, character tables and their construction (C 2y
C2h, 3v)- Mullikan symbols, melecular models. Detemunation  of  wibration  modes,

hybridization, molecular orbituls on the bagsis of group theory

UNIT IX
Analytical Chemistry

Errors and Sampling:Linutations of analytical methods, errors, accuracy and precision, mean
and standard deviation, Pared -test, correlation and regresson, hinear regression, Qualiby conirol

andd quality assurance. The basis ol samplhng
Titrimetic and Gravimetric analysis

Acid bhase titrations:  Tiranen curves determination of cquivalence point — theory, acid base
indicators, colour change, range of indicators,

Complexometric Titrations: Tiation curves, EDTA ttrations, titrations of mixtures, masking

and demasking agents, metal ion indicators

Precipitation Titrations:  Precipitation reactions, Gtration curves, factors mlluencmg the
sharpness of end pomnts, cheoweal ndicators for precipiation ttratons,  applications ol

precipitation titration analysis

Oxidation — Reduction Titrations: Redox process, ttraton curves. redox indicators and

appheations,

Gravimetric analysis: Regquirements & conditions of precipitations, co-precipiiation, puost
precipitation, nature of the precipitate, super saturation, precipitation from homoegeneous solution
and effect of excess of precipitant, temperature, PR and complex formition of completencess ol

precipiiaton,

Organic Reagents in Inorganic Analysis: Organic precipitants, general properties. reagents as

procipiiants,
Conduetometry: Theory-Measurement of Conductivity - Basts for Conductometric titrations.

Potentiometry: Principles - Reference electrodes — indicator electrodes, selective electrodes

measurement of cell eml— patentivimetric titrations

Voltametry: Polarography Direct current Polarography Mheory Dropping Mercuny
Electrode — Quantitative technigque — Measurement of Wave Heights — Pulse Polarography

Rapid Scan Polarography - Stripping Vollametry - Cyelie Voltametry

Amperometry: Principles, amperometnc hirations




Electrogruvimetry: Theory, completeness and mature of the Joposit, mstrumentation, electrolyin
- - by i

separation of metals and applications.
UNIT X
Chromatographic Techniques:

Separation  Techmques - Solvent extraction, Principles,  classifications  and  theory  of
chromatographic separstion. This laver chromatography, column chromatography, Size exclusion
chromatography, Ton exchange chromumuography, Paper chromatography, Gas Chromatography
and HIPLA

UNIT XI

Tndustrial  Chemisiry: Stheones & Fluorocerbons  and - Phosphonnnle halides, Fuels:
Composition, preduction and applications of matural gas, water gus, producer gas, LG and bio

gas. Propellonts: chametenstics and applications.

Glasses: Types. composition and uses of glasses. Raw matenals manufacture, Cement,
Cernmics, Insulalors: superconductons. Paunts: Constituents of punts and  therr functions,

Manulfaerure of white lead and lithopone.
UNIT X1l

Air Pallution: Types and sources of air pollutents, concentrations of air pollutants, prmciples

and methods of samplmg; causes, consequences of mr pallution and thiar remedies

Radicactive Pollution: Sources of pollutants; effect of vegetation and health. Detecthion
monttoring of radioactive pollutants. Methods of safe disposal of radioactive waste

Water Pollution: Types of water pollutants and thewr elMects; sources of water pollunion;

Objectives of analysis, Parameters of analvais

LINIT X1l

Biochemistry

Carbohydrates: Introduction, Ring size determimation of monosacchandes. configuranon and
conformations  of monosacchandes, anomeric effect, Hudson's rules, epimenzation and

il arolalion

Synthesis, indusmal and biological importance of glveosides, amino sugars, sucrose, multose and

laetise,




Chemistrey of reactive intermediates, carbocations, carbanoms, free radicals, carbenes

nitrenes, benzvne and yhides,
Unit IV

Reaction mechanisms 11: Substitution reactions- aliphatic electrophilic and  nucleophilic

substitution réactions, aromatic electrophilic and nuclecophilic substitution reactions.
Unit %
Elimination reactions ¢ B, B2, E1Ch and syn eliminabions
Addition reactions: addition across carbon-carbon and carbon-hetero atom multiple bonds
Formation and hydrolvsis of esters, decarboxylation reactions and free radical reactions,

Condensation reactions: Claisen, Dieckmann, Perkin, Knoevenongel, Stobhe, Benzoin and

Diarzen’s reactions.
Linit VI

Rearrangement reactions: Pinacole-pinacolone, Holtmann, Curtius, Lossen, Beckmann,
Wagner-Meerwein, Fries, Claisen, Cope, Demroth, and Steven rearrangement. Baever-Villeger

reacton
Unit VI

Namie reactions: Clemenson & WolKishner  reductnon,  Remier-Tiemann reaction,
Reformatsky reactions, Kolhe's electrolysis, Barton reaction, Holfmann- Lofter-Frevtag reaction,
Mitsonohu reaction, Suzuki coupling reaction, Heck reaction. Stork-enamine reaction, Stlle-
Kelley coupling, Barton decarboxylation, Sharpless assymmetric ecpoxidation, Woodward-

Prevost hydroxylation and Peterson resction,
Unit VI

Photochemistry and pericyclic reactions: Jablonski dingram, Norish type-1 and 11 reaction,
phaotochemistry of alkenes, carbonyl compounds, aromatic hvdrocarbons, Di-pi rearrangemant,
pholoreduction and anlooxidaion.

Pericyelic reactions © Classitication, Woodward-Hoftmann rules for electroeyehie, eyeloaddition

redeting and sigmatroie rearrangements (FMO approach and correlation diagram)
Unit IX

Oxidations: Oxidation with chromium and manganes salts, lead tetraacetate, peradic acid,
Se(ds, ehlomwmine-T, Os0),, ozone, peracids, HaO



Polvsaccharides: Gencral methods of stucture elucidastion. Industnal importance and biological
impartance  of  cellulose, starch, glveogen, dextran.  hemicelluloses.  pectin,  agar-agar

Biosynthesis of carbohydrates

Lipids:  Nomenclatore,  classification,  punification,  synthesis  of  lipids,  phosphalipids,

sphingolipids, biological mmportance of lipids: Lecithun, sphingolipids, oils and fats.
Prostaglandins: Introduction, classilication and bological imporiance, constitution of PGE]

Amino acids, Peptides and Proteins: General moethisls of preparation, propertics and reactions
ol amino acids. Pepude bond; Proteins: biclogical importance. classification based on struciure
and composition, primary structure of proteins and s determinations; Denaturation. and

renmturation, Hosynthesis of peptides.

Vitamins: Hwlogical importanee and synthesis of Vitamin A, Vit B, Vit © and
Vitamin B, Vitamin K, Vitamin H& Vitanin Eftocopherol),

UNIT XIV

Mueleie acids: Punine and pyrimidine bases, Structure of nucleosides and nucleatdes. Methods
of formation of intemucleotide bonds Structure of DNA and RNAs. Biological importances of
DNA and RNAs. Protem-nucleie actd imeraction chromatin and viral nulésr capsid

Hormones: Classification, sex  hormoenes,  Non-sterodal  oestrogens, and  therr elinieal
apphications, Synthesis and mode ol aetion of harmones

Organic chemistry
Unit I

IUPAC nomencluture of organic compounds: Alkanes, alkenes, alkynes, alky! halides, alcahols,
carbosvlie seds, aldehvdes, ketones. Aramatie hydracarbons and heteroeyvelic compoutids,

Concept of resonance, indoctive and hyper conjugation effect, hydrogen bonding

L'mit Il
Stercochemistry: Pronceples of stercochemistry, projection formula, chirality, TVL and RS
notasations, optical  ispmensm,  geometrical  ispmerism, B notations, enantinmers,

diaterotsomers, epimears and  racemization,  Configuration  and  conformation,  Efleet of

conformation on reactivity, Regio-, stereo-, diastrereo- and chemo-selective reactions,
Linit 111

Reaction mechanism 1m Classification, methods of determunation (kinete and pon=kinehig
methods), Himmeit equation




Reduetions: Dissolving metal reduction, Catalviic reduction, Complex metal hydnde reductions,

dibrane (hydroboration)
Unit X

Svathetic reagents: NBS, AIBN, benzovl peroxide. DDQ. DCC, trimiethy] stlane, trimethyl silyl
chlonde! odide / eyanide, Fenton's reagent, dithiane, weyl anion equivalents, n-hutyl Do,

Ciilmiann reagents, PPA, Zeigler-Natta catalyst, organo tin and organoallumimuam reagents.
Unit X1

Frotection and deprotection of functional groups, asymmetric synthesis, retrosynthesis.
Unit XTI

Hetereyelic compounds: Chermstry of furan, pyoole, thiphene, ndele, pyndine, coumirms,

pyrazoles, oxazoles, sydnone, thaizoles, quinolines and 1soguinelines,
Unit X1

Medicinal Chemistry: Modem theories of drug action, concept of receptors, computer adided
drup design, guantitative and gqualiteiive SAR. Sulla drugs, snalgesics, antibiotics, ant-

mllammatory, anticancer, antidimbetic, antiviral and antihyvpnotie drsgs,

Aerochemicals: Pestucides, herbicides, imsechedes and pheromones.

Food additives: Edible calours, Duvours, sweeteners, antioxidants and preservalives.
Umit X1%

Chemistry of alkaloids and terpenoids

Chemistry of synthetic polvmers: Polvethylene, poly vinyl chlonde, Teflon, terylenes. nyions,
urethans, polystyrene, poly carbamate and synthétic resins. Synthetwe and natural rubbers,

biodegradable polymers, canducting polymers.
Unit XV

Green chemistry: Principles and applicatuons, microwave and solvothermal reactions, solvent
free synthesis; phase transfer catalysis and reactions involving onic liguids,

Unit XVI

Jomnt applications of UV, IR, NMR ('H and " C-) and mass spectroscopy
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