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th
A meeting of the Board of Studies in Chemistry (PG) was held on Th ursday the 10 Jan. 2019 at 10,30 am
in the Department Library to Approve the proposed M.S¢,, CRCS syllabus with effective from 20192030

anwards,

I SEMESTER
Code No, Title |
; Ch-10 Inorganic Chemistry |
Ch-102 Urganic Chemistry |
Ch-103 Physical Chemisiry |
| Ch-1M Analytical Chemistry 2
Ch-103 Mathematics for Chemists (Soft Core|
Ch-10% Practical-l Inorg/Org/Phy
Ch-107- Practical-ll Inorg/Org/Phy
Ch-104 Practical-[1l Inorg/0y
Ch-109 Practical-1V Inorg/Crg/Phy ]
|

Il SEMESTER

| CodeNo, | Title

|=_ Ch-241 Inorganic Chemistry 11

| Ch-202 Organic Chemistry 1 |
Ch-203 Physical Chemistry 1]

i Ch-204 Spectroscony - |

Ch-205 Green Synthesis/Photo Chemis Soft Core
I__ - S LHot0 Lhemistey (Soft Core) |

_ Ch-206 Fractical-1 Inorg/Org/Phy
I Ch-207 Practical-11 _Inorg/Org/Phy
Ch-208 Practical-|[| Inarg/Ora/Phy
Ch-200 Practical- 1V Inore/Org/Phy

i . =}
Finally the Chairmas; thanked all the members
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. Eligibiliry

. Mame of the Course
. Duranon of the Course

SYLLABUS 2019-20

M.Se., Chemistry

Two Years (FOUR SEMESTERS, CRCS)

A condidate must hive secured 4004 marks

in the aggregate and studied Chemistry
(zognate subject) securing 50 % marks in this
subject @t the B Sc., level and studied
Mathematics at 10 + 2 or Pre-university

level.

40 = Supernumerary seats + Payment

4. Intake seats= 6l (Total)
5. Admission As per University regulations
scheme of Study and Examination M. Sc., CHEMISTRY
| Semester
Code Title Theory/ | Total Duration | Max. Continuous | Total | Credits
N Practical] No.of of Marks | Evaluation | Marks
(Hrss Hrs' Exam. (Exam)
Week) scimester | Hours
Inorganic
Ch-M1 | Chemistry | 4 52 3 Bl 2Ll [} 4
Crganic 21 4
Ch-102 | Chemistey 1 4 52 3 20 ()
Physical |
Ch-103 | Chemistry | 4 52 3 Bl 20 1)
Analytical
Chemistry 81 4
e}
Ch-104 3 52 a . s
Mathematics lor
Ch=-103 | Chemists 3 36 3 | 10 2
iSofi Conz) 8o
Ch=10% | Practical-1 2
InoreiOrg/Phy 4 6} 4 35 15 50 )
Ch-107 | Practical=l1 P
Inory/Org/Phy 4 0 4 35 15 I
Ch=108 | Practical-I[1 2
Inorg/Org/Phy 4 60 4 15 15 50
Ch-109 | Practical-1V 2
Inoeg/Org/Phy 3 60 4 33 15 so |
Total TiH) b1
imarks'credins




Il Semester

Code Title Theory/ | Toal Duration | Max. Continuous | Total | Credits
Mo, Practicall MNo.of of Marks Evaluation Moarks
(Hrs/ Hrs/ Exam. { Exim)
Week) | Semester | Howrs

Inorganic
Ch-201 | Chemistry-11 4 ) 3 Bl 0 104 )

Organic 4
Ch-202 | Chemistry-1I 4 p . 3 (] 20 [i{F]H]

Physical

B 20

Ch-203 | Chemisiry-1I 4 52 3 |01 4
Ch-204 | Spectroscopy-1 4 52 3 ] 20 100 3
Ch-205 | Green Svnthesis / 3 j6 i | (b0 2

Photo Chemistry

t5oft Core) 80 20
Ch-206 | Practical-1 i35 i5

Inorg Org/Phy 4 £l 4 5 2
Ch-207 | Practical-ll 15

Inorg/Org/Phy i 60 4 35 2
Ch-208 | Practical-11]

o O/ Phy 4 i) 4 33 14 30 2
€h-209 | Practical-IV

Inorg/Org/ Phy 4 &0 4 35 15 50 2

Fotal T 26

marks/credits

Practical: 30 marks for experiment + 5 marks for Viva-Voge

A

Scheme for continnous evaliation

» Marks based on Test + Assignment + Seminar + Records

Theory {each paper)
Tests® ; 20 marks
Total 20 Marks

* Two tests will be conducted and the average marks of the two tests will e taken
for Continuous assessment,

* There should be mintmum marks of 8 1o be scored out of 20 for getting eligibility

to-attead the final University examination,

Practicals: {each practical)

lest (1 Test)

15 marks

Total

5 marks




QUESTION PAPER PATTERN

Semester | Sub: Chemisiry
Time: 3 Hrs

Max. Marks; 80
Note: Answer question MNumber one and any 5IX in the remaining,
I Answer any TEN sub divisions from the following { 10x2=20)
aj
b

CoERotEnT

Sl

20 {6x 10=60]

b (5+5) or (6+4) 0r{3+3+4)
[&



SEMESTER -1
Ch-101 INORGANIC CHEMISTRY-1
LUNIT-1 13 ]

Chemical Bonding- VSEPR model. shapes of moleculedoCIE;, ICL. TeFs. I, TeC >, XeFs, SHCL™, 1Fa.
ReF- NeFy', TaFe'; Bent rales and energetics of hybridization; electronegativity-Pauling, Allred-Rochow and
Mulliken, eleciranegativity and partial fonic character: Bonds- Multicenter, Swynergic and Agostic honding,
Lattice energy: Bom-Lande equation, Kapustinskii equation; Fajan's rules- polarizability and partial covalent
charaeter, radins-ratio rules-lmiting radius ratios of trigonal, wahedral, octabedral and cubic. Structures of
salide-Mal’l, Ce), ZnSizine blende and wurtzite), rutile( Til), pervoskile{ CaTiOy), fuore and anti Nuorite,
Zintl ioms. Molceular orbital theoey: formation of sigma, pi and delta bonds, LCAQ and MO dizgrams of
heteronuclear digtomic (CO, NO, HF and 1C1) and triatomic maolecules (CO; and NOL).

UNIT-1T 13h

Chemistry of main gronp elements- Boranes- nomenclature. eynthesis, structure and bonding in boranes, stys
code. carhoranes- classification. structures of ortho, meta, para-CaBoHiz, Wades rules, Metallocarboranes-
synthesis and structure of [Fetn'-C:BaH; 111 Feln -CaBaH, Jy'=CsHsl, [MofCOnin’-CBaH, 17, synthesis,
structure ond bonding in borazine, phosphazenes- synthesis, siructure and bonding in (PNCl:). SN
compounds- 5Ny, SaNs and polythiazyl,

Silicates: Principles of silicates struciures, classification with examples-ortho, pyra, eyvelo, ino, phyllo and tecto
silicates, isemorphous replacement; zeolites- sedalite and pentasil units. synthesis and structures of Z5h-3,
zeolite A, faujasite and their uses.

LENIT-I Lih

HSAB concept: Basis of HSAB concept, acid-base strength, hardness and sofiness, symbiosis,

applications and limitations of HSAB concepts Acid- base concept in non-squeous media. reactions in Bris,
Na04, anhvdrous HzS50e, CH:COH.  Isopoly and heteropoly acids of W and Mo, preparations, properties,
structure and applications.

Steresisomerism- Chirality, optical activity- CD, ORD, Cotton cffect, absolute configuration of

metal complexes, magnetic circular dichroism and WS uses.

LUAIT-TV I3k

Metal elusters- factors favouring M-M bond, classification, synthesis, structure and bonding in [Rt;_fl.]:' Metal
carbony! clusters- LNCC's and HNCC's. Electron counting in carbony! clusiers, Wades-Mingos and Lauher
rales,

Nuclear Chemistry=The atomic nucleus-clememary particles, quarks, classification of

nuclides based on Z and N values, nuclear stahility, nuclear potential, binding energy. Muclear

Models: Shell model-salient features. forms of the nuclear potential, filling of orbitals, nuclear

configuration, Liquid drop model. Radioactivies. radinactive decay kinetics, Parent-danghter decay-growth
relationship-secular and transient equilibria. theories of w, i, A" and y-decay, intemal conversien, Auger effeet.



SUGGESTED BOOKS

1. Basic Inorganic Chemistry- F. A. Cotton, G. Wilkinson and P. L. Gaus: John Wiley
and sons. Ine, 3™ edition (2004).

. Advanced Inorganic Chemistry, F. A. Cotton and GG, Wilkinson. 67 edition ( 1999),

. Inorganic Chemisiry. 1. E. Huheey. E. A. Keiterand R, L. Kefter, IV edition
Addisan; Wesley (1993},

. Inorganic Chemistey. D, F. Shiriver, P. W. Atkins and €. H. Langford, 'V edition
EL.BS: Oxford University Press, (2010)

. Chemistry of elements: N, N. Greenwood and A. E. Earnshaw, Butterworth, 11 edition
Heinamann { 1997,

. Coencise Inorganic Chemistry, ). D). Lee . V edition; { 1996,

Eusentials of nuclear chemistry, H. ). Amiker, 4nedition; NATL publishers {2011)
Chapters |, 3 and 4

% Muchesr and Radio chemistry; G Friedlander, ), W.Kennedy, ES Macias and M Miller:

1981, Chapters 8and 4.
¢, Inorganic Chemistry, Gary. L, Miessler and Donald . A, Tarr 8" Edition: (2014),
1), Inorganic Chemistry CE House crofl and A G Sharpe 4" edition. pearson {2012).

Lid T
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Ch-102: ORCANIC CHEMISTRY-1
ENIT-1
52 Hours

L onding in Orzanic Molecules 13h

Pelpealized chemical bonding: Conjugalion, <ross conjugation, resonance, Hypercorjugation.
Tautomerism.,

Aromaricty: Huckel's MO theory, HMO diggram for bepzene Huckel's rules of aromaticity.
Aromatic systems with electron numbers ather than six (including azulend, rapone, tropolone and
annulenes). Anti-aromaticity. Aromaticity in benzenoids. Homo-aromaticity,  Alternant and noen-
shernant hydrocarbons. Energy levels in odd and even-altemant hydrocarbons, energy levels for
the henzyl cation, henzyl free-radical and benzy| carbanion.

Mesoionic compaunds. Heteroannulenes. Fullerenes: C-60

Symthetic Molecular Receptors: Definition and significance.  Struciure and function of receplors
with molecular clefts, mokecular tweeeers, receptors with multiple hydrogen honding sites. Crown
ethers, ervptates, cyclodextins, cyclophanes, catcnones and retoxanes, calixarenes, lonophores,
and micelles,

LINTT-11

Reaction Mechaniems: Struciu re and Reactivity

13h
Reactive Inrermediates: Generation, structure. stahility and regctivity of carbocations, carbamions,
carbon free radicals, carbenes, Mon-classical carbocations, Nitrenes.

Classification of reactions and mechanizms. Thermodynamic and Kinetic requirements. Kinetic and
thermodynamic contral, Hammond postulate. Curtin-Hammett principle. Powential energy diagrams,
teansition stazes and imermediates.



Methods of determining mechanisms: Rased on the structure of products, determination of the
presence of intermediates, wsotopic labeling, isotope effects. from stereochemical evidence,

Avidy and bases; Hard and seft acids and beses. Effect of struciure on the sirengths of acids and
bases.

Effect af siruciure on reactivin: Resonance and fiald effects: steric effects, The Hammett equation
and linear free energy relationship, substituent and reaction constants, Tafl equation.

Aliphatic yubstitution reactions:

Nueleophilic substitution reaction af & verturated carbom: Sul, Sx2, and SET mechanisms. Effect of
cuhstrate struchire, attacking nuclenphile and leaving group. MNeighbouring group participation by
sigmia and pi bonds. Anchimeric effect. Ambident nucleophiles and substrates.

Electrophilic substitution reaction ot a catirated carbon: Se1, SE2, and S mechanisms. Effect of
<ubsirate structure, leaving group and solvent polarity on the reactivity.

I_H‘l 'y
stereochemisiry 13h
Projectional formufag: Fischer. Newman, Sawhorse and flying wedge projections - their
nterconversions for acyelic and eyclic compounds.,
Conforanational analysis: YL, RIS and M/P conventions, Caha-Ingold Prelog {CIP) sequence
rules,
Optical isomerism. Elements of symmetry and chirality. Chirality in compounds with & stereogenic
centre.  Center of chivality, axis of chirvality, plane of chirality and helicity.  Stereochemistry of
allenes, alkvlidene cycloalkanes and spirancs (with a stereagenicaxis), biphenyls. cyclophanes, ansa
compounds, irans-cyclonciens, helicenss. benzphenanthrenes. Configurational nomenclature.
Conformationad  analysis; Conformational analysis of cycloalkanes: eyclobutane, cyclopentane,
cvelohesares (mono-substituted e.g., methyl, iso-propyl. rerr-butyl and di-substinsted cyclohexanés
¢.o. dialkyl-, dihalo-, diols), and eycloheptene.
Nomenclature and conformations of fused rings and bridged nng systems.
Prochirality: Enantiotopic and diastereatopic atoms, groups and faces. [Si/Re] Basics ol Cram’s
and Prelog’s rules ol asymmetric induction.
l 1 ihl I_I !
Carbohydrates:

13h

Iniroduction. Determination of configuration of the manasaccharides, conformational analysis of
monosaccharides.  Derivatives of monosaccharides:  acetals, aminosugers, deoxysugars and
ethers, Synthesis of aldonic-, al daric- wronic- acids and alditols.

Siructural elucidation of sucrose and maltose.

Structures of lactose, gentiobiose and meliohiose. Photosynthesis of carbohydrates.

Heteroeyelic com pounds:

Introduction. Nomenelature of simple and fused heterocyelic compoeunds: Hantzsch-Widman
method. Stwructure, reactivity, synthesis and reactions of pyrazole, imidazole, oxazole, isoxazole,
thiarole, isothiazole. Synthesis of pyrimidine. puring, indole. benzimidazole, benzoxazole and
henzisnxazole and coumarins.



SUGGESTED BOOKS

i Organic Chamistey. B T Morrison, R N Boyd and § K Bhanacharjee, VII edition,
Pearson, (2018).
Orzanic Chemistry, J Clayden, M Greeves and S Warren, 11 edition, Oxford
University Press, (20014)
3. Advanced Organic Chemistry — Reaetions, Mechanism and Structure, ) March,
John Wiley (2008,
4. Advanced Organic Chemistry, F A Carey and B ] Sundberg Plenum, (2000]
. A Guide Book to Mechanism in Organic Chemistry, P Sykes, V1 edition, Pearson, (2003).
é. Structure and mechanism of Organic Chemistry. C K Ingold, |1 Edition, CBS,
{2016},
A Principles of Organic Synthesis, H adition). R0 C Norman and | M Coxon,
Blackie Academic and Professional (Indian Reprint), (2012}
. Sterenchemistry, ¥ B Dani, Asizn Books, New Drelhi, ¢2014)
9, Sreteochemistry of Organic Compounas, [ Masipuri, 111 edition, Mew-Age Imternational.
(2018,
10, Organic Stereochemistry, M | T Robinson, Oxford University Press, (2005),
I Stereochemistry of Carbon Compounds, E L Eliel, 5 H Wilen and L N Mancder,
John Wiley, {1994,
stereochemistry at o Glonee ) Eames, 1M Peach, Blackwell, Crxford. {2003).
13, Heteroeyelic Chemistry at a Glance, |1 edition. 1 A Joule and K Mills, Wiley, New York,
(2012).
I4 Organic Chemistry, Volume | | L Finar, V1 edition, Pearson, {2018)
15, Organic Chemistry, Volume L TL Finar, V1 edition, Pearson, {20138

Bad

Ch-10% PHYSICAL CH EMISTRY-1
UNIT-1
CQuanturn Mechanics-| 13k

introduction to quantum mechanics. Schridinger wave equation, Time-independzn gnd time dependent
Schrodinger wave equations and the relation between their solutions, Eigen functions and Eigenvalues. Physical
Interpretation of wave function. Concepts of Operators; Laplacian. Hamiltonian, Linear and Hermitian
operators. Angular Momentum operators and their properties. Commutation ol operators. Normalization,
orthogenality and erthonomality of wave functions, Average (expectation) valucs. Postulates of quantum
mechanics. Solutions

of Schrivdinger wave equation for a free particle, particle in & ring. particle in & three dimensional box. Cuantum
mechanical degeneracy. winneling (no derivation). Application of Scheddinger equation 1o harmonic oscitlator,

rigid rotator, Eigen functions and eigenvalugs of angular momentum. Ladder operator method for angular
EOMENELETL.

UNIT-1I
Quantem Mechanies-11 13h
Schradinger equation 10 hydrogen atem in spherical polar co-ordinptes. Solution of [, U1, eguation. and

statements of solution of R equation. Towl wave functions of hydrogen atom. Quantum numbers and their
charactenistics, List of wave functions for few initial siates of hydmogen like atems. Diagrams of radial and
angular wave functions. Radial and angular distribution function and their significance, Electron spin

b



(Stern-Gerfach experiment). spinorbital, anti symmetry and Pauli-exclusion principle, Slater determinants.
Coupling of Angular momenta, Russell-Saunders and Ji-coupling, Atomic Term symbaols. Spin-orbital
:nteraction and explanation of erm multiplicities (Na-D doublet), Zeeman eflect.

Approximiate methods: Need for approximate methods. Perurbation method. Rayleigh Schitidinger perturbation
theory for time-independent mon-degenerate system. Application (o slectron in & box under the influence of an
electric field, Application 10 He atom. Variation theory-staement and proaf. Application of variation method W
particle in a ane-dimensional box and He atom.

UNIT-LLI

Chemical Dynamics-1 13h

Macroscopic and microscopic kinetics, Review of theories of reaction rate-Collision theory and
Transition state theory, Comparison of collision theory with transition state theory, Arrhenius
cquation- characteristics, Significance of energy of activation, Temperature coefficient and its
ovaluation, Thermodynamical formulation of reaction rates ( Wyne-jones and Eyring treaim enth
Reaction between ions in selutions - influence of ionic strength on reaction raes {primary and
secondary salt effects)

Concept of Steady state kinetics, Chain reactions - chain length and chain inhibition, comparison
of photochemical and thermal reactions, Mechanisms of thermal and photochemical reactions
hetweern hydrogen-hromine and hydrogen-chlorine, omparative study of thermal and
photochemical hydrogen-halogen reactions, Pyrolysis of acetaldehyde, Decompesition of ethane,

Kinetics of fast reactions- Introdustion, Study of resctions by relaxation method (Temperature

and pressure jump), flow method (Plug flow method and Swpped flow method), Flash plmtnlz.-sis.
and Shock tube method.

UNIT-IV
Chemieal Dynamics-11 1 3h

Kinetics of homogeneaus catalysis: kinetics of auo catalytic reactions, kinetics of acid-hase catalysed
eactions. Comparison of enzyme catalysed and chemical coalysed reactions, Mechanism (Lock and Key
theory), Kineties of enzyme catnlyzed reactions — Henri-Michaelishenten  mechanigm, Significance of
Michaelis-Mentan  constant, Lineweaver-Burk plot. Effects of enzyme concentration, pH, Temperature,
Activators and Inhibitors on enzyme activity.

Unimoleuclar reactions: Perrin theory, Lindemann theory. and Hinshelwood theory.

Qurface chemistey: Types of adsorption isotherms, Effect of temperature on adsorptian,
Mechanical adsorption, Estimation of sisrface aren using BET equation, Gibbs adsorption isothen
and its significance, Surface tension and surface energy, Pressure diffetence across curved surface
(Laplage equation), Y apour pressure of droplets (Kelvin equation|, Surface filmon liquids
felectro-kinetic phenomenal, Catalytic activity of surfaces.

SUGGGESTED BOOKS
Physical Chemistry- P. Atkins and J, D Paala, 9th Edn., Oxford University Press (2010}

1.
2. Phyvsical Chemistry: A Molecular A pproach. ). A McCuarie and Simon, Viva, New Dellii, (2003},
3. Introduction o Quanium Chemistry., A k. Chandra. 3¥Edn. Tata MeCiraw Hiell, {99 ] b

3



4, Quantom Chemistry, lra. N. Levine. Prentice Hall, New Jersey. (1991).

5. Quantum Chemistry. R K, Prasad, New Age International, 4" Edn., (ZU10).

6. Quantum Mechanics by G R Chatw al and § K Anand, Himalaya Publications, 8" Edn; 2012,
T Chemical Kinetics- K. J. Laidler, MeGraw Hill. Inc. Wew York (1988).

g Princples of Chemical Kinetics - House 1. E, Wm € Brown Publisher, Boston, { 1997).

9. Kinetics and Mechanism af Chernical Transformations- 1. Rajaraman and ), Kuriakose. M Millan India
Ltd. (2011).

10. Biochemistry, - Geoffrey Zubay, 2nd Edn., Macmillan Publishing Co. New Yaork (1988),

11. Physical Chemistry of Surfaces- A. W. Adamson, Wilev-Tnterscience Publisher Ine., New York {1997).

12, Intraduction o surface chemistry and Catalysis by Gabor A Somoraiand  Yimin Li, John 2 Edn.
Wiley and Sons Ltd. Hoboken, United States, 2010,

Ch-104 Analytical Chemistry
LUNIT -1  Basic concepls 13k

Practicing safety measures in chemical labaratories, Fire hazards, toxic chemicals: Acids/basesisolvents
handling, storage. dilution. disposal of chemicals, acil! solvent battles cte. toxic chemicals sampling and
handling hazards, safety data sheets, miniaturization of analytical instruments, their significance in modern
chemical analysis.

Preparation of dilute acids from concentrated/Tuming acids like H:SO: handling liquid

bromine. elemental mercury, solvent ether. liguor ammonia and other chemicals,

Errors in chemical analysis: absolute, relative emmor. random error distribution, Gaussin

curve, Limitations of anafstical methods. determinaie and indeterminate errars, minimization

of errors, Accuracy and precision. distribution of randoem ermors, the normal emor curve.

Sutistical treatment of finite samples - measures of central rendency and variability: mean,

median, range, stundard deviation, varianee, confidence limits, Comparison of an experimenial

mean and @ teue mean, F-test, refection of resull - Q-test, Student' s -1est. numerical problems,

UNIT-11  Ouantitative Analysis-Classical methods 13 h

Classification of analytical methods, types of instrumental analysis, factors influencing choice of analytical
iethod, qualitative and quantitative analysis, Units used in chemical analysistheir conversion, ppm, ppb. ppt
el

Titrimetry

Acid-Base: Theory of indicatars, Ex: Phenol-phthalien, Methy! red. Titration curves for mone functional acid
and base. pH caloulations, fractions of phosphoric acid species asa function of pH. Titration curves for Hi PO,
Complexometry: Theory of metal fon indicators, EDTA titrations, suttability of pol ydentale ligands as titrants,
expressions for the different forms of EDTA in solution as a function of pH, conditional stability constants,
effect of pH

and nature of titration curve. Masking and demasking, type of EDTA titrations, titrations involving
monodeniate bidentate and polydentate ligands

Redox: Mechanism of indicator action. criteria for the selection of indicators. Feasibility of redox titration.

Titration of multicomponet system. Nemst equation. A pplications: Oxidants such as CetlV), bromate, Indates,

Ir.--
o



Precipitation: Solubility product, Theoretical principles of precipitation: Titration curve, end point detection,
Mohr, Volhard and adsorption ind icators. Applications: Estimation of FLK', {3{33:'. E;-Ellf'. acetvlenes and
mixture of halides.
Gravimetry
Quantitative’ precipitation,  Precipitaticn from Homageneous Safutfon (PFHS). Formation and treatment of
precipitates, co-precipilalion, post precipitation. Conditions for precipitation, washing, drying and igniting the
precipitates, impartant precipilating agents <uch as DM, oxine, thinoyanate and their significance in inongZanic
analysis, errors in gravimetric anal ysis.
Unit-111 = Quantitative Analysis — Instrumenial methodsiSpectroscopy ) 13h
Fleciromagnetic radiation, interaction with matter, absorption, Beer-Lambert's law, derivation, molar
absorptivity, Sandell sensitivity, Ringbom plot, deviations. limitations, Calibration with standards; standard
addition, internal standard addition, limit of detection. limit of guantification, Instrumentation, radiation sourees,
wavelength selection devices, optical slits, single beam and double beam instruments. photo electric
colorimeter, scanning devices, merits and limitations, numerical preblems on application of Beer's [aw.

Unit 1V- Separation Methods 13h

Salvent Extraction — Types bawch, continuous, efficiency. selectivity. Distribution coefficient, Nemst
distribution law, derivation, factors alfecting the partition. ap plications. Chromatography — Types, Terminology.
Principles of paper, thin tayer, column, gas chromatography., column cfficiency. plate theory, factors affecting
the column efficiency, band broadening. Ry factor, Van-Leemier equation.  medium performance liquid
chromatouraphy, high performance liquid chrom atography. reserved phase liquid chromatography, super critical
Tuid chromatography, characteristics of super critical fluids, 2D-thin layer chromatography, electrophoresis,
principles. applications etc, numerncal prohlems on solvent extraction, RT factor and van Demeter equation.

Suggested books:

I, Fundamental of Analytical Chemistry, DoA. Skoog. D:M. West, Holler and Crouch, 87 edition, Saunders
College Publishing, Mew Yaork, 2005,

2. Analytical Chemistry, G.D. Christian, A edition. John Wiley & Sons, Inc, India, 2004,

1, Quantitative Analysis, RA. Day and AL, Underwood, 8" edition, Prentice Hall, Inc. New Delhi, 1993

4. Wogel's Textbook of Quantitative Chemical Analysis, 1. Mendbhum, R.C, Denney, 1D. Barnes and MK
Fhamas, 6" edition, Thied Indian Repring, Pearson Education Pvi. Lid., New Delhi, 2003.

4, Analvtical Chemistry Principles, John H. Kennedy, 2 edition, Saunders College Publishing, California,
LS.

6. Principles and Practice of Analytical Chemistry, F.W. Fifield and Kealey, 3" edition, Blackwell Sci., L.

Malden, LISaA, 2000,

Moderm Analytical Chemisiry, David Harvey, McGraw Hill, New Dethi. 2000

Practical Volumetric Analysis, Peter A C McPherson, RSC, Cambridge, UK, 2015,

. Analytical Chemistry for Technicians, John Kenkel, 4" edn. CRC Press. London, 2014,

0. Undergraduate Instrumental Analysis. J.W. Robinson, EM. Skelly Frame, G. M. Frame 11, 6” edn, Marcel

Dekker, New York, 2009,



Ch-105 MATHEMATICS FOR CHEMISTS

LINIT-I
12h

Vectors: vectors, dot and cross produets: scalar and veclor triple products and their applications.

Tensors and thetr applications.

Matriy Algebra: Review of different 1ypes of matrices (including Hermetian and skew Hermetian), matrix
addition and multiphication:. déterminant of  square matrix, transpose, adjoint and inverse of a square
matrix, Solution 1o system of linear equation (a) by matrix method and (b) by Cramer’s Rule. Characteristic
equation of & square matrix. eigenvialues and eigenvectors.

UNIT-NI
12h

Calculus: Rule for differentiation: Chain nule (for fla=U", sin v, log u ete). lmplicit
differentiation and parametric differentiation and successive differentiation of order 2 {for
exphicit functions only).
Applications of differentiation:
Dierivative as a slope of the tangent, derivalive as & rite measuré-velogity and acceleration, Increasing and
decreasing functions-Maxima and minima-second derivative test-point of inflections-problems restricted to
polynomial

LiMIT-111
12k
Integrations: Basic rules-simple substitation-Method of partial fractions-Integration by parts.
Define integral and application to arcas of plane curves.
Eunetians of several variables: partial derivatives; co-ordinate transtormation from caresian co-ordinates 10
spherical and eylindrical coordinates and vice-verss,

Elementary differential equation: Variable separable, exact first order equations, linear and homogeneous
equation,

Second order homogengous differential equation with constant coelTicients fi 1), =0, Solution

of differential equation by power series method.

Fourier series: Simple problems.

Probability: Review of permutations and combinations. Probability and addition theorem for mutually
exclusive events and multiplication theorem for independent events. Curve fitting-Methad of least squares.

SUGGESTED BOOKS

Mathematical Preparation for physical chemistry, F. Daniells, M.Graw Hill Ine. LIS, 195%

|5

1 Mathematics for chemists, D, M. Hirst, Chemical Publishing Company Incorporated, Mew York, 1979,

3. Mathematics for chemists, P, G, Francis, Springer, 2011,

4 Basic Mathematics for chemists, P, Tebutt, Wiley-Blackwell, 1994,

5. Cabeulus and analytic geametry, g edition. G. B. Thomas. R.L. Finney, Addison-Wesley Publishing
Company, [ne. 1996,

6. Short Course in difterential equations, Rainvilles and Bedient, IBH publishers, 1968,

4 Mathematics for chemistey, G. Doggert and B. T, Surclitfe Longmann Publishers. 1993

&



Ch-106/ PRACTICAL =1 INORGANIC/ORGANIC/PHY SICAL

INORGANIC CHEMISTRY PRACTICALS
(4 davs a week. 4 hours 3 day)

C-106 Inorganic Chemistry Practical-|

Seml micro qualitative analvsis of mixtures comaining two anions, ta commen cations and one
less familiar elements: W, Mo, Ce. Zr, ¥ and Li

C-107 Inorganic chemistry practical-11

Preparation af inorganic complexes:

. Cis- potassium dioxalatodiaquachromium{l 1) complex.
2. Hexamminecobalt{ 111 chloride.

3. Mercury tetrathiceyanatocobaltate.

4. Pentamiminechlorocebali ) chloride.

5. Potassium trisioxalato)ferrate wrihydrate.

6. Potassium tris{oxalatoaluminate trihydmte.

C-108 Inorzanic Chemistry Practical-11

Cravimetrie analysis

I. Determination of Fe in iron ore ks Fe:lh,

Determination of ™ as nickeldimethylglyoximate in Cu and Ni solution.
. Determimation of Ca-as CaC,04.H: Q.

. Determination of Al as aluminiumoxinate,

- Determination of Cu as CuSCN in Cu and Fe solution,

. Determination of #n as ZoNH PO,

on Lf da Laa Bd

C-109 Inorganic Chemistry Practical-1V

Volumetrie analysis

1. Determination of Ca and Mg in Dolomite solution using EDTA.

1 Determination of Cu in Cu and Ni solution indometrically.
Determination of Fe in Cuand Fe solution {using K-Cr:U5),

4, Deteemination of Cr and Fe in o mixiure using cericammoniumsulphale.
5. Deermination of Fe and Al in mixtune using EDTA

6. Determination of percentage of Fe and oxalate in kFe(Cally h.3H-0

Suggested Books:

. Vopel's Text book of Qualitative Chemical Analysis, |. Bassett, G, H. JefTery and 1,
SMendham, 7 edition, ELBS (2013),

2. Vogel’ stext book of Quantitative Chemical Analysis, 6" Edition, |, Bassett, G. H. Jeffery
and 1. Mendham, and B, C. Denny, | D Barnes, M.Thomas Prentice Hall {200K1)

3, Inorganic Semimicro Qualitative Analysis. V. V., Ramanujam; The Mational Pub. Co
(1590},

4, Practical Inorganic Chemistry, G, Marr and B, W, Rockett, Von Nostrand Reinhold Co.,
Landon (1 972).

5. An Advance course in practizal chemistry, A Ghoshal. B Mahapatra and A K Nad: New central
ook agency Pyt.lid, 3 eidition 2007,

i, Advanced inorganic analysis, § K Agarwal and Keemtilal; Pragati prakashan. 12" edition 2014,

4



ORGANIC CHEMISTRY PRACTICALS
(4 days o week, 4 hours a day)

Ch-106 Organic Chemistry Practical-1

Preparation (one stage)
I Oxidation of cvelohexanol.
2 Preparation of S-benzylisothiuroniomehloride.
3, Synthesis of picric acid.
1. Synthesis of glicose pentaacetate,
5, Synthesis of 2,4 6-tribromaaniline,
6. Cannizaro reaction: benzaldehyde to benzyl aleehol and benzoic acid.
7. Dehydration of cyelohexanol (o cyclohexene,
8 Claisen-Schmidt reaction: benzaldehyde and acetone 10 dibenzalacetone.
9. Sandmeyer reaction: 4-chlorotoluene Fromd -toluidine.
10, Pechmann reaction: resorcinol and ethylacetoacetste to 7-h vdroxy-4-methylcoumann
11, Swnthesis of 7 4-dichlorophenoxyacetic acid.
12, Synthesis of resacetophenone from resorcingl,

Ch-107 Organie Chemistry Pra ctical-11
Oualitative analysis
Syalematic analysis and identification of bifunctional organic compoeunds.

Ch-108 Oyrganic Chemistry Practical — 111 Preparation (Two and three stages)
4-Nitroaniline from acetanilide

I 4-Dromoaniline from acctanilide.

2 {_Nitrobenzoic acid from benzoic acidimethy! benzoate.
3 7.4-Dinitrophenythydrazine from chlorobenzene.
3 N-Methylanthranilic acid from phthalic acid.

5, Benzanilide from benzophenore.

6. Benzilic acid from benzoin,

7 Synthesis of acndoene,

E. Swnthesis of hydantoimn.

9, Anthracene to anthrane

10. Suecinic acid to N-bromosuccinimide.

11 Maleic acid 1o dimethylacetvlenedicarboxylate.

Ch-109 Organic Chemistry Practical-1V

Quantitative analysis

Titrimetrie estimation of mono-, dicarboxyhc-, amino- and aryloxyacetic acids,

Estimation of carboxylic acid in presence of an amide/ester.

Saponification valug of oil.

Estimation of glucose by Fehling’s method Bertrand’s method.

Estimation of keto-group.

Fstimation of phenois,

"~ jodine value of oil (Chloramine-T method) Acid and ester. acid and amide in the mixture of two.

R e

\O
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SUGGESTED BOORS

|, Vogel's Text Book of Practical Organic Chemistry — V edition. B.S. Furniss, A,
1. Hannaford, P. W. G. Smith and A, R. Tatchell - Pearson, (2003 ).
Laboratory manual of Organic Chemistry- B. B, Dey. M. V. Sitaraman and T.R. Govindachari, Allied
Publishers, New Delhi, {1996).
Practical Orzanic Chemistry, |V edition, — F. G. Mann and B. C. Saundcrs, - Pearson, 2009},
 Text Book of Practical Organic Chemistry including qualitative analysis - IV Edition,
AL Wopel and A, R. Tarchell, Longman, London. { 1996).

Test Book of Quantitative Organic Analysis- A. 1. Vogel. (1996,
. A Handbook of Organic Analysis — Qualitative and Quantitative — IV Edition, H. T, Clarke,
Hodder and Staaghton, New Delhi (2017),
. Comprehensive practical organic chemistry: Preparation and gquantitative Analysis.
VLK, Ahluwalia, R Apgarwal, Universities Press (India), 2000,
. Comprehensive practical organic chemisiry: Qualitative analysis, V. K. Ahluwalia,
4. Dhingra, Universities Press (India), 2000,
10, An advanced course in practical chemistry, A. Ghashal, B. Mahapatra and A Kr. Wad.
Mow central book agency. Caloutta, 2000,
11 Advanced practical organic chemistey. 1. Mohan, Vol. | and [1, Himalayy Publishing
House. 1992,
12, Practical organic chemistry (Quantitative analysis), B. B. Dey, M., V. Sitarsman and
T. R. Govindachari, Allied Publishers, New Delhi, 1992,
13, Advanced Practical Organic Chemisiry, (11 Edition, J. Leonard, B. Lygo and G.
Procter, CRC Press, Routledge, {(2013).
14, Qualitative Organic Analysis — spectrochemicel Techniques W, kemp, 11 cdition.
Me=Graw Hill. London, (1986).

b
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PHYSICAL CHEMISTRY PRACTICALS (4 days a week, 4 hours a day)
C-106 Physical Chemistry Practical -1

I. Study of Acid catalysed hydrolysis of methyl acetae at lab lemperature and reporting the caleulated
and praphical rate constants
7 Determination of Velocity constant for the saponification of Ethyl acetate at lab temperature and
comparing it with graphical value
Verification of Beer’'s Law: Colorimetric estimation of Cu™" jons and reporting the Molar extinction
coefficient.
. Determination of heat of selution of a sparingly soluble salt.
Calorimetric estimation of Fe© ions ina given solution by titrating FAS versus kMnO, solution.
_Study of kinetics of the reaction between Klad Koas a0 s0lution,
Construction of phase diagram of two component systems and determination of Ec . ET and the
Compaosition of given unkiown.
§. Determination of partial molar volume of solute — water system hy apparent molar volume
methud,
9. Analysis of a binary mixture by viscosity measurement miethod,
10, Verification of Freundlich snd Langmuir isotherm for adsorption of oxalic/scetic acid on
activated charcoal

L8 )
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C-107 Physical Chemistry Practical -11
Conduciometric Experiments

. Precipitation titratien of lithium sulphate versus BaClzand reporting the concentration of Liz50,.

s Determination of concemration of a weak acid by litrating against a weak base.

3. Determination of a dissociation constant of weak acid (CH3COOH).

4. Determination of Equivalent conductance of a given strong electrolyvte.

5. Determination of the concentration of a strong acid and 2 salt in @ given a mixture of by titrating
against a strong base

Potentiometric Experiments

6. Determination of single electrode potential of Cu* 0w and estimate the given unknown
concentralion.

7 Determination of single electrode potential of Zn~ /Zn and estimate the given unknown
concentration.

& Titration of AgNO; versus KUl and estimation of the concentration of AgNO,.

9. Determination of pKa and Ka values of the weak acid by titrating against a strong base using
quinhydrone efectrode.

10, Determination and comparison of pH values of buffer solutions by using guinhydrone clectrode
and glass eleclrode.

C-108 Physical Chemistry Practical -11L

. Study of acid hydrolysis of methyl acerate for two different concentrations of HCland reporting the
relative stréngth.

2, Stwdy the hydrolysis of methy] acetare in the presence of HCl attwo different emperatures and
neporting the energy of activation.

1. Determination of dissociation constant of a given indicator by eolorimetric method.

4, Study of kinetics of autocatalytic reaction between KMnQ, versus oxalic acid,

5. Determination of degree of hydrolysis of aniline hydrochloride at soom tempersture and
calculation of dissociation constant of the base by pH metry.

&, Study of variation of viscosity of a liquid with temperature and determinaion of the constans A and
B,

7. Analysis of & binary mixture of two miscible liquids by surface tension method

%. Construction of phase diagram of Urea - KL M0 system.

9. Determnation of heat of neutralization of two acids and their relative strength.

10, Evaluation of Arhenius parameter for the reaciion between K;S:04 versus K1 (first order)

C-109 Physical Chemistry Practical -1V
Conductometry

| Determination of concentration of mixture of strong acid pnd weak acid versus strong base.

3 Determination of concenmation of Weak acid with salf versus strong base,

1. Determination of strength of & strong acid, weak acid and a salt versus strong base

—pH mafry

5 Determination of the acidic and basic dissociation constant and isoelectric point of an amine acid by
pH metry.



6. Determination of pKa vilueor Dissociation constant of phosphoric acid.

7. Determination of pH of acetic acid with sodium acetate bulfer.
Potentiomestry

8 Detenmination of concentration and amount of K2Cra04 by titrating against FAS and caleulation of
redox potential

9 Detenmination of concentration of mixture of acids by tirating againse NeOH solution.

|0, Determination of concentration of KMnO,by titrating against FAS and calculetion of redox
potential,

SUGGETED BOOKS

I, Advanced Practical Physical Chemistry by J. B. Yadav, GoelPublications, Meenit (2012}

2. Senior Practical Physical Chemistry by B. U, kosla, Simle Printers, Mew Delhi (19871

3. Experimental Physical Chemistry by Daniel et al,, MeGraw Hill, New York ( 1962).

Practical Physical Chemistry by A.M James and P. E. Pritchard, Longman's Groap Lud (1968).

5. Experimental Physical Chemistry by Wilson, Newcombe& others, Peraman Press, Mew York

{1962).

6. Experimental Physical Chemistry by R, C. Behra and B Behra, Tata MeGraw, New Delbi (1983),

7. Experimental Physical Chemistry hy V. D, Awavale and ParuiMathur, Mew Age International,
Mew York (20001

&, Practical's in physical chemistry A. Modern Approach by P.5 Sindbu, Mac. Mitlan Poblishers.
Diethi (2006).

=

11 SEMESTER
Ch-201: INORGANIC CHEMISTRY- 11
L'NIT-I 13h

Metal-Ligand equilibria in solution- Step-wise and overall formation constant and their relationship, trends
i step-wise constant, kinetic and thermodynamic stability of metal complexes, factors affecting the stability
of metal complexes with reference to the nature of the medal fon and Ligand, chelate cffect. macrocyelic effect
and their thermodvnamic origin. Determination of binary formation constant by pH metry, spectropholometry,
palaragraphy and ion exchange methods.

Structure and bonding- hydride, dihydrogen. dioxygen, isocvanide, N2 and tertiary phosphine complexes of
transition metals. metal carbonyls-terminal and bridge carhonyls, detection, metal nirosyls- termina! (linear and
bent) and beadge,

L'NIE-11 13h

Metal- ligand bonding- Coordination numbers 3 10 . Crystal field theory, salient feawres. spectrochemical
series, sphitting of d-orbitals in tetrahedral, square planar, trigonal bipyvramidal. square-pyramidal and octahedral
geometry, applications of CFT- colors of transition metal complexes, magnetic properties of octahedral
complex, Jahn Teller distortion, CFSE and their uses, factors affecting CFSE, limitations of CFT. experimental
evidences for metal-ligand covalent bonding in complexes, nephetauxetic effect, Ligand Field Theory, MO
theory: terrahedral and octahedral complexes {including n-bondingy, angular overlap model. Stereochemical
non-rigidity and its detection.

13



UNIT-111 13h

Electronic spectra of coordination com pounds- Spectroscopic ground states, selection rules, term symbols for
d ions, Hacah parameters. Crgel, Correlation and Tanaube-Sugaro diagrams. spectra of 3d metal-agua
complexes of trivalent V. Cr, divalent Mn, Co and Mi, CoCly, calculation of Dq, B and [ parameters, CT
spectra. Spectral properlies of Lanthanide and Actinide metal complexes,

UNIT-IV 13h

Magnetic properties of coordination compounds- Types of magnetism, temperature effect, magnelic
suscentibility and its determinatien- Gouy, Faraday, WVSM methed, Dismagnetic correction, orbital contribution,
spin-orbital coupling, ferro- and antiferromagnetic coupling. spincrossover, Magnetic properties of Lanthanide
and Actinide metal complexes,

Phatochemical reactions of transition metal complexes: Basic photochemical processes, Kasha's rule,
quantum vield, Jabhalnskii diagrams, photo substitution reactions, photo-redox reactions, ligand pheloreactions.

SUGGESTED ROOKS

|, Advanced Inorganic Chemistry- F. A, Cotton, G. Wilkinsan and P. 1, Gaus, John Wiley
and sins. Ing, O edition {1 9949),

[ ]

_ Chemistry of clements- M. N Greenwood and A. E. Eamshaw, 2™ cdition, Butterworth Heinemann { 1997).

i

Inorganic Chemistry 1. E. Huheey, E- AL keiter and B, L. Keiter. 4" edition; Addison; Wesley (1993,

4. Inorganic Chemistry, D F. Shriver, P. W. Atkinsand C. H. Langford, 5% edition, ELBS: Oxford
Liniversity Press, (2010

M

. [norganic Electrinic spectroscopy, A, B, P. Lever, 2" adition. Elsavier. (1984),
6. Magnetocaemistry, R.L. Carfin, Springer Verlag L1986},

7. Electronic Absorption Spectroscopy and related Technigues, D. N. Sathyanarayana,
Limiversity Press (2001)

8. Inorganic Chemistry A Unified Approach by W, W. Porerfield, Elsevier 2005 2-edition,

9, Inoreanic chemisiry G L Miessler, P J Fisher and [} A Tarr 53" edition (2008).



Ch-202 ORGANIC CHEMISTRY - 11

LINIT-1
Reaction Mechanisms: Arpmatic Substitution Reactions 13h

Elgcirophilic Qubstitution Reactions: The arenium jon mechanism. Criemation and
reactivity. Energy profile diagrams. The artho!para ratio, ipso attack, erieatation in other
ring systems.Quantitative trestment of reactivity in substrates and electrophiles. Effect of
leaving group. Amination, sulfonylation reactions; Diazonium coupling, Vilsmeier-Haack
peaction, Galterman reaction, Gaiterman-Koch reaction and Hoesch reaction.
Nucleophili_substitution reactions: The SwAr, Sul. benzyne and Sawl mechamsms
Reactivity: effect of substrale structure, leaving group and amacking nucleophile. Goldberg
reaciion. Bucherer reaction, Schiemann reaction, von Richter reaction, Semmelel-Hauser
and Smiles rearrangements

UNIT-11

Reaction Mechanisms: Addition Reactions 13h

Addition to carbon-carban multiple_bonds: mechanistic and stereochemical aspects of
addition reactions involving clectrophiles, nucleophiles and free radicals, Regio-, stereg-
and chemo-  selectivities.  Orientation and reactivity, Addition to eyelopropane ring.
Hydrogenation of double and sriple bonds. hydrogenation of aromatic rings. Addition of
alkenes andior alkynes 1o alkenes and/or alkynes. Ene synthesis, Michael reaction.

Addition to egrbon-heteroatom multiple bonds: Mechanism of metal hydride reduction
iNaH. LiH. LialH,, NaBH,) of sawrated and unsaturated carbonyl compounds, acids,
esters and nitriles. Addition of Gripnard reagents and arganolithium reagents to carbonyl
compounds and unsatursied carbonyl compounds. Conversion of aldehydes to nitriles.
Hydrolysis of nitriles and addition of amines to isocyanates, Formation of xanthates.
Wirtig, Mannich and Stobbe reactions.

UNIT-1 13h

Reactipn Mechupisms: Elimination Reactions

The E2, EI and ElcB mechanisms and their spectrum E2C and E2H mechanisms.
Orientation of the double bond Reactivity-effects of subsirate struciure, attacking base,
the leaving group and the medium. nechanism and orientation in pyrolytic elimination
reactions (including Chugaev reaction ).

Rearrangements and Name Reactions:

Carfwyr-carhen. Wagner-Meerwein, Pinacol-Pinacolone, Fries, Benzil-benzilic acid
rearcangements, WollT rearrangement and Amdi-Eistert reaction, Tiffeneau- Demjanoy
reaction, Fritsch-Buttenberg: Wiechell rearmangement. Favorskii resrrangemnent, Dienone-
phenol rearrangement, Baker-Venkalaraman cearrangemetit.

Carban-nirpgen:  Beckmann-, Hofmann-, Curtius-, Lossen- and Schmidt-
rearrangements, Stevens-, Meber- reatrangement. Benziding rearrangement.
Carbon-pxypen: Witlig rearrangement. Bacver-Villiger oxidation



UNIT-1V 13h

Chemistry of binlogical molecules - 11
Amino acids and Peptides

synthesis and reactions of aminoe acids, Classification and romenclature of peptides.
Sanger and Edman methods of sequencing. Cleavage of peptide hond by chemical and
enzymatic mathods.

Peptide synthesis- Protection of aming group (Boc-, Z- and Fmoe-) and carboxyl group
as alkyl and arvl esters. Use of DOC, EEDQ, HOBt and active esters, acid halides,
snhydrides @ peptide bond formation reactions. Deprotection and racemization in
peptide synthesis. Solution and solid phase techniques, Synthesis of oxytocin,
gramicidin, enkephalins, LH-RH.

Vitamins

Introduction. Biological importance and synthesis of Vitamins: A, Vitamin B,
(thisminel, Viamin B (pyridexing), folic acid, pantothenic acid. riboflavin,
Vitamin C, Yitamin E {@-tocopheral), Vitamin H (bioting, Vitamins k and kg,

SUGGESTED BOOKS

1. Advanced Organie Chemistry — Reactions. Mechanizm and Structure, Jerry Maich,
John Wiley (J0R).

2. Advanced Organic Chemistey, F A Carey and R | Sundberg Plenum, (2000},

3, A Guide Book to Mechanism in Organic Chemistry. P Sykes, V1 edition, Pearson, {20403).

4. Structure and Mechanism of Organic Chemistry, C. K. Ingold, 11 Edition, CBS, (2016).

3. Organie Chemistry, R T Morrison, B N Boyd and $ K Bhauacharjee, V11 edition, Pearson,
(2018),

i Principles of Organic Synthesis, [ edition), R O C Norman and | M Coxon, Blackie

Academic and Professional { Indian Reprint), (2012}

7. Natural Products: their chemistry and biological significance, 1 Mann, Lengman, {(Z000)

8, Organic Chemistry, Yolume I, 1 L Finar, VI edition, Pearson, (2018},

9, Organic Chemisery, Volume 11, | L Finar, ¥ cidition, Pearson, {2018).

|0, Organic Chemistry, J Clavden, N Greeves and S Warren, |1 edition, Oxford University Press,
(2014}

11. Name Reactions — A collection of detailed reaction mechanisms, 1 J Li Springer, (2012)

12. Modern Methods of Organic Synthesis W Carruthers and | Coldham, IV edition, Cambridge

University Pross, (20155,

13: Peptides Chemisiry: A practical 1ext book. M. Bodunsky, Springer-Verlag NY, ( 1988)

|4, Salid-phase pepride synthesis: A proctical Approach-E. Artherton & R.L. Sheppard. | R L.
Oxford Umiv, Press, (198%),

| 5. Peptides: Chemistry and Biology, N Selwad and H.-D. Jakubke, Wiley-VCH, {2002).



(Ch203: PHYSICAL CHEMISTRY- 11
UNIT-I
Thermodynamics-1 13h

Thermadynamics: Concepts of partial malar properties — partial molar free energy, chemical
patential, partial molar volume and its significance. Gibbs-Dubem equation , Gibbs-
DuhemMargulus equation, Determination of partial modar velume : Graphical method,
intercept method and Apparent motar volume method. Concept of fugacity; Determination of
fugucity by graphical method and compressibility foctor methad. Activity and aetivity
coefficient : Determination of activity coeflicient by EMF and solubility method.
Thermedynamics of nonideai system-Excess thermodynamic fanction, GE 5E , HE #ie. Phase
Rule - Derivation of phase rule from the concept of chemical potential, Application of Phass
Rule to three companents system :Principle of triangular disgram : Plots for a mixture of three
liquids consisting of one .two and three pairs of partially miscible liguids.

Siatictical Thermodvnamics: Dbjectives of statistical thermodynamics, Concept of
distributions, Tvpes of ensembles, Thermaody namic probability, Most probable distribution
Law — Partition Function, (Definition and significance): Molar and maolecular partitiens-
eranslational, rotational . vibrational and electronic pantition functions- Relation between
thermodynamic furctions | £ H.8,G and Uy ) and the partition functions.

UNTT-UI
Thermaodynamies-11 1.3h

Sackur-Tetrode equation for entropy of translation function, Relation between équilibrium
constant and partiton function. Different Distribution LawsTypes of Statistics : Maxwell -
Roltzmann . Bose-Einstein and Fermi-Dirac statisties, Derivation ol the cquations for above
thepe distribution Laws. Comparision of Bose-Einstein and Fermi-Dirac statistics with
Maxwell — Boltzmann statistics. Problems and their Solutions.

won-cquillbrivm Thermedynamics Thermadynamic criteria for non-equillibrium  states-
Phenomenalogical Laws and Onsager’s reciprocity relations, Coupled and Non-coupled
reactions, Entropy production and entropy flow, Electro kinetic Phenomenon. Postulates and
methodologies: Uncompensated heat and thermodynamics fuction production. deDander’s
incquality. Rate of entropy production. Iransformations of the generalized fluxes and forces
«ep. Chemical reaction, heat ow, Diffusion or material flow, Mlow of elecinc cument,

UNIT-1I1
Electrochemistry-1 13h

Elcetrochemistry of solutions: lonic atmosphere, Debye-Huckel theory for the problem of
activity coefficient, Debye-Huckel limiting Law. Debye-Huckel equation for appreciable
concentration, Debye-HuckelOnsagar conductance equation and its extension Lo jon solvent
interations, Debye-HuckelBjesrum  maode, lon asspciation, triple ions, triple ions and
conductance minima. Thermodynamics of electrified interface, derivation of clectro capillary
Lipmann’s equation, surface excess, thermodynamic aspects of surface excess. The methed of
determination and measurement ef interfacial tension as a function of spplied potential

difference across the intérfiace.



UNIT-1V
Flectrochemistry-11 13h

Gtrocture of electrified interface: Helmholtr theory, Guoy- Chapman theory, Stern model.
Owverpotential: Concentration, activation and ohmicoverpotential; Derivation of Butler- Volmer
egjuatic.

semiconductor- solution interface: Theory of double layers at semiconductor- electrodvie
interface.

Electrocatalysis: Definition and Influence of various parametcrs, Cuantum aspects of charge
wansfer at electrode solution interface. quantization of chirge wansfer, wnneling of electrans for
hvdrogen evolution with reference 10 electrocatalysis.

Polarography technique-Principle, BME- Merits and limiations, experimental, polarogram, half
wave potential, diffusion controlled current, lkovic equation (no derivation), qualitative and
quantitative estimation of metal ions.

Advanced Electrodes: Rotating dise electrodes, Membrane electrades (Definition, ¢examples with
diagrams and applications to cach), carbon glectrodes,

SUGGESTED BOOKS

|. Maolecular thermodynamics. Donald A, Mo Quarrie, John D, Simon University Science
Books Califormu, ( 19907,

Thermodynamics for Chemists by 5. Glasstone, Emst-Wast Preas, New Delhi. {1960)
Thermodynamics,byRajaraman and Kuriacose, East-West Press, (1986).

Siatistical Thermodynamics, M. C. Gupta (Wiley Eastem Lid.) 1993,

Elements of Classical and Statistical Thermodyaamies, L. k. Nash, Addison-Wiley (1979).
Thermodynamics, Statistical Thermodynamics and Kinetics by Thomas Engel & Philip Reid,
Pearson Education inc. (2007),

2 Modern Electrochemistry Yol-1 and 2, 1. O. M.Bockrisand A. K. N, Ruddy, Plenum,

o e b b

MewYork (1978)

% An intoduction to electrochemistry: Samuel Glastone East-West edition New Delhi
{1942}

g, 10. Text book of physical chemistry Samuel Glastone, 2nd edition, Mae Millan India Ltd
(194 )

|0, Principles snd applications of Electrochemistry- 0. R. Crow 3rd edition,Chapmanhall
London {1988},

1, Phisical chemistry thorugh problems by S K Dogra and 5 Dogra, Wiley Eastern Ltd., 4" Edn.
| 443,

|7 Electrochemical methods by A J Bard and | B Failkner.2™Edn., Wiley New York, 2000,



Ch-204: SPECTROSCOPY -
UNIT-I

symmetry and Groaop Theory in Chemistry 13h

Definition of groups, subgroups. cyelic groups, conjugate relationships. classes. simple
theorems in group theory. Symmetry elements and symmeiry operations, point groups.
Sehbenflies nolations, representations of groups by matrices, reducible and irreducible
representations, charsciers of representations, Great Orthogonality Theorem (without proaf) and
ite applications, charmacter tables and their uses (representations for the Cp, Caye Cone Dy 0t
groups to be wacked out explicitly) Mulliken symbols for irreducible representations

Direct products, Applications of group theory 10 quartum mechanics- identifying

noM-2er0 matrix elements, dervation of the orthonarmalization conditions

Unifying principles

Interaction of electromagnetic tadiation with matter- time-dependent peturbation theory,
trangition moment integral, selection rules- symmetry and spin forbidden transitions

UNIT-IT 13l

Infrared Spectroscopy-1

Vibrmtions of molecules, harmonic and anharmonic oscillators- vibrational energy expression,
energy level disgram, vibrational wive functions and their symmetry. selection rules. expression
for the energics of spectral lines. computation of intensities, hot bands. effect of isstopic
substitution

Diatomic vibrating rotor, Bom-Oppenheimer approximation, vibeational-rotational spectra of
dictomic melecules, P Q and R branches, breakdown of the Born-Oppenheimer approximation.

Infrared Spectriscopy-11

Vibations of pelyatomic molecules: Normal coordinaes, translations, vibrations and rotations,
vibmticonal

energy levels and wave functions, fundamentals. overtones and combinations Vibration-rotation
spectri of

polvatomic molecules- parallel and perpendicular vibeations of linear and symmetiic top
mokecules

Technigues and instrurmentation, FTIR

UNIT-IT1 ’EL\

Raman Speciroscopy

Classical theory of the Raman effect, polarizability as a iensor, polarizability ellipseids, quantum
theory of the Raman @ffeet, Pure rotational Raman spectra of linear and avmmetric twop molecules,
vibrational Raman spectra, Raman activity of vibrations, rale of mutual exclusion, rottional fine
crycture- O and S hranches, Pelarization of Raman scatiered photons Structure determination from
Raman and IR spectroscopy-AB; and AR, molecules Technigues and instrumentation
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Microwave Spectroscopy

Romtions of molecules, rigid diatomic molecule- rotational energy expression, energy bevel diagram,
rotational wave functions and their symmery, selection rules, expression for the energies of spectral
lines, computation of intensities, effect of isotopic substitution, centrifugal distortion and the
spectrum of a non-rigid rotor

Rotational speetra of polyatomic molecules- linear, symmetnc op and asymmetric top molecules
Stark effect, techniques and instrumentation

UNIT =1¥

Electronic Spectroscopy 13h
Born-Oppenheimer approximation, vibrational coarse strugture, intensities by Franck-Condon
principle, Dissaciation energy, rotational fine structure, Fortrat diagram, pre-dissociation
Electronic structure of dislomic molecules- basic results of MO theory, classification of states by
electronic angutar momenium-",71,00, and C molecular orbitals, selection rules, spectrum of singlet
and triplet molecular hydmogen
Electronic spectea of polyatomic molecules- lecalized MOs. spectrum of HCHO, change of shape on
excitaticn
Decry of csodod saes- radimive (fluorescence and phosphorsscence) and Don-TRCMRNAC SOTEY.
internal COMmeTsaea

SUGGESTED BOORS

Chemical Applications of Group Theory, F. A. Cotion, Wiley Eastern { 1976).

Molecular Symmetry, D. 5. Schonland, Van Nostrand ( 1963).

Intmduction o Molecualar Spectroscopy. C. N. Banwell, TMH Edition (1994)

Introduction 1o Molecular Spectroscopy, G. M. Barrow, McGraw Hill (Int. Students Edition)
{ 1488},

Molecular Spectroscopy, ). [ Graybeal, MeGraw Hill {Int. Students Edition) (1990).
Spectrostopy. Vols, 1-3, B. P, Straughanand W. Walker, Chapman Hall (1976),

B =
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Ch-205 GREEN SYNTHESIS (SOFT CORE)
36 Hours

UNIT-L

Use of ultrasound and Microwaves in organic Synthesis 12 h

Use of sitrasonnd: Introduction, instumentation, the phenomenan of cavitation.
Sonochemical  esterification, substitution, addition,  alkylation, oxidation,
reduction and coupling reactions.

Use of microwaves: Introduction, concepl. reactinn vessel/medium, specific
effects, atom efficioncy (% atom utilization), advantages and limitations, N-
alkylation and alkylation of active methylene compounds, condensation ol active
methylene compounds with aldebydes snd amines, Diels-Alder reaction,
Deprotection of esters and silyl ethers. Oxidation of aleohols and sulfides.
tonie-liguide.  Introduction, structure, synthesis and  applications of some
important ionic biquids in organic synthesis,
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UNIT-

Folymer supported reagents in organic synthesis 12
Introduction- properties of polymer support. advanages of polymer supported
reagents and choice of polymers. Applications.

Suhstrate covalently hound fo the support: Synthesis ol oli posaccharides,
Dieckmann cvelisation. Preparation of palvmer bound aldehyde anl application in
aldol and Wittie reactions. Synthesis of polystyryIboronic acid and use in diol
profection reaction.

Reagent linked to e polymeric matertal: Preparation of sulfonazide polymer and
application in diszotransfer reaction. Synthesis of polymer bound per acid and its
applications.

Polvmer supported catalytic reactions: Preparation of polymer supported AlCH
and application in etherification and acetal formation reactions.

Phase transfer catalysis and Crown ethers

Phase transfer catalysiz: Introduction, definition, mechanism of phase transfer
catalysis. Types of phase wansfer catalysts and reactions and their Advantages.
Preparation of catalysts and their spplication in substitution, elimination. addition,
alkylation, oxidation and reduction reactions:

Crown ethers: Imroduction, nomenclature, features, nature of donor site.

CGeneral symihesis of Urown ethers.

Synthetic applications: Alkyvlation, generation of carbenes, aromatic

substitution and displacement reactions. Generation and application al

superoxide anions, Cation deactivation reactions.

UMNIT-11T
Multi-component Reactions 12h

studies on the mechanistic aspects and use of the following reactions in organic
synthesis: Passerini-Uigi; Hantsch; Biginelli; Doebner-Miller; Ritter; Jacobson;
Betti: Robinson-Schoplt Barbier, Baylis-Hilmann: Petasis: Ivanov and Suzuki
coupling reaction.

SUGGESTED BOORS

| Some modern methods of Drganic Synthesis, W. Caruthers, Cambridge Univ. Press London, g™
Edition, 199,
Organic synthesis: Special techniques, V. K. Ahluwaliz and B, Aggarwal, Narosa, New
Dethi 2003,
3. Green Chemistry, environment friendly altemnatives, R, Sanghi and M. M. Srivastava, Narosa,
New Delhi, 2003
Green Chemistry-an introductory text, M. Lancaster, Royal Society of Chemistry, LK,
2003,
Organic chemisiry Vol, 2; 6" Edition, L. L. Finar, Lengman, 1991,
Crown ethers & cryptands, G. W. Gokel, Royal Society of Chemistry, UK, 1991,
Macrocyelic Polyether Chemistry, G. W, Gokel, 8. M, Korzenipwski, Vol 1 to3, Wiley, NY,
1974, 1981, 1987
Phase Transfer Catalysis in Organic Synthesis, W, B. Weber, G, W.Gokel, Springer. Berlin,
1977,
6. Phase Transter Catalysis, E, V. Dehmloy, 5. 5. Dehmloy, 2" Edn., Yerlag chemie,
Wienheim, | 983,
7. Polymers as aids in Organic synthesis, N, K. Mathur, C. K. Narang and R.E. Williams. Academic
Pross, MY, 1980,
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Ch-205 PHOTO CHEMISTRY (SOFT CORE)
UNIT-1 12h

Importance of Photochemistry, Laws of Photochemistry: Grothus —Draper Law, Stark-Einsteins
Law, Laws of light absorption, Quanwm yield and numerical problems. Photochemistry and
spectroscopy, units and dimensions, Electronic energy states of atoms. term symbols for atoms,
energy levels for the electronic conbiguration of carbon and oxygen illustrating spin orbit coupling
and Hunds rules, inverted multiplets as applied w simple atoms and also for inner transition metals,
Laporte's selection rules. Physicochemical Propertics ol electronically excited molecules: Nawre of
changes on electronic excitation: acidity. dinole moment, redox potentials etc. Fates of excited
species, Electronic. vibrational, rotational energics-potential energies diagram, Shapes of absorption
band and Franck Conden principle

LUNIT-II 12h
Cuantum mechanical formulation of Franck Condon, crossing of potential energy surfaces, Non
crossing rule of Teller for potential ensrgy surface. Emission spectra, fluorescence and
phasphorescence Environmental effeet on absorption and emission spectra, solvent red shift and blue
shilt in absorption spectrs, Experimental techniques to determine the intermediates in photochemical
resctions Classification of photocherical reactions, Rate constanis and life times of reactive energy
state Effect of light intensity en the rate of phatochemical reaction.

UNIT-111 12h
Photosensitized reactions: pholodissociation-Gas phase photolysis, photofiagmentation in liquid
phase, photodegradation of polymers, [somerization and other rearrangement reactions, Atmospheric
photechemistry,

Photoelecirochemistry: Introduction, efficiercy of conversion of light to chemical and electrical
encrgy. frequently measured quantities. Photesplitting af water using colloidal suspensions,

Semi  conductors:  Bonding.  conductivity, mechanism of conductivity, energy bands in
semiconduciors; impurity semiconduciorns,

Photo voltaie effect: p-n junction, solar cells, silicon cells, CiaAs solar cells, schottky barrier solar
cetls.

Photocatalysis: Photocleavage of environmentally hazardouswaste matter by using TiOZ, Zolk and
M0, Photooxidation and phetoceduction reactions,

SUGGESTED BOOKS

|, Fundamentals of photochemistry, K.K. RohagiMukhergee, Wiley Eastern Limited  (1986)

3, Photochemistry, Carol E Wayne and Richard P Wayne, Oxford University Press  (1996)

3 Introduction 1o Semiconducior Materals and devices M 8 Tyagi, John Wiley and sons (1551

4, Organic Photochemistry. 1. M, Cozen and B, Halton, Cambridge University Press (14t Edition)
1974,

5 Molecular Reactions and Photochemistry, C H Deputy and D § Chapman, Prentice Hall India,
New Delhi o Est Edition) , 1972,

6, Concepts of Inorganic photochemisiey, A. W, Adumson and P D Fleischaves, John Wiley & Sons
Inc. (1973).

7. Physical Chemistry, P. W. Atkins, Julio de Pavlo ELBS Tth Edition (2002)



Ch- 206, Ch- 207, Ch- 208 and Ch-109
Practicals

(4 hrs per day, 4 days per week)

Inorganic Chemistry Practicals - 1, I, &Iy

Organic Chemistry Practicals - 111, I & 1

Physical Chemistry Practicals - 1, 11, 1L & IV
Experiments are as in [irst semester. Every student will carry out experiments in each of the
three branches of chemistry on a rotation basis from 113" Semester.



