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Faper! CH-301 Applications of Speciroscopy, I ks 100 6
Photochemisiry and Solid State
Chemistry
Paper |l ChH.502 Bloinorganic Chiemistry 3 hrs 73 i7
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Bigphysical Chemisay
Paper-1l1 CH-503 Environmental Chemisicy 1hbrs 5o I8
Paper 1V CH-504 Elecrive Paper 1 hrs, 50 g
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;p_ faperd T CH-S0T Applications of Spectroscopy, Photochemistry and Solid State Chemistry
(4 hrs. or 6 perfods / week) .
Duration 13 Hrs. Maoax. Muarks: 100
Limit-t
Ultraviolet and Visible Speciroscopy
Vanous electronic ransiticts (| 85-800 am), Bear-Lambert Ia W, effect of solvent on electronie transitions,
ulraviolet spectra of carbonyl compounds, unsaturaied oarbonyl compounds, dienes, conjugated
palyenes, Fieser-Woodward rules for conjugated disnes and carbony! compounds, ultaviolet spectra of
arpmatic compounds. Stedic effect in biphenyls
Infrored Spectroscopy
Interumentation and sample hendling, Chemacteristic vibrational Irequencies of alkanes, alkenes, alkynes.
argmatic compounds, alcohols: ethers, phenols dmd amines, Detajled study of vibmtional frequen :J::-J of
catbonyl compounds (ketones, aldshydes, esters. nmides, acids, anhydrides, lactones, lactams and
cofjugatec carbonyl compounds). Effect of hydrogen bonding and salvent effect on vibrational
frefjuencies, overiones, combination bands and Fermi resonance.
Unit-ff
Mussbauer Spectroscopy
Bagic principles, spectral parameters and spectrum display. Application of the technigue to the studies of
{1}|bonding and structures of Fe*® and Fe*? compaunds including those of intermediate spin, (2) S0** and
SnT compounds, nature of M-L bond, coordination number, structure and (3) detection of oxidation state
incquivalent MB atoms.
Optical Rotatory Dispersion (ORD) and Circular Dichroism (CD) and Magnetic Propecties of
Transition Metal Complexes
ton, deduction of absolute cenfiguration, octant rule for ketones. Speciroscopic method of
ment of absolute configuration in optically active metal chelates and their steretchemical
ormation, anainalous magnetic moments, magnetic exchange coupling and spin crossover,
' Unit-1If

Carbon-13 NMR Spectroscopy

Gentral considerations, chemical shaft (aliphatic, olefinic, alkyne, aromalic, heleroaromatic and carbony!
cazbon), coupling constants, Two dimension NMR spectroscopy - COSY, NOESY, DEFT, INEPT, APT
and INADEQUATE techniques.

Mast Spectrometry

wetion, ien production — EI, €I, FD and FAB, factors affecting fragmentation, lon analysis; ion
abundance, Mass spectral fragmentation of organic compounds, common functional groups, molecular
, metastable peak. MeLafferty rearrangement, Nitrogen rule. High resolution mass spectrometery.
Mples of mass spectral fragmeniation of organic compounds with respect to their strigiyre

ination.

| Unit-1V
Photbehemlcal Reactions : [nteraction of electromagnetic radiation with matter, types of excllations, fate
of exgited molecule, quantum yield, wansfer of excitation energy, actinometry.
Detetmination of Reaction Mechanism : Classification, rate constants and life times of reactive energy
states - detenmination of rate constants of reactions. Effect of light intensity on the rate of photochemiczal
reactions. Types of photochemical reactions, photo-dissociation, gas-phass photalysis.
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Phoi othenustry of Alkeses: In .rmnluéu:;,:il,,- TRaChions of the olefinic band
cvelisation reactions. rearrangement of |, 4- ol 1 3-dienes
Plistdchemisiry of Carbonyl Compoundsy » Iniramolecylar reachions ol carbony! compounds sl aled,
cycliv and acyclic, B, y-unsaturated and u.ﬂ~w5=!llrutnu compounds, cyelohexadienones.
Intermolecular cycloaddition reactions - dim, qdsations and oxemne formation
Photochemistry of Aromatlc Compounds ; Isomensattons, additions and substitutions
Unie

Solid State Reactions : Gencral principley  gxperimental procedurc, Co-precipitation as a precursor 1o
solidl state reactions, kinetics of solid state Ity ctions.
Crystal Defects and Non-Stolchiometry : perfect and imperfect arystals, intrinsic and extringic defacts -
point defects, line 2l plane defects, vacane . - Schoitky defects and Frenked gefects. Thermodymamics
ol Schottky and Frenkel defect formation, co|gur centres, non-stoichiometry and defects.
Electronic Properties and Band Theory : Ayerals, insulators s semiconducions, electronic sructiure of
solids, band theory, band structure of mely)s, insulators and semiconductors, Inidnsic and extrinsic
Semiconductors, doping sermiconductofs, p-n junrctions, super condiicrors,
Optical properties - Application of optical ang electron microscopy. Magnetic Properties - Classification
of materials, Effect of temperature, calcyjation of magnetic moment, mechanism of ferrs and
antiferromagnetic ordenng super exchange
Organic Solids ; Electrically conducting S0lids, organic charge transfer complex. orgamic metals, new
SUpcrconductors.
Books Suggested (UNIT I, I and i
1. Physical Mcthods for Chemistry, R.S. Drage, Saunders Company
2. Strucrural Methods in Inorganic Chemistry. g A V. Ebswarth. D.W 1. Rankitt and 8. Cradock, ELEBS.
3. Infrared and Raman Spectra : Inorganic and cpordination Compounds. K. Nakamoto, Wiley.
4. Progress in Inorganic Chemistry vol. 8. ed., | Cotton. Vol. 15, ed. $.J. Lippurd. Wiley.
3. Transition Metal Chemistry ed, R.L. Carlin vol. 3 Delcker,
i, inﬂtgmic-ﬂecttanicslimtmmp}i. A.PB. loyer. Elsevier.
7. NMR, NQR, EPR and Mossbauer Spectroscopy in Inarganic Chemistry R.V. Parish. EllisHorwood.
8, Practical NMR Spectroscopy, M. L. Martin. J.J. Delpeuch and G.J1. Martin, Heyden,
9 Spectrometric Identification of Organic Corpounds, R.M. Silverstein. G.C. Bassler and T.C. Morrill.

John Wilcy.
10. lntroduction (o NMR Spectroscopy, R.J. Abraham. I. Fisher and P, Loftus, Wiley.
I, #pplication of Spectroscopy of Organic Compounds. J.R. Dyer, Prentice Hall,
12. Spectroscopic Methods in Organic Chemistry D. H.Williams. L. Fleming. Tata McGraw-Hill,

Books Sugpested (UNIT | V]

L. Fundamentals of Photochewnistry, 8K, Robiagi-Mukheri, Wiley-Eastarn,

2. Essentials of Mulecular photochemistry, A Gijpest and J. Baggott, Blackwell Scientific Publication.
3. Molecular Photochemistry, N. J. Tumo, WA, Benjamin,

4. Introduciory Fhotochemistry. A, Cox and T, Camp. McGraw-Hill,

3. Photochemistry, R.P, Kundall anu A, Gilbert Thomson Nelsun.

6. Organic Photochemistry, J. Coxon and B. Haltpn, Cambridge University Press,

—nd
Books Sugpested (UNIT V) (V7 __f_d_. ! }\ %
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volid s @ale Chemistry and 1ls Applhicaons, ALK Weast. | T

.'I‘-—F"'n. wples of the Solid Slate, H. Y. Keer. Wilev Eastern

¥| Salid Sme Chemistry, N.B. Hannay
4| 'Solid Stz Chemistry, DK, Chalrabarty, New Wiley Eigtarn:

[ Paper-I1 : CH-502

| Bloinorganic Chemistry, Bioorganic Chemistry and Biophysical Chemistry

(4 birs or 6 period/ week)
Dluration: 3 hrs. Max. Marks: 75
{nir-f
Metal lons in Diological Systems: Bulk and trace metals with special reference to Nu, K, Mg, Ca, Fe,

Qu, Zn, Cognd K'/Na" pump,
ioenergetics and ATF Cycle: DNA polymerization, glucose storage; metal complexes in transmission
of energy, chlorophylis, photosystem [ and photosystem I in ¢leavage of water,
ansport and Storage of Dioxygen: Haem proleins and oxygen uptske, styucturs snd funetion of
hemoglobin, myoglobin, haemocyanin and hemerythrin, model synthetic complexes of iron, cobalt and
COppEr,
Eléctron Transler in Bwlagy Structure and function of metalloproteins in electron mansport processes
::rmch.rumns and :.unasulphur proteing, synthatic models, _
Nitrogen fixation: Biological nitrogen fixation and its mechanism, nitrogenase, Chemical nitrogen
fixation,
Enie-11

Bloorganic Chemistry : Introduction, Basic considerations. Proximity effsc!s and molecular adaptation.
E es : Intreduction and historical perspective, chemical and biological catalysis, remarkable
properties of enzymes like catalytic power, specificity and regulation, Nomenciature and clagsif ication,
extraction and puriflication. Fischer's lock and key and Koshland's induced fit hypothesis, concept and
ldr:nuﬁuaﬂnn of ‘active site by the use of inhibitors, affinity labeling and enzyme modification by site-
directed mulagenesis. Enzyme kinetics. Michaclis-Menten end Lineweaver- Burk plots, reversible and
icreversibile inhibition,

dechanism of Enzyme Action : Transition-state theory, orientation and steric effect, acid-base catalysis,
cavalent calalysis, strain or distortion. Examples of some typical enzyme mechanisms for chymolrypsin.
ribonuclease, lysozyme and carboxypeptidase.
Types of Reactions Catalysed by Enzymes : Nucleophilic displacement on a phosphorus atom, multiple
dig-placement reactions and the coupling of ATP cleavage to endergonic processes, Transfer of sulphate,
tion and elimination reactions, enolic intermediates in isomerization reactions. f-Cleavage and
censation, some isomerization and rearrangement reactions. Enzyme catalyzed earboxylaton and
arboxylation.

Llait-100T
-enzyme Chemistry ; Cofactors as derived from vitamins, coenzymes, prosthetic groups, apoenzymas.
Sttucture and biological functions of coenzyme A, thiamine pyrophosphate, pyridoxal phosphate, NAD*,

1\~| P*, FMN, FAD, lipoic acid, vitamin B ;. Mechanisms of reactions catalyzed by the above cofuctors.
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ENZYIMES ar SYNEymes

iotechnological Applications of Enrymes: Lurge-scale production and purification of enzymes

F«.Iod:xmn based enzyine models, L-El.hxr'Ll'Efl.En m’tﬂpf‘mr*. ricelles; 5

echniques and methods of immobtlization of enzymes, effect of immobilization on enzyme activity,
application of jmmobilized enzymes, use of enzymes in food and drink industry-brewing and chesse

making, syrups from corm starch enzymes a5 targets for drug design, Clinical uses of enzymes, en

{herapy, enzymes and recombinant DNA technology
Unit-JV
ilogical Cell and its Constituents ; Biological cell, sttucture and functions of proteins, enzymes. D

nd BMA in living sysiems. Helix coil transition

Bioenergetice : Standard (rec energy change in biochemical reactions, cxergonic, eadergonic, Hydrol

of ATP, synthesis of ATF from ADP
statistical Mechanies in Biopolymers : Chain configumtion of macromolecules, sitstical distribution

nd (o and dimensions. ca

lppolymer Interactions !

r)"pcs of binding pru::es-?eq in biological systems. Hydrogen ion tifration curves.

Umt-V

Ty

NA

el

iculation of average dimensions for varous chun sgucttice, Polypeptide and
grotein structures, introducton (o protem folding problem,
Forces Involved in biopolymer interactions. Eleetrostatic charpes and
melecular expansion, hydrophobic forces, dispersion force interactions. Multiple squilibria and various

hermodynamics of Biopolymer Solutions; Thermodynamics of biopolymer solutions, csmotic
pressure, membrane equilibrium, muscular contraction and energy generation in mechanochemical

Systam,

ell Membrane and Transport of Tons: Struchire and functions of cell membrane, ion transpon lhmugh

It membrane, ireversible thenmodynamic treatment of membrane transport. Nerve conduction.
Biopolymers and their molecular weigbts: Evaluation of size, shape, molecular weight and exten! of
h%'dmﬂun of biopolymers by various experiniental technigues. Sedimentation equilibrium, hydrodynamic
methods, diffusion, sedimentation velogity, viscosity, electrophoresis and rotational motions.
Diifraction Methods: Light scatlering, low angle X-ray scantering, X-ray diffraction and photo
cdrelarion spectroscopy, ORD.

Byoks Suggested

- Principles of Bioinorganic Chemistry, $.J. Lippard and 1.M. Berg, University Seience Buuks.
2 Biaiﬂargar&c Chemusiry, I Bertini, H.B. Gray. 8., Lippard and J.S. Valentine, University Science

| hooks.

3. Inorganic Bicchemisty vols. Iand I, ed. G.L. Eichhom, Elsevier,

Springer Verlag.

7} Understanding Erzymes, Trevor Palmer, Prentice Hall.
8, Enzyme Chemistry: Impact and Applications, Ed, Collin ] Suckling, Chemistry.

94 Enzyme Mechanisms, Ed. M.L. Page and A, Williams, Royal Society of Chermistry,
0} Fundamentals of Enzytmology, N.C. Price and L. Stevens, Oxford University Press,

S

LU

4, Progress in Inorganic Chemistry, Vols 18 and 38 ed, 1.1, Lippard, Wiley.
5 Pnnciples of Biochemistry, A. L. Lehninger, Worth Publishess.
8| Bicorganic Chemistry : A Chemical Approach to Enzyme Action, Hermann Dugas and C. Penny,
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Faper-H! :' CH-503 : Environmental Chemdstr

1 (2 Hirn, or 3 period [ weekt)

Tllut'i-nun : 3 how Max. Marks : 50
; Unir-]

Almosphere: Atmospherc layers. Vertical temperature profile. heat radiation, bodger of the earl)

mmosphere sysierns. Proparties of troposphsre, thepmodynamic dedvation of lipse rate, Ter mperatire

iiversion. Caleulations of Global mean (Empemture of the pimo isphere. Pressurs vadation in atmos phere

ahd scale height. Biogeochemical cycles of carbon, mitrogen, sulphur, phosphorus and oxygen. Residenes
llmes;
Atmns,al:]u_rn_ Chemlstry: Sources of hace atmospheric constituents nitrogen oxides, sulphur dioxide
.mr_i other sulphur compounds, carbon oxides, chlorofluorecarbons and other Halogen compounds,
methane and other hydrocarbons.
']‘Irupu:phcric Photochenistry: Mechanism of photochemical decomposition of NO; and formation of
otone. Formation of oxygen atams, bydroxyl, hydroperoxy and organic radicals and hydrogen peroxide.
Reactions of hydroxy! radicals with methane and othar organic compounds. Reactlons of O rodicals

ith SO and NOx. Formation of nitrate radical and its reactions. Photochemical smog, meteom]ogical
eondinons and chemistry of its formation.

LinitdT

lir Pollution : Air pollutants and their classification, Aerosals - sources, size distribution and 2ffect on
visibility, climate and health.
id Rain : Definition, acid rain precursors and their aquecs and gas phase aimgsplanc oxidation
ions: Damaging effeces on aguatic life, plants, buildings and health. Maonitoring of SO, and NOx -
i ruin control sralsgiss,
tospheric Ozone Depletion : Mechanism of ozone formaton, Mechanism of catalytic ozone
d pll:uc-n D:scmw of Antarctic ozone hole. Instrumental methods for deteedion of ozone depletion
gnseﬁ.
Green House Effect : Terrestrial and solar radiation spectra. Major green house gases and their Sources
and Global warning potentials. Climate change and consequences.
Urban Air Pollution : Exhaust emissions, damaging effects of carbon monoxide. Maornitoring of 00,
Control sirategies,

Elnit-I1!
Afuatic Chemistry and Water Pollution : Redox chemistry in natural waters. Dissolved OX¥ygEen,
biplagical oxygen demand, chemical oxygen demand, determination of DO, BOD and COD. Azrobic and
ﬁnianmbic‘ seactions of organic sulphur and nitrogen compounds in water, acid-base chemisty of fresh
waler and fea walsr, Aluminum, nitcate and fuonde in waler. Eutrnphication, Sources of water pollutisn,
Treatment of waste water and sewage. Punfication of drinking water, techaiques of purification and
disinfection,

Enit-tv
Environmental Toxicology
Toxic Heavy Metals - Mercury, lead, arsenic and cadmium. Causes of toxicity. Bicaccumulation. sources
of heavy metals. Chemical speciation of Hg, Pb, As and Cd. Biochemical and damaging effects.
Tgxie Organic Compounds - Pesticides, classification, properies and uses of organochlorine and
arganophosphorus pesticides, detection and damaging effects. .
Polychlorinated Biphenyls - Propertics, uses and environmental contamination and effects,

it "
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| ]
1 ‘.:-,.“.:l-_.'.-_,.- Aromatic Hydrocarbans - Ssabimce tpetires and a5 oollitans
- L]

Unii-¥

Es'jlil and Environmental Disasters
Sl composition, micre and macronutrients, suil pollution by fenilizers, plastic and metals, Mathods of
remediation pf 5ot
H‘mpn] gas tragedy, Chernobyl, Three mils island, Minamata Disease, Sevaso (Italy), London smag
g

Beoks Suggesied:

| Environmentnl Chemistry. Colin Baipd, W.H, Freeman Co. New York. 1008
Chermustry of Atmospheres. B.P. Wayne. Oxford.

Enviroamendt Cherustry, ALK, Dé, Wiley Eattem, 2004

[{Erivironmental Chemistry, S.E. Manghan, Lewis Publishers.

5. {inreduction to Atmesphenic Chemistry, P.V. Hobbs, Cantbridge

o i sl

ELECTIVE PAPERS
Group 1
|

%

Organotransition Metal Chemistry

Bioinorganic and Supramolecular Chamistry .
3. Phatoinorganic Chemisiry

4. Polymers.

Group II
5.|Organic Synthesis- ¢

. Orgamic Synthesis-11 . |

|
Group ITI
E.Iﬁnalylical:cﬁﬂmi_sny
l]. Physical Organic Chemistry
1

i1l Chemical Dypamics _
Electrochemistry N Z;‘ F-%,,/
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7. Heterooyelic Chemisoy - » k
3. Chemustry of Namral Products " l




(2 Hrs, or 3 perlodiwesk)
wratitn : 3°hrs. Max. Marks: 50
Unir-f
Alkyls and Aryls of Transition Metals
Eypes, routes of synthesis, stability and decomposition pathways, or FatiocOpper Ih arganic synthesds
Unie-IT
Compounds of Transition Metal-Carbon Multiple Bonds
Alkylidangs, alkylidynes, low valent carbenes and carbynes - synthesis, nature of bond, structural
l:l'lﬂ.ru;'n.'.ri'.-ifi-'_'s. nucleophilic and electrophilic reactions an the I gands, role in organic symihesis
Unit-111
Tiramsltion Metal m-complexes
ansition metal w-Complexes with unsaturated organic molecules, alkenes, alkynes, allyl, dieas, dicnyl,
ne and trieny| complezes, preparations, properties, nature of bpnding and structural features. Impartant
factions relating to nucleophilic and eectrophilic attack on ligands and organic synthesis.
Transition metal compounds with bonds to kydrogen
Tragsition metal compounds with bonds to hydrogen.
Unit-dV
ogencous Catalysis
Stoichiowelric resclions for catalysis, homogeneous catalytic hydrogenation, Ziegler-Natta polymerizaton
of olefins, catalylic rsactions involving carbon monoxide such as hydrocarbonylation of olefins (oxo
ion). Oxopalladation reactions; activation of C-H kond.
Enit-V

. ELECTIVE PAPER-I
.l {CH-504, Group-I) Organntransition Metal Chemistry

wdona! Orgunometallle Compounds

ionality and dynamic equilibria in compounds such as D-olefin, (7-allyl and dienyl complexes,

BLuh.Suggm‘:d

| Princigles and Applicarion of Organotransition Metal Chemistry. LP. Collman, L.5. Hegsdus, JR.

Nomon and R.G. Finke. University Sciance Books,

2, The Organomietallic Chemistry of the Transition Metals, R.H. Crabtree. John Wiley.

3. Metallo-organic Chemistry. AJ. Pearson, Wiley

#. Urganometallic Chemistry, R.C. Mehrotra and A. Singh, New Age Intemational, [
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l ELECTIVE PAPER.2
(CH-505, Groop-T) Bioinorganic and Supramoleculnr hemistry

(2 Hrs. or 2 perlodsiieck)
Dyeation: 3 hrs Max, Marks: 50
Unit-1
Meta! Storage and Transport
FJrn::u transferring and siderophores
Unie ]l
Calelum in Biology
Cicum in living cells, transpont and regulation, molecular wpects of inramolecular proceszes.
exlirscelfular binding prote!ns, '
Uhit-111
elalloenzymes
Zic enzymes - -.-R.I'hL"I}“LPI'.Hhﬁ and carbonic anhydrase. Iron enzymes - cilalose, perogidase and
cytochrome  P-450. M :.rJ.Hu enzyme-ll Copper enzymes - superoxide dismutase Molybdenum
ongtronsferase enzymes-xanthine oxidase. Cosnzyme vitamin Bl
r Onit-tv
Metal-Nucleic Acid Compilexes
Metal {ons and metal cum;ﬁex interactions. Metal complex-nuclele acids,
Metals in Medicine
Metai deficiency and dises se, toxic effects of metals, metals used for diagnosis and cliemotherapy with
particular refererice to anticancer drugs,
| ’ UnieV
Snpmm olecular Chzmlsuly-l
(al) Malecular recognitiol: Molecular receptors for different types of molecules including srisonic -
sumstrates, design and mtlflr.-s;s of coreceptor molecules and multiple recognition.
{B{) Supramolecular rcacmqity and catalysis,

Supramolecular Chemis e ¥
(4]) Transport processes and carrier design.
(B4} Bupramolecular phnmqi'aqnﬁ.stry. Supramolecular devices - elecironic, ionic and switching devices,
Booxts Suggested
 Principles of bu:uunrga:uc Chemustry, 5.J. Lippard and ) M. Berg, University Science Books.
2.| Bioinorganic Chi:rmsﬂ"f |. Bertini. HB. Gray: §.1. Lippard and J.S, Valentine, University Science
Books.
3.|Inorganic BID{.']]E_IHJEE}" Yols., Land I Ed. G.L. Eichhom. Blsevier.
-‘-L*i Progress in Inerganic CPen‘tisujr, Vols. 18 Bd. J.J, Lippard, Wiley ?_5
3.| Supramelecular Chemigiry, LM, Lehn. YCH, \\J“ a,
i 2 \e\

| wlx r’;‘
Ly \3 PR
Qa1
| -?ZU@/ , T‘; T
| BT

! df |
plincies 6 )311

V8 | r'l_.j_-l




ELECTIVE PAPER-3
i (EH-506, Group-IT} Photoinorganic Chendsiry
I (2 Hrs. or 3 period/ wesk)
Buration: 3 hrs. : Max; Marks: 50
& ens-f

HBesics of Photochemisiry
Absarption, excitation F.'tmfrr_'hcmiml laws, quanium yeld, elecoonically excited states-life tirnes
measurements of the times. Flash photolysis. Energy dissipation by radiative and non-radinive procasses
absorption spectta, Frank-Condon principle, photbchsmical stapes - primary and secondary processes

! Unit- 11

roperties ol Excited States

Tucture, dipole moment, acid-base strengths, mactivity. Photochenucal kinetics - caleulation of rates of
spdimtive processes, Bimolecular deactivation - gienching.

[ Unit-TIT
Hxcited States of Metul Complexes
Exciled states of ‘metal complexes : comparizon with organic compounds, electronically cxcited states of
mztal complexes, charge transfer spectra, charge transfer excitations.

I Uinie-TV

gand Field Photochemistry
Photosubstitution, photooxidation and photoredbction, liability and selectivity, zaro vibmtional levels of
ground stite and excited state, energy content of excited state, zero spectroscopic enetgy, development of
the equations for redox potentials of the excited states.

| Unit-V
Redox Reactions by Excited Metal Complexes
EFrg}r transter under conditions of weak infemction and strong mterachon-exeiplex formation; condition
of the exgited statez to be useful as redox reaciants, excited electron tansfer, metal complexes as"
ctive candidates, (2.2%bipynidine and !, 10-phenanthroline complexes), illustration of reducing and
idising character of [Ru(bpy)3]2+ complex, camparison with [Fe(bpy)3]13+; role of spin-orbit coupling
ife time of thess complexes. Application of redox processes of clectronically excited states for catalytic
oses, runsformation of low enesgy reactants into high energy products, chemical energy mio light.
etal Complex Sensitizers _
Mbtal complex sensitizer, alectron relay, metal colloid systems, semiconductor supporied metal or oxide
S)JFI.ems, water photolysis, nitrogen fixation and carbon dioxide reduction.
Bovks Suggested

1. :Cﬂmepts uf Incrganic Photochemiatry, AW, Adamson and P.D:. Fleischaver, Wiley,
2. Inorganic Photochemistry, J, Chem, Edug. vol. 60 no. 10, 1983,
3. Progress in Inorganic.Chemistry, vol. 30 ed, §.J. Lippard, Wiley.
4. Coordination Chem. Revs:, vol. 15, p 321, 1975; vol. 39, p 121, 1981; vol. 97, p313, 1990,
5. Photochemistry of Coordination Compounds, V, Balzari and V. Carassiti. Academic Press.
6. Elements in Incrganic Photochermistry, G.J. Ferraudi, Wiley.
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ELECTIVE PAPER-4
(CH-507, Group-I) Polymers
(ZHrs. ur 3 perodshwoek)
Curation 1 3 b Max. Marks : 50
{infe-|

Baales
asic conceply : Monomers, repest units, degres of polymesization. Lipear, branched mnd nedwork
Iymers. Classification of polymers. Polymerization ; condensation, additien/radical chain - fonic and
cl]w_rdinahan and copalymerization. Polymerization conditions and pi¥mer reaciions. Polymerzation in
hlr:l'l'lﬁgn‘:ntﬂu'- and heterogenesus systems. Imponance of polymers
| Uniei1
Plyiner Characterization
Pply dispersion - average molecular weight concept number, weight and viscogily avarage malecslu
Wpights. Poly dispersity and molecular weight distribution The pracrical significance of mulscylar
w?iglu, Menasurement of molecular-weights. End group, viscosity, tight scattenng, osmotic and
uliracentrifugation methods, Analysis of polymers - chemical analysis of polymers, spectroscopic -
rnl:Lhuds. X-ray diffraction study, microseopy. Thermal antlysis and physical testing - lensile strenpth,
Fatigue, impact tedr resistance. Hardness and abrasion resistance.
| i1
Inorganic Polymers
A general survey and scope of inosganic polymers, special characteristics, classification, homo and hetero
atomic polymers.
Unir-fv
Structure, Propertes and Applications af
a) |P:}J;,rmc.rs based on boron - borazines, borancs and carbornes.
b){Poiymers based on silicon, silicones polymetalloxanes and polymetallosiloxanes, silazencs, !

Structure, Propertics and Applications of
a) Polymers based on phosphorous - phosphazenes, polyphosphatas,
b) Polymers based on sulphur - tetrasulphurtetanitride and related compounds,

Unie- ¥V

Structure, Properties and Applications of - (3) Metal clusters, (b) Co-ordination and metal chelate
polymers.

Books Suggesied:

I. Inorganic Chemistry, 1.E. Huheey, Harper Row.

= ﬁe;vetapmants in Inerganic polymer Chemistry, M.F Lappert and G. J. Leigh

3. |norganic palymers, N.H. Ray,

4. norganic polymers, Graham and Stooe.

3. fnorgamic Rings and Cages, DLA. Armitage.

fi, Textbook of Polymer Scienee, F W Billmeyer, Jr. Wiley,

7. Contemporary Polymer Chemistry, HR. Alcock and F.W, Lambe. Prentics Hall,

u}rﬁr | 5“?‘ %\3
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ELECTIVE PAPER .5
' (CH-504, Group-H) Organfc Synthesis-|
(2Brs. or 3 periodsiwenk)

Duration : 3 hrs Mux. Marks: 50
Unie<f
(O rganometallic Reagents
fnciple, proparations, properties and applications of the fllowing in orgenic-synthesis with mechanistic

L b5
roup | and [ metal organic compounds. L, Mg, He, Cd, Zn and Ce compounds.
ransitivt rietals : Co; Pd, N1, Fe. Co, Rh, Cr, atid TT corsptitims
(jher elemenis : S, Si, B and [ compounds.
Unig-ff
(xidation
lntr:murt'rnn Ehfferemt oxidative processes. Hydrocarbons — alkenes, aromatic rings, saturated C-H
g,roups {nohivated end unactvated).
Alcohols, diols, aldehydes, ketones, ketais and carboxylic acids Aminas, h}rd razines, and sulphides,
Cixidabions with rathenivm tetranxide, lodobenzenediacerate and thallium{ ) nitrare.
Uinit-fld
eduction
troduction, Different reductive processas,
es, ulkenes, alkynes and aromatic nngs. Carbonyl compounds - aldehydes. ketones, stids and thelr
derivatives, Epoxides. Mliro, nitroso, azo and oxime groups. Hydrogenolysis.
Unit-IvV
Rearrangements
GFnaral mechanistic considerations - nature of migration, migratory aptitude, memory effects. A detailed:
study of the [ollowing rearrangements: Pinacol-pmacolone, Wagner-Meerwein, Demjanov, HBenzil™"
Egaziilic'adid, Favarskii, Ade-Eittﬂrtq}'n‘theéi.u. Meber, Beckmann, Hofmann, Curtius, Schmidt, Baeyer-
Vlliger, Shapiro and Schimdt reaction.
| Unit-V
etallogenes, Nonbenzenoid Aromatics and Polycyelic Aromatic Compounds
Usperul cunsiderations, synthesis and reactions of some representative compounds, (ropone, wopolone.
Atkulene, ferrocene, phenianthrene, flucrene and indene),
fipoks Suggested:
| [Modem Synthetic Reactions H.O. House. WA, Benjamin.
2, |5ome modern Methods of Crganic Synthasis, W Camuthers. Cambridge Univ. Press.
dvanced Organic Chemistry, Reactions Mechanisms and Structure J. March. John Wiley.
4.. inciples of Organic synthesis. R.0O.C Norman and J.M. Coxon. Blackie Academic & Professional.
5. |Advanced. Organic Chemistry Past B. F A Carey and R.J. Sundberg, Plenum Press.
6. Rodd's Chemistry of Carbon Compounds. Ed. § Coffey, Elsevier.
| P SN
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ELECTIVE PAPER-6
{CH-505; Group-Ji} Drganic Synthesis-11
(1Hrs. or 3 poriods/week)

|
!
i

|
durullnn : 3 hrs, Max. Marks : 50

| Unie-1

lJiSEﬂ]:lnﬂttlan Approach
Al intrgtluction to-gynthons snd synthetic squivalents, difconnection approach, functional group intei-
c+nvc:sinnr.. the importance of the arder of events in organic synthesis, one group C-X and two group C-
X disconmections. chempsclectivify, reversal of polarity, cyclisation reaction, amine synthesis.

Unit-11

Protecting Groups

Principle of protection of alcohol, amine, carbonyl and carboxyl groups.

Ogne Group C-C Disconnections

Alcohols und carbony! cumpounds, regioselactivity, Alkene synthesis, use of acetylenes and aliphatic
nifro compounds 1o crganic synthasis.
Unie-fIT
Two Group C-C Disconneetions
Liels-Alder resction, 1 3-difuncticnalised compounds, e f-unsaturated carbonyl compounds, contro! in
carbonyl condensations, | S-difunctionalised compounds. Michasl addition and Robinson annelation,
Elnie-1V
Ring Synthesis
furated heterocycles, synthesis of 3-, 4-, 5- and 6-membered rings, argmatic hearocycles in arpanic
thasis,

Unit-V
Synthesis.of Some Complex Moleailes '
Applicatien of the above in the synthesis of following compounds : Camphor, Longifoline, Cortisone,
Reserpine, Vitamin D, Juvabione, Aphidicolin and Fredencamycin-A.
Baoks Suggested:
1. Designing Organic Synthesis, §. Warren, Wiley.
2. Onganic Synthesis - Concept, Methods and Starting Matenials, J. Fuhrhop,
3. $ome Modern Methods of Organic Synthesis. W. Carruthers, Cambridge Univ, Press.
4. Modem Synthetic Reactions H . House, W.A. Beojamin
4 hdvam‘:ed Organic Chemisiry : Reactions, Mechanisms and Structure, J. March, Wiley.
6. Principles of Organic Chemistry Part B. F A, Carey and R.J, Sundberg, Plenum Press,
, 3

—
o 2\@

= f!__..ﬂl
it STTRIERI
ThT FigEhid




- |

[
|

Duration 1hlr5.
|

s

hterocycles,

Aromatic Heterooycles
Cencral chemtcal behaviour of aromatic heterceycles
aromatjcity (bond |engths,

ELECTIVE PAPER .7

{CH-506, Group 1) Heétergoyclic Chemisiry

amenclature of Heterocycles
Heplacement tnd systematic nomenclitire (Hantzch-Widman system) for monteychic, fu

(ZHrs- or 3 perlodsfweek)

Unie-1

3

energy, delocalization energy and Dewar resonance energy, diamagnetic susceptibility exaltations)
Hetercaromatic reactivily and tautomensm in sromatic heterocycles

on-sromatic Heterocycles
Sirain-bond angle and torsional striting and their consequances in small ring heterocycles:.

Gunfc-rmatmn of six-membered heterocycles with reference to moletular geometiy,

Unii-11

qw:rsmu. pyramidal inversion and |,3-diaxial inlersction.

Sterec-clecunnic effects anomeric and related effects, Attractive interactions - hydrogen bonding and

intermolecular nucleoptulic electrophilic interacticns.
Heterocyelic Synthesis
an:. ples of heteracyclic synthesis mvolving evelization reactions ond cycloaddition reactions.

Small Ring Heterocycles

Three-membered and four-membered heterocyeles - synthesis and reactions of azindines, omnes

LUnie-Ii1

tanes, azetidines, oxctants and thictanes.
Bénzo-Fused Five-Membered Heterocycles

Synthesis and reactions including medicinal applicatons of benzopyrroles,

benzothiophenss.

Meso-ionic Heterocycles

General classification, chemistry of some important meso-ionic heterocyeles of type-A and B and their

applications.

Unit-IV

Sig-Membered Heterocycles with one Hetercatom

Synihesis and reactions of pyrylium salts and pyrones and their companson with pyridinium &
thiopyrylinm salts and pyridonss, Synthesis and reactions of quinalizinium and henzepyrylium salts,

coumanng and chromones,

Unic-V

Slx Membered Heterocyeles with Tywo or More Heteroatoms
Syhthesis and reactions of diazines, iriazines, tetrazines and thinzines.
Seyensand Large-Membered Heterocycles

Synthesis and reactions of azepines, oxepines, thispines, diazepines, thiazepines, azocines, diazocines,

digxocines and dithiocines.

AT T—r—
T T T

A g

Hateroeyclic Systems Containing P, As, 8b and B \’WBH

Ie[zm‘a?

‘hi
TR

classification (structural type), crteriz of
nng current and chemieal shifts in IH NMR specira. Empirical resonance

basrier 9 ring

benzofirans and




membertd ing system
Heterocyclic nngs commining Boron ;@ introduction, synthests, reactivity and spectral charcteristics of 3.

S« and 6-membered ring systeme.

Biroks Sugpesied;

Heterncyelic Chemisty Yol 1-3. R.R. Gupta, M. Kumar and V., Gupta. Springer India

The Chemistry- of Heterocysies, T Eicher and S, Hauptmann, Thizme

JHeterocyelic Chemisiry, 1A, Joule. K, Mills and G.F Smith. Chapman arid Hall

Hewroeyelic Chemistry, T.L. Gilchrist, Longman Scientific Technical

5. Contemporary Heterocyclic Chemistry. G R. Newkome and W W, Paudler. Wiley-InterScience
6. An Introduction to the Heterooyelic Compounds, R.M. Acheson. John Wilay.

7 l:‘,!cm;ure.'znswc Heteroeyclic Chemistry, AR, Katrizky and C W, Rees. ods Pergamon Press

L b s

SEETES YU NINES Sonigiming :""'l:':ffﬁ'-:.‘:'-.ij. MroduE o, nomen latumre STHheNns anc chursciensticy ol
e - O-membared | ring gystems - phasphorinanes phosplisnings, phospholancs. and ii'L'-"i-,'i"h-?f-
Hgl.::at-,'c]it nngs containing As and Sb : introduciion, synthesis and characteristics 6F 5 and &

ELECTIVE PAFER &
(CH-507, Group -II) Chemistry of Natura! Products

(2Hrs. or 3 periodsiweek)
Duration : 3 hrs. Max. Marks : 50

Lnit-f

Terpenoids and Caratenpids

:}:sjﬂca'ti&n. nomenclature, occurrente, isolation, general methods of swuctare determination, isoprene
ral

cture determinanaon, stereochemistry, biosynthesis and synthesis of the following representative
mojecules @ Citral, Geraniol, a-Terpeneol, Menthol, Famesol, Zingiberene, Santonin, Phytal, Abintic acid

and f-Carotens,
Lnit-17

aloids:

Definition, nomenclature and physiological action, occumence, isolation, general methods of structure

elucidation, degradation, classification based on nitrogen heterocyclic ring role of alkaloids in plants.

Strycture, stercochemnisiry, syuthesis and binsynthesis of the following Ephedrins, (+)-Coniing, Niculine,

Atroping, Quinine and Morphine.

' Unie-ITT

Steroids

Oeeurrence, nomenclature, basic skeleton. Diel's hydrocarbon and Stereocheniistry. Isulation, structure

: iration 2nd synthesis of Chelesterol, Bile acids, Androsterone, Testosterone, Esrone, Fropestrone,

stecone. Biosynthesis of steroids. -
Unit-7V

Plagy Pigments

Ocegrrence, nomenclalure and general methods of strugture delermination. Isolation and synthesis of
Apigenin, Lutealin, Quercenn, Myreetin, Quercetin 3-gluceside, Vitexin, Diadzein, Butein, Aursusin,
Cyaiidin-7-arabinoside, Cyanidin, Hirsutidin, Biosyuthesis of Tavonoids . Acetate pathway and Shikimic

acid pathway
f W i1 TN
| \ 6 |4{1¥ BT
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JFe B
POy 1 I

Structure and synthesis of Hoemoglobin and Chlorophyll

Unit-V
Prestaglandins
ﬁf-cctu'rr:nr--:. nomenclature, classificatan, biogenesis and physiclogical effects. Synthesis of FGE; and
RGF,,

Pyrethrolds and Rotenones

Jynthesis and reactions ol Pyréthroids and Rotenonss

(For structure slucidation, emphasisisto be placed on the (e of spectral paramelers wherever pogsibic)

Boaks Suggested
I, Mawral Produgts : Chemistry and Biological Significange; J. Mann, R.S. DPavidson, I.B. Hobls. DV
{  Banthropz and J B Hirbome, Longman, Essex,

2. Crganic Chemistry : Vol, 2, LL, Finar, ELBS:

3. StereoselectiveSynthesis : A Practical Approach, M. Norgradi, VCH.

4. Redd's Chemistry of Carbion Compounds, Ed. 5. Coffey, Elsevier

5. Chemistry. Biological and Pharmacological Propertics of Medicinal Plants from the Americas, Ed.,
Kunt Hostattmann, M P. Gupta and A. Marston, Harwood Academic Publishers,

. Inttoduection to Flavoneids, B A. Bohm, Harwood Academic Publishars,

7. New Trends in Natural Prodect Chémistry, Atta-ur-Rahman and M. Choudhary, Harwood Academic

Publizhers,
B. Insecocides of Matml Ongin, Sukh Cev. Harwood Academic Publishers.

[+

ELECTIVE PAPER-9 ' 5
(CR-504, Group -IIT) Analytical Chemlstry : H
(2Hrs. or 3 periads/weel) s
Duration : 3 hrs. Max. Marks : 50
Llnit-1
Introduction
Hole of anatytical chemistry. Classification of analytical methods - classical and instrumental. Types of
ipstrumnental anafysis. Selecting an analytical method. Meatness and cleanliness. Labomatory operations
ahd practices. Amalytical balance. Techniques of weighing, srrors. Volumetric glassware cleaning and

cilibration of glassware. Sample preparabion - dissolution and decompositions. Gravimetric technigues.

Sgiecting and handling of reagents. Laboratory notebooks, Safety in the analytical labomtory

rrors and Evaluation \

efinrtion of termis 10 mean and median. Precision - standard deviation relative standard devistion
uracy - absolute error, relative eror. Types of eror in experimental data - detenminale (systematic),

ridetermunate (or random) and gross. Sources of errorand the effects upon the analytical results. Methods

far reporting analytical data. Statistical evaluation of data-indelerminate errors, The uses of statstics,

Unie-1I

Food Analysis

M oisture, ash, crude protein, fat, crude fber, carbohydeates, calcium, potassium, sodiom and phosphate,
Fpod adulteration - common adulterants in food, contarnination of food stuffs, Microscopic examination
of foods for adulierants. Pesticids analysis in feod products. Extraction and punfication of sample HPLC.

I \-F\—
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1
:
‘ﬁ,u chromatoigrapiiy for crganophosphuatey, Thim-laver chromiteor phy Tor identificat
’-*:-,::v:z:!-:-. m food prodiats :
' Unit-111
Alnrlysis of Witer Pollution '
' {fijgm of wasic waler, types, water pollulanis and their effects. Sourtes of waler pallution - domestic,
industrial, agnculiural, soil and radicoctive wastes. Objectives of analysis, puramster for analysis - calor,
didity: rotal solids, conductivity, scidity, alkallolty, hordnegs, chlonde, sulphate, fuaride, sifica
pllu phates and different forms of nitrogen. Heavy metal pollution - public health significance of
cafmium, chromium, copper, lead, Zine, mangancse, mercury and arsenic. General survey of instrumental
technique for the analysis of heavy metals in squeous systems. Measurement-of DD, BOD and COD
Fc|5'ii|:idus as water pollutanls and analysis. Water pollution laws and standards
Uire-IV
ﬁl]u]y.::ix ol Soll atid Fugl
Atlalysis of soil : muisture pH, tote! aitrogen, phosphorus, silica, lime, magnesia, manganese, sulphur and

alkuli salis

-Fm analysis ; liquid and gas. Ultimate and proximate analysis - hicating values - grading of coal. Liquid
fuzls - flash point, aniline paint, octane number and carbon residue. Gaseous fuels - producer gas wyd
watet gas - calorific value.

Unit-V
aAnplysis of Body Fluids and Druogs
Clinical chemistry : Composition of blood-collection and preservation of samples. Clinical analysis.
Seryim electrolytes, blood glucose, blood urea nitrogen, urdc acid, albumin, globulins, barbiturates, acid
and'alkaline phosphatases. Immunoassay : principles of radic immuoncassay (RIA).and applications; The
blodd gas analysis, trace elements in the body.
[ analysls : Narcotics and dangerous drugs, Classification of drugs. Screening by gas and thin-layer
chromatography and spectrophotomelfic measuréments,
Books Suggested
. Apalytical Chemisiry, G.D. Christian, John Wilsy.
2, Fundamentals of Analylical Chemistry. D A, Skoog. I M. Westand F.J, Hooler. W.B Saunders,
3. Analytical Chemistry - Principles. 1.H. Kennedy, W.B. Saunders.
4, Agalytical Chemistry - Principles and Techniques, L.G. Hargis. Prentice Hall.
. Principles of Instrumental analysis D A. Skoog and J.L. Loary. W.B Saunders.
6. Principles of Instrumental Analysis D A, Skoag W.B. Saunders.
7. Quantitative Analysis. R.A. Day, Jr.and A L Underwood, Prentice Hall.
4, Environmemtal Soluton. $,M. Khopkar, Wiley Eastern.
8 B&:: Concepts of Analysis Chemistry. 5.M. Khopkar, Wiley Eastern.
dhouk of Instrumenial Techniques for Analytical Chemistry, F. Settle, Prezmce. Hatl.
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ELECTIVE PAPER-10
{CH-505; Group-ID Physicul Organic Chemistry

(IHrs or 3 peclods/week)
Duration : 3 hrs. ; Max, Marks : 50

Uinii-i
‘oncepts in Molecular Orbital (MO) and Valence Band (VB) Theory
ntroduction to Huckel molecular arbital (MO) method as a mean to explain modern theoretical methods
Advanced techniques in FMO and FMO theary. Molecular mechanics, semi empincal methods and ab
Inito and density funcrional methods. Scope and limitations of Yeveral computational programmes
{Juantitative MO theory - Huckel molecular arbital (HMO) method as applied to cthene, allyl and
ruadiene. (Jualitatve MO theory - tomisation potental, Electron affinities. MO cnergy levels. Orbital
ymmetry. Orbilal intemctiondiagrams. MO of simple arganic systems such as ethene. allyl, butadiene,
nethans and methy! group. Conjugstion and hyperconjugation. Asomaticity. Valence bond (VH)
¢configuration mixing diagrams. Relatonship betwesn VB confi guration miXing and fesonance theory
Reaction profiles, Potentinl encrgy diagrams. Curve-crossing mode! - nature of activation barder in
hemical reactions

Uni-d1
rinciples of Reaclivily
fechanistic significance of entropy, enthalphy and Gibb's frepenergy. Amrhenius equation: Tansition state
theory. Use of activation parameters, Hammond's postulate, -Bell-Evans-Polanyi principle. Potentlal
gniergy surface model. Marcus theory of clectronic transfer. Reactivity and sclectivity principles.
Kinetic Isotope Effect
‘heory of isolope effects, Primary and secondary kinetie jsotope offects, Heavy alom isotope effects.
unneling effect, Solvent effects.
. Unit-111
Structural Effects on Reactivity ]
tnear free ensrgy relationships (LFER). The Hammett cquation, substiment constants, theores of
shibstituent effects. Interpretation of o-values. Reaction constant p. Deviations from Hammiert equation.
ualparameter correlations; indictive substituent constant. The Taft model, piandeRarales.
Ivation and Solvent Effects
ualitative understanding of solvent-solute effects on mac:uwty Thermodynamic meastre of solvation.
ffects of solvation on reaction rates and equilbriz Various empirical indexes of" solvatdon based on
phiysical properties, solvenl-sensitive reaction rates, spectroscopic properties dnd, seales for specific
stilvanaon, Use of solvation scales in mechamstic smmdies. Solvent effects from the l::ur:u'c—.i':mssing maodel;
_ Unit-IV
Alcids, Bases, Electrophiles, Nucleophiles and Catalysls :
sid-base diszocianon, Electronic and stmactural a'ft‘ccts, aci:_!ity and Easiail:}r. Actdity functions and their
applications; Hard and soft acids and bases, Nucleophilicity scales. Nucleofugacity. The o-cffuet
nbivalent nucleophiles. Acid-base catalysis - specific and geoeral catalysis, Dronsted catalysis.
lcophilic and electrophilic catalysis. Catalysis by non-covalent binding-mucellar catalysis,
S|eric and Conformational Properties
arigus type of steric strain and thejr influcnce on reactivity, steric acceleration. Molecular measurements
, of starje effects upon rates: Steric LFER. Conformational bamrier to bond retation - spectroscopic

g ('l ..—-'Th}‘
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deicsidely of madividual CONTgITEE,. AcYollc and MK wich

bonds| Winsiein-Halness and Curtin-Hammett principle
Unit-V
Huﬂh‘J_uphLl;iu und Electrophilic Reactivity
.‘{trur.tbml and electronie affects on Syl and Sud reactivity Solvent effect Kanstlic isuiope effects
[nramaleculir wssistance. Electron transfer oature of Se2 reaction. Mucleophilicity and 542 reactivity
L.'é:';r.q on curve crossing niodesl. Relationship betwezn poler ond ceclion wabsfer remctiomd Syl
mechpnism Electrophtlic reactivity, general mechanism: Kinetics of 5z2-Ar reaction Structural effects op
matesand selactvity. Corvé-crossing appronch 1o electrophilic reactivity,
RarlLlu;a] and Perleyclic Renelivity
Radipal swubility, polar inlluence, solvent and steric effects. A curve crossing appronch to radical addition
factars affecting barrier heights in addition, regioselectivity in mdical mactions.
Re.;.Juuity, speclficity and penselectivity in perieyalic reactizns,
Books Sugpested : _
{. Molecular Mechanics. U. Burkert and N.L Alinger. ACS Monogragh 177, 1982,
2. Opganic Chigrnists. Book of Orbimls : L. Salem and WL Jurgensen, Academic Press.
3. Mechanism and Theory in Organic Chemtistry. T.H. Lowry and K.C. Richardson, Harper and Row
4. latroduetdon to Theoretical Chganio Chemistry and Molecular Modeling,
5. Pnysical Organic Chemistry, N.S. Isascs, ELBS/Longman.
b T:'F;‘Iyﬂiﬂai Hasig of Orpanic Chemizstry @ H Maslall, Oxford University Press.

| ELECTIVE PAPER-11
|' {CH-506; Group-IIT) Chemical Dynamics
{2 Hrs. or 3 pericd/week)
Duration : 3 hrs, Max. Marks : 50
Unit-J

Atmospheric Reactions .
Pﬂysicai structure of the atmosphere, chemical composition of the atmosphere. Kinelics:and mechanizm
of MOx; ClOx cycles and Hy + ©; reaction. Mechanism of gencral methons oxidation, Kinetics and
{ﬁfchnﬂiim of low temperature oxidation of methane, Concept of global warming. '

| {fmit-If

Oseillatory Reactions

Autocatalysis and oscillatory reactions, Kinetics and mechanism of Belousoy-Zhabotinski {B-Z) reaction.
nzymes and Inhibitions

Hinetics of one enzyme - 'Two subsirate systems and their experimental characteristics,
Hnzyme inhibitors and their experimental characteristics.
ics of enzyme inhibited reactions.
: celles catalysis and inhibilion _
hipetics and mochanism of micelle catalyzed reactions (Ist order and second order) Vanous type of
hiceile caralyzed reactinns. Micelle inhibited reactions.
b;mamics of Gas-surface reactions “ .P
, : - WllA
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Wiayptian/desomption Kinelics and [rEnsition stale theory Dissoeinlive ad tior

.:Jllnch..iir'.m of Langimur's sdsorption of the oxidation ol

curbon monoxide o carbon diomde. True snd

pparent activation energies. Industrial importance of heterogeneous catalysis
Unie-1l

Radiation Chemisiry and Photochemistry
P_i{{.hﬂlifln chemistry o7 watsr and ngueous solutions, Hydiogen stiom and hydroxyl radical - oxidizing and

Lﬂiucmg conditions, Kinetics. and mechanism of photochemical and photosspsitized reactions (One

xample i sach case), Stern-Yolmer equation and its application. Hole-concapt in the presencs of semi

ponductor type phistocaizlysis, Kineties and mechanism of election transfer reaction in the presence of
yisible jight Kinetics of cachange reactions (mathematical analysis),

Transition Stale
biriel hapect of statistcal mechanics and transition state theory, application in calculaticn of the second
riler mie constant for resctions with collision lor (1% atom + atom (2} atom + molecule (3) molecule -
molscules: cenctions, Stafic solvent effecls and thermodynamics formulations. Adisbatic elsctran bransfer
moctions, ensrgy surfaces,
Unit-1v
‘ ubstitution reaclions.
substitution reactions. Classification of ligand substitution mechanism, Anation and base catalyzed
! Kinetigs of anation rcactions Aquation and acid camslyzed |dnefics of aguation reactions (octahedral
domplexes). Inper-sphere electron transfer reactions and ‘mechanism. Varipus typss of inner sphere
Hridees, adjustment and remote aftack-Linkage isomeniaem. Chermical and réspnance mechanisms. Martus-
CTross ralation in outer sphers reagtions (no mathemartical darivation) Its application in reactions-
| Ce (TV) + Mo (G303 = Ce () + Mo (CN)"
Fe(CN)s" + Fe(CM);™ e+ Fe (CN)i" + Fe (CN)¢™
Brdged outer-aphere glectron ransfer mechanism.
ﬁl.inatics of reactions in the presence of cyclodextrins. Considening one full case stody, nueleophilic and
&|ectrophilic catalysts and their mode of action. :
Lnit-¥

Welal ion catalysis and induced phenomena
| ion catalyzed reactons, their kinetics apd eaction mechanism in solutions. Induced reactions, their
charactenstcs. Mechanism of - (i) Fe(ll) induced oxidation of iodine by Cr(VI). (i) As{IIl) igduced
ofidation.of Mn{ll) by chromate in acid solutions, _
Jietics and mechaiusm of induced reactions in mefal complexes (octahedral complexes of Cobaly(IID
only). Kinetics of hydroformylation reaction.
Bioky Recommended
|, Progress o Inorganic Chemistry, Vol 30, 1967.
2.IR. Lumry and R W, Raymond, Electron Transfer Reactions, Interscisnce,
3,18 L. Bender, Mechanism of Homogeneous Catalvsis from protein 1o profein, Wilsy,
4.'4.G. Sykes, Kinetics of Inorganic reactons, Pergamon.
5. B W, Benson, Mechanizm of Inorganic Reactions, Academic Press.
fi. Physical Chemistry Vol. 2, Ed. Prof, YaGmsimoy, Mir publisher
7. Basolo and pearson, Inorganic Reaction Mechanism, Wiley.
#, H. Taube, Electron Transfer Beactions, Oxford Press. 5{4\
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ELECTIVE PAPER-12

(CH-507, Group-1H) Electrochemisiry
(2 Hrs. or 3 periodiweek)
Duration : 3 hrs i Max, Marks : 50
Unir-f

onversion and storage of Electrochemical Energy :
Eﬂ'jinl status of cnergy consumption: Pollution problem. Histary of fuel cells, Direc energy
eonversion by elecirochemical means. Maximum intrinsic efficiency of 5n electroche mical converter

yeical interpretaton of the Camot efficiency factor in electrochamical energy converters. Powar outpy

lectrochemical Geaerators (Fuzl calls): Hydrogen oxygen cells, Hydrogen Air cell. Hydrogarbon air cell
alkaline fuel cell Phosphoric end fuel cell, dirsct NaOH fuel calls, applichtions of fuel cells
Electrochemical Energy Storage :
Properties of eiectrachemicsl energy storers: measure of battery performance. Charging and discharging
of a baftery, storzge density, enargy densiry.
Classical: Batteries: (1) Lead Acid (i) Nickel-Cadmium, {iii) Zinc-Man ganese dioxide
Modem Batieries: (i} Zine-Air, {if) Nickel-Metal Hydride, (iif) Lithium Baery.
Fliture Blectrigity storers: Storage in (i} H een, (ii) Alkall Mbéwls; (5ii) Nan gqueons solutons.

Lnit=]

Cprrosion and Stability of Metals :
Civilizaton and Surface mechanism of the corrosion of the metals, Thermadynamics and the stability of
mptals. Poteolisl-pH (or Pourbaix) Disphragms: uses and abuses, Corrosion current and comosian
pc‘tlznﬂal - Evang diagroms, ;
surement of corrogsion rate : (i) Weight Loss Method (i) Electrochemical Method.
ibiting Corresion : Cathadic and Anodic Pratsctian, (i) Inhibition by addition of substrates to the
eltcerolyte environment, (i) by charging the corroding method from external source, anodie Proteclion.
Organic inhibitors. The Fuller Story Green inhibitors.
ivatgn :
Struenwe of Passivation films, Mechanism of Passivation. Spontaneous Pessivation : Nature's methed for
scabilizing surfaces.

: Liyit I11
Bibelectrochomistey: _
B'Tﬂmrmdis:s. Membrane Poteatials, Simplistic theory, Modem theory, Electncal conductance in
bidlogical organisms. Elecironic. Protenic electrochemical mechanism of nervots SYSIEmS, Enzymes as

elebrrodes.

. Unit-Iv
Kinetics of Elcelrode Mrocess;
Esgentials of electrode reaction current density, overpotential, Tafel Equation, Butier Volmer equation.
Staplard rate constant (K°) and transfer coefficient (a), exchangs current.
Trreyersible Electrode processes: critenia of ireversibility, information from ireversible wave.
‘Methods of determining kinetic parameters for quasi- reversible and irreversible waves: Koutecky's
methed. Meits lsrael methed. Gelling's method.

""'"'-_-\-_]\
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¥5is with special reference to purostates, pombyrin

ratalysys wnd =lecirobhEmitnl exinly sis

fhemital
| : : 4 :
rpre enrths. Eleciro-calalysts [n simpld redox reaclion, in reagtion invaiving adsorbed zpecias. lnlluence

0 f RO ]'.'ﬂ.l']!l'l'l.l![ﬂ'ﬁ.
) Unit- V
otentin! Sweep Method: Linear sweep vollemmetry, cyclic voltammetry, theory and applications.
ingnostic enteria of cyclic voltammetry,
ontrolled current mucroelectrode techniques: comparison with controlled potenliale  methods,

hronopoleniicmelry, theory and applications.
ulk Electrolysis Methods: Controlled potennal coulometry, Controlled coulsmetry Elecironrganic

synthesis and {3 importunt spplications,
tripping analysis: Anodic and cathodic modes. Preelectrolysis and stripping steps, applications of

sthpping analysis:

ook Suggerted:

|. Modem Electrochemistry Vol 1, IA, 1IB JO'M Hockris and A-K.N. Reddy, Plenum Publication, New
York.

2. Polarographic Techmiques by L, Meites, Interscience.
. "Fuel cells; Their elecrrochemistry” McGraw Hill Book Company. New York.

. Muoddem Polerogmphic Methods by A.M. Bond and Merct] Dekker

3, Polarography and allied techniques By K. Zutshi, New Age Inlemational publication, MNew Delhi

8. Electroanalytical Chemistry by Basil H. Vessor & Galen W, Wiley Interscience.

¢« Tepmes in Pure and Applied Chemistry. Ed. SK. Rangrajan. SAEST Publication, Karalkudi (Indis)
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ML.Sc (Final) Chemistry Practica
PRACTICAL

Duration: (14 brs in 2 days) Mo Marks: 200
{norganic Chemistry '
Preparation

Freparation of selected inorganic compounds and their stody by IR, slectronic spectra, Mussbouer, ESR
knd mignetic susceptibility meaturements. Handling of air and moisture sensitive compounds involving

l'u'al.‘uurn lines
Soleston can be made from the following
|, Sedium smide, Inorg. Synth., 1946, 2, 128
|E Synthesis and thermal analysis of group I metal oxalate hydmte, ), Chem. Ed., 1988, 65, 1024
(i Algmuc assorplion analysis of Mgand €a
'rl. Trialkosybararies - Preparation, IR and NMR spectra.
F [PhBCly) Dicklorophenylborane. Synthesis in vacuom line.
6. Preparation of Tin {IV) lodide, Tin (IV).chleride and Tin (1) Jodide. norg. Synth., 1953, 4, 115
Relative stability of Tin (IV) and Pb (IV). Prepamtion of ammonium  hexuchlorostannate
{INH4),[SnCls): ammomurm h:xnchlumpluﬁbatc (NH, ) [PbCls]
E. Hexabis (4-nitrophenoxy) cyc!ouiphuslajimznne.
. Synthesis of trchlorodiphenylantimony (V) hydmte, Inorg. Synth,, 1985, 23, 194,
0, Sodium 1etratiionate, NaaS.0.
1. Metal compiexes of dimethylsulfoxide and their IR: CuCl, DMSOQ; PACl; 2DMSO: RuCl.4DMS0, J.
Chem, Edue., 1982 59, 57,
il Synthesis of metal acelylacetonate: M&gnﬂtm moment, IR, NMR, Inorg. Synth., 1957, 5, 130; 1943,
1,183
1|3 Bromination of [Criacac)], J. Chem, Edu 1986, 63, 90.
14 Magnetic moment of [Cufacach]. H20,
15, is- and trans- [Colen):Ch] !
6. Separation of optical isomer of eiz-[Colen)yCl:]Cl, J. Chem Soc.. 1960, 4369,
47. lon exchange, separation of oxidation state of vanadium, J. Chem. Educ,, 1980, 57, 316; 1978, 53, 55.
53 Deterpuination of Cr(lll} complexes. [Co(H;0)sINO:.3H,0; [Cr{H:0)..ChICL2H:0: [Crien):]Cly:
fCr{acu-:};] Inorg, Synth., 1972, 13, 184.
Pmpnmuﬂn of M.MN- b:s{anhcyindehjrdn]'thylmq:dumuu silen Hy; [CO(salen)], J. Chem. Bduc,, 1577,
1, 443, 1973, 50, 670.
. Preparation of Fe(ll) chloride (use it ay Friedel-Craft chlorination source), J. Org. Chem., 1978, 43,
23-1 Chem. Edu., 1984, 61, 645; 1986, 43, 361,
. Reaction of Cr{lII) with a mul[&dl:rlh}l: ligand: a Kinetics experiment (visible spectra Cr-EDTA
mplm} JiACCU S, 1953755670,
. Preparation of [Colphenanthroline-5, 6-uinone)].
. Preparation 2nd use of Ferrocene, 1. Chem Edu., 1966, 43, 73; 1976, 53, 730,
. Preparadon of copper glycine complex, cis- and irans- bis(glycinato)copper (1D, J. Chem. Soc.
altﬂn 1979, 1901; 1. Chem. Edu. 1982, 59, 1052, '
Prepamnun of phosphine (PhsP) and its lransition metal complexes,
2 Any other experiment such a§ conversion of p-xylene to terephathalic acid catalyzed by CoBr,

(homeogeneous catalysis), "W’t\ A
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pectrophotometoc Beterminations
| Manganese/Clwomium/Vanadium in stecl Sample
NickelMMolybdenum/Tungsten™ anadivm/Uranium by extractive spectrophotomeine fethod

{‘,
:
P

Flame Photometric Determinations
i) Sodium and potassivn when pigsent together.
b} Lithiom/CaleiumfB enum/StronGom.

Flupride/Nitrite/Phosphate,

ron-phemanthroline compelexes: Job's method of continutus variations
V Zirconijum-alizarin Red-8 complex: Mole-ratio method
j Capper ethylenediamine complex: Slope-ritin method

q) Cadmium and Magnesium in fap Water
usntitative determinations of n three component mixtire:
ne Volumetrically and rwo Gravimetrically
) Cu™ NI, Za™
yout NIt Mgt
[
Chromatogrophic Separations
a) Cadmium and zinc
Zinc and magnedium
cf Thin-layer chromatography-separdtion of nickel, manganess, coball and zinc, Determination of Rf
ugs,
d)) Separation and identification of the Stgars present in the given mixture of glucose, fructose and sucroee’
by paper chromatography and determination of £ values.
rganic Chemistry
ualilative Analysis
S‘tp&mﬁun, punification and identification of the components of thres organic compeounds (thres salids o
o liquids and one solids or two solids and one liquid), using for checking the purity of the scparated
compounds, chemical analysis, IR, PMR and mass spectral data,
Multi-step Synthesis of Organic Compounds
The exercises should illustrate the use of brganic reagents and may involve purification of the products.by
cliromatographic techniques,
i} Photochemical reaction:
{{Benzophenone — Benzpinacol — Benzpinacolone)
i)} Beciman Rearrangement: Benzanitide from benzene
(Benzene — Benzophenone — Benzophenone oxime —+ Benzanilide)
11} Benzilic acid rearrangement: Benzlic acid from benzoin
[Benzoin — Benzil — Benzilicacid).

i¥] Synthesis of heterocyclic compounds

a) Skraup synthesis; Preparation of quinoline from aniline
b} Fisher Indole synthesis: Prf;pa.ratmn of 2-phenylindole from pheaylhydrazine,

| Wi ‘3‘7‘3
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T Diazocoupling: Phthalie anhivdride — Phihalamide — ithremiic acid — methy] red

if Enzymatic oynthess Reduction of ethy] acatbacetals using Bakars yeaut o ylald anantiomeric exoes:
of S{+)ethyl-3-hydroxybutnnoate and determins it optical purity. Bilosynthesls of cthanol from

SHCTOLS, v
vit) Synthedis using mitrowave: Alkylation of disthy] malgnare with benzyl chioride
vili} Synthesis using phase transfer catalya: Alkylation of diethyl malonate or ethyl acetoncalate with an

iyl hnjids
!
Extraction of Crganic Compounds from Natural Saurges
al{lsclation of caffeine from tea laaves.
b)|lsolation of casein from milk (the studenis are required to try some fypical colour reactions of prareing)
cH Lsolation: of lacrose from milk (purity of sugar should be checked oy TLC and PC #nd B valies

| repoired)
d)lizolation of chlorophyll o & b from spinach / spiruling.
e} dsolation of cinchonine from cinchona bark.
) lsolation of pipenine from black pepper.
ghzolation of lycopens from lomatoes.
h) Isolativa of f-carotepe from camots,
iy jsolation of olgic acid from olive oil (involving the preparation of complex with ured and separation of
linoleic acld).
J) Xolalivn of eugenol from clove,
k) Isclaoen of (+)limenine from citrus rinds.

Pa'F_Er Chromatography

Separation and identification of the sugars present in the given mixture of glucose, fructase and suorpse
by PEFE:F chromatography and determination of £F values.

Speclrusenpy

dehtification of organic compounds by the analysis of their spectral data (UV, IR, PME. CMR & MS).
Spectrophotometry (UV/VIS) Estimations ’

a) amito acids

By Proteins

£} qarhnh;_.rdmtcs

J) Chelesteral

a:r..is;&rbit acid

ical Chemistry

Nurtber of Hours to each expenment: 3 Hours

Alist of experiments under different headings ars given below;

Typical experiments are to be selected from each type.

A. Thermadynamics

if) E?emmﬁnaﬁmz of partia] molar volume of solute (e.g. KCI) and solvent in a binary mixturss _




terminatics remperature dependence of the solubilily MEPGHINE 10 Tw VETH

shmilar inwamolecuinr iMeractions (benzosc acid in water and in DMSO-witer miznire) and calevlate
the partial molor heat of solution

H. Spectroscopy

(1} Determiniation of pKa of an indicator (e.g. methy| =) in (a) aqueoys and (b) micellar medin

(i} Letermination of stoichiometsy and J:llll.!ﬁ:r coftslanl of Femclsothiocyanation complex ion in

sofution

(iii) Determination of vale cotistant of alkaline bleaching of Malachite green and effect of lonic strength
ph lhe rate of reaction

|

. Polarography

() ldentification and estimation of metal ions such

pplaragraphically

{jl) Srudy of & metal ligand complex polarographically {bsing Liagane's Method),

as. CdZ+ P2+, Zn2+ and Ni?+ gl

. Chemical Kinegtics
(i) Determination of rate constant and formation constant of intermediste complex in the reaction of
Ce(lV) and Hypophosphorous acid at ambient temperature.
(4) Determination of energy and enthalpy of activation in the reaction of KMnO4 and benry] gleohal n
acjd medium.
(i) Determination of energy of activation and eatiopy of sctivation from a single kKinetic run,
) Kinetics of an enzyme catalyzed reaction.

—

E| Electronics

This lab course will have theory as well as practical and the Jectures shall be deliversd durmg tab hours: ~

BJIE(‘. Electronics

Notations used in the electronte circuit, study of electronic compounds and colour codes. Conversion of
chismical quantiies |n|:n electronic quantities. Transducer, ilustration with electrodes, thermpcouples and
thcmusmrsl

Passive components; Resistors, capacitors and inductors with some. emphasis on solid state properties of
inglerials. Net works of resistors, Thevenin's theorem, superposition theorom, loop-analysis, R.C. circuits,

L.g Circuits, LCR circuits. Tllustration of the use of circuits in NOR specmoscopy, Mosshauer
speetroscopy, cyclic voltammetry and in power supplies as filter circuits.

Adtive components

Introduction to ordinary diodes and Zener diodes with some emphasis on p-n junction as a solid state
Properiy. Use of diodes as rectifiers, clipping and :;Iamping circunts, Power supplies.

Transistors: An extensien of p-n Junction to p-n-p and D-p-n transistors, Chamcteristics of transistors,

hybrid parameters; transistor circuits as amplifiers, high impedance [preamplifier) circuits. Darlinclion
. differential amplificrs.

Cgerational Amplifiers

ldeal characteristics; inverter, summer, infegrator, differentiater, voltage follower, illustrative use of
opg:a, onal-amplifiess, Introduciion to Fourjer transformation in instrumentation,

Wity
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st of Experinents in Electronics
’ at least ﬁn.: expanments from this section)
| fu) To plot the diode chamzteristics and find its dynamic resistance and cur in volage
[
b) To plot the charssteristics of a transistor used a5 8 dode and compare the results with those of 12
;-:l Toimplement a diode dipper eircuit for the:give wansfer characiaristice anid verifly the wave form
b To implement o diode damper eircuit which tamps the positive peak of the InpuL vialtdge o
{8) Zero voltage and (b) a given voltage Verify the parformance.
4 () To plot the charcteristics of an NPN transistor in CE configumtion

{83 To find the h-plmameter of the ransistor from the chumcteristics.
- e - § : - % -
.“li (1) Ta plot the churacteristics of an NPN uansistor in CB conliguration

(b} To find the h-paraméter of the tmnsistor from the characleristics and compare It with the results of
I

gfpenment MNo. 6
& {2) To plot the drain and transfer charactenstics of JEET in C8 configuradon;

“LJ To fAnd ow the pinch off voltage, maximum drain to source saturahon curent #nd the

traseond uliEnce.
7| To obtain the frequency response of an RC coupled amplifier and estimate the bandwidth,

8| {a) To plor the characizristics of Zener diode and find its dynamic resistance under reverse bidsed
conditon

(1) To use Zener diode for a voltage regulation

(il Plot the line regulanion curve

[j} Plot the load Regulation curve.

QL{a} To wire u hall wave Rectifier circuit osing diods and measure the rns voltage, de voltage and to

fihd Ripple faciar.

(§) To study the performance of Half wave and Full wave doubler circuits.
10, To plot the characteristics of UJT and find the peak voltage, peak current and valley voltage and use

ﬁl a relaxztion,
ple: A sheet contaimng 20 questions/diagrams/oircuits will he provided to the students © reply. These

gpestions based on basic electronics will cover both theory and practicals as peovided in the syllabus,
Theze will be abjective rype questions (MCQs) of 20 minutes duration with maximum marks |0,

Bpoks Sugpested.

| {Inorganie Experiments, ], Derek Woaings, VCH.

2 Microseals Inorganic Chemistry, Z. Szafran, RM Pike and M.M. Singh, Wiley.

J.|Practical Inorganie Chemisuy, G. Marrand B. W, Rockell, Van Nosaad.

4./The Systematic Identification of Organic Compounds, R.L Shriner and DY, Curlin,
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' INSTRUCTIONS TO THE EXAMINERS
Mr M.Se. (Final) Chemistry Fractica

ax. Marks: 200 Duoration of Exam: 14 hrs, (Spread in 2 days) Min. Marks 72
lnlﬁ:g:mic Chemisiry
l.IPr;;;mTjur. of one of the selected inorganic compounds as mentioned in the syllabus and its study by
HE, electronic specira. Mossbaur, ESR and magnetic susceptibility, Handling of sir and moisture Sensitive

cqrnpuund: invalving vaculim lines, 15
Oy

QJJmtjlmw: deiermination of a three component mixture by volumetric & gravimetric methods
2.|Spectrophotometsic determination of one of the § cxercises givett in the syllnbus 15

| Or
FT‘Jm: Photemetnic determinations (one exercise)
Chromatographic separation of two metal jons, 10
OLgamu Chemistry
Ly Qualitative Analysis
Slpmtiun, punfication and ideatification of the components of & mixture of three crganic compounds

{q'lm: solids or rwo bguids and one solid, two solid and one liguid), using TLC for checking the purity of
separated compounds,

Chemical analysis, IR, 1HMR and Mass spectral data, 30

2{ Multi-step synthesis of Organie Compounds

Perform ene of the multi-step synthesis of arganic compounds, 20
; Ciy

S_ eclroscopy
E::ﬁﬁﬁaﬂ{l’n of Organic Compounds by the snalysis of their spectral data (UV, IR, NMR, CMR and
Mass)

hysical Chemistry
IJ Perform one Magor physical experiment given in the syllabus, 30
2[ Pertorm enc Minor physical experiment given in the syllabus, 20

tva 30

ecord 20
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v.Sc. CHEMISTRY
! £ (Twp Yeur Courte)
otk - 0 coch question paper 10 qieations will be o1, Candidated have 10 anmwer gy 5 questions wlecting al
Lt e st lon from eaeh unit

M5 71 Year (Flaal)

Paper Caurte Course Duration Max. Min.
Mo, MMarks Mlarks
Paper | OH-501 Applications of Spestroscopy, Jhs o0 %
Photochemigry and Solid State
Chemistry
Pager 1 CH-502 Bioinorganic Chamistry 3 s 75 i
Bigorganic Chemisory
Riophysical Chemistry
Baper |1 CH-501 Envircamental Chemistry 3 hrs. 50 18
Puper 1V CH-504 Elective Paper ¥ hrs in 1§
Foper ¥ CH-305 Elective Paper 3:hn. 30 18
B Paper VI CH-306 Elecrive Paper T hiss 50 18
Paper V1 CH-307 Eleclive Paper 3 ez 50 16
Saminars Internal i £ 25 9
Proctical 14 - s 200 72
Total hMarks 650

Grand Total ¢ M:Se. | Yr (Previous) & I Yr (Final) ; 1300

The following altematve groups of elective paper are spproved for M.Se. 11 ¥r course.

Group-1 CH-504 Organotransition Metal Chemistry
CH-505 Bioinorganic and Supramo|ccular Chemisry
CH 508 'Photalngrganic Chemistry
CH-507 Palymers
Grouvp-1t {:Hvif}fd.,' (irganic Symhesiz-
CH-50 Qrganle Synthesis-11
CH-50& Heterocyelic Chemistey
CH-507 Chemisiry of Natural Products
Group-1ll '{:H-si:ra!-} 3 Analytical Chemisiry
CH-30R Physical Organic Chemistry
CH-504& - Chemical Dynamics
CH-5077 - Elecirachamisiry ,..--—J@‘
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