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UNIT-I: Research MethodologY

Research [-ornrulation:

Motivatitlrrlnclobjcctivcsot'thclcscalchproblem-SclcctinSthcproblcnr.Nccessityol.dctiningthc
;;;;1.; Importrr.ce ut'lit.rrt,,r. ,.t'i"ttl in detrning a problem Literature re'ierv Prinrary and

secllntlarl'srlrtrccs rc\icws, trcatis(j antl tl]onographs palcnts - r.lcb as a stlrtrcc scarching thc wcb

critical lireratLrre revierv - ldentilying gop ui"ui fiom literature review - Development of working

hy;,lr.t;t. R.',,.nr.h tlcsign - Basic'Prittlpr"' - Nced of rescarch dcsign - Fcatures oi good dcsign

lrponunt concepts relating to research design - Observation and Facts ' Laws and Theories Prediction

,,ri 
"*ptonrtiu,i. 

lntluctit.rl' Deduction. deueloprnent of Motlels' Developing a research plan

e*ptoro,ion. Dcscription' Oiagnosis. Experimentairon, Mcthods of data collection - Sampling Methods

Data Processittg lnd Analysis strategies'

UNIT-II: Report and Thesis Writing: ,^-^,.^ ^-r 'rS;;r; 
"nd'"o*pon"nt, 

of scientiic reports - Types of report - Technical reports and thests

iii.ii,""r"l - oifil."n, .r"p. in the preparations - Layout, structure and Language of typical reports -
tt-tirrt.ution. and tables - tiittiogrupt y, referencing ind foot notes - oral presentation - Planning

i;r"p.r",i", practice - Moki"ng 
' pr"sentation --Use.of visual aids lmportancc of cflcctirc

communicatio, , Ethical irru.i I R"pro,l,tction of pLrblishe<1 nraterial Plagiarisnt - L-itation and

,.kno*f .ag"nr"n,. Usc of sottwarc' HAd-Otlicc' PowerPoint' WORD' EXCEL and ACCESS' conlpLrtcr

viruses.

UNIT -lll : lnstrumcntation Techniques:

-[hermal Methotls ol AnalYsis: fhcrnrograv imctry' t)ificrcntial Thcrnal Analysis and Ditlircntial

Scanning Calt.rrirnclly, instrumentation. Methotlology ol'TG' DTA and DSC'

Electron probe Techniques: Scanning electron microscopy (SEM) - Principle,. lnstrum€nt3l ion,

;;i;"*,". iransmission Electron Mi"croscopy (TEM) - Principle' lnstrumentation' applications'

E'nergy Oispersive X-ray Spectroscopy (EDX) - Principle, Instrumentation' applications'

Theory and principles of Fluorescence Spectroscopy: 
. 
Characteristic of fluorescence etnission

Fluorescence life tirne, quantum yield. Static and dynanlic/collisional quenching and 
-conrparison'

Fluorescence polarization and poiarization spectra of a fluorophore Application of Fluorcsccnce'

quenching.
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Chromatograph) : Principle and applications olT[-C antl C olLtnrn Ch rornatography. Principle,
lnstrun]cntiltion irntl applicalions ol (l(l and tll')LC. 

i

Unit - IV: Sp€ctroscopy:

Infrared spectroscopy: Introduction, Principles, Characteristic Vibrational frequencies of
functional groups, Fermi resouance, Etlect ofhydrogen bonding on vibrational fiequencies.

Electronic Spectroscopy: Introduction, Principles and Wood-Ward Fisher mles.

rH and r3C NMR Spectroscopy: Introduction, Principle, Instrumentation and applications of rH

and l3C NMR Spectroscopy. First order and non-first order spectra E.g: AXr, AX:, AX:, AzXr,
AMX, ABC, Nuclear Overhauser Enhancement (NOE).

Mass Spectromctry, GC-MS and LC-MS: Principle ol'mass spcctrornctry. instrumenturion and

applications ol' mass spectrometry, principles ol EI, CI, Fast atom Bombardment (FAB),
Secondary Muss Spcetrornctry (Sl-MS). Electrospray lon ization(ES l). Matrix Assistcd Laser

Desorption Ionizrtion (MALDI). High Rcsolution Mass Spectronretry (HRMS), Principle,

lnstrumcntirlion and applications ol'(jC' MS and LC-MS tcchniclttcs. Fragmcntation pattcrn of
Flavones. Aspirin, Paracctamol. Urnbelliferons. Geraneol antl Papar arine.
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Rel'erences:

L An introtlrretion lo research mcthodology. Garg, B.L.kaladia.

RBSA publishcrs.

R.Agarwal.F'.and,|gan,al U.l(.2002

2. Kothari.C'.R. I 990 Research Methodology Methods and Teehniqucs Neu Age lnternational,4lSp.

3. Principles ol instrumcntal Analysis - Skoog, Holler, Nieman,5 th ed. Harcor"rrt College

Publishers. 1998.

4. Analytical Chclnistry Cray D. Chnstan, (r'l'ed. John Wiley and sotls lltd,Ncw York 1994.

5. lnstrumental nrethods of Analysis- Willard, Merit, Dean, 6'h ed.CBS Pub[shers & distributors,1986.

6. Hand Books for instrumental Techniques for Analyical Chemistry, Ed frank settle, Prentice Hall,

New Jersey, USA. 1997.5. vogel's Textbookof Quantitative analysis - ( J.Jeffry,J.Bassent et al.5th

ed., Longmann, ELBS Puplications,2000.

7. Principles and practice of Analytical Chemistry, F.W.Fitiend & D. Kealey, 5'h Ed Blackwell

Science.2000.

8. Quantitative Chernical Analysis, Daniel C. Hamis,6'r'Ed Will Freeman & Co.New york.2003

9. Analyical Chemistry an Introduction, Cmuch. Th ed. Saunders Collegc Publishing,2000

10. Spectr-oscopic identification of organic conrpottnds by R.M.Silverstein and F.X.Webser.

ll. Organic spcclroscopy by William Kcmp.

l2.Mass Speclrourctry Ibr Chcn,ists rtnd lJiochemists by rn. Rose and R A.W Johnstone

13. Spectroscopic r e thotls in organic chemistry by D.H.Wrlliams and l.Hertning

l4.Biological nlrss. spcctromctry by A.l.Burlingamc

15. Principles and Practice of Biological mass. spectrometry by Chhabil Das

16. Spectroscopic identification oforganic compounds by R.M'Silverstein, G.C.Bassler and

T.E.Momill
17. NRM-A Multinuclear introduction by William Kemp.

l8.Techniques and Practice of chromatography by Scott Raymond P'W'

19. Principles and Practice of modem Chromatographic methods by K.Robands, P.R.Haddad

and P.E.Jackson

20. Fundarnentals of Molecular Spectroscopy by Banwell & McCash

2 I . Introduction to molecular Spectroscopy, G,M,Barrow, McGraw Hill

22. MolecLrlar Spcctroscopy, J.D.Grnybeal, McCraw Hill

23, Basic Principles of Spectroscopy. R.Chang, McGraw Hill.

24. Physical Methods Spectroscopy, R.S.Drago, Afflliated East West Press

25. Physical Chcrristry lra N.Lcvinc McCraw Hill
26. Atkin's Physical Chernistry by P.Atkins & Jolio de Paulo, Oxford University Press.

27. Molecular Structure and Spectroscopy, G.Aculdas, Eastern Esonomic Edtn.

ffitan\ ffi*^
\{5ttl.r



I

COURSE WORK... PAPER _ II
INORCANIC CHEMISTRY SPECIALIZATION

(EFFECTIVE FROM ACADEMIC YEAR 2023-2024\

GROUP THEORY, BONIDNG AND ELECTRONIC SPECTROSCOPY

UNIT.I:

FJ,ltr;[:l,asses of symmerry Erements.of a Group: Simitarity transformation, propefties of

conjugate elements, salient featuies about Classes' Classes of C:" C:n and C:" Retlucible and

lrreducibleRepr:esentations,PropeftieSoftrreducibleRept.esentations.ConstluctionsofCharacter
Tables for C:", C:n trnd C,' App;:;i;;t oithu"ttt' tables lo tR and Raman actir ity ol normal rrt,rles

(H:O. NHr. Trrns N:F:)
Bonding in N'lctal ComPlexes:

Svmmetry Classiticiltion ol Metal and Ligand Croup Orbitals : Construction of Molccular Orbital

;ilU'|l'.Hl;;**'- il;il,ui'r'r*iio.pr.xes with (i) Sisma (o) (ii) Sigma (o).& Pi (7T) and

(iii) Sigma (o). Pi (n) ,,,,,1 pii-1f*; Londing 
'contribtrtion tiom thc Lrgands- Tctrahcdral Mctal

Complexes with (i) Sigma f"f iiif'sig'*' i") I pi (nl ana Sqttare I'lanar Metal Complexes $'ith (i)

io*L i"iiiif .Sig,r" 1o"1 a Pi (n) bonJing contribulion lionr the ligands'

Electronic Spec(roscopy of Metal Complexes:

Classification trf Electronic ;;;; 'it' Metal Complexes: Selection Rules' Electric Dipole

Transitions, Magneric oipor. r.-J*iiions. orbital Selection Rules. Spin Selecrion Rules. Relaration tn

selection Rules. Nature "r B:r".ir".i. 
' 
spectral Bands. Band widths, Band Intensities. Factors

lnfluencing Band Shapes, :"fli-i"ffL' ;ffect' Spectrochemical Series' Nephelauxetic Effect'

Calculation of lODq Values, n"."t pri"-",". 1i) and Nephetauxetic Ratio(P), Orgel diagrams CT

spectra.

UNITJI : lR, RAMAN AND ESR 
enrs tbr

in "rJn"*r", 
symmetry based selection rules of Infrared and Raman-symmetry requrrem

overtone,binaryandte.naryco.nbinationbands-Fermilesonance.Etfectofcoordinationonli.eand

",Ut.ii""t- "q-o, 
suphato, carbonato, nitro and carbonyl metal complexes'

?+ !W'**
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o-bonded CoH: ligand.
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Applications of ESR to Metal Complexe
frinciple -Selection Rules, Hyperfini splitting, Zero field splitting and Kramer's degeneracy. Factors

affecting g values. Calculation of g values with simple examPles lltn:iti:t pf 'g11 and gr,peaks'

Evidencie tbr Metal-Ligand Boncl Covalency-Cg( t I)-B is-Salicylald imine, Cu(ll)-

diethyldithiophosphinate. vanadyltlithiophosphinate. coppc(l l) tetraphenylporphyrin. co( Il)-

phthalocyanine. (,1f rCt,.1. lnterpretation oi'g' an,t 'A' valLrei from ESti spcetral datc in - i) MnF6r' ii)

CoFi,r'ancl Crl",,t . ESR spcctra ofdinuclcar CLr(ll) conlplcxcs'

t.iNtT - lll: CA'I,\1.Y]'lC ROLE OF OTNIC A:iD SUPRAMOI-ECULAR CHEItISTRY

Catalytic Role ol O'f MC:

Oxidative addition and Reductive Elimination: Stereochemistry and Mechanism of Oxidative

Addition - Insertion Reactions - Hydrogenation of Olefins -Transfer Hydrogenation Hydrosrlation

of Olefins - lsomerization of Olefins Ziegler-Natta Polymerization of Olefins Oligomerization of

Butadiene, Alkene Metathesis.
Reactions of carbon monoxide and Hydrogen: Hydroformylation - carbonylation -Syngas-water gas

shift Reaction (wGS) - Reactions of Syngas. Applications of Metal Clusters in catalysis:

Hydroformylation of Ethylene using [HRu:(CO)r rJ-, Hydrogenation of Olefins'
palladiun.r catalyzed crtss coupling reactions: The Heck reaction, Sttzuki Miyaura coupling,

Sonogashira coupling, Ncgishi coupling.

SUPRAMOLECTJLAR CHEMISTR}':

Host - cuest clhemistry: Definition ancl rlif-t-erent types ol host and guests rvith examples - types of

non-covalent intcractions binding constants of host glrcst complcx and thcrtno dynanlics involvcd in

it design ing prin,:iples ul'host.

UNIT-l\':ME'IALLOENZYMESANDPLATINUMCOMPLEXESINCANCERTHERAPY

Metallo Enzymes:
Copper Enrymes: Types of Copper in Biological systems - Structural and Mechanistic Aspects of

Superoxide Dismutase, Lactase and Galactose oxidase.

Zinc Enzymes: structural and Mechanistic Aspects of Carbonic anhydrase, carboxy Peptidase,

Leucin - aminopeptidase, Thermolysin, Alcohol Dehydrogenase - Role of Zinc'

Nickel Enzymes: Urease, Hydrogenase and Factor F430: Reactions Catalyzed, Mechanistic -{spccts.

Cobalt Enrymes: Cobalt in Vitamin Bl2 Structural Features of Vitamin Bl2 rvith ref-erence t.t

coordination of Cobalt -Dilferent Oxidation States of Cobalt Various fbrrns of Vitamin Bll and

Active Enzyme fonns - Types ol Reactions catalyzed by i) Methyl cobalamin ii)Deox1'adenosl l

Cobalamin Mechanism of the Methyl Malonyl coA conversion to Succinyl CoA Rolc of the

Apoenzyme - Unique features of Cobalt to suit Vitamin B 12.

Iron Enzymes: Siructural antl Mechanistic Aspccts ol Cytochromc P450. Cytochrornc oxidasc.

Catalase and Peroxidase - Role ofthe Metal lon.

mechanism.

trfr,hr,7
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12. Inorganic Electroscopy - A.B.P. Lever, Elsevier Publishing Company' London' 1968'

l3.HandBooktbrlnstrumentalTechniquesforAnalyticalChemistry,Ed.FrankSettle.Prentice
hall, New JerseY, USA,l997.

l4.AnalyicalChemistry-GaryD.Christian,6thed,JohnWileyandSonslnc'NewYork'1994'
l5.InfraredandRamanSpectraoflnorganicandCoordinationCompottnds,KazttoNakanroto.5'h

ecl. John WilcY & Sons,l995.

16. Iusrrumenrlrl Methotls of Analysis- Willard.6'r' etl. CBS Publishers & distribulors. 1986'

17. Organontetallics A Coneisc lntrotlttclion, Ch l:iseheinbroich and Salzer- VCH

18. Organotrlnsition Metal Chernistry Fundamental C oncepts and Applications' John akio

Yamamato, WileY & Sons

19. Homogeneous Catalysis by Conrplexes, M M Taqui Khan and A E Martel

20. Organometallic Compounds, G E Coates, MCH Creen' K Wade Vol Il

21. Advanced Inorganic Chemistry, Cotton and Wilkinson, V & Vl E

zi. Basi" Organom-etallic Chemisiry - concepts and perspectives by Lean - Marie Lehn
-i. 

iupto-Jt".utar Chemistry - Concepts and perspectives by Jean - Marie Lehn

i+. frinciples and method in Supramoiecular chemistry, Hans-Jorg Schneider and

A.Yatsimirsky, John Wiley and sons.

25. Structural Meihods in Ittorganic Chemistry, E A V Ebsworth' D W Rankin and

S.Chaddock, ELBS.
26. Physical Methods in Chemistry, R.S. Drago ' W B' Saunders Co.1977 '
27. phisical Methods tbr Chemisis, Russell S.Drago Second edition. Saunders College

Publishing. 1992.

28. Principles ol Analyical Chemistry, M Valcareet'

29. Physiial Methods Advanccd lnolganic Chemistry, Hill and Day'

30. Magneto tihemistry, Dutta & Shyamal Oxlord Chenristry Prinrers' Vol 62
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33. Principles of Bioinorganic Chemistry, S.J. Lippard and M Berg University, Science Books'

California USA 1994.

:4. Metal ions in Biological Systems (Series), Ed.H Sigel Mareel Dekkar' New't'ork

35. Inorganic Chemisuy, J. A. Cowan, VCH publishers 1993 i.
36. Bioinorganic Chemistry, Vol-l edited by G.L'Eichom i'

ii. nioinorinni. Chemistry, Inorganic elements in the Chemistry of life' Wollgang kaim &

Brigette Schwederdki.
38. Biolnorga,ic Chemistry Bertini, Cray, Lippard and Valentine, Univcl'sity Science Books,

Calitbrnil USA 1994.

39. Bioinorganic Chcmistry, ROSETTE-M. Roat Malone

40. Mechan]st Bioinorganic Chemistry, edited by H, Holden Thorp and Vincent L' Pecoraro

Chernical Socicty Washington DC 1995.

*o*
S.\q->/''

\ .Jr9(.,A

+"(^\
")y)

ffint7 %)-
\ClwL^l

ui$k-



,@
DEPARTMENT OF CHEMISTRY

MAHATMA GANDHI UNIVERSITY
SYLLABUS FOR Ph'D'

COURSE WORK-- PAPER- II
ORGANIC CHEMISTRY SPECIALIZATION

(orrccrryE' FROM AcADEMIC YEAR 2023-2024)

Paper Title: Organic synthesis, spectroscopy and molecular modeling

Unirl: Organic Reagents and Asymmetric Synthesls

Unit-ll : RctrosYnthcsis

Unit-lll: Spectroscopic applications of Organic compounds

IJnit-lV: Molecular modeling and Biological Evaluation

Unit-I: Organic Reagents and Asymmetric Synthesis

NiClz,Corey-Kimoxidation,ZnBHr,Corey-Bakshi-shibatareduction'Prinsreaction'Asymmetric
transfer hydrogenation.
A.yrn*.i.i. Synthesis: lntroduction' Slereoselectivity

e.i,*r.iri. induction , c.u-', .i,,rut*' Reetz and Ciam-Reetz models;.o-Alkylatltl :f -:11:11

.notu,.r' William's Oxazinone, Oppolzer auxiliaries; CBS reagent' Sharpless asymmetrlc amlno

;;;;;;;i.;t;;,- it i 
"po*lautiolni" 

N;r";i ' asvmmerric hvdrogenation' Mukaivama-Aldol

reaction, chiral pool strategy; ty"n"tit of R ana S-Sulcatol' methyl mycaminoside tiom S-

Lactic acid.
Unit-II: R€trosYnthesis: Inlroduction

Selectivity: lntroduction, chemoselectivity-retrosynthesis of Lipstatin; regioselectivity

retrosynthesis of Gingerol; ii"ttt"f ""l'itV- 
aldol reaction-anti and syn selective aldol

reactions retro synthesis of Juvabione'

Aromatic compounds: O'tio'ituttgy' Introduction' ortho lithiation-anionic Fries

rearrangement retrosynthesis of Pancratistatin'

One and two group C-C, C-i ;tt;;;nections: Introduction retrosynthesis of Rogeltimide'

Linalol, Doxpicomine. ,,, r:^^-L^-..r ^^-^^,,-;.
Reconnections: Introduction, Polarity reversal, Synthesis of I 2 and I'4-dicarbonyl compounds'

Retrosynthetic analysis: eppfituiion of disconnection approach to synthesis of s-Bisaboline'

multi stratin and a & P-Sinensals'

Unit-III: Spectroscopic applications of organic compounds

Differentiation of possible iro."t,t i) 6rHrLrO:.- Number of ,p"tti:l: l::lll:1:^:::""t['j
;jffiffi;il,:-rrin"rp*r".-iii nrdroxycinnanric acicl - nunrber of p.ssible isgnrers and

** v*ey ffi.*a.,qd*{_ 
(

,y iffi'*n
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I

Dillerentiation ol pair ol isomers: Difl.erentiation of isonlcrs using difl'crent spcctra:

i)lRspectra:3-Phenylpropanaldchycle.Propiophenone:4.ethylaniline,4.methyl.N-methylanilinc,
N,N-dimethylaniline. ii) UV spectra: Propiophenone Phenylacetone; levopimaric rcid and abietie

acid. iii) rH-NMR spectra: Vinyl acetate - Methyl acrylate, a-pinene-p-pinene iv) 'jC-NMR

spectra: 1-pentene-2-penetene; vinyl acetate-methyl acrylate v) Mass spectra: N'N-

dimethylpropanamide - N-methylbutanamide; o-ionone-p-ionine; cyclohexylpropone and l'2'4-

trimentylhexane; Pyrazole-imidazole; pyradazine-pyrimidine-pyrazine vi) All spectra:

paracetamol-p-methoxybenzamide.

r3C-NMR spectroscopy: DEPT ofSucrose and Piperine rsC spectra ol Piperine

2D-NMR spectroscopy: 2D-lnadequate techniques by taking l-iodobutane. HoMO COSY of 2-

NO: Propane, 'l'hymol, Hetero-COSY ol 2-NO: Propane, Thymol, HMQC' HMBC' 2D-

tnadcquatc of lpscnol. TOCSY ol mcthoxy butanc

UniGIV: Molecular Modeling and Biological Evaluation

Introduction, Computational chemistry approaches, Molecular behaviors: Conputing the energy

ofamodelsystem,QuantumMechanic;MolecularMeclranics.Energymininrization:Steepest
Descent, Conjugate gradient, Newton Rapson procedure, Molecular Dynamic simulation' 3D

pharmacophore identification, docking producers: Manual docking, automated docking, Defining

the molecular surface of a binding site, Rigid docking by shape complementarity, I'rse of grid in

docking program, rigid docking by matching hydrogen bonding groups, Rigid docking of tlexible

ligands, docking of flexible ligands, Anchor and grow program Flex X, Denovo design' Vimual

screening technitlues.

Biological Evaluation: In-vivo and In-vitro sttldies. Cell line assay, Enzyue inhibition, Toxicity

testing, cell viabrlity assay, High through put screcning. Explanation for lC:0, EC:u, ECvu, LDir''

EDso, Ki, MIC, Zone of inhibition studies, Ethical issues and rcgLrlatory alflirs'

Rel'erences:

l. Organic chernistry Jonathan Clayden, Nick Greeves and Stuart Wanen

2. Organic Synthesis-The disconnection approach by S'Warren

3. Orlanic SlT rthesis : Strategy and Control by Paul Wyatt and Stuart Wamen

4. Fundamentals of Asymmetric Synthesis by G.L. David Krupadanam

5. Organic synthesis by Michael B Smith
6. Principles of Medicinal Chemistry - Foye

7. An Introduction to Medicinal Chemistry Graham I. Patric

WtctT
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DEPARTMETN OF CHEMISTRY
SYLLABUS FOR Ph.D.

COURSE WORK-- PAPER- II
PHYSICAL CHEMISTRY SPECIALIZATION

(EFFECTM FROM 2024 ONWARDS)

UNIT-I: Chemical Kinetics and Photochemsitry :

and Stern Model.

i

Chemical Kinetics: structure reactivity relations-Linear free energy relationships. Hammett

equation. The susbstitutent constant (o) and excited signma values' The reaction constant (p) and

it" inlpo,tun.. of rho value in arriving at the mechanism. of reactions. Deviation from Hammet

.o.r.tuiionr. Taft equation and Taft fn-r, puru..t", equation. The reactivity-selectivity principle

and lsoselectivitl rule. The Intrinsic barrier and Hammond's postulate'

Photochemistry: For.malion of excimers and excipleres-q uantum yields. Electronically excited

states-singlet and triplet state. Unimolecular decay ol the excired state-lnternal conversion' inter

,trt.. .,irring Uuoresce and phosphorescence. Principles ol Energy transfler-photosensitization'

flash photolysis and applications.

organic Photochernistry: properties of (n-n*) and (n-zr*) states. Photochemistry of alkenes

:cis-trans isomerization, di- n methane rearrangement. Photochemistry of carbonyl compounds'

i) Norrish type-l reactions : Photoreduction and photo oxidation'

ii) Norrish type II reactions : Addition ofcarbonyl group to carbon-carbon multiple

bonds(patimo-Buchi reaction, Barton reaction. Singlet oxygen-photo oxidation and

reactions with C=C comPounds.

Ru(bpy):assensitizerforphotoredoxreactions,ex.Photochernicalcleavageofwater.

U NIT-2: Electrochemistry

DC Polagraphy: Dropping Mercury Electrode. lnstrumentation of Polarogram. Half'-\\'are

potential. iy'p"i ol curienis: Residual current, diffusion current, Migration current. Kinetics

iurrent. lloulc equation and its consequences. Applications of Polagraphy. Determination ol
stability constant of comPlex.
Cyclic' Voltammetry: Principle, lnstrumentation, reversible and irreversible clclic

Voltammograms.
Applications: Cyclic Voltammetric study of Insectivide - Parathion

Bri"faccount oi pulse polagraphy, Differential Pulse Polagraphy and AC Polagraphy.

Electro-organic Synthesis: Ellcirochemical reduction o fNitro compounds and carboxylic acids'

Anodic Sxidation of Metals, Instrumentation, Characteristics and Industrial applications of

anodic oxide films.
Electrode Double layer, The Helmholtz-Perrin parallel model, The Gouy-chapman d9use model

PM'\l7 W#"*.fi:"oKh -b



Corrosion: Chcmical corrosion: DiU'crent mctal oxide
mechanism. Galvanic corrosion, Waterline corrosion.

UNIT-3: Het(rogenous Catalvsis:

layers. Elcctrochcmical corrosion and its

Definition of catalytic aclivity, selectivity, TOF and active site concentration, volcano plots.
Concepts in heterogeneous catalysis.
Broad categories ofcatalysts - metals, bimetals, semiconductors, insulators, zeolites, oxides, nano
materials.
Preparation of metal catalysts, supported metal catalysts and non-metallic catalysts, Co-
precipitation, Impregnation, sol-gel method, deposition-precipitation, hydrothermal synthesis.
Steps in heterogenous catalyzed reactions. Diffusion and adsorption. Mechanism of surf'ace-
catalyzed reactions. Adsorption isothenns-Langmiur-Hinshelwood model, Rideal-Eley
mechanism. Kinetics and thermodynamics of catalyzed reactions. Catalytic activity-the
determrning t-actors. Structure sensitive and structure insensitive catalysts.
lnstrumental methods of catalyst characterization: Adsorption techniques-BET isotherm-surfacc
area measurements, pore size distribution and pore volunre by BJH method: Difliaction (XRD,
LEED) and thermal methods (TPR, TPD): spectroscopic (lR, XPS, AFM, AES) and microscopic
techn iqucs (SF\4.I EM)
Model catalysts: Amutonia synthcsis, Fischer-'l'ropsch synthesis of methanol; Ciracking ancl
refbrming: Auto exhaust entissions-catalytic converters.

Phase-transfer catalysis (PTC): Principles of phase transfer catalysis. PTC classification. Factors
influencing the rate of PTC reactions. PTC reactions: nucleophilic substitution reaction by
quaternary ammonium salts, Crown ethers as phase transfer catalysts (PTC) in the reaction of
alkyl halides with super oxide. Permanganate oxidation of alkenes and phenols in presence ol'
PTC's viz., quaternary ammonium salts and crown ethers.

UNIT4: Computational Chemistry
Introduction, scope of computational chemistry, Various types of computational methods.
Molecular mechanics methods: Introduction to molecular mechanics, comparison ofpopular force
fields; performance of molecular mechanics; Introduction to molecular dynamics.
Quantum mechanical methods: Postulates of quantum mechanics.
Approximate methods: The variation method-Trial variation tlnction and variation inregral.
Construclion ot trial t'unction by thc mclhod 0t linear cornbinations. Variation paramcters. Sccular
equations and secLrlar determinant.
Types ofSemi crnpirical methods and ab-initio mcthods.
The Hartree-Fock method: The Harttiee-Fock equation (no derivation) The Fock operator. Core
Hamiltonian. Coulornb operator and exchange operator, Slator-type orbitals (STOs) as basic
functions. Orbital energies and total energy. Helium atom example. Electron correlation energy.
The Hartree-Fock method for molecules: Restricted and unrestricted HF calculations. Thc
Roothan equation. The Fock matrix. The Roothan matrix elements (no derivation required).
OTOs and different types of basis sets, Minimal basis set, Model HF calculations on Hz.
Discussion of results of HF calculations on simple molecules - HuO and NH:. lntroduction to
configuration interaction.
Density functional theory (DFT), Hohenberg-Kohn theorem. Kohn-Sham (KS) formulation of
DFT. KS equations and KS orbitals. Brief explanation of exchange-correlation eqergy and
exchange correlation potential.
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DEPARTMETN OF CHEMISTRY

SYLLABUS FOR Ph.D.
COURSE WORK.- PAPER_ II

GENERAL CHEMISTRY
SPECIALIZATION

( E t-!-ECTr VE FROM ACADEM tC y EAR 2023 _2021 ON WARDS)

unit-l: sl!r]rt.j.t Rro[]rol.E(tl.Es&R[-A(1tO\ttE(]H,rNrsrfrs()FTI{ANstrroNXtETAL
CO$IPI,E\ES

-Ligand Substitution reactions in Squa.re-Planar complexes: Mechanism of Substitution in Square-
Planar complexes- Trans-effect, crienberg's polarization theory and z - bonding theory -Applications ofTrans-effect in synthesis of pt (ll) complexes.

l5 hrs

i) symmetry of Molecures: concept of Symmetry in Morecures-- Symmetry operations &
symmetry,Elements: Rotational Axis of Symmetry and rypes of Rotational Rxes, plane ol
Symmetry and types of Planes, lmproper Rotationar Axis oi Symmetry, rnversion c.nt., und
Identity Element - More about Symmetry Elements Molecular point'croups: Definition and
Notation of Point Groups, Classification of Molecules in to C I , Cs , Ci, Cn, Cnv, Cnh, Cv, Dn,
Dnh, Dnd, Sn (n: even), , Td, , Oh and Ih Groups. properties ofa group_5u 6'g16up.

ii) Reaction mcchanisms of transition metal complexes:
Lig44{ sLl!]stitLrtitlq leqc1lq45: Energv profile oi' a reaction- 'lransition state ol- Actilateci
complex. l.r pes ol'substitLrtion reacrions ( St_.SN" SN l. SN2).

Ligand substitution leactions in octaheilral complexes. Acid hydrolysis reactions. Factors

:ffeclillg Acid Hydrolysis, Base Hydrolysis. Conjugate Base Mechanism, Euiden.es in f'avoLrr of'
SN ICB Mechanism. Substitution reactions without Breaking Metal-Ligand bond.

Mechanism
Mechanism,

Unit- II: STRATECIEs

i) Oxidations: Su,ern.
ii) Reductions: Birch
tin hydride.

of One-electron Transfer Reactions: Atom (or grorpy Tru*f", or lnner
Direct electlon Transfer or Outer Sphere Mechanlsm.

IN ORGANIC SYNTH ESIS

Prevost and Woodward oxidations.
reduction. RedLrction rvith LiAlH4. NaBHrl

c'ftl,.

l5 hm

BH3. AlH3. and tri

wffirN. {*el1'\.B 4X-
AVoi411y .-t€
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Organo- metallic reagents: Use ofOrgano lithium, Silicon and boron reagents in Organic
synthesis.
iii) Modern orlanic Synthetic Reactions: Aza-cope and Aza-witrig reacrionh, Baylis-Hillman
reaction, BINAL and BINAP assisred reactions, Buchwald-Hanrvig coupling.'click reacrion,
Grubb's catalyst and RCM olefin metathesis, Heck reaction, Julia- Lytirgoe olctinati<.rn,
Mr.*ayama aidol reaction, Mitsunobu reaction, McMurray reaction, peterson'i stereoselective
olefi nat ion. Suziki coupling.

Unit - III: CHEIVIICAL KINETICS & PHoTo CHEI\IISTRY

UNit.IV: PRINCIPLES OF SPECTROSCOPY

l5 hrs

Chemical Kinetics: structure-Reactivity relationships- Linear fiee energy relationships.
Hammett equation - The substituent constant (o) and exalted sigma values. The Reaction
constant (p) and the importance of rho value in arriving at the nrechanism of reactions.
Deviations from Hammett correlations. Taft equation and raft fbur parameter equation. The
swain - scott equation- correlatio,s for nucleophilic reactions. Thi Edward equation. The
reactivity-selectivity principte and the isoselectivity rule. The intrinsic barrier and Hammond,s
posh. ate.

Photo chemistry: Formation of excimers and exciplexes -euantum yieids. Electronrcally
excited states- singlet and triplet states. Uni molecular decay of the excited state- internal
conversion' inter system crossing, fluorescence and phosphorescence. principles ol energy
transftr- photoscnsitization. Flash photolysis and it's applications. organic photochcmist[,.
Properties o1'(n.zi,l) and (nl ir*t)Etatcs. photochemistry of alkencs: (-is-trani isomirization. di_lln - methlrre rearrangement. Photochcmistry ot' carbonyl compounds: i) Norrish type-l
reactions. Photoreduction and photooxidation. ii) Norrish type-ll reactions. Aclclitron ofcarbonyl
to carbon. carbon multiple bonds (Patemo-Buchi) reaction. Barton reaction. Singlet oxygen -photo oxidation and reactions with C=C compounds. Ru(bpy):'2 as sensitizer toi ptroto ieao*
reactions. Photochemical cleavage of water.

l5 hrs

i) IR Spectroscopy: Introduction, Principles, characteristic vibrational fiequencies or'
functional groups, Fermi resonance, Effect of hydrogen bonding on vibrational freqr.rincres.
ii) Electronic spectroscopy: Introduction, principles and Wood -Ward Fisher mles.
iii) NMR Spectroscopy (IH NMR): Introduction, principres, factors effccting the chcmicar
shifts, spin-spin coupling, first order spectra.
iv) Mass spectrometry: Introduction, pri,cipres, use of isotopic peaks, saricnt l'cature of
fragmentation of organic compounds, McLafftny rearrangemcnts, retro Dicls-Alder
fragmentation and ortho efl'ects. Sinrple problems on stiucture deterrnination based on the above
spectral methods.
Atomic. Absorption spectroscopy (AAS): principres of AAS- flan:e AAS and furnace AAS,
sensitivity and detection limits in AAS, intert'erences chemical and spectral, evaluation
methods in AAS and applications in qualitative and quantitative analysis.
Atomic.Dmission spectroscopy (AES): principles of AES, lnstrumentarion, evaluatigJLmethods
and application in quantitative analysis. \ \ .
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37. NMR-A multinuclear introduction by William Kemp

38. Organic Spectroscopy by William Kemp 
I

39. Spectroscopic methods in Organic chemistry by DH Williams and I Flemirig. .

Modern NMR techniques for chemistry research by Andrew B Derome

40. NMR in chemistry - A multinuclear introduction by William Kemp

41. Spectroscopic identification oforganic compounds by P S Kalsi
42. Introduction to organic spectroscopy by Pavia
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MODEL PAPER
FACULTY OF SCIENCE

Pre. Ph.D ExarDination

Subiect: RESEARCH METHODOLOGY
PAPER. I

(Common to All Branchcs)

Five questions
PART -A (5 x 8 = 40 Marks)

(Short Answer TYPe)

PART -B (4 x 15 : 60 Marks)
(Essay Answer TYPe)

Or

Code No,:

Max. Marks : 100

l.
?..

3.

4.
5.

6.

7.
8.

Time : 3 Hours
I. Answer anY

10.a.

b.

I l.a.
b.

9.a.

b.

c.

d.

Or

Or

Or

c.

d.

c,

d.

12.a.

b.

I
d
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MAHATMA GANDHI UNIVERSITY, NALGONDA

MODEL PAPER
FACULTY OF SCIENCE

Pre. Ph.D Examination
Subject: CHEMISTRY

PAPER- II
(SPECIALIZATION)

Code No.:

Time : 3 Hours

I. Answer any Five questions

l.
2.

3.
4.
5.

6.

7.

8.

ll.Answer all questions

9.a.

b.

Max. Marks : 100

PART -A (5 x 8 - 40 Marks)
(Short Answer Type)

PART -B (4 x 15 : 60 Marks)
(Essay Answer Type)

Or'

c.

d.

10.a.

b.
Or

c.

d.

11.a.

b.

c.

d.

tz.a.
b.

Or

Or
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