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SEMESTER-II
Paper Title of Paper Maximum Marks Cantact Credits | Time Allowed
Code Pass Percentage 35% Hours {Hours)
Total | Externa | loteérn T ® Examination
| al
Core Subject
MCHE Analytical 100 70 0 4|00 4 3br
23T (Chemastry
Elective Subjects:
Inorganic Specialization
MCHE Ligand Field 100 70 4 D| o 4 Jhr
2302T Theory
MCHE Reaction 100 70 4 | o) o0 4 Ahr
23037 Mechanism of
Transition Metal
Complexgs
MCHE | Inorganic 100 70 30 4|00 4 Ihr
23MT | Spectroscopy-|
MCHE Inorganic 100 70 30 0| 0] 6 3 thr
23059 Chermistry
Practical-]
MCHE Inorganic 100 70 i0 0| 0] & k] Gihr
2306P Chemistry
Practical-11
Elective Subjects: Organie
Speclalization
MCHE Photochemistry 100 70 30 4 |00 4 3hr
23077 and Perieyelic
Reactions
MCHE Chemistry of 100 70 i 4 |0o| oD 4 e
28T | Mulural Products
MCHE Heterocyclic 100 70 0 4|0 4 3hr
23097 Chemistry
MCHE | Crganic Chemistry | 100 70 30 g 0] 6 3 fihr
kY [/ Practical-1
MCHE | Organic Chemistry | 100 70 0 0| 0| 6 3 6hr
21p Practical- 1l
Elective Subjects: Physical
Specialization
MCHE | Fundamentals of 100 0 30 4| 0] 0 4 Yhr
NI Spectroscopy 4
MCHE Statistical 100 gl ki 4 | 0|0 d Ihr
2313T s
MCHE | Fundamental and 100 70 30 4 | 0| D 4 I |
14T Armiospharic
Photochemistry
MCHE | Instrumiental 100 70 30 o] af s 3 Ghr
2315P Physical
Chemistry
Poetical - 1
MCHE Physical 100 70 30 L I i bhr
36P Chemistry
Pricticals - |
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ER-1
Paper Code Title of Paper Maximum Marks Contae | Credits | Time Allowed
Pass Percentage: 35% t (Hours) for
Hours Examination
Toinl | External Internal | | T| P
Core Subject
MCHE Environmental 160 70 30 10 ol 4 3hr
2401T Chemisiry
Elective Subjects: Inarganic
Spedialization
MCHE Chemsiry of 100 | an 400 4 3hr
2403T Orpanometallic
Compounds
MCHE Advanced Topics in 100 70 i 4010 Jhr
24037 Inorganic Chemistry
MCHE |norganic Spectroscopy 0o 70 i 400 4 3hr
24047 -1l
MCHE Inorganic Chemistry 100 70 30 nole 3 &hr
2405p Practical -1
MCHE Inorganic Cheinistry 100 70 30 go|6 3 Ghr
2406P Practicals |V
Elective Subjects: Drganic
Specialization
MCHE Applications of Organic {1 T0 an 4010 4 Iy
2407T Malecular Spectrasicopy
MCHE Organic Synthesis 100 0 30 40]0 4 3
2408T
MUHE Modern Synthetic 100 i 30 4 a4 4 Shr
24087 Reactions and
Rewrmangoments
MCHE Crganic Chemistry | (o n n no|s 3 fihr
2410P Practical -1l
MCHE Organic Chemistry 100 0 0 oo|6 i thr
411p Practical -I'V
Elective Subjects: Physical
Specinlization
MCHE X-Ray Diffraction und 100 n 30 d 0o 4 ihr
2412T other Technigues
MCHE Biophysical Chemistry 100 70 an 400 4 dhr
24137 wrd Advaneed
Spoctroscopy
MCHE Polymers and Surface 100 Fil an 0|0 4 3l
24147 Chemistry S
MCHE Instrumental Physicul 100 30 0|6 k) fibir
2415p Chemigtry Practical - 1l
MCHE Physical Chemistry 100 30 ofa k! Gl
2416F Practical-11
Divislon of marks for internal Assessment:
Perfonmance in minoe Tegt/Mid Sem Test: 40%,
Asstgnment/Project/Seminir L1
Attendance 20
> s Ny T Ly
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ANALYTICAL CHEMISTRY
PAPER CODE - MCHE 23017

Max Marks: 100 Credits: 4
End Semester Exam: T

Internal Assessments: 30

Puss Marks: 35%

Course Objectives

The objective of this course 1o acquire the fundamental concepts, principles, and techniques
of modern analytical chemistry in order lo equip them with an amabytical mindset and the
ability 10 solve o variety of snalytical problems in an efficient and quantitative manner that
emphnsizes the importance of &courscy ond precision in apalytical results. The present
syllabus has been framed as per the lstest UGC NET syllabus

Course ouicomes

Students will develop an understanding of the chemist's broad role in measurement and
problem-solving for analytical rasks. The cowse will provide the concepts of varous
unalytical lechniques

Medium of instruction: English

INSTRUCTIONS FOR THE PAPER SETTER
The question puper will consist of three Sections: A, B, and C. Section A will have four
questions camying |2 marks each; Section B will also have four questions carrying 12 marks
each, Section C will consist of |1 short answer type questions that will cover the entire
syllabus and will be of 02 murks esch. Questions should be evenly sprend over the entire
range of the syllabus. In no case, question should be asked {rom oulside the syllabus. Set the
question paper simctly according fo the instructions above

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
I. Answer five queshions m all, selecting al least two questions from ench section. The question

n section C i compulsory.
2. Questions in sechions A and B carry 12 marks each. The questions in sechion © cimry 2 marks
each,

Tiime Allowed: 3 Howrs
Max., Marks: 70

Marks: 15%

Section - A
|. Sampling in analysis: Theory of sampling, importance of selecting a representative
sample, Criterion of a good sampling plan, Stmtificd sampling Vs. random sampling.
Minimization of variation in stratified sampling, sompling plan for solids, liquids and
pases.
2. Relinbility of analytical data: Errors in chemical analysis, Classification of errois
Minimization of emors, sceuracy and precision and detection limits. Iinproving sccuract
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of analysis, comelation, Regression and calibrution curves, lincar regression. Analysis of
vorisnce and its application in analytical chemistry,

3. Polarography: Principle, residual, Migranion, diffusion currents, polarographic maximas
and method of suppression, advantages and disadvantages of D.M.E. Reversible &
imeversible  processes, fundamenial cquation of polar graphic wave. Derivation of
likovie equation, assumption & devintions, Quantiative lechnique & evaluation of
quantitative resulis, Amperometric Dtrations & Blampometric tirmtions.

4. Basic Prnciples of related technique of Polarography, Altermating current, Square Wave,
pulge [(nommal and Differentinl) Tensometry, radio frequency and compuler controlled
polarograph and its application.

5. Chronopotentiometry  theory, circuit ond applications &  comparison  with
palarography.

Section - B

|.  Thermogravimetric analysis: Introduction, Principle and Instrumentation, Factors
affecting thermogmvimetric results, applications of Thermogravimetry,

2. Differential Thermal mnalysis and differential scanning calorimetry on line analysis and
their mierpretation.

3,  Thermomeiric Gtrations: Inroduciion,  theory, and applications in neid-hase
precipitation and complexometric titrations.

4. Spectrophotometry amd Colorimetry
Theary of spectrophotometry and colorimetry, Beers law, Deviation from Becr's law,
nbsorptivity, Photometric sccuracy. Spectrophotomelric titrations, tiration curves, and
spplications to quantitutive anslysis

5. Solvent exivaction: Distribution constant and distribution ratio and their imponance in
salven! extraclion, synergistic extraction, extraction by selvafion, lon poir formetion.
Methods of extraction and their applications in analytical chemistry,

REFERENCE BOOKS

Chemical unalysis by Lattinen Humis

Modem Polarographic methods in Analytical Chemistry A. M. Bend.

Instrumental methods of analysts Willard, Merrit and Dean,

Vogel's Quantitative Inorganic analysis,

Vogel's Quantitative Chemical analbysis.

Basic concepts of znalytical Chemistry BY 5. M. Khopkar.

Principles of Instrumental Analysis: Douglus A. Skoog, F. James Holler and Stanley R
Analytical Chemistry - Gary D. Christian, Pumendu K. Dasgupta and Kevin A, Schug,
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LIGAND FIELD THEORY
PAFER CODE - MCHE 2301T

Max Marks: 100 O it
End Semesier Exam: 70

Internal Assessments: 30
Pass Muvks: 35%

Course Objectives

To uonderstand the basic concepls of coordination chemistry and the hmilations of erysial feld
theory and explain the bonding between metal fons and ligands using ligand fickd theory and
molecular orbital concepts. To study the splitting of d-orbitals in different geometries such as
octahedral, tetrahedml, snd square planar complexes and inferpret magnetic properties of
coordination compounds using high-spin #nd low-spin configurations

Course learning outcomes:

Help in solving pumerical and conceptual problems related 1o ligand field splitiing, moments,
and clecuonic imnsitions. Apply ligand field th eory concepts in bioinorpanic chemistry,
catalysis, and industrisl applications. Explain the origin of color and electronic specos of
coordinaiion compounds.

Medium of instruction: Englizh

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and C. Section A will have four
guestians camying |2 marks esch, and Section B will also have four gquestions carrying 12
marks each. Section C will consist of || shor-answer type questions covering the entire
syllabus, éach worth 02 marks., Questions should be evealy iprend serogd the entire gyllabus,
In mo case, question should be asked from outside the syllabus. Set the question paper strictly
sccording fo the instructions above

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
1. Answer five guestions in all, selecting a1 least two questions from each section. The
question in section C is compulsary,
2. Questions in sections A and B carry 12 marks each. The questions in scction C carry
2 marks each.

Time Allowed: 3 Hours
Max. Marks: 70

Marks: 35%6

Secilon = A
l.  Iniroduction

(8) Concept of Ligand Ficld w
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(B} Scope of Ligand Field
(e} The d and other orbitals,
(d) Qualitative Demonstration of Ligand Ficld Effect.
(e)  The Physical Propenies Affecied by Ligand Ficld.
(R Tonie Model of Coonlination Compounds,
fg) Crystab Fields and Ligand Fields,
2 Cuanlitative Basts of the Crvstal Fields,
ta) Crystal Field Theory,
{b)  The Octahedral Crystal Field Potential, Yocn
(€} The Effect of Ve on d Wave Functions,
{(d) Ewvaluation of 10 Dy,
(2} The Temrahedral Paotential,
3. Atomic Speciroscopy
(@) The Free lon
(b} Free Ton Termis
(¢) Term Wave Funclions
(d}  Spin-Orbit Coupling

4. Free lons in Weak Crystal Figlds
fa) The Effect of a Cuble Crysial Field on S and P terms.
(b} The effect of & Cubic Crysial Field on D terms.
(e) The effect of @ Cubic Crystal Figld on F terms.
{d} The effect of a Cubic Crystal Field on G, H and | lerm

5. Thermodynamic Aspects of Crysial Fields
(@) Crystsl Field Swmbilization Energy.
() Lattice ensrgy and C.ES.E,

Section = B

1. Free ions in imediun and strong Crysted felds
{8} Strong feld configumation,
(b} Transition from weak to strong erystal Tields
{c) Term energy level diagrams.
(e} Tunsbe-Supano diagrams.

2. Maolecular orbital theory for complex lons.
{(a) Elementary Molecular Orbital Theory.
(b} Bonding in oclahedral complexes,
(e) Bonding in tetrahedril complexes,
3. Electronic Specira of complex joms.
(a)  Selecoon rules and band widihs.
(b} Spectra of aqueous solutions of [M {H:G‘]f,]""'_
{c) Spectra of spin-froe ML";'_
(d} Spectry of spin-patred ML“;'.
(e} Spectra of distorted ocwhedral complexes,

(I} Specira of teirahedml complexes WU%P’

{g) Thu specirochermical and nepheluunelic senes.




{h} Chorge wansler specim
4. Speciral and Magnetic propenties of Complexes of Mon-Cubic Stercochemistry
{1} Geneml
{b} Squorc Planar Complexes.
{c) Sguure Pymmidal Complexes.
{d) Dodecahedml Complexes

TEXT BOOKS

B. M. Figais: Tieodoction t Ligand Fields,

F. A, Coton: Chemical Applications of Group Theary,

JulTe apd Oechin: Symimeuy in Chemnistry.

Philips; Bosic Quantum Chemistry,

Ao R T Lever; Inorganic Electronie. Spectnscopy

Gary L. Miessies, Poul ). Fischer, & Donald A Tare: Inorganic Chemistry

. F. A, Cotton, Geoffrey Wilkinson, Carlos Ao Murillo, and Manfred Bochmann: Advanced
Inorgaric Chenuisiry,

. ). E. Huhecy, E. A. Keiter, and R L. Kciter: Inorganic Chemusiry: Principles of Structure
and Renciivily.
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REACTION MECHANISM OF TRANSITION METAL COMPLEXES
PAPER CODE - MCHE 1303T

Max Marks: 100 Credits:0d
End Semaester Exam: 70

Tnternal Assessmcents: 30
Pass Marks: 35%

Course ohjectives

The course on Reaction Mechanism of Transition Melal Complexes aims to develop an
understandmg of the fAmdamontal principles goveming the reactivity and mechanisms  of
coordingtion compounds. 1 focuses on sobstitation, clectron transfer, and redox reactions of
trensition metal complexes, mchuding sssocintive, dissociative, and inlerchange mechanisms

Course Learning Outcomes

Explain the basic concepts and theories refnted lo feaction mechanisms of fransition metat
complexes. Differeniiale between  substitotion, redox, -and clectron  transfer reactions in
coordination compounds. Tnterpret kinetic data emd apply rate laws 1o imorganic reaction
mechianisms.

Medium of instruction: English

INSTRUCTIONS FOR THE PAFER SETTER
The gquestion paper will consist of three Sections: A, B and C. Scction A will have four
questions carrying 12 marks cach, Section B will have also lour questions carrying 12 marks
eech. Section C will consist of |1 short answer type guestions that will cover the enlire
syllabus and will be of 02 marks each. CQuestions should be evenly spread over the cntire
range of syllabus. Im no case, goestion should be asked from outside the syllabus. The
quesiion paper should be set sinotly ocoording to the instuctions mentioned abowve.

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER

1. -Amswer Nive questions mooll, selecting at least two questions from each zection. The
question in section C s compulsory,
2. Cuuestionsin sections A end B carry 12 marks each. The guestions in section C camry

2 miarks each.
Time Allowed: 3 Hours
Max. Marlks: 70
Pass Marks: 35%,
Section - A
ia) Ligand replacernent reaction: Lsbile and inert complexes, crysial ficld

slabilization. general ospects; dissociation v displacement, classification  of
mechanism, water exchange: rates, formation of complexes from oguesus jons.
eguation wnd base |'r",.r|irulr'5i5, utinck on |igﬁnr|.-

k) Renciivn of Sguare complexes, mechanism of ligand displacement reactions, the
mmns effe), cis-effect,
e} Muetal Carbonyl reactions; Reaction: of ocubhedral reactions of  binuclear

carbonyl. associative renctions, species with 17 clechons
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Secifiche - 8
di T slHHE HHE I ey pslefiene Deveail cooumedby ihe
poid Home Bdtilldntr & el sisth R eemipleeds, Lewice sty aof couplbxde, oufditbie
afEdit. afdinn of wpecd dhiefeofics Gdeoed w0 TR adfidivionk, Ordanle Rofcke.

wildiiis O e O el el eaukTag. muertey releBob. hevsion of

aiboh el Heersote of e sl OO wtaeaked esmpound, efeavage of C-F
Faneds: ATeooe dsthvoiion. ehclambdiaticy reeetishs.
) St CoperagR 6 Wits oo
i i) (7] Ylonr vt sticihad (7)) Jeb's wethed of cansinomus vanintion (i) Sclubifiny
athod43) Mdle- Tnio snedhod
() T5encrd] hethads: Va) Biemtrs potewiamemie method (B Leden’s method (e}
16h Ewechampe method. (D) Polstowraphic methods: Lingone's method, Defond &
Thariss riefhod.
(251 Froiors Gittmp The didbibly ocohslmii
[ SimRAECAD S
[} CElpciatic 2
(7)) i o
Coprge Ingreig Coteomes! Explain the basic conecpts and lheories refmied o
redilion  miecheniems  of  hWenstion  meral  compledcs.  Differzntiste betweon
siluiTion, qodox, and electon Wenafer reaclions M cootdinofion compannz
Frempmd kinuic <kfa and apply rate Jaws o muiganic reaction mechanisms

FECOMMENDEDR BOOKS

Conon amtd Willcmaon: Advanced Inorganic Chemistry, John Wiley 5% Edition,
Filwards: Inorsanic Reactiost Mechanism, An [ntreduction W. A. Bermamin, [nc, U843
Shnvae. Asans mmd Loogford: Inorganic Chemisimy, Cuelord. University Press, 1990
Jonan gl Jomes: Blomontary Comrdinstion Chem sy,

Folurography of Maal Complexes by DR, Crow

T PBasglo mdF G. Poarson: Mechoaims af fuorpanic feacions: 4 Sy of el
LComproocts an Selumon,

1 E #hmeey, B A Eener, and B, L Keiters dowrganic Chemistrv: Principles of
Srrueciurr opd Rearshaly.

¥ Hath F Forocl and Johe C. Kow fagsrganic (oo,
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TROROANTE 8P CTROSCOPY.F
FPATER ¢ ODE - MUWE IREY

W5 Al a4 € ruditi g
End Surmedir Exb T

iHmEr Rl Aecorcemivite: 3

e e 3%

s abferhes

M Forvees o thy prbciiice.  Motretohaifien, skl apeficattolts of earlait speeiteacopic
tiesthiids aoch e TTW-%slble, Trmsied (FRY. Rahmes s cllefmopic sootroscopy. TRE coure
wan 1o flivlop on dinderdiebdite of Hew eledirondimnetie  rdieivon ptenicE wif mater and
How Fhis MWiererssn  AdidrtitHes  feleeels smddhire, bamding. symimetry, and efzeinonic
tromeifona b Ahoroie shaleie. Stdetis #leo foaiy fo inferpret speetmal datn for menifymg
finctiond groute, coordinston modes, i gootmetical featares of metwd complexes.

Tourse Learmint ‘Ourlovthes

After anporsshil oomplétion of tooteamc Spectroscopy- T, stodents will onderstond  the
Tundamerrd] siinciples end fsoromemistion of mporiant spootroscopic techmanes osed m
momatic chemisry, They =70 be able w mierprer UV-Visible, TR, Remmon, and elecroniz
Hnects o EhemctenEe norgamo cempowmids end eoordmation complexas. Smdents: el
develop the ability w gnelyze molocolar  suueture, bending,  symmelry, sl elecimonie
frenmTliorH teing Spire data;

Medinom of mstrocton; Enohsh

INSTRUCTIONS FOR THE PAFPER SETTER
T guestion paper will congsl of throo Sccions: A, B ond C, Seclion A will have loor
guostions camymg 13 moks cach, and Secton B will glso have lour guestions carrymg |2
mare zach, Scetion € will consigt of 11 shor-answer type questions covermg the entire
ayllaboe, worlth 02 make cach. Questiong should be evenly spread over the entire mnge af the
syllabus, 4n me case shoold @ question be asked from outside the syllabus. Set the question
pmper sinctly ascording o the nstructions above.

IMEIRUCTIONS TO BE CIVEN IN THE QUESTION PAPER
1. Anewer Tive quostions in 8, sclectng at lcast owo questiions from each seetiom. The goesnaon
e gdetnn O s campulsoby,
2 Oumghons =@ sootions A aod B carry 12 marks coch. The questions i section C carry I marks
vach
Tlme Allowed: 3 Hours
Biax. Mar: T
Pass Marks: 35%

Section - A

3. Gonerdl Intraducon 1o speclroscopy
Wolure af radimuon onorgics comcsponduie 1o varous kinds of radwtion, awme ond
mofocrulm  veositoes. selection rules & chomical processes alTectimg (he ooyl line
widih of n spootml fine, gooosl apdicotions; dolorminsiions of conconteotion, Bobositic
pontte, Frgomoming. Job's apeted of ls-nok solulons.

% Monhena Speotroscopy
dprwtuenon. smeduaoton of  lswm Shifl,  Quakupolo Inlgroctiens.  Mlogoeie

mfe diTong, apylicetians c\ﬂ‘j(l"
forear Qaondrpprde Hesoneace Speclieaapy M /
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lntroduction, energies of quadrupole ransitlons, effedt of magnetic feld on the specira,
refationship  belween  electric  field gmdient and molecular stmiciure, applications.
interpretations of structural informatien from NOR spectra.
4, Elctronic Absorption Spectroscopy

Vibrational and electronic energy levels in o distomic maolecule, relationship of Potential
onergy curves 1o clectronic spectra. Nomenelature, Assignment of tansitions, Spin-arhin
coupling, eriterin o 1id in Bond assigrment, Intensity of Electronic Transilion 1)
Oscillmtor Stengths, Trmsition moment Integral Dervation of some selechion mles,
spectrum of formaldehyde, Spin-Chbit & vibronie coupling contribution 1© Intensity,
mixing of d & p orbilals in cerlain symmetries, higher siale mixing, Intensity of
electromic  {ransitions, chorge ransler transitions. polarized absorption  spectea.
Applications, fmgerprinting, molecolar addition compounds in lodine, effect of solvem
polarty on charge lransfor specim,

Section - B

5. Spectra of Transition Metal Complexis
Spectra of transition metal complexes: Selection rules and intensities of transition, nature
of electronic transitions: i complexes, use of Orgel dingrams.,

6. Vibration & Rotation Speciroscopy
Intreduction; harmonic and anharmonic vibrations; absorplion of madistion by molecular
vibrations; selection rules; force constant; vibrations in polystomic molecules; effects
giving rise to absorplion bapds; group vibralions; limittions of the group-vibralion
concepl,
Raman Spectroscopy: Infroduction, selection rules, polarized and depolarized Raman
lines, significance of nomenclature used lo deseribe number of IR active and Raman
active lines. Symmelry requirerents for coupling, combination bands and Ferm
Resopance. Microwave Spectroscopy, measurement of bond angles and bond distances,

7. Application of Electronic Absorption and TR Spectroscopy
Calculations of Dg and {§ for ccuahedrnl MNi (1) comploxes, structural - evidence  fram
clecironic spectra. Miscellancous applications of the pringiples relaed 1o electronic
lransiticns.
Applications of Infrared and Raman  Spectroscopy: Procedure  fingerpriming,
apphcations of Raman and Infiared selection rules to the determination of Inorganic
structures; hydrogen bonding  sysizins, change in spectra of donor malecules upon
coordingtion, change in the specira accompanying change in  Symmetry  upon
coordination

RECOMMENDED BOOKS

. R, 5 Drago: Physicul Methods for (Chemists (2nd Edn,)

2. R. Chang: Basic Principles of Spectroscopy.

3. CW.R: Rawg Chemical Application of Spectroscopy in Inorganic Chenr

4, Gary L. Miessler and Dronald A Tarr: Inorganic Chemistry

5. F, Alben Coton: Chemical Applicaiions of Group Theory

6. Douglas A. Skoog, F. James Holler, und Swnley B Crouch: Principlex of Inytrumeio!

Anefvsds,

7. John R, Furaee, Kezoo MNaksmoto, ond Ches W, Brown:  Intesdueisen Reden
Spechuresp).

B, Kopso Mokamoto: nfrored ond Kaman o Specira of Ingreanie aed  Conrdinorion
Cenripeanls,
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Inorganic Chemistry Practical-l
PAPER CODE - MCHE 2305 '

Max Marks: 100 Credits:03
End Semester Exam: 70

Internal Asscssments: 30

Pass Marks: 35%

Course pbjectlves

To provide smdents with sdvanced knowledge of the stucture, bonding, resctivity, and
properiies of inorganic compounds and coordination complexes. The course aims 1o build 3
strong  practical foundation in coovdinalion chemisiry, drganomelallic chemistry, inorganic
spectroscopy, reaction mochanisms. and bioinorganic chemistry, while enhancing analytical
and laboratory skills through practical traming,

Course Learning Outeomes

The programn develops practical loboralory compelence, research methodology. sciennfic
communication, and erifical-thinking skills reguired to solve chemical problems. Studenis
also gan the ability 1o apply inorgonic chomisity concepts in rescarch, indusiry,
environmenial slodies, and interdisciplmary scientific fields, lhereby prepanng them for
higher education, competitive cxaminutions, teaching, and professional carcers in themistry

Preparntion and Estimation

1. Preparation of [Co(NH3)5]Cl3

Estunation of cobalt and chlonde,

Preparation of [CofMH3)s NO2JCly and [Co(NH1)s (ONOYCly
Preparation of [Ph (CH3C00 4],

Estimation of Pb and acetate.

Preparition of Dipyridinfumbexschloroplumbnte,

Eslimation of Ph,
Preparation of [I{py)aNOs]

Lol - e B LR R

Estimation of lodine.
. Preperation of disquotetrascelstocopper(11).
11, Estimation of copper,
12, Preparation of Vamadyl acetylaceionate,
1% Preparation of [NiflNHa)]JCL:
14, Estimation of Ni.
BOOKS RECOMMENDED:
1. W. L Jolly; Synthesis und Cherpctenization of Inorganic Compounds
2 Gurdeep Rap Advanced Practical Inovganic Chemistey
30 Vaogel's Textbook of Quantitative Chemica]l Analvsis
4. G. Pass and H. Sulcliffe: Practical Inorganic Chemixty: Preparations, Reactions and
Fnsteumentad Methad,
Marr and B, W. Rockett: Prgctical fmergaiic Chemisiry,
A, | Vogel: A Texthook of Macro and Semimicro Qualitative Inorganic Amalvsis.
5. M, Rhopkar: Basic Coovepis of dnalviizal Chemizny, '
F. A Cotton, O, Wilkinson, C A, Murillo, and M. Bochmamn: Advanced feovganic

Chemiztry,
wﬁ(\/
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INORGANIC PRACTICALS-H
PAPER CODE - MCHEZ306P

Max Marks: 100 Credits 03
End Semester Exam: 70

Internal Assessments; 30

Pass Marks: 15%

Course Objective

The program alse promotes soentific thinkng, rescarch aptitude, problem-solving ability, and
awarencss of modem devclopments in morganic chemistry so students can pursue carcers in
teachmg, resesrch, industry. and higher studies.

Course Learning Outcomes

Afier completion of the course, students learn spectrophotometric and conduclometne
deterrmnations of various metal fon complexes. Students slso learn various separations of
metdl ions by different chromatographic technigues

1. Chromatographic Separations

& To Separate Hg {11}, Pb {11}, Co (II) & Cd (11} ions by paper chromatogmphy and 1o
determine their By valies

b. To scparaie out Ni {11}, Cu (M), & Zn (I} jons by paper chromatogaphy and

determination of their R vihaes

To sepamate out F, Cl. Br & | by paper Chromatography and determination of their Ry

values.
d. To separote out Na () & K (1) by paper chromatogrephy and determination of their Ry

vahes,

L, Spectrophotometric Determinations
{a] Fe{l)with 1. [0-Phenanthroline
{b) Fe (IIT} with Pot. Thicoyanate
N1 wih dimethylglyoxime
() Cu (1) with Sodium diethy] dithiocarbamate
(i) Cr (V1) with I,5-Diphenyl carbwiide

1. Conductometry
(a) Dewermination of nwmber of wons in
(i1 [Cr {urca)g) Ci
(i) [Co(NH3)ICH3, [11g (NI2)C0]
(B}  Tirmtions of mixture of acids.
{¢1 Precipitation trations,

-

Books Recommended:

~ P I. Vopels Tewbook of Quuntivative Chemicnl Analysis by 1 Mendham, B, C.
Denney, J 1), Bames, und M, 1. K. Thomas.




2, Analytical Chemistry by Gary D, Christian, Pumendu K. Dasgupta, and Kevin
A, Schug.

3. Principles of Instrumental Annlysis by Douglas A. Skoog, F. James Holler,
and Stanley R Crouch.

4. Instrumental Methods of Chemical Analysis: Gurdeep R. Chatwal and Sham
K. Anand.

5. Isyumental Methods of Analysis: H. H. Willard, L. L. Merrittdr, J. A, Dean,
and F. A, Setile Jr.

6. Basic Concepts of Amalvtical Chemisire: 8. M. Khoplar.

1. Introduction o Chromotogrophyt V. K. Srivastava and K. K. Snvastava

8. Experimenial Physical Chemistry: Arthur M. Halpem and George C. MeBane




PHOTOCHEMISTRY AND PERICYCLIC REACTIONS
PAPER CODE - MCHE 2307T

Mnx Marks: 100 Credits:04
End Semester Exaniz T

Internnd Assessments: 30

Pass Morks:35%

Course Objectives

It 1= designed 1o provide studems with a comprehensive undersianding of the principles and
mechanisms mvelved m photochemical and pencychc reactions. The course aims 1o develop
knowledge of the inferaction of light with maner, electronic excitation, photophysical and
photochemical processes, and the applications of photochemisiry in organic synthesis and

biological sysiems.

Course Learning Oulcomes

After completing the course, students will be able to explain the behavior of moleculss under
hight mredition. imlerprel  excited-stale reachions, and analyze vanous photophysical and
photochemical phenomena, They will gum  the ability o predict the course amd
stereochemistry of penicyclic resctions using molecular orbiul symmewry and Woodward-
Hoffimunn rules. The course also develops problem-solving skills, mechanistic reasoning, and
the ability to spply these reactions in organsc synthesis, research, and advanced chemical
studies.

Medium of instruction: English

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B ond C. Section A will have four
questions carrying 12 marks each, and Section B will also huve four questions carrying 12
marks each, Section © will consist of 11 short-unswer type questions covering the entire
syllebus, worth 02 murks each. Questions should be evenly spread over the entire range of the
syllabus. In no cuse should & question be asked from outside the syllabus. Set the guestion
paper strictly according to the instructions above.

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
. Answer five guestions moall, selecting ot leadt two questions from each section, The question
in section € i compulsory.
2. Questions in sections A and B carry 12 marks each. The questions in section C carmy 2 marks
each

Time Allowed: 3 Hours
Max. Marks: 70

Marks: 35%

Sectlon - A
1. Photechemical Exciiations & Photophysical Processes

Light ubsorption, elecironic transitionsfexcilations, Singlei and Triplet simes,
*Forbiduen™ trunsitions, Types of excitunons, Molecular orbitl view of excilsbions,

1 ]\M‘k’
o ) AA/W et et

]



Photochemical Processes:The Jablonski diagram, Imtersysiemn crossing, Energy transfer.
L Siudy of Mechanism of Photochemical Reactions
Detection of intermedimes, Low wmpersure photochomistry, Quentume efficiency,
Semwstization and Quenchmg.
3. The Frontler Molecular Orbital Approach:
p. Cyclandditions: Cheletropic reaciions. Dipolar cytloadditions.
b. Sigmatropic reactions: Peripsiciic cyclopropane bridge, Fluxional Molecules-
Degenerate Cope rearmangements
e.  Pericyclic Reactions Involving lonic Transition States
i. Cvolonddition renctions
ii, Electrocyclic reactions
i, Sigmatiopio meactions
iv. Peripatetic cyclopropane hridge
v. Group translers and Group eliminations
4. The Perturbational Molecular Approsch
o,  Aromatic and Antromatic Transition States, Evan's and Dewar's rules.
b, Applications of Evan's and Dewar's rules to Pericvelic Reactions
c. Pericyclic reactions involving jonic tansition sttes  Cycloaddition  reactions.
Electrocyclic  reactions, Sigmatropic  reactions, Peripatetic  ¢yclopropane  bridge,
Cheletropie  resctions, 13 Dipolar wycloadditions, Greop (ansfers and  Growp
climinations.
6. Green Photochemistry and Applications
+ Introduction 1o green photocheniical synthesis
= lntroduction o enviroomental photochemistry
= [Indestrial applications of photochemisiry

Section - B
7 The Fate of Excited Molecules: Photochemical Processes
Photonddition and Substitution Reuctions
n Photoreduction of carbony! compounds-Linear sddition ininated by hydrogen
abstraction reaction
b Synthetic applications of photochemical hydrogen
abstraclion reaclions.
[ Intramoleculer hydrogen absiraction: The type-ll fumily of reactions.
d Addition reactions of ¢velic conjugated snenes.
8 Cveloadditions
i Intermoleculir [2+2] cycloodditons of alkenes and conjugmed dienes,
b Phowosensitised intermolecular eyveloadditions of conjuzsted dienes
C Photossnsitised cyvclodimerisation of | 3-Dienes.
d [2+2] photocyclonddition reactions of carbonyl compownds.
¢. Oxetane formation by photoaddition ol excited carbonyl compounds with "clectron
rich” substrates: alkenes and enol ethers,
[. Oxetane formation by photcaddition of excited carbonyl compounds with “electron
poor” subsirates: cyanocthylones.
g Pholocyclodimensation of sromatic componnds.
b Photocycloaddition reactions of conjugated enones.
i.  Synthetic applications of the [242] photechemival cyclondditons of cnones.
§  lsnmerisations and Resrrangeiments

@ Photochemical els-truns tsomerisation of alkenes. ’\WL @k‘,
“_’_,.-""




L]

Photochemical cis-trans somenisation of conjugated diones.

cistmng womerisation of cycloalkenes

d  Photovalence isomerisation reections of benzenc: Photochemistry of benzene
valence isomers.

[ Photorcarmngements of 2 4-cycloheandicnones.

f Sigmawoplc isomerisations of i, ¥ -unsatursied enones

Photofragmentation Processes

a Homolytic a-cleavage of kawncs

b Photochemical resctions of cyclobutanoncs

¢ Sigmatropic reammangements of fi, y - unsaturated ketones initiated by [}, ¥

cleavage.

LE S B

BOOKS RECOMMENDED

2

K. K. Rohmgi Mukhegi, Findementals of Photochemisicy, Reprint, Revised edition,
New Age International (P) Lid., Publishers, New Delhi, INDIA, 1997,

N. 1. Tumo, Modom Molecilar Phorochemistey, Thie Benjamin/

Cummings Co., Ing. California, USA, 1978

Charles H. DePuy and Orville L. Chapmon, Molecifar Reactiony and Photochemixiry,
Prentice Hall of Indis Private Lud, New Delhl, INDIA, 1972,

§. M. Mukherji, Pericvelic Reactions: A Mechanistic Studv, The MacMillan Co, of India
Lud., New Delhi, INDIA, 1979,

James Mormison Coxon and Brisn Halton, Organic Phoochemisoy, Cambnidge,

Ian Fleming: Pericyclic Reactions. Oxford University Press

J. Singh and Jayn Singh: Photochemistry and Pericyelic Reactions, New Age
International Publishers.

V. Rameamurthy and Kirk 5. Schanze (Eds.): Photochemisiry: Volune 40 (Royal Society
of Chemistry) / Selected chaplers on modern organic. photochemistry.




CHEMISTRY OF NATURAL PRODUCTS
PAPER CODE - MCHE 23087

Max Marks: 100 Credits: 04
End Semester Exam; 70

Internal Asscasments: 30

Pass Marks: 35%

Cuourse objectives

The course mims to develop understanding of important classes of natural products such as
alkalolds, terpencids, steroids, Mavonolds, carbolydrates, smino seids, and antibiotics, along
with their biological significance und medicinal applications. Il also emphasizes modem
methods used for exiraction, punification, structural elucidation, and stereochemical analysis
of natural compounds through spectroscopic and chemical techniques,

Course Lesrning Outcomes

Srudents will develop the abiliny io inempret resction mochanisms, biosymibetic pathways, and
glereochemical features associnted with motuml compounds. Swedents will also leam modem
echniques for extraction, purificonion, and stuciursl charscienzation using speciroscopic and
amalytical methods. The course funher enhances scientific teasoning, research skilis, and the
opplication  of mawml product chemistyy o pharmocestosls, medicinal  ehemistry,
bictechnology, md relaled mdusinal amd research fields

Medium of instruction; Enghsh

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and C. Section A will have four
questions carrying 12 marks each, and Section B will also have four questions cammying 12
marks each. Section C will consist of 11 sher-answer iype quesiions covening the entire
syllabus, each worih 02 marks. Quustiops should be cvonly spread over the entire range of the
syllnbus. In no case should & quesnion be asked Irom outside the syllabus. Set the question
paper smcily -according 1o the instuctions sbove

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
. Answer five questions in all, selecting a1 least two questions from each section, The

question i section © is compaliony
2. Questions in sections A und B curry 12 morks cach, The questions in section C carry
2 marks each,

Time Allowed: 3 Hours
Vax. Marks: 70
Pass Marks: 35%,

Seetlon - A
1.  General methods and bagic technigues used In siruciore delenminniion

Dehydrogenation: Dehydropenntion with high potentinl  quinenes, DO, mercurle

pectste, selenfum dioxide, and zine distillaion with suilable examples and mechanism.
e
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Caralytic and Chemical Debydrogenation: Dehydmgenation with 5, Se, P, Pd-C a3
involved in C-H, C.C, C.0, C-N bonds codinine, Morphine to Apomeorphine,
Zinziberene, Hinmschalene, Cedrene, Santonin. Abbketie acid, Cholesteral, Bile acids,
Conessine, Yohimbine, Resorpine, Atising, veatichin, kobugine, sangorine,

2, Degradation of Carbon Skeleton: Hoffmann degradation, mochanim, direction of
olimination & involved in morphine group alkaloids. congasine, kobusing, narcatine,
leunadesine. hetisme, atisininm hydroxide.

Von Braum Reogiion: Fisston of C-N hond in cocaine, dihydroatisin. morphine, thebaine,
oodeine; Emde degradstion: Conessine, Thebuoine, Quinoline,

Alkatifusion: Alkahfuston of carboxylic function, alcobols. carbonyl functions, as
tlustraicd m geramol, mangosten, estradiel, estrome, querectine, lerramycm formation
e fl — apoteramycin,

i Oxidarion Method:

(] Ondation by KMnOyg, Chromic ooid. methime H, allylic methylens, B-ionone,

camphene
(i) Ozonolysis: Mechanism, e - unsstumied carbonyl compounds, sromatic,
heoterocyelic. fonchene, comphene, o -pincne, stisine veatichin, parasantoid codine
and mdoles.
(i) Tndirect Oxidation:
{a) HNh oxidation: Degmadation of strychmme and determination of nng sizes A, B, C in
sheroids,
(b) Nitrous acid omidation: Mechanism, cychic kelone, ketocincoles, sangoring, methinic
ketonc, camphaot, menthane.

{¢) Hydroxylution with percids. ©g0y, sitver acetute und lodine, oxidution with HIOs, LTA,

sodmm bismuthate,
(d) Hatoform reaction: Methy] ketone, ionone, cedrene, caryophyllene, and cholesterol,

4. Strugiure and synthesis of some naturml products bssed on chemical and speciroscupic
methods: u -pinene, camphor, Ascorbie Acid. and longifolene.

Section - B -

3. Terpenes snd Curotenvids: Isoprene Rule, MYA. Conversion 1o bormeol, thujene and
allied derivatives. Formation of famesyl pyrophosphate (FPP) and  geronylgeramyd
pyrophosphale (GGPP) copversion 1o codiming, sbictie ncid, camibrene, (unesal, and
Norzlidols w0 cyclic sesquiterpenes, Isnostarol, cholesterol.

Blogenetie  Approach: Acefile  potlways  blo-genesis  of nacrolide,  erythromyein,
muscone, muscopyridine, shikmic uwcid pathways biogenesis of coumanne, Navonoid
isoflavones,

6. Swucture cluciduion of the following by chemical means and spectral -studies.
confirmation of structure by synihesis. Himochalene, Santonin, abietic ocid, P
caryophyllene, cedrene, cedrol, o-terpene, menthal, f-carolene, vitamn A.

7. Structure clucidation with symibesis of the following:

I, Alkslolds: Quimine, Morphine

I, Steroids: Bile neids, cholesivrol, wndrostene, fesiosierone,; progosterone,

I Antlbiotie: Penicillin, Cepholosporin ond Mingoscin [Siuctore olucidetion Only).

B, Green Chemistry in Nataral Produet Synthesis
¢ lwreducnon of Green ouidation wmd redicion methods ' —

———— e » ———— g ——




o Introduction of Biocatalysis in natursl product synthesis
#  Intmoduction of Microwave- and alimsound-nssigod synthesis

BOOKS RECOMMENDED

I. L, Finar: (Organic Chemiriry. Vol.,

R.O.C. Norman, ). M. Coxon: Principles of Orgonie Synthesis.

K. W., Bentiey: Efucidation of Qvganfe Structre by Physical Methody, Val. 1 and I1.
P. 5. Kalsl: Chemrsnry of Natural Prodicrs.

Manske: Volumes 7, 11. '

R H. F. Manske (Ed.): The Alkaloids (Relevamt Volumes).

0. P. Agarwal: Chemixory of Organic Matural Products, Vols 1& I

Gurdeep R. Chatwal: Chrganic Chemisty of Natwral Products, Vols, 1 & I,
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HETEROCYCLIC CHEMISTRY
FAFER CODE - MCHE 23007

Max Marks: 100 Creditx:d
End Semester Exam: 70

Internal Asscssmenis: 30

Fuss Marks: 15%%

Course objectives

It focuses on imporiant heterocyelic compounds of biological, pharmoceutical, and indugirial
significance. Through this course. smdents gain insight inlo modem synthetic methods,
medicinal applications. and the role of hetcroayclic compounds in namml products, dycs,
ngrochemicals, and advanced muterials, thereby stenglhening thelr annlytical and research -

oriented approsch i onganic chemisiry.
Course Learning Oulcomes

The course will also develop the ability la wnalyze the role of heterocyelic compounds in
pharmisceuticals, agrochemicals, dyes, and bialogically active natural products. Furthermore,
learners will acquire problem-solving and research-oriented skills relevant to modern organic
and medicinal chemistry.

Medium of instruction: English

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and C. Section A will have four
questions carrying 12 marks each, and Section B will also have four questions carrying 12
marks esch. Section © will consist of |1 shor-answer type questions covering the entire
syllabis, each worth 02 murks. Questions should be evenly spread over the entire range of the
syltabus. In no casc should a question be asked from ouside the syllabus. Set the question
paper sirictly sccording 1o the mstructions above,

INSTRUCTIONSE TO BE GIVEN IN THE QUESTION PAPER
1. Answer five questions in all. selecting ot least twa qu:s:juu_g from eiach section. The
guestion i -sechon 15 compalsory.
2. Questionsin sections A and B carry 12 marks each. The questions in seetion C camy
2 marks cach.

Time Allowed: 32 Hours
Max. Marks: T0
Pass Marks: 35%

Section - A
1. Oxbrune, axividine, thirane (Threc-menmibered ring with one heterostom): Introduction,
symihetie methods, Direqt mserion of helerosiom  into  corbon-carbon  double bond,
methylene insepion resction, ¢yelization method, condensation resction, nucleophilic
wndl elecurophilic ring opening. Reaction invelviog extrusion of the heteroatoms,
1. Oxctane, oxctene, thiophenes, aectidines (Fouwr-membered heteroevelics with one
Heterantom): Introdoction, syntheie methods, Cyelizntion resction, Direct combination @kﬁ!f

M‘f—?mm electrophilic and nucleophilic fng opening, ed Generel chemical reactions,
ey JU\,V A .




3. Pyrmole and  imldazoles  (Five-membered  heterocyelics  with  two heleroatoms )
Introduction, Physical propertics, Structure, synthetic  methods,  electrophilic
Mueleophilic renclions.

4, Isoxazole and Oxazale: Introduction, Physical and chemical properties of isonazole and

oxazole and their derivitives,
Isathiazole and Thiazoles: Physical and chemical propertics, synthetic reactions.

Section - B
5. Pyridazine, Pyrimidine, Pyrazine (Six-membered heterocyclic with two heternatoms ).
Introduction,  Symsthetic  approaches,  Chemical  reactions  (electrophilic  substinition,
Nucleaphilic substinstion, Side chain reactivity),
6. Molecular Rearrangement in some Heterocyelic compounds
i,  Ring Contraction:
(a) Pyridine and Quinoline dervaiives o pyrrole & indale.
(b} Benzodiazepines 1o Quinoxalenes and Benzimidazele derlvimives.
e) Quinoxaline 1o Benmnwdszoles.
(d} Dihydro flavonols 10 Benzyl and Benzylidens Coumaranone.
te) Dihydrofurans to cyclopropyl ketone.
ii.. Ring Expansion:
(a) Pyrmole o Pyndines.
ik} Benzylidiene Coumarsnones o favonones ond fisvonols
(e] Tetmhydra furfurylaleshol to Dibwdopyman.
iil. 1, 2 Rearrangements in Heterocyclic system.
{a) 1.2 - Rearrangement in calechin derivetives,
(b) 1,2 - Rearringement of indole derivatives.
{e) 1,2 - Rearrangement dunng Clemmenson's Reduclion.
. Aromilic Reurmngements
(a) Jacobsen Resmangement
(b} Migration of Alkyl group duning Fisher's Indole Symhesis
ic) Reamangemen! of M-subsiiiled aniling, N-oxides
(d} Reamangement of Benziding,
7. Binlogical and Medicinal Importance of Heterocyelle Compounds
»  Drug examples of each (Imidazole. Thiszole, Pynmidine. Quinoline, Indole)
¢ Pharmaccutical applications i bricf
¢ Biiel Agrochemical sppliestions
s  Structure-activity relstionship (basic concept only)

BOOKS RECOMMENDED

1. R. M. Acheson: Chemiziry of Melerocyofics.

3. A R Kmrizky: Hondbaok af Heteroopelics

3, Lee A Paquete: Principles of Modern Heierpcyclic Chemismy,

4.  Pede-Mayo: Molecular Reorrangement, Val.l.

5. John A. Joule and Keith Mills: Heteroeyelic Chemistry

6. Thomas L. Gilchrist: Heterocyclic Chemistry

7. Iocques Mortier: Aronie Chemistry: Resction Mechanisms and Methods for Aromatic
Compounds.

Jerry March: Morch’s Advanced Organic Chenvstry: Reoctions, Mechanisms, and
Blruciurn.
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ORGANIC CHEMISTRY PRACTICALS- |
PAFER CODE - MCHE 2310F

Minx Marks: 100 Credits: 03
End Semesier Exum: Tl

Internal Assessments: 30

Pass Marks: 15%

Course objectives

The course on Muliisicp Synthens s desipned 1o provide students with comprehensive
knowledge of imporant organic nome reactions and sequential synthete ransformations used
o prepare industrially and biclogically significant compounds. The course sims 1o develop
understanding  of reaction mechinisms, reamangement renctions, and synthefic strategies
through practical comversion of simple organic compounds inlo valve-sdded producty.

Course Liearning (latcomes

Smdents will gnin hands-on experience: in reactions such na Beckmann Reamangement,
Benzilic Acid Resrmungement, and Fischer Indole Synthesis, including the synthesis of
benzanilide,  acetanibde,  caprolactam,  benzilic  scid  derivatives,  maleimides,
tetrnbydrocarbazoles, and indole denvatives The course also provides understanding on
purification  techniques, charactenzation of synthesized compounds,  mechanistic
interpretation, and development of laboriory skills required for advanced organic synthesis
and research applicalions

(Multistep Synthesis)
1. Beckman Reéarrangement
I,  Benzophenone-Benzophenone  Oxime-Benzanilide
Il.  Acetophenone-Acciophenone  Oxime-Acctanilide.
. Cyclohexanone-Cyclohexanone Oxime-Caprolaciain.
2. Benzillic acid Rearrangement
I.  Benzoin-Benzil-Benzillic-acid
[l  Benzoin-Benzil-Benzil munohydmzone
1 Fischer Indole Synthesis (from aryl hydrazines and ketones or aldehydes)
I, MNearyl-Maleinilic acid-N-aryl-maleimide
1L 1,2, 3. d-aetmhydrocarbazale
I 2-PhenylIndole from Phenyl-hydrazone

Note: Subject to the availability of chemicals, the experiments can be substitited by
alternate experiment,




ORGANIC CHEMISTRY PHACTICALS-II
PAPER CODE - MCHE 2311P

Mux Marks: 100 Crediis:03
End Semesier Exam: 70

Internnl Assessments: M

Pass Marks: 35%

Course abjectives

The course aims 1o provide students with hands-on experience m volumetric and redox
analylical techniques uscd fo estimate hydroxyl, amine, and carbonyl functional groups, as
well a5 non-aquions titmtions using acetic perchlorie acid. Smdents will leam methods for
determining the punty and concenimtion of phenols, anfline, sulpha drugs, sugars, plucose,
sucroge, alkaloids, sodium benzoate, sodium salicylate, ephedrine, and brucine through
bropination, dazotization, Fehling's, Benedict's, and non-squeous titrahion  methods.

Coorse learning ontcomes

The “course plso emphasizes accurnte  experimental  procedures, prepamtion  ond
standardization of soluiions, calculntion iechniques, imerpretaion of analytical data, and
development of laboratory compelence required in chemical, pharmaceutical, and industrial
mnabyhis

(uantitative Esrimations
. Hydroxyl group - (Phenolic)
Expl. |:  Determine the percentage purity of given phenols by brominating reagest.
L  Amine groop
Expl. 22 Determine the omountl of aniline per liter by substitution method.
Expt. 3:  Determine the percentage purity of amine by diszotization method,
Expt. 4. Find the percentage purity of sulphndimidine by diazotization method.
3. Carbonyl group
Expl 5:  To standardize the given ghicose sokation by Fehling's method.
Expt 6: Determine the percentage purity of the givern sample of plucose.
Expt.7:  Determine the percentage purity of sugar by Fehling's method.
Expt 8  To determine the smount of glucose in 4 given sample by Benediet's Salution.
Expt. 91 To determine the perventage purity of sucrose by Benedict's method.
4 Acetous Perchloric Ackd

Expt 10 To standurdize aceious perchlonc scid using primary stundard potassiom hydrogen

phitalae
Expl. 11: To determine percentage purity of sodium benzoste.
Expt 122 To determine percentage purity of sodium salicyluie. &‘ﬁ},
Expt. 13 To determine percemage purity of given akaloid (Ephedrin),

Expi. 14: To find percentage purity of Brucine. M




Books recommended:

1. AL Vogel: Vogel's Texrhook of Quantitarive Chemical Analysis.

2 AL Vogel: Vogel's Texibook of Procticel Orgenic Chenriairy.

3. B. 5 Formiss, A. ), Hannaford, P, W. G, Smith, and A. R, Tatchell: Fogels Terbook
of Proctical Organic Chemisty (Sth Edition). '

4, N. S Granapragasam and G, Remamurthy: Organic Chemisiry Laboraisry Mamsal.

5. Gurdecp R Chatwol and Shem XK. Anend: [fastrimemtal Methods of Chemicol
Analysy,

6. S M. Khopkar: Basic Concepir of Analyiice! Chemisiry.

7. Gary D. Chosten. Pumendy K. Dasgupia, and Kevin A, Schux: dszfvrical
Chemistry.

£ Dooglas A. Skoog. F. James Holler, and Stanley R. Crouch: Principles of
Inatrimenial Analysis,
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FUNDAMENTALS OF SPECTROSCOPY
PAPER CODE - MCHE 2312T

Mux Murks: 100 Crediis:04
End Semester Exam: ()

Internal Assessments; 30

Pass Muorks: 35%

Course ohjectives

The course is designed 10 provide students with o thorough underitanding of the basic
principles, theorics, and applications of spectroscopic techniques used in chemical analysis
and structure determination. The course aims to develop knowledge of the interaction of
electromagnene radiation with maner and ihe imerprelation of speewal dain oblained from
UV-Visible, Infrured (IR}, Nuclear Magnetic Resonance (MMR), and Mass Spectroscopy
techmiques

Course Learning (itlcomes

Students will leam the fundamental concepts of absorption, emission. electronic transitions,
molecular vibrations, magnetic properties, and frugmentation patierns thal are essential for
identifying and chamclerizing organic and inorganic compounds, The counte provides
learning the practical upplications of spectroscopy in qualitative and gquantitative anslysis,
molecular structure  elucidation, and modem  research in chemistry, heteby  enhancing
analytical, interpretstive, and problem-solving skills required in  ucademic, indusirial, and
reszarch Inbaratorics

Medium of instruction: Englith

INSTRUCTIONS FOR THE PAPER SETTER
The questton paper will consist of three Sections: A, B and C. Section A will have [our
questions camying 12 marks each, Section B will have also four questions carrving 12 marks
cach, Section C will consist of 11 shor-answer type questions that will cover the enlire
syllabus and will be of 02 marks each, Questiony should be evenly spread over the entire
range of syllabus In no case, question should be asked from outside the syllabus. The
question paper should be set strictly according to the instructions mentioned above,

INSTRUCTIONS TO BE GIVEN TN THE QUESTION PAFER
I, Answer five questions in all, selecting w1 leas) rwo questions from ench section. The
question in section C is compulsory.
2. Questionsin sections A and B carry 12 marks each. The questions in section C carry
2 marks cach,

T Allowid: 3 Houry

plax. Marks: 70
Pass Marks: 35%
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. Malecular Specirascopy
Electromagnelic radiation, imleraction of electiomagnetic radiation with molecubes, and
guantization of differdnl forms of energy I molecules. Reglons of the electromagnetic
spectrum and thels analytical significance. Units of energy, Representations of spectra, Time-
dependent Schrisdinger cquation. Induced quantum transition, derivation of an cquation giving
the mte of tronsition. Basis of selection rules.

1. Hotolional Speciroscopy

Symmetry of malecules and angular momenta in three coordinates, Rigid rolor madel,
Imensities of spectml lincs, Effect of isotopic substimtion. Determination of moments. of
incrtiz and bond length. Mom-rigid rotor model and centrifugal distortion. Application of
rotational spectroscopy in molecular structure determination .

3. Vibrational Speetroscapy

Classical equation of vibration (Hook's law) of linear molectles, simple harmaonic
oscillator, vibrationa] energies of distomic molecules. rero-point eneryy. Anharmonic
oscillator, Vibrations of polystomic melecules (H20 snd COz): fundamental frequencies,

overlones, combination bands, and hot bands of polysiomic molecules

Effect of Warious Paramelers on the Vibrational Fregquency. Application of vibration
spectra in clucidation of molecular strucnure from Vibration Frequency.

4.  Yibrational-Rolation Spectroscopy

Selection rules and transitions for the ngid rotor - Harmenic oscillator medel, P, Q, R
branches of vibration-rotation spectra, relative intensities, coupling of rotation and vibrations.

5. Raman Spectroscopy

Classical and quantum theory of Raman cffect. Swokes and anti-Stokes lmes. Pure
rotational spectm of linear moleciles. O, § and 5 branches of Vibmtiooal Runan spectm,
Rotational fine stiicture in the Vibrational Raman spectro

Section - B

6. Nuoclear Magnetic Resonance

Historical mtroduction fo ouclesr mogneénc jesonance, peinciple, mstrumeniation,
nuclear precession, chemical shift and factors influencing chemical shifi. shiclding and
deshielding effect. Equivalence and  pon-equivalence of protons  (chemically and
magnetically), Spin-Spin splitting and coupling constant, systems cont aining two interacting
nucha (A2, AX & AB systems), systems containmg three imterscting nuclel (A3, ABX,
ABC), Karplus equation, interpretation of PMR spectrs of some representtive compounds
like hydrocarbons, halogen compounds. hydroxy compounds, ethers, aldehydes. ketones,
carboxylic acids, esiers, amides and amines.

7. Electron spin resonance spectroscopy

Basis for resonance, experimental techniques, A block diagrum of & typical ESR
spectrometer, ESR of wimple systems and of radical anion of aromatic hydrocarbons,
mechanism  of hyperfine imteraction, McConpnells relation of clectron delocalization, z¢mo
field splining and Krmer's degeneracy, predicting the number of lines in ESR. specim of
rodicals, factors affecting the Magnimde of the g value, some spplications including
biological structure delermination, double resonanve lechnique m ESR,

BOOKS

I.  CHN Banwell - Mealeculur Specirodsoapy.

2. GM. Barrow - Maleculor Specirascopy.

3. HS. Randhawa - diomic and Molecular Speviroscupy. (Perrson Education).
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M. Chander - dtomic Strichore, Chemical bonding inchiding Molecular Specirascapy.
Organic speciroscopy: Principle and Applications by lagmohan (Marosa Publishing
Hiowse),

Specrroscapic methods in organic chemistry by Dudley H. Willisms and Jan Fleming
(Tota MeGraw Hill)

(hrganic Speciroscopy by William Kemp (Machillin)
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STATISTICAL THERMODYNAMICS

PAPER CODE - MCHE 23137

Max Murks: 1) Credits: i
End Semester Exam: 70

Imternal Assessmeniy: 3

Pass Marks: 35%

Course objectives: The course provides srudents with a fundamenial undersianding of the
relationship between microscopic molecular behavior and the macroscopic thermaodynamic
properties of manter, The course aims 1o develop knowledge of statistical methods and
probubility concepts used to explain thermodynamic phenomena al the molecular level.

Course lesrning outcomes: Students will leam the principles of distnbution laws, portition
functions, Maxwell-Bolzmaonn, Bosc-Einstoin, #nd  Fermi-Dirac  sintisties, and  thar
apphications in cvalusting thermodynamic properics such as encrgy, entropy, heai capocity,
and froe energy. The course also focuses on the statistical interprecation of the lows of
thermodynomics, molecalar motions, and equilibrium processes in gases, liquids, and solids.

Medium of instruction: English

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and €. Secuon A will have four
questions carrying 12 marks esch, and Section B will 2lso have four questions carrying |2
marks ench. Section T will consist of 11 shor-answer type questions covening the entire
syllabus, each worth 02 marks. Questions should be evenly spread over the entire munge of the
syllabus. In no case should o question be asked from outside the syllabus. Set the question
paper stricilly sccording 1o the insnictions zhove
INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
). Answer five questions in all, selecting &t least rwo questions from each section, The
question in section C s compalsory.
2. Questions in scclions A snd B carry 12 marks esch. The quosiions i sectios C earry
X marks each.
Thme Allowed: 3 Howrs

Max. Marls; Ti
Pass Marks: 35%
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Section =« A

L. Quantum Statlstics

Recapilolstion of classical satlsies and panition  [unction, comparlson. berween
Maxwell-Boltmmann, Bosc-Einsicin and  Fermi-[Hrae smiistics, thermadyramic  probabiliry
and statistical interpretation of entropy. siatistics of monntomic jdes! gas, principle of
oquipartition of energy; borometnic eguetion, theory of Pars megnetism, statistics of pholon
and clocron  gases, Maxwell dispibution of molecular velocilies, speed and  energy
distribunon functions, thermionio emissinn.

1 Gaseous Sfate

Classical and quantum mechanical treatments of specific heats of idenl distomic gases,
vibrational, rotational and electronic contributions to the specific heats of dinomic gases, fine

comoction due to roltion-vibration coupling for distomic guses, ortho and par hydrogens.

polyaiomic gased, gas mixture and entropy of mixing non-ideal gases. equanon of staie of
non-ideal gases, Lennard-Jones potentiol encrgy cquation for compressed gases.

Section - B
3. Solid State
Clessical trestmen! of specilic houl of solids, Eusicin and Debye theones of specific
heats. Debye's T3 law and low temperture behavior of solids, entropy of solids, cquation of
stale of solids, order and disorder und the melling point and ns factor affecting Ibe mekting
behaviar,
4.  Chemieal Systems
Law of mass sction, chemical equilibrium, dissocianon, equilibrium conslants and their
computation. Efect of tempemture and prossure on equiliboum
Fluciuations
Means disiribution, mean  squere deviunon, fluctuslions In energy in a  canonical
ensemble, denmity fluctuation in n gay, Theory of Browmnian motion and Brownian molion of
galvanomeier,
5. lrreversible Processes
Introduction, enlropy  production, coupled phenomens,  mnsport  paremciers.
thermociecinie phenomeny, The Seebeck coffect, Pelticr effeci and Thomson effect

BOOKS RECOMMENDED
. Setisticel Thermodyndmivs by IF. Lee, F. W, Scors ond BLL. Torcotte.
v Indreduction to Saintieal Therinodyrmmics by FL. Hill,
. Snistical Thermodynamics by M.C. Gupta.
v Molecular Driving Forcer by Ken Dill and Sanna Brombery.
Principles of Physical Chemistry by B.R. Puri, LR. Sharma, and M.S. Pathaniy
. Donald A MeQuarrle: Stotfaicnl Meckanles. PN =
Keith ). Laidier, John H. Mejser, and Bryan C. Sanciuacy: Physical Chemlsrry. ‘53“:5
R. K. Pathrio and Poul 1, Beale: Stattsticol Mechandcs (3nd Edition),
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FUNDAMENTAL & ATMOSPHERIC FHOTOCHEMISTRY
PAPER CODE - MCHE 23147
Muaax Marks: 100 Credity:d
End Semester Exnm: 70
Internal Assessments: 30
Pass Marks: 38%

Course objectives

The course on is designed 1o provide swdents with a comprebensive understanding of the
principles and applications of photochemical processes occurring  In chemienl  and
stmospheric systiems. The course tims 10 develop knowledge of the interaction of light with
maiter, clectronic excitation, photophysical and photochemical reactions, quantum  yield,
energy tansfer, and reaction mechanisms of excited stoles.

Course learning oufoames

Students will leam the fundamental laws of photochemisiry and how molecules behave under
ultraviolet and visible rudigtion, The course also focuses on atmospheric photochemical
processes such as ozone formation and depletion, photochemical smog. greenhouse effects,
and the role of fres radicals and pollotants in atmespheric chemistry, Through this sudy,
students will gam amalytical and environmental awareness along with the obility o upply
photochemical concepls i research, environmenta] monitenng, and modem chemical
SCIENOCE.

Medium of Instroction: English

INSTRUCTIONS FOR THE PAPER SETTER
The guestion paper will consist of three Sections: A, B ond C. Section A will have Tour
guestions carrying 12 marks cach, and Section B will also have four questions carmvimg 12
marks esch. Scction € will consist of 11 shor-answer Iype questions covering the enbire
syllabus, worlh 02 marks each. Questions should be evenly spread over the enlire mnge of the
syllisbus. [n no case should o question be asked from outside the syllabus, Sct the question
paper sirictly scoording 10 the instructions shove.

INSTRUCTIONS T() BE GIVEN IN THE QUESTION PAPER
I. Answer five questions in all, selecting o1 least two questions from cech section. The
question in section C is compulsony.
2. Questions in sections A snd B carry 12 murks each. The questions in seetion © comy
2 marks each,

Time Allovwed: 3 Hours
Max. Marks: 70
Pass Marks:




Section = A

1.  Pholocheniical Heactions

Interaciion of clectromagnetic radintions with maiter, iypes ol excitations and excited
sintes, Distinction of pholoreactions from thermally initiated reactions and from high-energy
radiation reactions, Basic laws of photochemisiry; Grothus & Draper law. Stark-Einsicin law
(lnw of photochemical equivalence) and low of absorption (Lamben-Beer's law) and its
limitations, Quanrum yiekd and its deigrmination by ferrionalate actinometer,

. Photochemistry of Atomi

Term symbols, Russelb-Saunders coupling, selection rules, Excited sstes of Hg atoms
(1P1, 3P and meiesisble stale, 3Pn), pholosensitized reactions. Sensilized fluorescence, spin
conscrvition mole and s application for cnergy  transfer, Photophysical processes
(fluorcscence, phosphorescence, eic.), and photochemical degradation of cxcited states of Hg
moms, Hg-sensitived photoreactions of simple alkanes nnd alkenes.

¥ Phetochemisiry of stmple molecules

Different kinds of spectra: banded, continuous end diffuse spectra, Pre-dissocintion,
Thotophysical processes of simple molecelés like sulfur, hilogens and oxygen.

4  Pholochemisiry of polyatomic molecules

Different fypes of molecular ocbitals and electronic stares, Jablonsks diagram showing
various photophysical processes like Nuorescence, phosphorescence, [13C, IC, oic, Intensities
and selection rules for spectral transitions, types of clectronic transitions in' organic molecules.
Charge wancfer tansitions, exeited-giate [ifatimes, and [nclors influencing photophysical
processes.

5. Phetochemical oxidation and reductions

Mechaniwic femyres of photoreduction of benzophenone by alcobols, Phowosensitized
incoiporations of molecular exygen into organic compounds, Type | and 1T photoxygenation
resctions, and spplications of photo redox renctions in organic synthesis.

6. Induostrial Applications of Phatochemistry

Techojcal applications, including the use of lumincscence phenomens for optical
bleaching of textiles and paper. Rapid mdiationless transition o ground stite. Applications of
electron and energy transfer processes, Photofregmeniaiions wsed i photochemecal symibesis
of detergents and insecticides.

Sextion - B

7. Suwuciure of the stmosphere, strueture in lerms of temperature, diffusion and lonization,
characteristics and chemical composition

8. Solar radiation, solor spectral distribution outside the earth's atmosphere, sbsorptica by
Na, On, Og and distribation of solar encrgy on earth,

9. Chemistry of the upper atmosphere (chemistry of Nox and HOx species), fratures of odd
oxygen and singlet oxygen, NOy and HO7 apecies and other species like N0, NHj.
HNO3 etc,, in the simosphere.

10, Meening of Pollutant, different wuyn 10 exprois concestiation of Pollumots (mess
conceniralion, volume conconimiion, moss volome concentraiion & ppn)  vanous
polhutants ke CO and €Oy, hydrocarbons, oxides of mitrogen, cxidants. halogenated.

compounds, sulphur contmining compounds amd paniculate maller monilonng  and

control of these pollutants, N _/G:L_,_-
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11. Photochemical smop. Production of smog. hydrocarbon reactivities, conversion of NG 1o
NGz oxidant desoge. readtions of 03 ond singlet 0.
12, 507 Chemistry, Photolysis of 803, Phato-oxidution, free rdical reactions, formation of

seadd rain

BOOKS RECOMMENDED

1. Gilberd & Cundel; Phovochemisi:.

2. Calvert & Pits: Phovecheurisiiy,

3. Amoshperic Chenristry, 1. Heicklen, Academic Press, New York,

4, Emiromneniol Pallwion Conprol Engineering. C.5. Rao, New Age Intcrnauonal (P}
Limited Poblishers

SUPPLEMENTARY READINGS
K. K. Rohatgi-Mukherice: Photochemisry,
Fifth Internntionnl Symposium:  Phatmchemisny,
Fifih Intemationa] Symposium on Photochemstiry {Selected Proceedings),
1 W PitsJr. and ). G. Calven: Scleoted papers on Atmosphenc Photochemisiry.
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INSTRUMENTAL PHYSICAL CHEMISTRY PRACTICALS-
PAPER CODE - MCHE 2315P

Max Marks: 100 Credits:03
End Semester Exnm: 70

Internal Assessments: 30

Pass Marks: 33%

Course objectives: The cowse aims lo develop understanding of the principles apd
applications of colonmetry, spectrophotometry, polarimetry, and polaropraphic measurmenis
in chemical investigations. Students will leam o wvenfy Lamben-Beer's low, determine
concenteations of ‘colourcd compounds, study metsl-ligend complexes, evalunte  dissoctation
constants, determine molar extinction coefficients, and analyze complete sbsorption speet ra
using spectrophotometrie meshods.

Course Learning ontcomes: Affer sucocssfiel completion of the course, siudents will be able
to verify Lamberi-Beor's law and apply Spectro-photometric methods for the quantitative
determination of coloured compounds and mixiures, Studenis will zain the abilily 10 study
metal-ligand complen formation such us Cu™=EDTA complexes, defermine pKa values of
indicatars ke phl;rno|p|11'|mlth1_ evalimle maolar

1.  Colorimetry and Speetro-photometry

Venficaiion of Lamberl-Beer's Law.

Dretenmination of the concentralion of colored cémpounds.
Smdy of Cult -EDTA Complex,

Determinotion of the pka of phenolphihalein.
Determinslion of the Composition of the migtures.
Deetermination of the malar extinction coefficients,
El:unning of the complete specim,

Ak B BB

2. Polarimetry
I. Tao find the specific rotation and molar rotation of optically sotive subsiance.
A To find the wrengih of the optically active substances in the given solution,
1. To find the order of the reaction and veloeity constant foir the inversion of cane
gupar in acldic medium.
4. To compare the strength of hydrochlorie weid and sulphure oeids.
5. To find the pereentage of d-sugar ond d-tatrane scid ju the given sclution
polarimetricnlly,
3. Polarcoraphic Measurements
|.  Dewnnination of Ey, of aqueous solution of Zn?* and Cu?*.

2. Deemination of the concentration of the solution of zine und cadmium szl

i, Amperomeiric nmation,
Sl
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PHYSICAL CHEMISTRY PRACTICALSA
PAPER CODE - MCHE 2316F

Muax Muarks: 100 Credits:03
End Semester Exam: 70

Internnl Assessments: 30

Pass Marks: 35%

Conrse objectives

The objectives of this course are 1o develop sn understendimg of reaction kinetics: through the
study of reaction rines, order of reactions, eatalytic effects. and determination of activation
ehergy Uilng systems such ax pofassium  bromate-potassiun jodide, hydropen peroxide—
hydroiodic acid clock resclion, ond hydralysis of teri-butyl chloride by conductance
MESITeEInen|s,

Course Learning Outcomes

The course aims w familiarize smdents with (he applicadon of phase wle in sudyimg temary
svsiems. and  determming  the  limits of homogeneity i systems  invelving  benzeng
chleroform, seetic acid, and water, It ulse sccks so imparl practical skills in Thin Layer
Ehrmmmgrap]w (TLCY for sepurittion, identificasion, and quenlitotive estrmation of colouned
gnd colourless organic compounds using chromatogrnphic and spectropholometric techniques:

1. CHEMICAL KINETICS
{I} Reaction between Potassium bromaie dnd Polassiorm  Jodide;
(a) To study the kinetics of reaction between Potassium bromate snd  Polassium
iodide cutalyacd by H' ons al room temperuture,
(b} To study the kinetics of reaction between Potnssium bromate and Polassivin
lodide catalyzed by HY jons 21 least af three remperstures und hence o find

out the netivation encrgy of the reagtion.
(I} To swdy the resction between HaOp and HI by the clock method at least ar three

temperniures gnd hence to find oot the sctvation energy of the reaction.

{111} Te sudy the kinetics of hydrolysis of tert-buyl chionde by conductance
MEiEurEments,

1.  PHASE RULE

Three ¢ompanent syslem,

(@) To siudy the limit of homogeniety of three componcnts {i.c., benzene, scchic acid
and water) system.

{b] Ta shidy the limil of homogenicly of Uiree companents (.2, chlomoform, acetic-acid
amd wrater) system.

1. THIN LAYER CHROMATOGRAPHY
1] To seperate and idemtily the given mixturés of coloured compounds {nzobenizens.
lydrox yasobenzene, F-aminosobengene).
() To separsic ond  idemify  the  given mixmwe  of colourless  compounds
(Ciphenyinmine, Benzophenone, Maphihalens, snd hiphenyl),
{1 Te draw i calibration curve for different winounls
of Azobenzene ufier separnling an TLC plates. esinicling with methanal, and

4 0=




measuring with o speetrophotometer, md hence to find the amount of Azobenzene
in its unknown sample.

4.  Cryoscopy
1. To find the molecular weight of the given solule in waler by depression in [reezing
poini method.
2. To find the values of vant Hoff factor and degree of dissociation of weak
clectrolyles by cryoscapic method.
1. To determine the degree of assoctution of benzoic acid in benzene by cryoscopic
miethod,

4, To detenmine the mean sctivity cocffeienis of strong electrolyies,
5.  Find the oscillator strength of the main band of diphenylamineg in e oliravioler reglon
of the specimum,

Books rocommended:

Advanced Practical Physieal Chemistry by 1B, Yadav

Scnior Practicsl Physical Chemisery by B.D. Khosla, V.C, Garg, and A, Gulati

Practicn] Physiesl Chemistry by A8, Jomes and F.E. Prichurd

Experimental Physical Chemistry by Carl W. Garland, Joseph W. Nibler, and
David P. Bhoemaker

Arthor M. Haolpemn and George C. McBane: Experfureital Plipetcal Cheminirg.

Findlay's Practical Plysical Chemiriry (Revised by B P Levitt),

Peter Alkins and Julio de Paula: Atkies' Phywical Chemistiy,

T, Ulasstone: Textbook of Physicol Chemiziry.
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SEMESTER-IV

ENVIRONMENTAL CHEMISTRY
PAPER CODE - MCHE 2401T

Max Marks: 100 Credis: 04
End Semester Exam: 70

Internal Assessments: 30

Pass Marks: 35%

Courze Objectivis

The coune sims to develop an understanding of the concept, scope. ond significance of
environmental chemistry, icluding environmental segments, pollutants, contaminants, sinks,
receptors, greenhouse effect, globol wirming, and atmospheric chemical und photochemical
resclions. Swuedents are introduced 1o the causcs, effects, and coniro| of air pollution with
emphasis on major air pollutants such as CO, NOs, SO, hydrocarbons, suspended paniculate
matter, photochemical smog, scid min.

Course Lesrming Outconies

Students will acquire praciical and theoretical expertise in modern  envirenmental
monitoring and analytical techniques such as Atomic Absorption Spectroscopy (AAS), Flame
Photometry, Infrared Spectroscopy (FTIR and NDIR), lon Selective Electrodes. High-
Performance Liguid Chromatogruphy (HPLC). Gas Chromatography (GC), and Anodic
Sinpping Anatysis

Mediam of instroction: English

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and C. Section A will have four
questions carrying 12 marks ench, Section B will have also four questions camying 12 marks
each. Section C will consist of || shon answer type questions that will cover the entire
sylisbus and will be of (2 marks each. Questions should be evenly spread over the entire
range of syllabus. In no cese, question should be ssked from outside the syllabus The
question  paper should be sel sincily according 10 the mstruchons mentioned above '

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAFER
. Answer five questions in all, selecting a1 least two questions from each section, The
question in section C is compulsory.
2. Questions in sections A and B carry 12 marks coch. The questions in section C carry
2 murks each,

Time Allowed: 3 Hours
Max. Marks: 70
Pase Marks: 15%

Section - A
1. Coocepl, scope and imporiance of Envitonmentel Chemistry, Environmerial Pallution
{sources and classification). Environmenml Segmenis, Greenhouse effect.  global
warming and climaie change, chemical and Photochemical reactions in the nimosphere,

Pollutanis, conaminanis, sinks und receplue
2. Awr Pollution: Sources and clussification, Air Pollutants (CO, NOy, 503, HC, SPM) “ﬁ-———r

Photo chembcal smog. Acid tuin, particulses. Air Pollution accidents (TCDD (2. 3, 7. &

g Pl




wire Chipre benze - 10 diexin), Bhopal, Chemabyl Air Pollution  monilonng
mtruments, Manitoring of $03, NO-NOx, €0, COp T Ozane)

* Waler Pollution: Sowrces and clasification of Water Pollutanis, Drinking waler
susndards, Investigation of water (Physhcal, Chembcal and Biological) Important sieps In
water meaimeni  (Cosgulation, scdimcwaion, filiratian and  disinfection)  dismfection,
Break poinl chlosination, lime sodd ash process; cocrison and scale  formation.
Muorndation, 1aste and color remaval. waler quality menilorng imsinements.

Secilon - B
i Industriol EMuemt Analysis: Quality of Indosirial cfMiuemts, Physical methods of
clasgfication, BOD, & COD of industrial effluems, Analysis of heavy metal polluams
m eMuenis.
¢ Chemical Toxicology: Toxie Pofluwms in enviroomenl, Threshold |imiting velue.
Biochemical cffees of Hp. Cd. As. Pb, D3, PAN, CN and pewiciden. Bioaccumu|arion
nind Biomagnihcasion.
o Moritoring techmiques for Pallution Analysis
It} Alomic absorplion  specooscopy  and  [lame  pholometry theory, Instroment,
Imerferences 2nd evaluation methods,
(i) Infrarcd Spectroscopy Introduction; Instrumentution, Beer's - Lambert relationship.
NDIR & FTIR.
7 lon sclective electrodes: working, construction, standardization, differemt |on sclective
electrodes
& HPLC (High-performance liquid chromatography) Principle mnd instrementation,
suppans & Types of detectons.
g, Gas chromatography: Apparatus, desector, working, column, and carrier gases.
1 Anodic Swippng Analysis: Principle. Apparatus and technique & advantages.

BOOKS

| Enviroamental Chemisiry by A. K, De.

1 Emvironmental Pollutton Analysiz 8. M. Khopkar,

3 Vopels 1exi book of Quantitative Chemical Anabyses,

4 Envirogmental Chemiziry (11th Edivon) by Swnley E. Manahan

5. A Tesrhool of Environmental Chemisiry amd Pollution Control by 5.5. Dam and D.D.

2

&  Gary D, Christian, Purmendu K. Dregupta, and Kevin A, Schug: Analwien! Chemisiry.
7 Doughs A. Skoog F. James Holler. and Stanley . Crouchs Principlex of Inirumestal

Analyais.
i

g Colin Buird and Micheel Cann: Envienimmensl Chenisry.
» W
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CHEMISTRY OF ORGANOMETALLIC COMPOUNDS
FAPER CODE - MCHE 24027

pMax Marks: 100 Crivdita:od
End Semester Exam: 70

Internal Assessments: 30

Pass Marks: 35%

Course abjectives;

The course mims to develop knowledge of the classification, nomenclature, stability. and
electronic strucmre of organomeullic compounds of transition and non -fransition metaki,
including meial carbonyls, r-complexes, sandwich compounds, and metal-alkyl and metal-
aryl systems. The course also foruses on important reaction mechanisms soch as oxidative
sddition, reductive chmination, migratory msertion, and ligond sebsiitution, which govemn
arganometallic transformations.

Course Learning Outcomies

Students will develop analytical and problem-solving skills relsted to resstion pathways.
bonding pattemns, und catalylic cveles of organometallic systems. Overall, the course wll
strengthen students’ understanding of modem synthetic and industrial chemistry and prepare
them for advanced swdies and research in catalysis, inorganic chemistry. materinls science,
and related interdisciplinary fields.

Medium of instruction: English

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and C. Section A will have four
questions carrying 12 marks cach. Section B will have also [our questions camrying |2 marks
cach. Section C will coasist of 11 short answer type questions that will cover the entire
syllabus and will be of 02 marks coch. CQuesnons should be evenly spread over the cntire
range of syllabng, In no case, question should be asked from outside the syllabus. The
question paper should be set smicily according 1o the instructions mentioned above.

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
. Answer five questions in all. selecting at Jeast two questions from each section. The
guestion in section C is compulsory.
1 Questions in sections A and B cary 12 marks each. The questions in section C curry 2 marks
each.

Time Alowed: 3 Hours
Max. Marks: 70
Pass Marks: 35%




Section - A

1. Organometallic Compounds

nomenclawre of organometallic compounds, Classification of Ligands in organomelallic
ampounds, inerl gas rule. Transition Metal compounds with Bonds to hydrogen:
charnctenzation of Hydride complexes, Hydrogen Bridges. Synthetic methods, Chemical
penavior of hydrde Compounds, Mononuclear polyhydrides, homaleptic polyhydrido onions.
farbonyl hydride and Hydrido Anions, Molecular Hydrogen compounds, Metal — Hydrogen
nteractions with C-H groups. Complexes of Borohydrides and Aluminohydrides.

1. Compounds of Tronsition Metal with Alkenes, Alkynes and Delocalized
Hydrocarbon Systems: Alkene complexes, Types of Alkene Complexes, Synihesis &
penctions of Alkene complexes, Alkyne and Alkyne - Derived Compounds. Allyl and Related
complexes: Allyls, Dienyl Compounds, tnmethylenemethane Complexes. Carbocychican-
Complexes, Three-membered, four membered.  five membered  Rings:  Diap
crclopentadienyls, Bridging cyclopentadienyls, lonic cyclopentadienyls.
monocyelopeniadienyls, Reactions of CsHg Ring, Meal compounds of Heterocycles,
prlltidecker Sandwich Compounds.

Section - B

L Homogencous Catalytic Synthesis of Organic Chemicals by Transition Metal
pemplexes: lnoducton, Reactions of Carbon Monoxide and Hydrogen, Swvnthesis Gas and
Woter Gas, shifi Reaction. Reduction of carbon monexide by Hydropen. The Fischer-
Topsch Synthesis. Synthesis of oxygenated compounds, Hydroformylation of Unsamrated
Compounds. Reductive Carbonylation of Aloohols and other compounds, Carbonylation
Reactions, Melhanol and  Methyl  Acetate, Adipic Ester synthesis, other carbonylation
Resction, Decarbonylation Reactions. Catalytic Addivon of Molecules v C-C Multiple
Aonds. Homopeneous Hydrogepation of unsaturated compounds, Reversible cs-Dihydndo
calalysis, Monohydrido complexes. Hydrogenation of unsarurated  groups.  transfer
tHydrogenations. Hydrosilation of unssturated compounds.

Other Aspects of Cawlvtic Reaction:  Supporied Homogenepus & Phase Transfer
Catalysis.

(Jxidation Reactions, Oxygen Transfer from Peroxo and Oxo Species. Oxygen Transfer
from NO3 group.
4. Transition Metul carbon monoxide compounds: Preparstion of Metal Carbonyls,
Struciures of Metal carbonyls Mononuclear, Binuclenr, Trinuclear and Tetranuclear and larger
Pobynuclear carbonyls. Addivonal  stuctural snd  Bonding  feamsres:  Fluxionality,
sermibndging CO groups, side on Bonding to CO. Oxygen 1o Metal Bonds, Vibrational
Specira of Metal carbonyls, Detection of Bridging CO groups, Molecular symmelry from the
oumber of Bands, Bond Angles & Relative Intensities, Force constams, Prediclion and
Assignment of Spectra. Carbgnylate Anions, Metal carbonyl, Hydndes, Reactions of Metal
Carbonyls: Photochemical Reactions of Metal Carbonvls: Nuocleophilic & electrophilic
wtacks on CO.

BOOKS RECOMMENDED

Conon Wilkinson: davioned fnorganic, John Wiley 5th & 61h Edition.

Shriver, Atkins and Longtford: fnorgunic Chemistry, Oxford University, Press, 1990,
The Organametalfic Chemisiry of the Transiion Metals by Robert H. Crabiree
Orgonomeialfic Chemivn by Gary S. Spessard and Gary L. Micssler.

W i el s m—
B

Elschenbroich, C. Orvanemeiafiics, W/
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). E Wuheey, E. A Keiter, and R L Keiter: Inorganic Chemisiy: Principles of
Sructure and Reaclivity.
Hartwig, J. F.. Organoironsition Metal Chemistry: From Bonding: o Covalysis.

;B D, Gupta ond A. J. Elias: Busic Grganometallic Chemistry: Coneepts. Sintheses and
Applications,

ADYANCED TOPICS IN INORGANIC CHEMISTRY
PAPER CODE - MCHE 2403T

ax Marks: 100 Credits:04
fnd Semester Exam: 70

internal Asscssments: 3

ass Marks: 35%

Course Objectives

The course emphasizes the application of modem speciroscopic, elecirochemical, and
analytical techniques for the characterization of morgamic compownds. In addition. studenls
are introduced 1o recont sdvances in inorganic chemisiry related 1o nanomalcrls, medicinal
morganic chemisiry, environmental applications, snd ndustnal processes.

Course Learning Outcomes

The caurse will enable students to apply modemn spectroscopic, electrochemical, and
analytical technigues for characterization und investigation of inognic compounds and
reaction systems. Students will gain insight into the applications of inorgamic chemisiry in
catalysis, medicinal chemistry, environmental chemistry, nanoscience, and industrial
processes

Medium of instruction: English

INSTRUCTIONS FOR THE PAPER SETTER
The guestion paper will consist of three Sections: A, B and C. Section A will have four
questions cwrying 12 marks each, Section B will have slso four questions carmying 12 mirks
each. Section C will consist of || shon an swer iype questions thal will cover the entire
syllabus and will be of 02 marks each. Questions should be evenly tpread over the entire
range of syllubus. In no case, question should be asked Fom owside the syllabus. The
question paper should be set sirictly according 1o the instructions mentioned above.

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAFER
1. Answer five questions in all, selecting ot least two questions from each section. The
question in seciion C is compulsory,
2. Questions in ~cctions A and B camy |2 marks esch. The questions in scenon C ooy
2 marks each.

Time Allowed: 3 Hours
Max. Marks: 70
Pass Marks: 35%

Seeffun - A

ot A




1. Radiochemistry: Discovery of radioaciivity, statistical wsspeet of radiosctivity,
rodioactive decay and growth, noturelly occumne mdionctive substances, nuclear
structure and propertics, muclear reactions, cnesgetic of nuclear reactions, the Q-value
of & reuction, Cross scctions = partiol resctions and total cross reaction. Bohr theory
of nuclear reactions, lypes of reactions, Oppenheimer Phillips process. Photonuclear
reactions, miclear fssion and fasion, fisslon producis and fission yiclds. chain
renclion ot very high energics, nuclear transparcncy, high encrgy fission, slow neutron

reuctions Cross-section, equations of Rudicuctive desmy und growth, cquations of
transformation m a neutron fux, gamma transitions and somensm & [ decsy, heahh
and safety sspects i radistion profection, Anslysis by lsoiope dilution

1. Nano chemistry: Introduction to nano chemisiry, Nano and niwre, mane the
beginning, introduction to carbon Nanotubes, types, synthasis and punfication,

fel introduction o self-assembled monolayers (SAMs), Monolnyers on Gold, Preparation,
gred monoluyers, SAMs and applications; Sensors, afTinity biosensors. chemical scnsors,
OSIon prevention, welling control, maleouler eloctronics

peess of synthesis of Mano powders, Sol-Gel process, Electro-Deposition, Plasma enhanced
pour decomposition, sputtering of Nano crystalline powders
pplication of SEM, TEM and AFM 10 nanotechnology.

Sectlon - B
A, Melal to mefal bonds and metal atom clusters:

Introduction metal carbonyl Clusters, lspelectronic and isolobal relationship, High
uclearity Cabonyl Clusiers (HNCCs) (Structural patierns, synthetic methods), helero atdms
n metal alom cluster: carbide snd nitide colmining clusters, eloctron counting schemes. Tor
MCCs, the copping rule, HNCCs of Fe, Ru, Os, Co. Rh, Ir, Ni. Pd, Py eic

Lower halide and chalcogenide Clusters: Octhedrai melal halide snd chalcogenide
fasters (MaXs ond MaXix types) chevrel phases, iangulor clusters ond solid-sate: extended
mays. Compounds with M-M multiple bonds, Major structural types, quedraple bonds, olher
end orders in the tetmagonal context, relation of clusters 1o muliiple bonds and one-
lmensional solids.

l. Compounds with Transition Metal Single, Double and Triple bonds 10 carbon:
ompound  Types, Synthetic methods for M-C  Bonds, Decomposiion  Resctions
smamolecular Reductive Elimination, Other Reactions of M-C Bonds.

i, Polymers
il Properties of Polymers
1.1 Linea' polymer molecule
1.2, Sixe of Tinear polymer molecule
1.5, Shape of lincar polymer molecule
1.4. Crysmlline and amorphous polymers
1.5, Polynier solubility
1.6. Solubiliy parumeter
1.7. Glass-Trandgition Iempemtire
1.8, Visooulasie hehawiour
1.9. Chemical flow and siress relaxation
b} Sulfur polymers _
110, Elementary sulfur: Crystolline
1.10.1.  Forms of sulfur
02 Molien sullur
LI0E, Sulfur vapuur
L1 Sulfanes (Hydrogen polysulfidey) and their sahs
LTLE  Free sulfmes
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1.11.2.  Bals of sulfines
112 Alkyl and ery| Sulfanes :
1.12.1. Preparstion

1122, Propemies and strocture
¢) Polymerieation and oligomerkeation renction

Jiogler Nattn polymenzation of ethylene and propylene, ohgomermmiion ond related
reaclions. resction inwolving C-C bond cleavage, wvalence isomenzation of strwined
hydrocarbons, alkene and alkyne metathesis

BOOKS RECOMMENDED
I, Nuchear and Radigtions Chemistry by Fiedelinder and Kennody
2. Principles of Radio Chemistry, Indian Association of Nuclear Chemists ind Allied
Scientists. Editors D.D. Soed, N, Rama moonhy, A V.R Reddy,
Cotion Wilkinzos; Advarced Inorganic, Jobn Wiley 5th & ath Edition,
Inorganic Polymess by Stone and Graham.
5. T. Pradecp, Nano: The Essentials, Understanding Manoscionce and Nanatechnology,
Talu McGraw-Hill Edueanon Pvi. Lid. New Delf
6. AK. Bandyopadhyny, Nano Materinls, New Ape International Publishers, New Delhi
7. € N R Roo, A Milller, and A, K. Choctham (Edsk The Chemisty of
Nangmaterials: Synihesis, Properties and Applicadans.
8. Robert H. Crabiree: The Organometallic Cheminry of the Trantition Mesoly.
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INDRGANIC SPECTROSCOIY-1
PAPER CODE - MCHE 2404T

Max Marks: 100 Credits: 04
End Semester Exam; 70

Internal Assessmenis: 30

Pass Marks: 5%

Course Objectives

The present syllabuz hos been frumed ws per the latest UGC NET syllsbus. The objective of
this paper is to understand the students with the wide knowledge of spectroscopy wsed in
inorganic chemistry ond organmmetallle chenvistry, The subject will nlso develop a problem-
solving opproach in  stodents through the concept of Muclear Magnetic  Resonance
spoctroscopy, Mass spectrioimelry, ESR, ORD and CD:

Course learning outcome

I empowers swdenss o Gdontify, snalyze. snd  chemctonize complex  morganic  and
organomelallic  compounds using ndvenced physical and  spectrdl  lechnigues.  After
completing the course, the students will be able 1o undersiond and solve (he problems of
Muclear magnelic -specinim, they also know aboul the applications of mass spectroscopy in
structure delerminniion

Mediom of instruction: English

INSTRUCTIONS FOR THE FATER SETTER
The question paper will consist of three Scctions: A, B and C. Section A will have lour
quostions carrying 12 marks each, Section B will have also four questions carrying |2 marks
each. Bection C will consist of 11 shor answoer type gquestions thal will cover the entire
syllabus and will be of 02 marks cach. Questions should be evenly sprosd over the enbire
rumge of syllabus, In no case, question should be asked from outside the - syllabus. The
question paper should be set strictly according to the instructions menioned above.

INSTRUCTIONS TO BE GIVEN IN THE QUESTION FAPER
I. Answer five questions in all, selecting at least two questions from cach section. The.
quostion in section C 15 compulsory,

2. Questions in sections A and B carmy 12 marks gach. The questions in section C camy
2 marks cuch,
Time Allowed: 3 Hours

Munx, Marks: 70

Pass Marks: 35%

Bectlon - A

I, Nuclear Magnetic Resonance Spectroscopy
Inreduction: Theory of MMR, kehuvicur of & bar magnot in magnetic field, rotating mxis
suslem mignetizing veelors and relaxoiion, NMR irspsition, NMR experiment, Chemical shift
ol some systoms studied by NMR. Mechanism of eleciron shielding. remote shielding from
P iphbour anisolropy, mtertomic fing cuments, chemical shifis where dhe local dizmagnetic
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term does not  predominate,  spin-spin spliting.  Spin-Spin coupling mechanism  for
transmilting Nuclear Spins.

. Application of NMR
Applications of Spin-Spin coupling lo struciere detérminmntion, Application invalving (he
magnitude of coupling constants, complex specim oblained when T — Ay, Chemical exchange
ol other faclors affeeting the fine width, effeet of chemical exchange on speciea and the
evialeation of reaction sates Tor Tast reaed dons. Consequenees ol nuelel with quadropole
mament in NMR. Double resonance technique, exchange reactions botween ligands and metal
1oms,

3. Nuclkear Magnetic Resenance Spectra of Parmmagnetic Transitlon Metal  jon
comploxes.

Introduction, Relaxation Processes, Avernge eleciron spin  polansation, Scalar or
isotropic: contact shifis in systoms wilh isomopic lensor, pseudo contacl shift, Semiquefitative
intcrpretgtions of NMR gpectn paramagnetic molecules. semi qualitative interpretation of
contact shifis, applications of Isoiropic shifis.

Section - B

4, Eleetron Parsmagnetic Resononce

Introduction, Principles, the hydrogen awem, Pressatation  of the sprcliu, Iljlpcrﬁm:
splitiing in isotropic systems involving more than one nucleus, Contribulions 10 the hyperfine
coupling constunl in isoopic systems.

Anisotropic Effects; Anisotropy in the g value. EPR ol triplet states, nuclear quadropole
interaction, line widths, EPR applications,
5,  Mass Spectrometry

Instrument operation and presenttion of spectrsl processes sl can oceur when @
moiccule

and a Wgh-cncrgy eleciron combine, fingerprini opplications.

Interpretation of mass specoa, effeet of isolope on appearunce of mass spectum,
Molecular

weight delermination: field ionisition lechnigues, evaluation of heat of sublimation and

species in the vepor over high-meliing solids. Appearsnce potential, and ionization

potential,

6. ORD & CD
Theory of ORD & CD.
Measurement of optical Rottion,
Application of ORD & CD.

RECOMMENDED BOOKS
I, R. 5 Drapo: Physical Methods: for Chemisis (2nd Edn)
2. C. A, Power: Mass-Spectioacopy.
3 R Chosg: Basie Principles of Spectroseapy.
4. Willard Memn Desn: Instnumentil Methods of Analysis,
. M. Banwell: Molecular Speclioscony,
F. €. Gibb: Principles of Mossbaver Spectroscopy.
Junes Keelor; Understanding MWR Speciroscapy (3nd Edition),
Donald L, Povia, Gary M. Lompman, George 5. Kriz, and James A, Vyvyun:
ftroduefion ko Speciroveno.,
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PAFER CODE - MCHE 2405P

Aiax Marks: 100 Credits:03
End Semester Exam: 70

Internal Assessmenis: 30

Pazz Marks: 35%

Course ahjectives

The course aims 1o develop experimental skills in the prepatution of trangition metal
complexes involving chromium, cobalt, copper. iron, aml nickel, md 1o familiarize students
with the principles of coordination chemisiry, sercochemiciry, and redox behavior of meal
lons.

Course Learning Outcomes

Stadents will develop lsbormory skills relared 1w water unalysis snd afloy composition
analysis, cnabling them 1o apply chemical principles 1o environmental and industrial samples.
The course further strengihens scienific observation, dola iterprelation. labomtoey safery
praciices; and techoicnl reporting shililics essential for higher siedics and research o
inorganic chemesiry.

Preparation of [Criurea)g}Cly

Estimation of Cr and CL

Preparation of sodium diethyldithivenrbamate.

Preparition of nitrose bisdiethyldithiocarbamate ron (1)

Estimution of fron.

Preparation of cis & mans dichlorobiesthylenediammine cobah (11T} chlonde.
Prepiration of bis(acetylacetonsio)jcoppen(I[).

Estimation of copper,

Preparation of Pyridineperchromate.

10, Prepsmabion of octahedml and wtrhedml complex of dichloropyridyleobali(il)
11. Faumation of Cobal,

12. Preparnton of Sodjum sctrsthisnate.

13. Estimation of Sedism fetmthionste vsmy Polsssum sdiote

14, Prepacntion of NINHaW)Ch.

14, Estimmtion of Nickel

14, Analysls of

{a) Waler samples (hnrdness),

(b) Alloyy (solder, brass, bronze, sicel),

Lol e B B
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PAPER CODE - MCHE J404F

Max Marks: 100 Credita: i3
End Semester Exam: 70

Internal Assessments; 30

Pass Marks: 35%

Courze Objectives

W secks to famibarize students with the interpretation of 1R spectra for identification of
fiinctional groups, bonding medes. and mela-igand interaciions m codrdination compourds.
The course also nims (o impan practical knowledge of spectrophotometric methods such as
Job's mahed and Mole-Ralio medhod or delermining the siolchiomeétry end sishiliny of metal
complenes.

Course Learning Oulcomes

Studepis will scquire practical expenise m the clamcierizabon of coordination complenss
such a5 nickel ommine complexes, pyndime perchromate, chromivm urea complexes,
diethyldithiocarbamate derivatives, and sodmm cimthionate using specimscopic lechmsgues,

L. IR Specirascopy
Study of the following complexes.
fil [MNHENCL:
(i) Pyrdineperchromute
(i) [Colurea)siCi
(v} Ma dieshyldithiocarbamare,
(Vi Nirosylbizdicthyldihiocarbamanairan (1)
(vi} Sodium telrathionate
2. Determination of stoichiometry of complex of Fe - 1,10 - Phenanthrofine und Cr-1.5
Dipbeny] Carbazide
(o) Job's method of conlinusis vamatkon.
b} Mole-Ralio Method
1. To find ot oscillator sirength and rssignments of d-d bands 1o mnsitions hexaquo jons
af Calll1, Fe(n), Cedl, Cof 1) and NifI1),
fz) Caleuhsion of 10 Dg amd |+ for hexa squo ke of Ni (1),
() Verification of relative positons of following ligands in the spretochemical series:
Ha0, Py, NHy, DMSQ, Acctyl sectonale, cthylencdiaming, scetie and urer.

4. Palaragraphy
{2) Deserminstion of hall wave poteniral of lead and cadmium jon m 1M KCL

{h) Determination of cadmium fen in the given solution by siandard addition method
calibeation plaoty
te) Determination of jesd & codmlum in alloyd.
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Infraved aud Raman Spectra of morganic and Coordination: Compounds, Pari A by
Kazuo Makamolo

Inargante Chemisiy by Huhcey, Keiter, and Kejier

Vogel's Texthook of Ouantitative fnorganic Analysis by 1. Mendham et al,

Insteumental Methods of Analysis by Willard, Memit, Dean, and Settle

A, B. P. Lever: fnorganie Electronfe Speciroscopy,

Douglas A. Skoog, F, James Holler, and Sianley R. Crouch: FPrinciples of
Instrumental Analvsis.

H. H. Willard. L. L. Memitt Jr, ). A. Dean, and F. A, Settle Jr.; Jusivemenial
Methods af Analysis.

C. M, Bamwell and E, M, MeCash: Fundamentals of Melecular Speciroscopy.
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APPLICATIONS OF ORGANIC MOLECULAR SPECTROSCORY
FAPER CODE - MCHE 2407T

Mlax Marks: 100 Credits: 04
End Semesicr Exam: 70

Internal Assessnients: 30

Pass Marks: 35%

Course Objectives

The course ahms 1o devclop thooreneal snd practical knowledge of ultraviolet-visible (LV-
Vis), infrared (IR}, nuelear magnetic resonance (NMR), and mass specirometry lechniques,
wlong with their wpphcations in  identifying  functional groups, determining molecular
structures, ond unalyzng steveochemicnl features of orgenic molecules.

Courst Learning Oulcomes

Students galn ingight [nto molecular srchitecture and reactjon mechanisms, In addition. the
course Rims o develop analyiical thinking, instemental knowledge, ond dats interpretation
skills that are essential for advancod research, pharmaceuatical analysis, chemical industries,
and iwerdisciplinary apphestions of organic cheinisiry,

Medinm of instruction: English

INSTRUCTIONS FOR THE PAPER SETTER
The guestion paper will consist of theee Sections: A, B and C. Section A will have four
gquestions emmying 12 mirks each, Section B will hove also four questions carrying 12 marks
each. Section C will consist of |1 shoerl an swer type guestions thal will cover lhe entire
syllobus and will be of 62 morks cach, Guestions should be evenly spread over the ontire
runge of syllabus, |0 no case, gquestion should be ssked from oulside the syllubus. The
question papor should be soi sioly aecording 10 the instructions mentioned shove.

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
1.  Answer five questions in all, selecting ar least two questions from each section, The
guestion in sechion O is compulsory,
2. Questions i sections & wnd B camry 12 marks each, The questions in section © camy
2 mirks each,

Time Allowed: 3 Howrs
winx. Marks: 70
Pass Maorks: 5%

5
Section - A 1"»‘ W

L Uliraviolet und Visible Spectroscopy
Intruduetion, Colour and lght absarption, the chromophore concepl. Theory of
elecirunic spectiescopy, orbilnls involved nd clectronic wansitions. Effect of
sofvenl und conjugstion on Apga Woodward Fieser, Fieser-Kubn and Melson's

rules Speetral correlation with stucture: congugated diencs and polyenes: a. - -
unssturnied carbanyl compounds; benzene, substinned benzenes and polymucloar
aroinate fadrocarbons.  Stercechemical  factors In o clectronic  spectroscopy

S




iphenyls and bimaplthyls, s and (rans Bomers, angular dislorlion, cross
conjugalion and steric inhibition of resomance
1. Infrared Spectruscopy
Molecular  vibratfons  and  medes  of  vibrations, faclers  influencing  vibrational
frequencies: vibrational coupling, hydrogen bonding, conjugation, indective, mesemeric
{resonopce), feld effects and bond angles, Application fo ldentily fonctional groups:
aliphatic, aromatic and aralkyl hydrocacbons, alcohols, phenols and ethers; aldehydes,
ketones, carboxylic acids und csters; amines and amides; alkyl halides, aryl hakides and
nralky] halides.

3 Mass spectrometry
Introcuetion. Mass  specorum and Metasiable  jon peak,
Determimation of molecular formuls ond recognition of molecular ion peak
and (he Milrogen rule Moleculsr Formuli and index of Hydrogen deficiency,

General rules of fregmentation and the Melafferty rcamrangement . Fragmentations
associated with  functional groups: afiphate, aromatic and onalkyl hydrocarbons,
alcohols, phenols and cthers;-aldehydes, ketones, curboxylic sends and esters; amines and
amides; alkyl halides, aryl holides and wralky! halides, Heteroaromatic compounds
(pymode furan and thisphens) and smino acils,

4. Recent Advances in Spectroscopic Technigones

= Introduction of High-resolution mass spectromeiry (HRWS),

o LO-MS und GC-MS {introductory congeply only),

Section - B
. Muclear magnetic resonance speciroscopy
Proton magnctic resonance spectroscopy:. ouclear spin resononce, Chemcal shift and jis
measirement,  Reloxation  processes, Chemicsl  shifi  equivalence  and  magnetic
cequivalence, Faelors influeneing; chemical shift Shielding, deshitlding and anisoropic
effects; cffect of rosiriclted motation, concentration lemperajure and hydropen bonding,
Spin conpling (simple and complex), mechanism of coupling, Coupling constans,
gemingl coupling, vicinal eoupling, virusl and long-range coupling, Fuclors mflueneing
geminal and vicinal coupling, Nom first order spectra, simplification of complex pmr
specira; increased strength, spin decoupling or double resonimee and the use of chemical
shifi reagents, Vonable temperature NME spectroscopy; introduenion and applications,
b. Be.nmR spectroscopy
Netural abundanee of 13C, resolution and multiphcity, The FT mode and 1 pulse, Use of
profon coupled, proton decoupled pod off- resonance decoupling lechnigues; deuterium
substiition and chemical shift equivalence in peak sssignments, '2C Chemical shifi:
effeet of substitenis on chemical shift position of alkanes; alkenes, alkynes and benzene,
Spin coupling and Be- 1y coupling constanis
7. MNew dimensions in NMR speelroscopy
Muclear overhouser effect and NOE differonce specira, Introduction to. correlated
spectroscopy ACOSEY ) Hameor {lH-lH} and HETCOR [iH-”f_'}l of menthol and geranial,

APT and DEPT techmiques {menthol and peraniol), A brief introduction 0 Muelear
Cyverhouser Elfecl Spectroscopy (NOESY) with o suilnble example
B, Integrated Spectral Interpretaiion M

»  Combined vse of UV-Visibe, 1R, Mass and NMR spectroscopy. .1(/’4-
«  Briel imroduclion 1o solid-giate MMR




BOOKS RECOMMENDED
1.

.

Williwn Kemp, Organic Spectroscopy, P edifion. ELKS, Machillinn, Hampshire, LK.
1991

e Ho William and L Floming, Speetascople Metfbods In Ovpenic Chemisiry, TATA
MeGRAW-Hill Publishing Company Ltd., New Delbi, India, 1993

R. M. Silverssein, G. C. Bassler and F, C. Momill, Spectromeirie fdeniiffearion af
Organic Componnds, Sth cdition, John Wiley and Sons Inc., New York, USA, 1991
Donald L Pavia, Gary M. Lampman, George S Koz, mnd James R. Wyvyan:
Inrroduction to Spectrascopy,

James Keeler: Undersianding AME Spacerascopy (3rd Edition).

I H. Simpsen: Ovganic Sirepire Defermipetion Using 2-00 ¥R Spectroscopy. A
Problem-Based Approach.

Eberhard Breitmaier: Structure Elucidavion by NMR in Ovgante Chemiziry: A Praciical
G,

Dudley H. Williams and lim Fleming! Speetoscople Methods in Ovganic Chemisiny
(Latest Edition),




ORGANIC SYNTHESIS
INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and C. Section A will have four
questions camying 12 marks cach, Section B will have also four questions camying 12 marks
each. Section C will comsist of 11 short an swer type questions that will cover the entire
syllnbus and will be of 02 marks each. Questions should be evenly spread over the entire
rnge of syllsbos In no case, question should be nsked from outside the syllsbus. The
queshon paper should be set smictly according to the instructions mentioned shove.

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
. Amwer five questions in all, s¢lecting at beast two guestions from coch scction, The
qucstion in section € is compulsory.
2. Questions in scotions A and B comy 12 marks esch, The questions In section C caery
2 marks each,

Time Allowed: 3 Hours
Wax. Marks: 70

Marks: 5%

Sectlon « A

1. Iniroduction to Organic Synthesis: Concepis of synthesis end zynthetic equivalents.
General principles of the disconnection approsch in retrosymihetic analysis, fmporiance
of the order of simibetic events in organic synthesis Introduction to one C-X and lwp
C-X band disconneetions. Concept of polarity reversal (umpoling) and its significance
in synibetic gy,
Protecting Groups: Principles of protecting sleohiol, sming, carboayl, snd carboxyfic
funclionnl groups using appropeiste mrotecting groups, with suiable  exmmples
highfighting their imponance and applications in organic synihesis,
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, (me group C-C - discomnection: Disconnection of simple slcohels, of smple olefins.

" carheayl compounds control in synthesis, friedal crafl's type examiplies.

y Twa Group Discomnections | 3-Difunctionafied compound  a-hydroxy  carbony]

| compounds, o funsaurmied carbonyl compounds, 1.3-di corbonyl compounds. a
unsaturated lactones, |,5-dicarbonyl compounds michnel disconmection, use of Mannich
Reaction in disconnection. Robinson's annclation.

; Diels Alder Rescion: Cenerul feature dicpophile diene, intmemoleculsr Dieks Alder
reaction Slereochemistry and mechanisms, ene synthesis. Retro-Diels Alder's Reaction.

Sectlon - B

1 Synthesis of slkene, P~ elimination pyrolytic syn elimination. synthesis of allyl slcohol.
sulphoxide sulphennie rearmangement, through phosphorous ylid, decarboxylation of a -
lnetum  sierce selechve synthesss of Wri-telrn substiuted slkenss hriigh use of
sectylencs. Fragmenistion of sulphonates, oxidstive decarboxylstion of curbexylic acids.
Decomposition of toulens - p-sulphonyihydrzones, sicreospecific synthesis from - 1.2
diols. Sterevsslective route to y, S-carbonyl compounds.

g C-C bond formation: Generation and importance of enolaie lon, reglosclectivity,
sieroosclectivaty. Generstion of dianion and their alkylion, alkylaton of relatively
acldic methylene groups. Hydrolysis and decarboxylation of alkylsted product, O-Vs-C
alkylstion, C-alkylation of wvinyl group, aryl group. Formation of enamines and
alkylation. Alkylation of carbon by cosjugate addifions.

7. Reaction of carbon nucleophiles with carbonyl group: Condensation process
favoured  equilibrium by dehydmtion of aldol products. wnder oscidic and  basic
comditions, Amine cMalysed condensation, Manmich Resction. Nucleoph ihic addition,
Cyclisation process, Derzen, Perkin, Stobbe reaction. Sulphur sfides. phosphorous. ylides
and relnted species as nucheophiles.

#. Modern Synthetic Strategios in Organie Synthesh
Principles of stom economy ind green chemistry.
Onepotl and mulicomponent roactions,
Micrownve-ussisted organic synthesis
Salveni-free organic symthssis

BOOKS RECOMMENDED

I, W, Cormuther: Some Modem Method of Organic Synilesis.

2. M. 0. House: Modem Symhetic Reactons.

Y L L. Finar; Organic Chemisary. Val.2

£ ROC. Noman; JM. Coxon: Principles of Organic Synthesis

5 Smen Warren ond Paul Wyan: Orgonic Symihesis: The Discomnection Appeoach.

6 Michael B. Smith; Organic Syniheafs (4th Edition or latest).

7. Francls A. Carcy and Richard J. Sundberp: Adwnweed Orgonic Chesisiry, Part B

Reactions and Symihesis
Sii Juck Li: Mame Rencrions: 4 Collection of Deiailed! Reaerion Mechanisms. C?fﬁ //
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MODERN SYNTHETIC REACTIONS AND REARRANGEMENTS
PAPER CODE - CHEM 2405T
INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consisi of three Sections: A, B ond C Seotion A will bave four
guestions carrying |1 marks coch, Secvon B will have also four questions cammymg 12 modks
each. Section € will consist of || shoel an swer type questions that will cover the enlire
syllabus and will be of 02 marks coch. Queslions should be evenly spread over the untire
mnge of syllabus. In po case, question shoubd be asked from outside the syllabus. The
question paper shoukd be sei strictly nccording o the instructions mentioned above.

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAFER
1. Answer five questions in all, schecting a1 Jeast two questions from cach scenon. The
question in section C is compulsory
2. Questionsin sectioiis A and B carry 12 marks each, The questions in seetion C carry
2 marks each.

Time Allowed: 3 Hours
Max. Marks: 70

Svction - A
1. Functlonalization of Men-Activated Carbon
Buston's penction and reloted process mechanism, stereechemisiry of transition stsbe,
photolysis of organic nitrites, N-Nitrowoamides, hypobalies, Resction of monohydric
alcohols with leadd tetracetate, olefinic alcohols from bydroperoxides, eyclobatanals
from photolysis of ketones, applications to sterold nucless.

2. (o) Hoffman Loeffler Ley Freytag Resction  using N-chlonimine denvatives,
mechnnisitic approach and applicnion,

{b) Newer Chemical Techniques: Brief concepl of crown ethers, phase imnsfer reggens,
apphcation in synthesis. '

{¢) Use of compounds of Thallivm (III), Palladium and Ruthenium oxide w1 orgmnic
synthiesie.

3, Applications of Organesilicon Compounds in  Organlc  Synthesi:  Modemn
spiplications of organvailicon compounds in organic synthesss, including functionl
group protection, ihe use of trimethylsityl cyanide (TMSCN). climination reactions of a-
hydrosysilanes, the Pelerson  olelination omd rebute] rassformations, Annelation;
alkenylsilanes aml affyb-epoxysitanes, stabilisution of corbonium fons by a-silyl groups

4. Allylic alkylavon of alkeses; The dihydro | 3-oxazine synihesis of aldehyde and
ketones, coupling of orgnonicke] and orgunocopper complexes. Reaction of lithjem
orgaoocuparaies,  syniketic  apphieation  of carbenes and  carbepoids.  Some
pholocyclisstion resctions, weyelic conjugated menes. stilbeng, Anid, alkeloids aed
relnted propesses

5. Modern Catalytle Methods In Crganke Synthesis
o Introduction o imnsition-metal cotalysis
o  Pulladivm-comlyzed corbon-corbon bond-foeming  reoctions [ Suzuki-Mivaurn, Heck

and Sonognshin macuons).
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Muolecular Fearrangements

f.  Wearrangements in Smull Ring Compounds

{a) Introduction; Thenmal  rearrangements, Cycloprepane derivalives, Aead cakalysed
rearmingeiment nvolving corbonium jons, Base etfalysed rearmangement, involving
carbanians, Rearmungemenis imvolving froe sadicals andl carbone intermediale.

() Thermal resmmgements: Cyclobutme derivatives, Acid clatalysed resrmangement
involving  corhenium fon, base catulysed reamangemend iovolving  carbanions,
Renmangements (nvulving fres mdical and carbena intermediare,

7. Carboolum lon Resr'rangements in Bridged Bicyclic Systems:

Srdy of Wagne—Meerwein, Pinscol, Mamcikin, and Dempanoy renrangemenms, including
their  mechanisms, migramory  splilede,  slercochemical  consequences.  and
applications in organic synthess:

8. BRearrangement In Steroids

(0} Angulur growp migration, Resmumgement m Cyj3-CHy Cg, €)), Cyg methyl
proups. Dienone phenal rearrangeimenl.

k) Anfirasteroid Rearangement

(e} Retroaldel phenomenon

(d} 1=srcrond transformation.

{e) Rmg expansion snd contaction i A, B, C, D Rings:

() Acyloin Kewrangement i D-homosnmebanon, Acyl growp migeation, Allylic
tmsposition, Rediswibution Resctions.

9, Asymmetric and Sustainable Grpanie Synthesis

Introduction 1o stereoselective and bsymmetric synthesis,

Chirn] suxiliaries and ayymmetrie catalysis (basic concopts),

BOOKS RECOMMENDED

K, W. Bentley; Elcidation of Organic Strucire by Phiysicnl Methad, Part-1, 1L

l

2. P 5 Kalsh Chemsiny of Mamral Praducts:

3. P de-Mayo: Molecular Rearangsment, Yol [ & T1.

4. H. 0. House: Modem Synthetic Reaciion.

5. W, Carruther: Some Modem Methods of Organic Syothesis,

6 Fruncis A, Carey and Richurd ). Sundberg: Adhanced Ovgamic Chemisiry, Part B!
Reaetions aued Synihesis. i

7. lie Jack Li: None Renctiony: d Collection of Detofled Reaction Mechanisis,

B Michael B, Smith: vgairic Synefiesis (4 Edilion or Taesth,




| ORGANIC CHEMISTRY FPRACTICAL-N
FAPER CODE - MCHE 2410P

Max Murks: 100 Credity:03

End Semester Exam: 0
Internal Assessments: 30
Pass Marks: 15%

Course Objectives

The chjective of thin procticnl course 15 1o provide studenis with compreliensive (raining in
muitisiep organic synthesis ond the opplicalion of modem synthetic methods in the
preparation of mdustrinlly sod biologicully imporam organic compounds.

Course Learning Cuteomes

Students are trsined in the interpretation of IR wnd NMR spectn for swuctural
chamcterization ond coofirmation of synthesized compeunds. The practical exorcises arc
intended 1o enhance labormtory techniques, mnalytical thinking, problem-solving ability, and
understending of reaction pathways, therchy preparing swdents for advanced sludies,
research, and applications In phesmaceutical, dye, and fine chemical indusmes.

Mulri-step Synthesis
I.  Phenyl isothiocynate from Anfline
(i) To prepare Diphenyl thisures {Thiocarbanilide) fram Antline.
(4] Ta prepare pheny! isothiocynate from thecarbanilide.
Il Cyclopentanene from cyclohesanone
(i} To prepare adipic scid from cyclohexanone (oxidation)
(it To prepare cyclopentanonc from adipic scid
ML a-Amisgbenzenesulfonamide from scetanilide
{il To prepare p-acetamidobenzene sulphonyl chloride from Acetanilide
(i) To prepare p-scetamidobenzene sulphonamide fiom p- weetamidoienzene sulphonyl
chioride,
{ni) To prepare. p-aminchenrene slfoamide from p- acelsmidobenzene sulphonamide.
IV Aeridone from Anthranilic acid
(i} To prepare o-chiorobenzoic acid from amhranilic scid (Sandmeyer's Resction),
(i) To prepare N-Phenylsathranilic scid from  O-Chlorobenzoic acid (Ullmen
condersation),
{iii) To prepare Acridonc from N-Phenyl anthranilic ackd (Cyclization).
Vo peBromid Nitro acetunilide from anjline
{l) Te prepare Acetanilide from Aniline (Acetylation).
{ii}) To prepare p-bromoacetanifide from Acetanilide (Bromination).
(i1} To prepare p-pitroncelanilide from Acetanilide (Mitration),
VL Preparation of chalcone
{iy To Preparation of cholcone from Aryl aldehyde mud acctophenone.

P = s "
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Benzaphenone 1o Benzpinacol
VIIT. Specrroscopy
Students are supposed lo know the IR & NMR specira of the prepared compounds,
NOTE: Subject to the availability of Instrumeny/Chenrfuals, the experimeénis can  be
mihsiitutad iy alierndale experiniens.

ORGANIC CHEMISTRY PRACTICALS-Y
FAFER CODE - MCHE 2411F

wiax Marks: 100 Credits:03
End Semester Exam: 70

Internnl Assessments; 30

Pass Marks: 35%

Course abjectives

The abjective of this practical course i to provide students with comprehensive knowledge
and laberalory Uaining In quantitative orgenic analysis using clessical and instumental
tochmques, The course aims to develop practical skills o the estimation and  purity
determination of organic compounds through eximaction methods, nen -agquecus rations,
addition reacuions, oxidation methods, chrometographic separation, and spectrophotometric
anakysis

Course Learning Ouicomes

The practical exercizes are imiended 1o strengthen analytcal accuracy. mstumental handling,
datn interpretation, laboratory safety, and scientific reportng skills cssentinl for advanced
rescarch, pharmacevical ooulysis, guality control, and industrial spplications in orzame wnd

analytical chemistry.

I Quantitative Estimation by Extraction Methoed

Expi. I:  To delermine percentege purily of sodium bemzoate in the piven sample by
extraction method.

Expt. 20 To find percentage. purity of sodium salicylate by extraction method,

[l Non-Agueous determination. Potassium Methoxide

Expt. 3:  To standardize the given solution of potassium methoxide.

Espl.4:  To delermine percentage of mitro-benzote ocid.

ExpL 51 To find the percentage of Barbitongs.

Expl. & To determine percentage of succinimide in:given . sample.

M. Olefinic bond

Expt. 7:  To determine percentage purity of sllylucohol by udditlon methed osing
brominaling reagent.

Expl, 8 To find the amounl of mesily! oxide vsing brominating reagent,

IV, Diols

Expl. % To delermine the percentage purity of given sumple of glycol using periodic acid.

Expl. 100 To determine the smount of gheeerol per lime using perodic acid.

V. Paper chromutography

Separation and ideatification of nlkeloids by paper chromatography ind determination of

> o ™
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Kyvalues.
¥Vl Spectrophotometeric (UV/VIS) Estimations

1. Amine acids
2. Carbohydimte
1. Cholesterol '
4,  Ascorbic Acid
5. Asprn
. Caffeine
NOTE: Subject to the availability of Insivmentichemicals, the experlments con be subaiinned
by alternate experiments

X-RAY DIFFRACTION AND OTHER TECHNIQUES
PAPER CODE - MCHE 2412T

Max Marks: 100 Credits:id
End Semester Exam: 70

Internal Assessments: 30

Pass Marks: 35%

Course abijectives

i provides students with a comprehensive understanding of advaneed analytical and
characterization lechnigues wsed for delermining the swuclural, physical, and chemical
properiies of materials and molecoles. Emphasis s placed on understanding the relationshp
between malecular struciure and material properties, interpretation of experimental dan, ond
applications of modem characterization tools in resesrch and indusmy

Course Learning Ouicomes

Adter successful completion of the course smdents will be sble 1o understand the fundamenial
pringiples of X-ray diffraction snd interpret diffraction patterns for the determinanon of
erysial structures amd lathice parameters of crysialline materials, They will gain competency in
sumple preparation, data collection, spectral interpretstion, and snalysis of expenmental
results obtamed from sdvanced instrumems,

iedinm of instruction: English

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and C. Section & will have lour
questions. carrying 12 marks each, Section B will have also four questions camying 12 morks
ench. Seclion C will consist of || shoit answer (ype guestions (hat will cover the enire
syllabus and will be of 02 marks cach. Questions should be cvenly spread over the eniire
range of syllabus, In no case, gquestion should be asked from outside the syllabus  The
question paper showld be sel swictly secording 1o the Instructions mentloned above,

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
I, Answer five questions m all. sclecting ol leas! two questions. finin cach section. The
guestion in section C 08 eompulsory,
2. Questions in sections A and B carry 12 marks cuch. The questions in section © STy
2 morks chch.
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Time Allowed: 3 Hours
Max. Marks: 70
Pass Marks: 35%

Section - A

. Crvstullography And X-Rays

{i) Crystullogruphy: Crystals, Crystal laitices. Unit Cell and Crystal sysiems. Bravigs
lattices: wnd their clossification, lanice, dirvetions and lattice planes. Miller indices,
derivation of spacing fimmnula oy cubic, tetrmagonal and oithorhombic crystals,
slereopraphic projections, ceystal steueture of C2Cl NaCl Diamond, ZnS, CaFg ctc.
Point defects, stelchiometrie and non- stolchiometric erystal defects, thermodymamics of
Schottky and Frenkel defects formation, colour centres, line defects and plane defacts.

(i), Mutsre of X-Roys: Introduction, the continuous spectrom, The charsctensiic spectra,
ahsorption of X-Rays, filiers. production and detection of X-Rays {Photographic methad
and gouniers)

LX -Bay Diffraction

X-Ray diffraction and ihe directions of diffracted beam, X-ray spoetrascopy, methods of X-

ray diffmciion - Brage's method and Lave's method, Derivaton of Brapg's lnw and Laue's

diffraction equation. Rotating crystal method, Powder method, diffraction under non-ideal
conditions. The intenzities of diffracted beams scattersd by an electron, wom snd o wmt cell.

The smucture fuctor celeulations, The factors: infuencing the inenzity of diffracted lines on

the powder pattern, Determination of ceystal structure, indexing patems of cubic crystals,

indexing patterns of non-cubic cryslals: Electron  diffraction seabterng by pases. Wherl
equation, messurement lechmique, Meutron diffraction; introduction, measurement  technique.
difference berween neutron and X-ray diffraction.

Section - B

1 Circulsr Dichroism and Optical Rotatory Dispersion
Theary of polarised light, optical sctivity and oplically sotive molecules, Cotton elTects, CD
and ORD, Octamt Rulé and iz applications.  Experimental  Techniques;,  Applications:
quantitative  agalyeis, determination  of absohile configuralion, conformatiomal studies,
cquilibrium studies and seconday and termiory structural sludies of biomolecules.

4 Muclear Cruudrupole Resonance Spectroscopy
Basic concepts, electrie feld gradient and gquadrupole interactions. experimental technigues,
Zeemen splitiing of quodrupale specirs, guadmpole coupling in (i) -atoms and (i) molecules,
Structurnl information obainable from MOR specra, nature of chemical bond ond smady of
charge transfer compounds.

5. Mossbauver Spectroscopy
The Mossbaver effect, the Mossbouer active nucler. Recoll free emission aod absorption of
gomma radiation. the spectral line width. The chemical isomer shift. The quadrupale spliting,

magnelic hyperfing interactions, Messurement technique, elucidation of structure of 2 7Fe,

95 and 191Ey complexes using Mossboner data. Dynamic cffect, Seeond-order Doppler
shii ond recodiless fraction. The Goldonskii-karyegin efeel, Parvmiagnetic  relaxation. /
Muossbover spectroscopy of biclogical sysiems. Mosshauer speemroscopy applied 1w surface
stuly, nature of chemical bond and structurl determination, analytical applications

; Nosstth- Ty
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BOOKS RECOMMENDED

R. Chang: Basic Principles of Spectroscopy.

R. 5. Drago: Physical Methods:in Chemistry.

B. . Cullity: Elements of X-ray Dilfraction.

T. C. GIBB: Principles of Mossbauer Specroscopy.

Darassi: Oplical Rotalory Dispersion.

. N. Banwell and E. M. McCash: Fundanrentrly of Molecular Speetroscopy.

Douglas A. Skoog, F. James Holler, and Stanley R, Crouch: FPrinciples of Insivumenial
Anafysis.

8 B, E. Wamen: X-ray Diffracrion.

TS R

BIOPHYSICAL CHEMISTRY AND ADVANCED SPECTROSCOPY
PAPER CODE - MCHE 2413T

Max Marks: 100 Credits:04
End Semester Exam: 70

Internal Assessments: 30

Pass Marks: 35%

Course Objectives

The course aims to develop knowledge of biomoleculir structure, molgcular nternetions,
thermodynamics, kinetics, and the physicochemical bBehavior of biological macromolecules
such as proteins, nucleic acids, and membranes. It is designed 1o familianize students with
modem speciroscopic methods including UV-Visible. infrared, Nuorcscence. Raman, NMR,
ESR, mass spectrometry, and other advanced analytical techniques

Course Learning Ountcomes

After completion of this course students will develop analytical thinking, experimental
interpretation skills, and technical competence in handiing sophisticated imstruments. thereby
preparing thern for advanced resedrch, imterdisciplinary studies, and industrial applications in
biophysical ehemistry and molecular spectroscopy.

Medium of instruction: English

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and C. Seclion A will have four
gquestions camying 12 marks each, Section B will have alzo four questions carrying 12 marks
each. Section C will consist of 1| shoo oo swer lype questions that will cover the cntire
syllabus and will be of 02 marks each. Questions should be evenly spread over the entire
runge of syllabus. In no cose, question should be asked from outside the syllubus. The
question paper should be set strictly secording to the instructions mentioned obove.

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAIER /
I, Answer five questions m all, selecting a1 l2ast two questions from cach geenon. The

question n section € 13 compulsony.
2. Questions in sections A and B carry 12 marks each. The questions 0 section C carry

2 marks each. ) f}- r\m‘rui‘ W
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Time Allowed: 3 Hours Max. Marks: 70 Pass Marks: 35%

Section - A
1. Biophysical Chemistry

Structure of water, Amino acids, Proteing and Polynucleie ncids. The peptide bond and s
significance. lsoelectric point. Conformations of polypeptide chains, primary, secondary and
higher-order structures.

Factors affecting analyte structure and stability- pH Effects, Temperuture Effects, Effect of
solveni Polanty, and ionic swrength Biological relevance of  chemical  potential,
Hydrophobic and hydrophilic micractions in biological sysiems.

Protein-Solvenl  Interactions-Preferentinl  binding, hydmtion and  exclusion.  Prolein
denaturation models,

Thermodynumics of protein folding/stability by fluorescence, CD and calorimetric techniques
(DSC und ITC), Hill equation nnd cooperative binding.

Binding of small ligands by biological macromolecules: Kinetics and energelics of protein-
drug, protein-surfoctamt intersction by fluorescence, CD and calonmetric methods.

2. LASER And MASERS
Inroduction, laser beam charscteristics; direclionality, intensity, monochromaticity und
coherence, laser oction;, sponfancous and stimulnted emission, amplification, population
inversion, negative absorption. Pumping  (optical, electrical ete) Two level systems,
possibility of amplification, Population inversion in three and four level systems. Mascrs;
Two level maser systemn — ammonia maser (principle and working). Optical resonators. Solid
laser - Ruby-laser, Gos lascrs; Helium = Neon gas Inscr, Chemienl lasers; HC1 & HF lasers, Q
- switching, Raman lager sction, stimulated Raman scattering. Semiconducior lasers Band
madel theory for metuls Intringic and impurity sermiconduciors, p-n junctions, semiconducior
diode laser. Applications of lasers snd masers; projection of inlense emergy, absorption
spectrn, focussed beam, powér tmnsmission, communicalion, atmospheric optics, medlcol
aplics etc.

Section - B

Ao Mass Spectrometry
Development with -special reference to Dempster's mass spectrometer. Basic instrumentation:
clectron bombardment and photo 1onizotion sources, magnene, electrostatic and time of Might
analyzers, jon  detectors. (Vibrating recd electrometers and electron multipliers). Operation
und represeniation of mass spectrm, Types of ions in mass spectra. Energetics of electron
impaci process: appearance potential of positive und negative ion 5, ionization efficiency
curves, The Frank-Condon principle and the ionization and dissociation of molecules hy
clectron impsct. Moleculnr weight delermination, evalustion of bond dissocistion energics,
heats of formation and electron affinitics by mass spectrometne methods.

4. Photoelectran Spectroscopy (PES)
Basic principles of photoelectron spectroscopy: Introduction, photoclectron spectrum, block
diagram of photoelectron spectrometer Expenmental techniques; light sources, spherical ficld
analysers, deflection analysers, parallcl plte mirror analyser, retarding feld  analyser,

operational consideration; recording o spectrum, signal-to-noise ratio. Pholoiomization and /
atomization; Application of Frank - Condon principle to photoelectric spectra. Koopman's ?p
theorem

Alomic pbotocleciron specira of Ar. Kr and Xe and spin orbil coupling. Photoeleciron
spectrn of halogen acids (HF, HCL, H Hr. and HI) and spin orbit coupling. applications of PES
in clectronie structure detcrmination,
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BOOKS RECOMMENBED

2
3.

]

5.F. Sun, Physical Chemistry of Macromolecules: Basie principles and lssues. Second
Edition, A Wiley-Interscience Publication, JOHN WILEY & SONS, INC,

Allen Cooper, Biophysical Chemistry, 2 Edition,

David Shechan, Physical Biochemistry! Principlos and applieations. JOHN WILEY &
SONS, INC,

. Tanford, Physical Chemistry of Macromolecules,

C.E Cantor and P.R. Schimmel, Biophysical Chemistry Parl 1H: The Behavior of
Biological Macromolecules.

K.E. van Holde, Physical Biochemstry

R.B. Grepory, ed., Protein-Solvent Interactions, Marcel Dekker, Ine, |905

. Branden and J. Teoze, Introduotion 1o Protein strocture, Garland Publishing, Ine.,
&9

B. B. Luud ¢ Lasers and non-hinesr optics,

B, A, Lengyel i Introduction to IRsers.

Kolchi Shimodn @ Intreduction to lesers.

R. Chang :  Basic Principles of Speciroscopy.

R, 8. Drago i Physical methods i Chemstry,

C. A McDowell  ; Mass spectrometry,

D. Briggs i Handbook of Xeray and UV photoelectrin
{Editor) speciroscopy.

D W, Tumer :  Photeeleoiron: Spectrosoopy,




POLYMERS AND SURFACE CHEMISTRY
FAPER CODE - MCHE 2414T

INSTRUCTIONS FOR THE PAPER SETTER
The question paper will consist of three Sections: A, B and C. Section A will have four
questions carrying 12 marks cach, Scction B will have also four questions carmying 12 marks
cach. Section C will consist of |1 short answer type guestions that will cover the entire
syllabus and will be of 02 marks cach, Questions should be evenly spread over the entire
range of syllabus, In no case, question should be asked from outside the syllabus. The
quesiion paper should be sel sinctly according to the instructions mentioned above,

INSTRUCTIONS TO BE GIVEN IN THE QUESTION PAPER
. Answer five questions in all, selecting at least two questions from cach section. The
question in section C is compulsory.
2. Questions in scctions A and B carry 12 marks cach. The questions in section C carry
2 marks each.

Time Allowed: 3 Hours

Max. Marks: T0
Pass Marks: 315%

Section - A

1. Intraduction: Classification and nomenclature of polymers, structure, composition and
polymerization mechanism (step growth and chain growth), types of monomers and
polymers.

2. Swp Polymerization: Reactivity of functional groups, basis for analysis of
polymerization, kinetics of step polymerization, self catalysed polymerization, external
catalysis of polymerization, step polymerization other than polyestenfication non -
equivalence of functional groups in polyfunclional reagents.

3. Radical cham ploymenzation: Overall mechanism and kinetics of chain polymerzation,
initiation, thermal decomposition of initiators, types of initiators, kinetics of initintion
and polymerization, dependence of polymerizotion rate on monomer concontration.

4. Co-polymenzation and emulsion polymenzation: Principle of copolymenzation and
emulsion polymerization, The composition of addition copolvmers, kinelics of chain
propagation in co-polymerization.

5. Molecular weight average and viscosity average molecular weight, polydispersity index,
molecular  weight determination by osmofic  method, light scatlering  method,
sedimentation method, diffusion constant, sedimentation equilibriom, viscosity method.

6. Statistics of Lineir polymers Molecular weight, molecular weight  distribution,
polydispersity index. average and end to end distance, average radius of gyration.

Section - B
7. Adsorption: Adsorpuiion, Adsorption of gases, influence of temperature and pressure,
nature. of adsorption (physical and chemical adsorption), and adsorbed sases
unimolecular layers. types of adsorptions. Langmuir adsorption isotherm and BET

reacting pas, retardativn of reaction products.
9. Catalysis: Catalysts and Criteria of catalysis and initintion of a reaction. Catalytic
gclivity and its determination, salt effects (Primary and Secondary), (ho .

Nowseth
: St

adsorption equation and their derivation, estimation of surface arcs of adsorplion, Gibh's
adsorption equation and its vernfication, /
8. Kinctics of heteropenvous resction at solid surfaces: Gas reaction on solids, single

heterogencous cataly-is)

B Lo



10. Spectroscopic mothods like PES, AES, LEED to determine surface structure, imporiant
spplications of surfsce chemistry. surfactani, weming, micelles, detergency, surfice
lengion, interfacial tension.

RECOMMENDED BOOKS

Principles of Polymerization by George Odinn.

Principles of Polymer Chemistry by Paul J. Flory.

Text book of Physical Chemistry by Glassone

Physical Chemisiry of Macromoleculers by Charles Tanford.

Physical Chemistry by G. M. Bamrow.

The surface Chemistry of Solids by 5. J. Gregp

Physical Chemistry of Surfaces by Arhur W. Adumson, 4th Ed. John Wiley (New

York)

8. Douglas A Skeog F. Jumes Holler, md Stanley R. Crouch: Principles of lstrumental
Analysis, Cengape Leaming,
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INSTRUMENTAL PHYSICAL CHEMISTRY PRACTICALS- 11
PAPER CODE - MCHE 2415P

Max Marks: 100 Credits0l
End Semester Exam; 70
Internal Assesuments: 30

Pass Muorks: 158%

Course objectives

The objective of this practical course i to provide students with comprebensive training in
electronnalytical and physicochemical techniques used for quantitbive chemical anatysls and
the study of jonic equilibria.

Conrse Learning Outcomes

The course fumher enhances lborutory techniques, mstrumeninl handling, quantitative data
interpretation. analyhical sccurecy, scientific reasonmp, snd technical reporung skills required
for higher studics, reseirch, and industrial spplications in physieal and analytical chemistry.
.  Conductance Measurements
l. Acid-bage Titrations
{a) Strong acid va strong hage.
{b) Weak acid vs strong base.
{c) Strong acid ve wesk base,
{d} Misture of strong acid and weak acid vs sirong base.
{e) Minwre of strong seld, Weak scid and CuSOy4 v strong hase
2. To determing the cell conatam of the given conductvity cell.
1, Deermination of the salubility of sparingly soluble sulis.
4. Venfication of Debye-Huckel-Onsagar equation.
5. Venficaton of Osiwald difution low,
6. Tranzport number messurements by Himorfs inethod.
7. Precipilation litrations.
B. Complexamelric timtions.
9. Deétermination of the degree of hwdrolysis of the salts.
1. pH Measurements
I.  Acid-Base rirations.
(a) Strong acid vs strong base
{b} Sirong acid vs wenk base.
fe)  Wenk, scld va strong base
(dy  Mixwre of a strong soid and weak ncid vs stron g base.
2, Dewermination of the dissocistion constants of weak acids snd weak bases.
3, Duterminations of the degree of hydrolysis of the salts of wenk aclds snd sirong
bawes and that of strong acids and weak basss. '
4, To detlerming the buffer capacity of the given buler solulion

M. EM.F. Measurements {Potentiometry) :
1.  Volumeic Wl}'ﬂ /f.‘i/

{nr  Acid-base titralions.




() Precipitation titrmiions

(€] Redoy fiintions.
2. Comstruction and delermmation of emf of the following cclls
(o) T /Hp, HgaCly, KO (samted) / Agt (0, IN) Ag
{1 PriHg HegaCly, KOV (D.0) 7 Agt (01 NI/ Ay
f¢) Ag/Agt (OLOINYAgH (O.IN) Ag
W) Ag/Agt (0.0IN) L KCH{00INY ATl Ag
Drescranitition of the solubility of the sparingly soluble salts.
Dictermination of the mean activiry coelThcenis.

f=

=

Znd Cu'lea 2t 20 Cu

To deleriiine the varions hermodynamic fimetions for the following reaction:

¢ Todetermine the cqulibram coastatil for the camplen, [Agflmj'ﬁﬂ" Formation

[V, Flame Photometry

To detcrmine the conceniration of the jons like Na*. KT, Ca?* i the given solution.

AOOKS RECOMMENDED:
I Advasced Practical Physical Chemisry by J B, Yadav

3 Procticai Physical Chenustry by B. Viswanothun and I'S. Raghavan Practical

Physical Chomisiry

Texibook of Prastical Physieal Chemstry by K K. Sharma and D.S. Sharma
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£ Anher M. Halpem and George C. McBune: Experimesial Piysical Chemisiry.

6 Douglas A Skoog, F. James Holler, mnd Suinley B. Crouch: Principles of

Fngrrumiesnal Analvsds,
7. Peter Atkins and Jelio de Paula: Atkiny” Plyaiead Chemititiyp

B L N Guru and R Kapoor: Adwmead Expertinenial Chemisiry, Vol

Chemiirtry.
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PHYSICAL CHEMISTRY PRACTICALS -1
I'APER CODE - MCHE 2416P

Muox Marks: 100 Credits; 03
End Semester Exam; 70
Internal Assessments: 0

Pass Maorks: 15%

Course objectives

The objeciive of this practical course is to provide siudents with comprehensive knowledge
and experimental training in photochemistry, phase equilibrin, solution chemistry, and surface
phenomena. The course aims to dovelop undemstinding of the Rindamental principles of
photochemical reactions, quantum yichd messurements, und actinometry.

Course Learning Oufcomes

The course further cnhnnces Inbomtory skills, mstnimental handing, quantiative an slysis,
scientific interpretation, and problam-solving abilines essential for advanced research and
industrial applications in physical chemisiry and photochemistry.

l. PHOTOCHEMISTRY
(1) Intensity of the lamp/Quantun yield of ihe Reaction.
()  Todmw calibration curve for various concentrations of Ferrous
sulphate/], 10-phenanthroline complex and hence to find the coefficient of its molar
ahsoptivily.
b} To find ow the intensity of the lamp {visible light) by femoxalaic sctmometer,
(11) Methylene blue Sensitized photoaxidation of Diphenylamine
fo) To study the ramte of formation of the product in the sbove photochemical
reaction with incressing quanta of light absarbed and to find the quantum yicld
of this renction.
(b} Teo smdy the effect of following puramelers on the sbove neeclion
(1) Effect of dielectne constant of the modium.
{2} Effeet of methylene blue concentralion.
{3) Effect of diphenylamine concenimations.
{4) Effect of cxygen concentrathon,

L TWO COMPONENT SYSTEMS
(e} To determine the cntical solution temperature (CST) end critical solution
concentration (CSC) for phenolwater system. .
(b) To find the Eutectic poim for two componenl sysiems, Le, Naphthalene/Benzoic
acid and benzolc acid/ Cinnamic acid wystemis.
X PARTIAL MOLAL YOLUMES
To find the partial molal volumes for gres, Glygine and cthanol in squeous solutions;
4. LEAST 3QUARE FLOT
To alculate the slope and intercept for a duin of struight lines by lesst squire method
and 1o draw 1he line,
5 MICELLES FORMATION
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{2) To determine the critical micelle conc. of sadivm dodecyl sulphate from a stdy of

the conductivity of aqueous solulions.

(B) To determine critical cone. for the formation of micelles Fom (he speciral

behaviour of a dye.

ﬁuuh recommended:

-

-

Advanced Practical Physical Chemistry by JN, Gurtu and Amit Guirtu
Senior Pructical Physical Chemistry by B.D. Khosls, V.C. Garg. and Adursh Gulati
Proctical Physical Clemisiry by B. Viswanathan ind P.5. Raghavan

Arthur M. Halpern and George C. McBane: Experimenial Plysical Clenistry.

K K. Robagi-Mukhenee: Fundamentals of Phoiochemisny,

Peter Atkins and Julio de Paula: Arkins" Physical Chemistry,

J. N. Gurtu and R. Kapoor: Advanced Expertmenial Chemistry, ¥al. I: Physical
Chemistry.
Carl W. Garland, Joseph W. Nibler, and David P. Shocmaker: Experimentol Physical
Chemistry.




